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The  research  objectives  were:  to  investigate  energy  consumption  and  the 

energy  saving  practices,  to  examine  significant  factors  contributing  to  energy 

consumption  and  energy  saving  practices  in  the  residential  sector,  and  to  suggest 

policies  for  urban  energy  management  in  Bangkok.  Research  methodology  used 

survey research and theoretical framework of urban energy management in cities. The 

samples  were  taken  from  1,150  households  by  multi-stage  sampling,  totaling  15 

districts of the BMA: 6 inner zone districts, 5 middle zone districts, and 4 outer zone 

districts. The questionnaire was used for data collection. General data were analyzed 

by  descriptive  statistics.  The  hypotheses  were tested  by  multi  regression  analysis  at 

significant level of p ≤ 0.05 and R2 ≥ 0.30. 

Research findings accepted hypothesis models 1, 2, 3, 4 and 5 of the total 20 

models. Models 1 and 2, physical and structure factors affect quantity of energy use in 

household (A1) at p < .01 and R2 = .715 and quantity of energy use in traveling and 

transportation  (A2)  at p  <  .01  and R2  =  .896.  Models  3  and  4,  social  and  cultural 

factors affect A1 at p < .01 and R2 = .502 and A2 at p < .01 and R2 = .400. Finally, 

model 5, economic factor affect A1 at p < .01 and R2 = .552. On the other hand, there 

is no factor significantly affects the energy saving practices. 

  Research  suggestions  are:  1)  Household  size  should  be  smaller  and  more 

compact, located in a high density area, contain fewer home appliances, close to work 

place, reduce number of household vehicles and increase use of public transportation; 



iv 
 

2)  Since  Bangkok's  electricity  and  fuels  consumption  has  continuously  increased, 

researches should focus on finding new ways to decrease CO2 emissions in the urban 

area;  and  3)  Feasible  economic  study  must be  put  in  place  to  ensure  these  urban 

energy policies and projects are plausible for implementation. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1  Background and Statement of the Problems  

 

The global warming phenomenon started gaining momentum at the beginning 

of  the  industrial  revolution  and  continues  today.  Human  activities  have  always 

affected  the  environment.  The  earth’s  environment  and  climate  has  changed  more 

than  expected.  Countries  all  over  the  world  have  produced  pollutions,  deeply 

impacting  the  planet;  Thailand  is  no  exception.  These  industrial  wastes  and  fossil 

fuels  become  carbon  dioxide,  emitting  into the  earth’s  atmosphere.  Carbon  dioxide 

contributes  to  the  greenhouse  effect  and global  warming  more  than  any  other 

greenhouse gases but on the risk per unit weight is not more than nitrous oxide and 

others. 

 

 1.1.1  The Earth’s Environmental Phenomena 

  The  earth’s  environment  and  climate have  been  changing  more  than  we 

expected.  Six  important  environmental  issues  contribute  to  this  planet  are  rapid 

population  growth  and  wasteful  resource  usage,  global  climate  change,  premature 

extinction  of  plants  and  animals,  distribution  and  degradation  of  wildlife  habitats, 

pollution,  and  poverty  (Miller,  2004:  1).  All  of  humanity  affects  the  earth’s  life-

support  systems  and  the  environment,  consequently  contributing  to  global  warming. 

These  environmental  problems  affect  humanity  not  only  through  droughts,  floods, 

earthquakes,  but  also  through  season  changes  in  many  countries.  For  example:  a 

tsunami  in  Indonesia,  hurricanes  in  the  United  States,  floods  in  Tuvalu,  and 

earthquakes in Afghanistan and Haiti. These phenomena cause scientists, academics, 

private  and  public  organizations  to  researching  and  attempting  to  solve  issues 

involving  the  greenhouse  gases  and  global  warming  by  looking  for  ways  to  reduce 

carbon dioxide (CO2) emissions and deal with the environmental problems we face. 
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Many  research  results  on  global  warming  show  that  many  human  activities 

since  1750  have  played  a  significant  role  by  overloading  the  atmosphere  with  CO2, 

hence retaining solar heat that would otherwise radiate away. The earth’s atmosphere 

is  depleted  of  oxygen  and  has  accumulated  large  amounts  of  CO2,  formulating  the 

greenhouse  effect.  The  question  is  how  to solve  these  environmental  problems.  The 

answer is to reduce CO2 emissions. The year of 2005 was the second warmest year, 

just  behind  1998.  Temperatures  in  1998  were  unusually  warm  because  of El  Nino 

(Wikipedia,  2007)  and  having atmospheric  levels  of  CO2  at  379  ppm  (parts  per 

million), higher than at any time in the past 650,000 years. Of the 12 warmest years 

on record, 11 occurred between 1995 and 2006. In recent years, recorded CO2 reached 

32 million metric tons (Klugert, 2007: 57-59). 

 

 

 Notes: Atmospheric Chemical Content: 78% Nitrogen, 21% Oxygen, 0.9% Argon 
  0.03% CO2, and 0.07% Other 
 

Figure 1.1  Atmospheric CO2 Record from Mauna Loa, 1958-2004 

Source:  Boden, Marland and Andres, 2005 and Keeling and Whorf, 2012. 

 

http://en.wikipedia.org/wiki/El_Ni%C3%B1o
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The data in figure 1.1 is a record of atmospheric CO2 emissions from Mauna 

Loa between the years 1958-2004. The CO2 emission data was measured by NOAA 

ESRL,  U.S.  Department  of  Commerce  or  the  National  Oceanic  and  Atmospheric 

Administration  (The  NOAA  Earth  System Research  Laboratory,  2009)  from  March 

1958  through  October  2009.  As  of  May  2009, carbon  dioxide  in  the  Earth's 

atmosphere is at a concentration of 387 ppm by volume. But in recent CO2 emission 

record  from  Mauna  Loa  in  August  2011  and  August  2012  were  390.08  ppm  and 

392.41  ppm  (ESRL,  2012)  as  shown  in  figure  1.2.  That  means  its  atmospheric  CO2 

emission is still stay increase in yearly by volume. 

 

 

Figure 1.2  Atmospheric CO2 Record from Mauna Loa, 2008-2012 

Source:  ESRL, 2012. 

 

According to CSIRO (The Commonwealth Scientific and Industrial Research 

Organization)  Marine  and  Atmospheric  Research,  7.9  billion  tonnes  of  carbon  were 

emitted  into  the  atmosphere  as  carbon  dioxide  in  2005  and  the  rate  of  increase  is 

 

http://en.wikipedia.org/wiki/Carbon_dioxide_in_the_Earth%27s_atmosphere
http://en.wikipedia.org/wiki/Carbon_dioxide_in_the_Earth%27s_atmosphere
http://en.wikipedia.org/wiki/Parts_per_million
http://en.wikipedia.org/wiki/Volume


4 
 

accelerating.  From  2000  to  2005,  the  growth rate  of  carbon  dioxide  emissions  was 

more  than  2.5  per  cent  per  year,  whereas  in  1990,  it  was  less  than  one  per  cent  per 

year  (Raupach,  2006).  This  indicates  that  recent  global  efforts  to  reduce  emissions 

have had little impact on emission growth. Recent emissions seem to be near the high 

end of fossil fuel usage scenarios used by the IPCC (the Intergovernmental Panel on 

Climate Change). On the current path, it will be difficult to rein-in carbon emissions 

enough to stabilize the atmospheric carbon dioxide concentration at 450 ppm. 

 

Table 1.1  List of Countries by 2008 Carbon Dioxide Emissions  

 

 

Rank 

 

Country 

Annual CO2 Emissions 

(in thousands of metric tons) 

Percentage of 

Global Total 

- World 29,888,121 100%

1 China 

 

 

 

 

 

 

 

 

7,031,916 23.33%

2 United States 5,461,014 18.11%

- European Union 4,177,817 14.04%

3 India 1,742,698 5.78%

4 Russia 1,708,653 5.67%

5 Japan 1,208,163 4.01%

6 Germany 786,660 2.61%

7 Canada  544,091 1.80%

8 Iran 538,404 1.79%

9 United Kingdom 522,856 1.73%

10 South Korea 509,170 1.69%

22 Thailand 285,733 0.95%

 

Source:  Wikipedia, 2012. 

 

The  data  presented  in  table  1.1  and figure  1.2  corresponds  to  emissions  in 

2000  and  2008.  The  data  itself  was  collected  by  the CDIAC  (Carbon  Dioxide 

Information  Analysis  Center)  for United  Nations.  The  data  considers  only  carbon 

dioxide  emissions  from  the  burning  of fossil  fuels  and  not  emissions 

 

http://en.wikipedia.org/wiki/World
http://en.wikipedia.org/wiki/People%27s_Republic_of_China
http://en.wikipedia.org/wiki/United_States
http://en.wikipedia.org/wiki/European_Union
http://en.wikipedia.org/wiki/India
http://en.wikipedia.org/wiki/Russia
http://en.wikipedia.org/wiki/Japan
http://en.wikipedia.org/wiki/Germany
http://en.wikipedia.org/wiki/Canada
http://en.wikipedia.org/wiki/United_Kingdom
http://en.wikipedia.org/wiki/Italy
http://en.wikipedia.org/wiki/Thailand
http://en.wikipedia.org/wiki/Carbon_Dioxide_Information_Analysis_Center
http://en.wikipedia.org/wiki/United_Nations
http://en.wikipedia.org/wiki/Fossil_fuels
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from deforestation or fossil fuel exporters, etc. The top 10 countries in the world (216 

countries)  emitted  80.56%  of  the  world  total  but  Thailand  emitted  about  0.95%  or 

ranking  22nd.  Globally,  liquid  and  solid  fuels  accounted  for  76.6%  of  the  emissions 

from fossil-fuel burning and cement production. Combustion of gas fuels (e.g., natural 

gas) accounted for 18.5% (1,521 million metric tons of carbon) of the total emissions 

from  fossil  fuels  and  reflects  a  gradually  increasing  global  utilization  of  natural  gas 

(Boden,  Marland  and  Andres,  2009a,  2009b).  Trends  in  atmospheric  concentrations 

and anthropogenic emissions of carbon dioxide were shown in figure 1.3. Levels of 

several  important  greenhouse  gases  have  increased  by  about  25  percent  since  large-

scale  industrialization  began  around  150  years  ago.  During  the  past  20  years,  about 

three-quarters  of  human-made  carbon  dioxide  emissions  were  from  burning  fossil 

fuels.  

 

 

 

Figure 1.3  Trends in Atmospheric Concentrations and Anthropogenic Emissions of 

Carbon Dioxide 

Source:  Energy Information Administration, 2012d. 

 

 

http://en.wikipedia.org/wiki/Deforestation
http://en.wikipedia.org/wiki/Fossil_fuel_exporters


6 
 

Scientists  have  deduced  the  way  to  solve  global  warming  is  to  reduce  the 

amount of CO2 emissions from fossil fuels. One way is to use alternative energy, such 

as  wind  energy,  solar  energy, and  nuclear  energy.  But  these  energies  are  far  from 

perfect;  wind  energy  produces  noise  pollution,  and  nuclear  energy  may  release 

radioactivity.  Biofuel  energies,  such  as  ethyl  alcohol  that  made  from  plant  material 

e.g.  corn,  sugar  cane,  and  palm  trees,  are  another  alternative.  Finally,  clean 

technologies  and  CO2  reduction  methods  are  being  considered  to  lower  CO2 

emissions. Examples include various kinds of social sanctions, individual, household 

and organization, including CO2 tax payments, using certain light bulbs, riding mass 

transportation, shutting off electricity when not needed, since electricity is produced 

from lignite, coal, fossil fuel and natural gas. All these factors are meant to limit and 

reduce CO2 emissions. 

 

1.1.2  Thailand’s Environmental Situations 

According  to  environmental  issues,  Thailand  has  been  affected  by  global 

warming and greenhouse gaseous problems, which were reported in the statement of 

the environment from the Office of Natural Resources and Environmental Policy and 

Planning,  The  Ministry  of  Natural  Resources  and  Environment  of  Thailand.  The 

findings  reported  that,  even  with  the  economic  growth  in  the  past  years,  our 

environment  continues  to  be  affected  through  pollutions  onto  land,  water,  and  air. 

Most  of  these  pollutions  in  Thailand  come  from  urban  and  industrial  areas,  causing 

problems such as landslides, floods, droughts, air and noise, particularly big cities like 

Bangkok, the capital city of Thailand, where more than 10 million people live. 

Most  of  these  environmental  problems  are  caused  by  a  lack  of  natural 

resources and environmental management, attitudes towards natural resource values, 

and  local  pollution  contributions.  Even the  government  recognized  the  need  for 

environmental  management,  establishing  the  Office  of  the  National  Environmental 

Board.  This  is  the  first  governmental  organization  responsible  for  dealing  with  the 

country’s environmental problems (Thawilwadee Bureekul, 2000: 3-4). Many public 

participation  projects  in  environmental management  have  helped  with  these 

environmental issues by holding public hearings. These public hearings resolve some 

disputes; some disputes, it does not. 
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However, any urban energy management should be considered for study and 

review to lower and improve our energy usage throughout the community, especially 

in  big  cities  like  Bangkok  and  others  in  Thailand,  where  they  have  purposefully 

targeted  the  reduction  of  greenhouse  gases  and  CO2  emissions.  They  also  seek  to 

introduce alternative fuel and energy methods. 

 

1.1.3  Energy Consumptions and CO2 Emissions 

  The  Energy  Information  Administration's  Emissions  of  Greenhouse  Gases  in 

the United States expected China's carbon dioxide emissions to surpass those of the 

United States before 2010. After China and the United States, among major polluters 

only India is expected to have significant growth of emissions over the next 20 years. 

EIA  (Energy  Information  Administration)  projections  show  a  leveling  off  of  carbon 

dioxide  emissions  in  other  regions,  except  for  North  America  where  CO2  emissions 

will continue to increase at a steady rate. 

 

 

           

Figure 1.4  World Carbon Dioxide Emissions by Country, 1990-2030 

Source:  Energy Information Administration, 2009a. 
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Developed countries emit large amounts of CO2 through the burning of fossil 

fuels  at  a  much  higher  level.  The  United  States  CO2  emissions  are  about  6  million 

metric  tons  per  annum.  These  CO2  emissions  can  be  divided  into  categories: 

transportation 33%, industries 28%, households 21%, businesses 17% and other 1%. 

Global emissions outputs are: North America 15.7%, Europe 7.9%, Eurasia (including 

Russia  and  the  federation)  8.6%,  Middle  East  6.8%,  Asia  and  Eastern  continental 

(such as China, Japan and India) 2.6%, Middle and South America 2.3%, and Africa 

1.1%  respectively.  No  matter  how  aggressively  the  United  States tackles  its  carbon 

problem,  the  global  outlook  hinges  on  the  coal-fired  economies  of  the  world's  two 

looming giants, China and India. Between 1990 and 2004, energy consumption rose 

37% in India and 53% in China. Beijing is building new coal-powered power plants at 

the startling rate of one every week. While the most technologically sophisticated coal 

plants operate at almost 45% efficiency, China's top out at just 33% (Klugert, 2007: 

60-61). 

 

 

Figure 1.5  Energy Consumption in Thailand by Economic Sector, 2004 

Source:   Energy Policy and Planning Office, 2012. 

 

 

http://rainforests.mongabay.com/09-carbon%1F_%20emissions.htm
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The chart in figure 1.5 shows data from Energy Policy and Planning Office or 

EPPO,  Ministry  of  Energy  in  Thailand which  presented  energy  use  by  economic 

sector:  transportation  37%,  industry  36%,  resident and  commercial  21%,  and 

agriculture 5%. When compares to U.S., end-user as resident was equal to Thailand’s 

resident  and  commercial  sector  meanwhile  others  i.e.  transportation  and  industry 

sectors  were  more  than  U.S.  end-users  around  4  and  8%.  Carbon  emissions  will 

continue  to  sour  unless  more  countries become  energy  efficient  (Oda  and  Toyama, 

2008: 44). 

Key  world  energy  statistics  2007  from  Mckinsey  analysis  of  International 

Energy Agency reported that major polluters are compared in per capita emissions in 

metric tons of CO2, an average annual percentage grow rates between the year 2005 

and  2050  are:  Canada  0.6,  the  United  States  0.4,  Russia  1.2,  Brazil  0.2,  Japan  0.7, 

European Union 0.4, China 2.7 and India 2.8. The Kyoto Protocol and the countries 

that  ratified  the  landmark  1997  agreement are  falling  short  of  even  the  minimum 

levels of reductions that scientists said could avert the worst effects of climate change. 

Europe is failing to meet its targets, and the top three polluters like the United States, 

China and India have not joined the effort. 

Furthermore,  Netherlands  Environmental  Assembly  Agency  (2009)  has 

reported that very high oil prices, together with the worldwide financial crisis, have 

caused  a  halving  of  the  annual  increase  in  global  emissions  of  carbon  dioxide  from 

fossil fuel consumption and cement production. High energy prices and the recession 

have  decreased  oil  consumption  and  slowed  down,  increasing  coal  consumption. 

Emissions increased by 1.7% in 2008, against 3.3% in 2007. Since 2002, the average 

annual  increase  was  almost  4%.  Also,  the increased  usage  of  biofuels  for  road 

transport  and  wind  energy  for  electricity  generation  had  a  noticeable  and  mitigating 

impact on CO2 emissions. 

Finally,  world  carbon  dioxide  emissions  are  expected  to  increase  by  1.4% 

annually between 2006 and 2030. Much of the increase in these emissions is expected 

to  occur  in  the  developing  world,  where  emerging  economies,  including  China  and 

India, fuel economic development with fossil energy. Emissions from the developing 

countries  are  expected  to  grow  above  the  world  average  at  2.2%  annually  between 

2006  and  2030.  The  United  States  produced  about  20%  of  global  carbon  dioxide 

 

http://www.eia.doe.gov/oiaf/ieo/pdf/appk.pdf
http://www.eia.doe.gov/oiaf/ieo/pdf/appk.pdf
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emissions from burning fossil fuels in 2006, the last year for which global data was 

available.  The  United  States  accounts  for  this  share  primarily  because  the  U.S. 

economy is the largest contributor in the world, and it meets 85% of its energy needs 

through  burning  fossil  fuels.  The  United  States  is  projected  to  lower  its  carbon 

intensity by 39% from 2006 to 2030. 

 

 

 

Figure 1.6  World Energy-Related Carbon Dioxide Emissions, 2006-2030 

Source:  Energy Information Administration, 2009e. 

  

  For  Thailand,  the  number  of  CO2  emissions  that  were  calculated  and 

collected by CDIAC in 2007, and presented in per capita emission as thousand metric 

tons  of  carbon  between  1931-2006  as  shown  in  figure 1.7  and  1.8  (Boden,  Marland 

and Andres, 2009a, 2009b). Having noted that population estimates were not available 

to permit calculations of national per capita estimates before 1950. Bunkers refer to 

fuels  used  for  international  trade  and  are  not  included  in  national  totals.  Major 

categories  of  total  fossil  fuel  burning  divided  into  solid,  liquids,  gases,  flaring,  and 

cement manufacturing. 
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Figure 1.7  CO2 Emissions from Thailand 

Source:  Boden, Marland and Andres, 2009a. 

 

Figure 1.8  Per Capita CO2 Emissions from Thailand 

Source:  Boden, Marland and Andres, 2009b. 
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Beginning  in  1950,  all  kinds  of  fossil  fuel  energy  usage  and  consumption 

increased continuously from 0.01 per capita rates to 1.14 in 2006, meaning our energy 

usage  is  at  a  higher  rate,  and  our  CO2  emissions  increased  in  the  same  way,  going 

from 261 to 74,324 thousand metric tons. Liquid, solid and gas fuels are increasing at 

a higher percentage rate as well. 

Table  1.2  and  1.3  show  electric  generation  and  sales  by  energy  source  and 

usage  in  2006-2010  from  Department  of  Alternative  Energy  Development  and 

Efficiency,  Ministry  of  Energy.  The  percentage  of  fossil  fuels  including  coal  and 

lignite  was  95%,  others  0.52%,  and  hydropower  4.89%.  Growth  rate  of  electric 

generation in Thailand was an average around 1-7%, from 2006-2010. In 2010, fuel 

consumption for electric generation were from natural gas 72% or 117,941 GWh, coal 

and lignite 18% or 29,764 GWh, hydro 3% or 5,347 GWh, and imported and others 

6%  or  7,254  GWh.  The  number  of  electric  sales  by  usage  was  industrial  40.47%, 

commercial  35.50%,  residential  22.94%,  and  agriculture  and  others  1.09%, 

respectively. Growth rate of electric sales was an average around 2-12% annually.   

 

Table 1.2  Electric Generation by Energy Source: 2006-2010 

 

Unit: Million kWh 

Year Hydro Steam Co-

generation

Combined 

Cycle 

Others 1/ Total 

 

2006 8,125 48,463 13,721 67,307 1,126 138,742

2007 8,114 50,123 14,545 69,648 948 143,378

2008 7,113 44,463 14,607 80,492 752 147,427

2009 7,148 38,384 14,848 87,568 442 148,390

2010 5,537 45,743 14,921 92,750 567 159,518

Share 4.89% 30.81% 9.85% 53.94% 0.52% 100.00%

 

Note:  1/ Includes geothermal, solar cell, gas turbine diesel, gas engine and wind 

turbine, etc. 

Source:  Ministry of Energy, Thailand, 2012. 
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Table 1.3  Electric Sales by Usage: 2006-2010 

 
Unit: Million kWh 

Year Residential Commercial Industrial Agriculture Others Total 

2006 84,965 118,029 175,387 613 3,396 382,390

2007 86,379 130,731 166,729 676 3,669 388,184

2008 88,587 144,453 155,102 700 3,717 392,559

2009 100,711 157,657 162,330 868 3,752 425,318

2010 111,250 179,492 172,959 915 4,259 468,875

Share 22.94% 35.50% 40.47% 0.18% 0.91% 100.00%

 

Source:  Ministry of Energy, Thailand, 2012. 

 

Table  1.4  shows  energy  consumption for  land  transportation  in  2006-2010: 

diesel  62%,  gasoline  30%,  LPG  5%,  and CNG  4%.  Both  LGP  and  CNG  have  been 

consumed  in  more  growth  rate  while  the  total  Ktoe  has  decreased  a  few  percentage 

points.  That  means  the  CO2  emission  problems  will  continuously  be  occurring 

because  the  number  of  vehicles  in  Thailand  has  increased.  In  2010,  total  registered 

automobiles were 28,484,829 units, cars 11,185,015 units and motorcycle 17,299,814 

units (Ministry of Energy, Thailand, 2010: 10). 

 

Table 1.4  Energy Consumption for Land Transportation: 2006-2010 

 

Unit: Ktoe 

Year Gasoline Diesel LPG CNG Total 

2006 5,376 11,926 535 97 40,686

2007 5,466 12,013 667 97 36,605

2008 5,305 11,098 905 681 36,671

2009 5,606 11,348 778 1,262 35,121

2010 5,526 11,358 1,820 1,597 34,244

Share 29.19% 61.78% 5.03% 4.00% 100.00%

 

Source:  Ministry of Energy, Thailand, 2010. 
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 1.1.4  Bangkok Metropolitan’s Energy Consumptions and CO2 Emissions 

Thailand is divided into 77 provinces, total area of 513,119 Square Kilometer 

(Sq.  Km.)  and  total  population  in  2010  was  63,878,267  peoples.  Bangkok  is  the 

capital  city  of  Thailand,  the  total  area  1,568.737  Sq.  Km.,  which  consists  of  an 

urbanized  area  of  700  Sq.  Km.,  23% residential  use  of  366.38  Sq.  Km.,  23.58% 

agricultural  use  of  378.97 Sq.Km.,  and  less  for  commercial,  industrial  and 

governmental use (Bangkok Metropolitan Administration, 2009). Bangkok population 

was  5,701,394  peoples  or  8.93%  of  the  whole  kingdom.  The  population  density  of 

Thailand was 124 persons per Sq. Km. while Bangkok was 3,634 persons per Sq.Km. 

At provincial level, Bangkok had the highest density, while the population densities of 

the  other  provinces  ranged  from  Nonthaburi  1,770  and  Samut  Prakan  1,180  persons 

per Sq. Km., respectively. Total population of Bangkok and vicinity in five provinces 

was  10,326,093  peoples  or  nearly  16.17%  of  the  whole  kingdom  of  Thailand. 

(National Statistical Office of Thailand, 2012b). 

Table  1.5,  the  data  and  information  from  the  national  statistical  office  of 

Thailand has covered all private, non-institutional households residing permanently in 

all  areas  throughout  the  country.  The  surveys  collected  information  on  quantity  and 

household  expenditures  on  fuel  such  as petroleum  products,  L.P.G.  (Liquefied 

Petroleum Gas) – cooking, electricity, charcoal and wood, etc. In Bangkok Metropolis 

area  (including  three  provinces  or  greater  Bangkok)  had  the  highest  energy 

consumption per household for all types of fuel at an average monthly value of 2,836 

baht. Petroleum products and electricity also were consumed in a higher expenditure 

rates than other regions in 2010. 

The  higher  fuel  expenditures  per  household  in  Bangkok  area  have  shown 

significant growth, adding to annual CO2 emissions problems. These increases are not 

only  in  the  residential  and  commercial sectors  but  also  the  transportation  and 

electricity sectors. Total vehicles that registered in Thailand in 2010 were 28,484,829 

cars. All kinds of cars included 11,328,108 units and motorcycles 17,156,721 units, or 

ratio  at  2:3.  Bangkok  has  6,444,631  cars  (National  Statistical  Office  of  Thailand, 

2012b). Therefore, Bangkok was the top of all provinces in Thailand that has about 

22.62% of the whole kingdom. 

 

 

http://en.wikipedia.org/wiki/Provinces_of_Thailand
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Table 1.5  Average Monthly Fuel Consumption Expenditure per Household by Type  

of Fuel, Region, and Area in 2010 

 

Type of Fuel 

 
Whole 

Kingdom 

Region 

Greater 

Bangkok 
1/  

Central 
 2/  

North North 

East 

South 

Avg. Monthly Income 3/ 20,903   

Avg. Monthly Expenditure 3/ 16,819   

Avg. Household Size   3.20   

Total Expenditure for All 

Types of Fuel  

1,818 2,836 1,894 1,466 1,319 2,053

Petroleum Products 1,283 1,825 1,333 1,054 913 1,599

Gasoline or Benzene 505 442 525 451 362 736

Gasohol 234 752 214 152 85 160

Diesel 435 457 481 363 385 574

Biodiesel 14 29 20 15 13 39

Lubricating Oil 3/ 70 103 74 56 54 90

L.P.G. - Cooking 62 58 63 58 61 80

L.P.G. - Vehicles  26 87 30 15 7 10

Other Products 535 1,011 561 412 406 454

Charcoal and  Wood 44 1 16 52 90 9

Electricity 491 1,010 545 360 316 445

Unit: Baht

 

Notes:  1/ Bangkok Metropolis, Nonthaburi, Pathum Thani and Samut Prakan 

  2/ Excluding Greater Bangkok 

  3/ Data from the year 2009 

Sources:  National Statistical Office of Thailand, 2012b. 

 

Electricity  in  Thailand  has  16  million  users  whereas  Bangkok  area  has 

2,958,586 users (The Metropolitan Electricity Authority of Thailand, 2010) or around 

18%,  in  particular,  2,439,689  household  users or  82.46%  of  electricity  consumption 

share  in  the  total.  Table  1.6  shows  categories  of  electricity  energy  sales  in  the 

Bangkok area. Number of users in 2010: residential 82.46%, small business 16.37%, 
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medium business 0.65%. Total number of these 3 categories was about 99.48% of all 

users.  If  we  use  number  of  electricity  energy  sales,  large  business  was  first  (or 

33.27%), the next 27.09% by residential, thirdly medium business 16.25%, and finally 

15.78% from small business. Total electricity consumption of Thailand in 2010 was 

148,709  GWh.  with  the  growth  rate  of  10%  where  the  Bangkok  area  consumed 

electricity  about  25%  or  around  one-fourth of  all  the  country  (Ministry  of  Energy, 

Thailand, 2010: 38). 

 

Table 1.6  Energy Sales in Metropolitan Electricity Authority Area by Category 

 

  Category No. of Meters 

(Case) 

Electricity Energy 

Sales (GWh) 

1.Residential 2,439,689 10,265.01

2.Small Business 484,394 5,981.33

3.Medium Business 19,104 6,157.64

4.Government & Non-Profit Organization 11,167 1,057.01

5.Street Lighting                 - 263.67

6.Specific Business 2,423 1,560.35

7.Large Business 1,809 12,607.94

Total 2,958,586 37,892.95

 

 Source: The Metropolitan Electricity Authority of Thailand, 2010. 

 

Thus,  the  important  thing  brought  up  in  this  research  study  is  how  urban 

energy management can be implemented through the reduction of fossil fuel usage as 

well as increasing energy saving efforts and decreasing the amount of CO2 emissions 

with  various  aspects  of  environmental management.  The  energy  consumption  based 

on fossil fuel usage should be limited because of fossil fuel energies produce heat and 

pollute with exhaust gases. Because it is a nonrenewable energy resource, it cannot be 

recycled  and  reused.  It  also  threatens  sustainable  development  in  the  future. 

Therefore,  we  should  look  forward  to  acquiring  new  energy  alternatives  that  can  be 

perpetual  and  renewable.  This  idea  includes  new  alternative  energy  sources  such  as 
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wind, solar, and biofuel that not only reduce CO2 emissions in the atmosphere but also 

prevent  natural  environment  impacts required  for  long  term  urban  energy 

management. 

The  purpose  of  this  study  is  to  investigate  and  examine  significant  factors 

contributing to changes in energy consumption, energy saving, and the amount of CO2 

emissions  in  the  residential  sector  of  Bangkok  metropolitan  area  for  urban  energy 

management. This study will help to derive new theoretical framework for studying 

urban  energy  management  as well  as  environmental  management  in  city  areas  like 

Bangkok.  This  study  can  be  contribute  to formulating  prediction  equations  and 

explanations of energy consumption, energy saving, and CO2 emissions in significant 

factors which affect household energy consumption in urban areas. 

 

1.2  Research Questions 

 

In  Thailand,  little  research  has  been  carried  out  in the  area  of  contributing 

factors  to  changes  in  household  energy  consumption  and  CO2  emissions  in  the 

Bangkok area. The core research questions that guided this study are: 

1)    How  do  households  in  Bangkok  metropolitan  area  consume  energy  and 

how much CO2 is emitted? 

2)    What  are  significant  factors  contributing  to  energy  consumption  in 

Bangkok’s residential sector? 

3)  What are appropriate policies for urban energy management in households 

of Bangkok metropolitan administration? 

 

1.3  Objectives of the Study 

 

 1)    To  investigate  energy  consumption in  the  residential  sector  including  the 

amount of CO2 emission in the Bangkok metropolitan area. 

2)    To  examine  significant  factors  contributing  to  energy  consumption  and 

energy saving in the residential sector across Bangkok metropolitan area. 

3)  To suggest policies for urban energy management in Bangkok area. 
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1.4  Scope and Limitation of the Study 

 

 1)    Conceptual  framework  in  this  study  comprises  of  urban  residential 

contributing  factors  and  urban  energy  policy  for  energy  saving  and  the  reduction  of 

CO2  emissions.  These  can  be  applied  into urban  energy  management  as  well  as 

environmental management into energy systems in the Bangkok metropolitan area of 

Thailand. 

  2)  Units of analysis for this study are in the urban residential sector or urban 

household  units  of  Bangkok  city  (with  secondary  data  included).  Both  of  them  are 

major factors and have variables and have caused changes in energy consumption and 

the amount of CO2 emissions. With this data, energy saving techniques and efficiency 

in daily life can help to decrease energy consumption and reduce CO2 emissions. 

  3)  Bangkok city is the study area. 

  4)  Study period is 34 months, from June 2009 to April 2012. 

 

1.5  Definition of the Key Terms 

 

  Key  terms  used  in  this  research  study  and  referring  to  the  study  process  and 

the whole operationalization are: 

 

1.5.1  Carbon Dioxide Emissions 

  Carbon  dioxide  (CO2)  is  a chemical  compound  composed  of 

two oxygen atoms covalently bonded to a single carbon atom. It is a gas at standard 

temperature  and  pressure  and  exists  in Earth's  atmosphere  in  this  state.  CO2  is 

colorless, odorless and non-poisonous gas that results from fossil fuel combustion and 

is  normally  a  part  of  ambient  air. It  is also  produced  in  the respiration  of  living 

organisms  such  as  animals,  and  it  is  considered  to  be  the  main  greenhouse  gas, 

contributing  to  climate  change.  The  amount  of  CO2  emissions  into  the  atmosphere 

now is rising. 

 

1.5.2  Urban Energy Management 

 

http://en.wikipedia.org/wiki/Chemical_compound
http://en.wikipedia.org/wiki/Oxygen
http://en.wikipedia.org/wiki/Atom
http://en.wikipedia.org/wiki/Covalent_bond
http://en.wikipedia.org/wiki/Carbon
http://en.wikipedia.org/wiki/Gas
http://en.wikipedia.org/wiki/Standard_temperature_and_pressure
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bility  both  in  the  quality  and  quantity  of  available  alternative  or  renewable 

rms of energy, and the effect of existing energy use on the global environment as a 

whole. 

 

CO2 emissions. Environmental 

anagement  should  have  people  participating  in  environmental  planning  and  urban 

, and country. 

 

1.6  Ex

Bangkok metropolitan area. 

nergy 

ving in the residential sector. 

3)  Suggest policies for urban energy management in the Bangkok area. 

 

Energy is renewable and nonrenewable, which can be managed in the city for 

the  purposes  of  reducing  the  usage  of  fossil  fuels  and  lowering  CO2  emissions.  The 

three key issues are efficiency, equity, and sustainability. They will define the shape 

and  future  of  energy  use  and  consumption  in  cities  and  its  effects  on  long  term 

sustaina

fo

1.5.3  Environmental Management 

Environmental  management  in  the  city  is  management  for  the  city 

environments  by  seeking  to  objectively  develop  the  city  and  provides  a  sustainable 

healthy  environment.  Not  only  by  mitigating  of  pollution  problems  occurring  in  the 

city’s  growth  from  air,  water,  soil,  sewage  discharge  but  also  by  improving  energy 

supplies  can  one  access  new  alternative  energy  and  limit  amounts  of  electricity  to 

household and community services. It also can reduce 

m

management within the community, city

pected Results of the Study 

 

1)    Comprehension  of  energy  consumption  in  the  residential  sector  and  the 

amount of CO2 emissions in the 

2)    Apply  significant  factors  contributing  to  energy  consumption  and  e

sa



 
 

 

CHAPTER 2 

 

LITERATURE REVIEW 

 

  This  chapter  is  divided  into  seven sections:  environmental  management  and 

development,  urban  environmental  management,  urban  energy  management, 

calculation  of  carbon  dioxide emissions,  energy  savings,  CO2 emissions,  energy 

saving  and  efficiency  in  the  urban  residential  sector,  and  theoretical  framework.  It 

consists  of  documents  and  research  reports  involved  in  and  related  to  energy 

consumption, energy saving, and CO2 emissions. 

      Literature  reviews  begin  with  external  or  macro  factors  of  environmental 

management and development such as economic, social, political, technological, and 

natural and environment dimensions. Urban environmental management is explained 

in  aspects  of  the  world’s  and  Thailand’s urban  environmental  problems.  Thereafter, 

urban energy management is reviewed to scope and define CO2 emissions reduction 

through  the  use  of  fossil  fuels,  define alternative  and  renewable  energies,  and 

understand  changes  in  consumption  patterns  in  human  settlements  in  urban 

development. Reviews try to formulate variables in the conceptual framework for the 

reduction  of  CO2  emissions  into  category  factors of  urban  energy  consumptions. 

Finally,  theoretical  framework  is  developed  to  identify  and  quantify  a  significant 

factor  contributing  to  changes  in  energy  consumption,  energy  saving,  and  CO2 

emissions  in  cities.  It  can  also  help  to  analyze  potential  factors  and  suggest  policies 

for  city  administration  and  development  in  urban  energy  management  and 

environmental management into practical application. 

 

2.1  Environmental Management and Development 

  

Environmental  management  and  development  are  fields  which  demand  a 

multi-displinary view and make it possible for different disciplines, religions, classes, 

ethnic  groups,  political  outlooks  and  genders  to  come  together  and  seek  mutually 
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beneficial  approaches  to  important  issues  (Barrow,  2005:  4).  Before  1960,  both 

management  and  development  were  top-town  activities,  but  they  now  seek  popular 

participation or even empowerment to understand the environment and people. 

  Between 1949 and the early 1970s development was concerned primary with 

the reduction of poverty, luxuries poor people could not afford, or was even seen as 

part of a conspiracy to hold back the less developed nations. It was not until around 

1987  that  it  was  widely  accepted  that  development  needed  effective  environmental 

management  and  vice  versa.  Current  ideas  about  development  and  environmental 

management  are  influenced  by  western  liberal  democracies.  In  some  developing 

countries, the established legal system, civil engineering regulations, and methods of 

governance  are  heavily  derived  from  the  west,  and  some  of  their  environmental 

problems  are  a  consequence of  this.  The  challenges faced  by  development  and 

environmental management are growing. 

  Growing  interest  in  environmental  issues  in  the  world  today  is  a  wholly 

natural  resource,  in  the  sense  that  it  is  unaltered  by  human  activity.  Environmental 

management  goes  beyond  seeking  sustainable  development.  It  also  promotes 

improvement  of  human  adaptability,  the recognition  and  reduction  of  threats  to 

people,  biota  and  the  physical  environment,  and  rehabilitation  of  degraded  systems. 

All individuals are, to some extent, involved in environmental management because 

their  activities  ultimately  have  an  impact.  Some  are  more  actively  involved  in 

resources usage and interact more with nature, i.e. fishermen, farmers, special interest 

groups,  academics,  applied  researchers,  administrators,  government  advisers  and  so 

on.  So  there  are  many  different  levels  of environmental  management,  which  is  still 

relatively  young  and  rapidly evolving,  having  to  cope with  natural threats  and 

problems caused by human activity. It has to do this in a world where nature is being 

degraded,  and  it  has  to  support  livelihoods and  steer  these  to  ensure  sustainable 

development. 

  Sustainable development has become a prominent part of the environment and 

development discourses in the twenty-first century, and various authorities have noted 

that it is a concept that helps integrate environmental management and development 

management.  It  is  improvement  of  well-being  and  lifestyles  and,  in  the  foreseeable 

future, implies growing demands (Barrow, 2005: 11). It is also a goal, but people are 
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likely to resist changing environmentally damaging lifestyles if it means paying more 

for necessities or even luxury items, and many, due to poverty, are unable to do so. 

Sustainability  is  the  ongoing  function  of an  ecosystem  or  usage  of  resources  and 

implies  steady  demand.  The  most  frequently  quoted  statement  of  sustainable 

development  from  the  Brundtland  Commission is  development  that  meets  the  needs 

of the present without compromising the ability of future generates to meet their own 

needs (Mitchell, 2002: 73). Sustainable development contains two key concepts. The 

first is needs, especially the needs of the poor people in the world, and the second is 

limitations  created  by  technology  and  social organizations  regarding  the  capacity  of 

the  environment  to  satisfy  both  present  and  future  needs.  Thus,  sustainable 

development is an anthropocentric or human-centered concept. 

In  green  social  theory  from  development  to  sustainable  development  and 

beyond,  social  theory  is  intimately  connected  with  the  theory and  practice  of  the 

development or modernization of the modern societies. That is, modern social theory 

takes the process of development as its object of study and aims to provide a critical 

analysis  of  what  development  consist  of,  how  it  occurs,  who  or  what  are  the  main 

features  or  actors  of  development,  and  where  and  when  it  occurs  or  has  occurred 

(Barry,  2007:  299).  As  such,  the  increasing  concern  with  sustainable  development 

within political and economic theory and practice is important. 

However,  the  applications  of  economic,  political,  social, technological,  and 

natural  resources  and  environmental  mechanisms  are  the  important  dimensions  for 

implementing  sustainable  development  as  well  as  our  green  development  and 

happiness in society as a goal in general. 

 

2.1.1  Economic Dimensions 

Economics  is  a  social  science,  concerned  with  human  beings  and  the  social 

systems  by  which  they  organize  their  activities  to  satisfy  basic  material  needs,  e.g. 

food,  shelter  and  clothing,  and  nonmaterial  wants,  e.g.  education,  knowledge  and 

spiritual  fulfillment.  Traditional  economic  measures,  in  terms  of  development,  were 

meant  to  maintain  the  capacity  of  a  national  economy,  to generate  and  sustain  an 

annual increase in its gross national product or GNP at rates of perhaps 5% to 8% or 

more. A common alternative economic index of development has been the use of rates 
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of growth of income per capita or per capita GNP to take into account the ability of a 

nation to expand its output at a rate faster than the growth rate of its population. 

Economic development in the past has also been typically seen in terms of the 

planed alteration of the structure of production and employment so that agriculture’s 

share of both declines and that of the manufacturing and service industries increases. 

These principal economic measures of development have often been supplemented by 

casual  reference  to  noneconomic  social  indicators.  Some  include gains  in  literacy, 

health conditions and services, and provision of housing. 

The  new  economic  view  of  development  is  to  improve  the  quality  of  life.  A 

better  quality  of  life  generally  calls  for  higher  incomes,  better  education,  higher 

standards of health and nutrition, less poverty, a cleaner environment, more quality of 

opportunity, greater individual freedom, and a richer cultural life (World Bank, 1991: 

4). Economic growth cannot be sensibly threaded as an end in itself. Development has 

to  be  more  concerned  with  enhancing  the lives  we  lead  and  the  freedoms  we  enjoy 

(Todaro and Smith, 2003: 17). Improving economic welfare for all the people implies 

the  recognition  of  interconnected  relationships  and  the  realization  that  economics  is 

only one part of sustainability. In particular, emphasis on global equity that underlines 

the  importance  of  considering  the  interrelationship,  among  ecological,  cultural, 

political, economic, spiritual, and social dimensions at the local, national, and global 

levels (Mudacumura, 2006: 149). And finally, Amataya Sen’s capability approach of 

economic  is  to  make  sense  of  humanity’s concept  of  well-being  in  general,  and 

poverty  in  particular.  We  need  to  think beyond  the  availability  of  commodities  and 

consider their use. 

Three core values of sustainable development with economic mechanisms as 

the sustained elevation of an entire society and social system toward a better and more 

humane life is sustenance (the ability to meet basic needs), self-esteem, and freedom. 

That means sustainable development is both a physical reality and a state of mind in 

which  society  has,  through  some  combination  of  social,  economic,  and  institutional 

process, secured through means for obtaining a better life. Sustainable development in 

all societies must have at least three objectives: to increase the availability and widen 

the  distribution  of  basic  life-sustaining  goods  such  as  food,  shelter,  health,  and 

protection, to raise standards of living, including to higher incomes, the provision of 
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more jobs, better education, and greater attention to cultural and human values, and to 

expand the range of economic and social choices available to individuals and nations 

by  freeing  them  from  servitude  and  dependence  not  only  in  relation  to  other  people 

and nation-states but also to the forces of ignorance and human misery. 

Application of the sufficiency economic philosophy (S.E.P.) of Thailand is a 

guiding  principle.  It  can  be  implemented on  an  individual  or a  household  level  and 

into  organizations.  All  three  components are  used  for  making  decisions  in  any  one 

with  the  mindset  that  should  be  nurtured  since  a  young  age.  Agriculture  and 

community development can also help with economic development of the nation and 

coping  with  the  problems  that  have  more  in  demand  and  supply  adjustment,  debt, 

migration, and weakness of the villages. 

  The S.E.P. can be applicable to business, corporate, and government sectors. 

Because Thailand is rich with natural resources, many business projects must be done 

with  a  careful  consideration and  one  must  not  be  too  over enthusiastic.  It  means  an 

adequate project of moderate sizes that corporate sectors use sufficient economy as a 

good  risk  management,  well  through-out  business  plan  and  sustainable  investment, 

good corporate government, and social responsibility. Finally, the S.E.P. is focused on 

sustainable development and based on economic mechanisms that have core values as 

sustenance,  self-reliance  and  freedom  for the  people  as  well  as  a  green  and  happy 

society. 

 
2.1.2  Political Dimensions 

The political dimensions can be understood as a decentralized effective system 

of  governance  in  which  the  interlinked,  embedded,  symbiotic  relationships  between 

public and private development stakeholders’ concerns are taken into account which 

devises  development  strategies.  It  also  puts  emphasis  on  the  effective  systems  of 

governance  to  underline  the  increasing  attention  of  good  governance.  Good 

governance implies improving the quality of services and leadership at the local level 

with decision making decentralized at the poor levels. 

Today,  sustainable  development  has  increasingly  stimulated  interest  among 

development  practitioners,  scholars,  and  politicians.  The  main  ways  in  which 

individualism has shown itself in political thought and action are many. It is possible 
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to attempt to amend the policy directives that would flow from a strictly individualist 

political  philosophy  to  take  into  account  of  some  difficulties  that  appear  from  the 

environmental  point  of  view  such  as  political  ecology,  socio-political  and  political 

economy.  

  Political ecology requires the analyst, planner or manager to go well beyond 

the  attributes  of  only  a  biophysical  or  natural  system  when  seeking  to  understand 

cause-and-effect  relationships  or  when  preparing  strategies  or  plan  (Mitchell,  2002: 

11).  The  three  dimensions  of  political  ecology  direct  attention  to  political  sources, 

conditions  and  ramifications.  Political  sources  are  state  or  government  policy, 

interstate relations and global capitalism, thereby highlighting the growing importance 

of national and transnational forces on the environment. Conditions are conflicts over 

access with emphasis upon location-specific struggles. Little power will and can fight 

back to protect environmental conditions, which is the basis for their livelihood and 

understanding  the  broader  context  of environmental  changes  and  problems. 

Ramifications are the political consequences of environmental change with particular 

attention given to socio-economic impacts and political process issues. 

  At  the  same  time  socio-political  criteria  are  used  to  establish  an  open 

accessible political process that puts effective decision-making power at the level of 

the government closest to the situation and the lives of people affected by a decision. 

Ensuring  people  are  free  from  extreme  want  and  from  vulnerability  to  economic 

coercion,  people  can  participate  creatively and  self-directly  in  the  political  and 

economic  system,  and  a  minimum  level  of  equality  and  social  justice,  including 

equality to realize one’s full human potential, reverse to an open and just legal system, 

freedom  from  political  repression,  access  to  high  quality  education,  access  to 

information, freedom of religion, speech, and assembly. 

  Political  economy  is  considering  that the  factors  as  appropriate  institutions, 

effective  leadership,  and  results-oriented  management  capacity  are  attributed  of 

governance  and  sustainable  development.  Generally,  as  indicated,  governance 

involves institutions, laws, rules, regulations, policies, and enforcement mechanisms 

in  pursuit  of  specified  objectives  (Barclay,  2006:  453).  Explicitly  incorporating  the 

institutional  dimension,  governance  refers to  the  legitimate  and  calculated  use  of 

authority and power in the exercise of control over society and the management of its 
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resources intended to achieve shared or agreed development goals through appropriate 

institutional  mechanisms.  In  the  process,  it  is  expected  to promote  accountability, 

transparency, rule of law, participation, and other factors that engender and nurture an 

enabling institutional and socio-economic environment. 

 

2.1.3  Social Dimensions 

  The  social  dimensions  consist  of participatory  decision-making  systems 

through  which  empowered  people  devise  strategies  aimed  at  fostering  global  equity 

and preserving local cultural practices,  while  recognizing the complex challenges of 

securing current and future generations’ welfare (Mudacumura, 2006: 150). The needs 

of poor people to participate and have empowered working with institutions to design, 

process, and pay attention in suitable development policies is valuable. 

But  in  green  society  and  political  theory,  expressed  in part  through  the 

discourses and practices of sustainable development, presents at least five issues for 

social  theory  (Barry,  2007:  300).  The  first is  the  one  at  the  level  of  the  knowledge 

approach  to  the  study  of  society.  Green  social  theory  suggests that  not  only  should 

any social theory have social-environment interaction as a central object of study, but 

that  the  greening  of  social  requires  the  adoption  of explicitly  multidisciplinary, 

interdisciplinary or transdisciplinary approaches and methodologies. 

  The second issue concerns the temporal frame of social theory. Green social 

theory suggests the integration  of  a  concern  for  the  future  and  future  generations.  It 

also requires that the future be included as an explicit, rather than implicit dimension 

of social theory. 

  The third issue has to do with the brute fact that ecological problems do not 

respect national or cultural boundaries. Social theory must be transnational and global 

in scope and approach. It can no longer be solely concerned with a particular society 

independent of other countries and international processes. 

  The forth issue is most contentious of all. The greening of social theory can no 

longer remain within the species boundary. It is being solely or primarily concerned 

with human social relations and phenomena. 

  The fifth issue equally contentious turns on the connection between theory and 

practice.  The  obligation  for  social  theory  is  to  move  beyond  theoretical  reflection, 
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abstraction  and  discourse  and to  apply  that  knowledge  in  the  real  world  to  improve 

both human society and the nonhuman world. 

  The greening of social theory involves the necessary and desirable bridging of 

the gap between society and natural and also between the social and natural science. 

This  meaning  in  two  main  components,  first,  a  naturalistic  social  theory  recognizes 

the  natural  environmental  contexts,  preconditions,  opportunities  and  constraints  on 

human  activity.  Second,  a  naturalistic  theory  recognizes  the  centrality  of  internal 

human  nature,  of  seeing  humans  as  natural  beings  with  particular  modes  of 

flourishing,  like  other  natural  beings.  Ecology  is  then  connecting  the  natural  and 

social sciences. Ecology and its aim of a naturalistic account of the human condition, 

while  originating  as  an  empirical  natural  science  dealing  with  the  relationship 

between species and their environment, has also become a form of social and moral 

theory. 

 

2.1.4  Technological Dimensions 

  The application of technology has allowed an improvement in the standards of 

living  for  many  people  around  the  world.  It  has also  led  to  an  increase  in  resource 

consumption  and  production  of  wastes.  Some  recognition  is  given  to  the 

environmental  and  social  impacts  associated  with  application  of  technology. 

Discussion  regarding  whether  its  application  is  the  most  appropriate  response  to  a 

problem, particularly regarding the health of ecosystems, is required. 

  As  a  result,  the  mainstream  view in  many  countries  has  been  to  apply 

technology  to  facilitate  resource-intensive  growth  in  sustainable  development.  Thus, 

technological  dimensions  have  often  been  the  solution  to  some  problems  and  have 

created  real  opportunities,  but  at  the  same  time  have  been  part  of  the  cause  of 

environmental  problems.  Sustainable  strategies  for  resource  and  environmental 

management  will  require  a  reexamination  of  the  role  of  technology  before  using  its 

mechanisms. 

  All  technological  systems  are  meant  the  mechanisms  that  use  for  which  the 

energy  and  material  flows  within  themselves  and  from  to  the  environment,  are  not 

insignificant  enough  to  be  neglected,  and are  part  of  the  technology  domain. 

Technology  is  defined  as  hard  and  soft which  means  to  transfer,  transport,  and 
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transform  materials  and  energy  in  given economy.  This  activity  of  processing 

materials  and  energy  is  in  concurrence  with  shaping,  forming,  manufacturing, 

producing,  or  generating  a  product  or  service  of  an  economic  value  (Assefa  and 

Frostell,  2006:  483).  For  example,  technologies  used  in the  production  and 

manufacturing of different chemicals, waste management, fuel and energy production, 

operating transport systems and so on. 

  Sustainable  development  indicators  can be  useful  for  testing  the  relevance, 

quality,  and  quantity  of  various  actions,  including  the  application  of  technologies. 

Measuring  sustainable  development  by  using  material  flow  analysis  together  with 

other  metrics  for  environment  and  social  factors  based  on  a  theme-by-theme  of 

ecological,  economic,  and  social  approach such  as  life  cycle  assessment  (LCA)  is 

used  in  business  and  others  that  they  have  production  process  for  producing  goods 

and  services.  The  list  of  tools  that  can  potentially  be  combined  in  the  search  for  a 

powerful  assessment  tool  becomes  even  larger  according  to  environmental 

management  tools  such  as  environmental  impact  assessment  (EIA),  risk  assessment 

(RA), eco balance (EB), life cycle costing (LCC), and clean technology (CT). These 

technologies can be applied to any organization that appropriately in uses them for the 

purposes of environmentally sustainable development. 

 

2.1.5  Natural Resources and Environmental Dimensions 

  What  should  be  the  proper  relationship  between  environment  and 

development, how about natural resources and environment should be sustained, what 

level  of  quality  for  how  long  a  duration,  and  for  whose  benefits.  Neither  resource 

systems  nor  the  institutions  associated  with  them  can  be  sustained  in  perpetuity. 

However,  sustainability  is  the  capacity for  renewal  and  evolution  in  ecosystems, 

innovation, and creativity in social systems. (Mitchell, 2002: 74). The result was that 

no generic model could be established, and each nation would have to work out what 

was appropriate for its contexts, needs, conditions and opportunities. 

  Looking  to  natural  resources  and  environmental  mechanisms  with  ecological 

principles that comprise to protect life support systems, to enhance biotic diversity, to 

maintain  integrity  of  ecosystems,  to  develop  and  implement  rehabilitative  measures 
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for badly degraded ecosystems, and preventive and adaptive strategies to respond to 

the threat of global ecological change. 

  The  ecological  dimension  underscores  a  holistic  decision-making  approach 

that  strives  to  make  sense  of  the  interlinked  and  symbolic  natural  resources  and 

environment that must be preserved while addressing current and future generations’ 

societal  welfare  (Mudacumura,  2006:  153).  The  interconnectedness  of  people  and 

nature  explains  the  indispensability  of  searching  for  adequate  means  of  creating  a 

sustainable society without destroying natural life-support systems. 

  Ecosystem  is  communities  of  living  things  functionally  that  the  lives  of 

individual  animals  and  plants  are  often,  perhaps  always,  entwined  with  one  another 

(Pratt,  Howarth  and  Brady,  2000:  124).    It  is  this  formation  that  regards  organism 

sustainability rather than success that ordinarily regards a community of living things, 

which might in fact be a kind of super-organism. It is also the nourishment ecology 

that lends to the idea that clusters of living things, to one or more of which we human 

beings may belong, might beings may belong, might be regarded as communistic. 

The  ecosystem  has  been  impacted  and  associated  with  development  projects 

on  the  natural  environment  in  relation  to  changes  in  habitat,  the  composition  and 

population density of plant and animal species and ecological process. While negative 

impacts involving habitat damage or destruction and species lose or displacements of 

them dominate the finding of an ecological assessment, other more positive impacts 

may  also  arise.  For  example,  the  creation of  new  habitat  during  the  restoration  of  a 

mineral extraction site leads to greater biological diversity. 

The  complexity  of  ecological  systems  often  makes  the  measurement  and 

production of impacts a difficult task. The assessment normally begins with a review 

of existing information sources such as maps, aerial photographs, local authority plans 

and  character  of  features  of  ecological  importance  (Harrop  and  Nixon,  2000:  52). 

Establishing ecological data centers are needed to seek their natural surroundings, but 

there  are  many  more  where  ecological  data  are  not  so  readily  available.  Great 

importance  should  be  placed  on  seeking  out  members  of  the  local  community  who 

have good knowledge of their natural resources. 
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2.2  Urban Environmental Management 

 

Four  environments  for  human  societies are:  wilderness  environment,  rural, 

urban,  and  globally.  Urban  environment  means  the  human-made  spaces,  buildings, 

developments  and  structures  one  finds  in  town  and  cities,  as  opposed  to  either 

wilderness or the rural countryside (Barry, 2007: 24). The creation and development 

of the urban environment over the past 200 years has profoundly affected how people 

viewed and thought about the natural environment. 

The  reality  is  that  there  is  no  evidence  for  better,  happier,  healthier,  people 

coming from rural areas than from cities. There are, of course, fewer opportunities in 

rural  settings  like  jobs,  entertainment,  and movies;  hence,  cities  have  continued  to 

grow around the world, though rural images are often used as the basis of residential 

development.  Urban  development  is  the same  thinking  that  needs  the  city  is 

sustainability and livability in the today’s environmental management. 

Before making decisions in urban environmental management, we should look 

at  overall  problems  in  our  world  and  general  environmental  aspects  in  our  cities. 

Some  problems  occur  in  perspectives  of  the  world  and  national  boundary  of 

Thailand’s cities as the urban environmental issues. We can cope with these problems 

by using urban energy management in more significantly options for implementation 

of resource sustainability management and energy systems as well. 

 

2.2.1  World Urban Environmental Problems in General  

New world populations are so highly urbanized (75 to 85 percent) and are thus 

a  fixed  gross  consumer  of  resources,  and gross  discharges  of pollutants  (Riddell, 

2003: 88). These pollutants have become global environment problems. Most of these 

environmental  problems  are  global  warming  issues  which  come  from  greenhouse 

gases  in  the  atmosphere.  The  United  Nations  for  Environmental  Program  (UNEP) 

reported that since the end of nineteenth century, global temperatures have increased 

between 0.3-0.6 centigrade and that 40 years later, have increased 0.2-0.3 on average. 

Continuous increasing in world temperature is the greenhouse effect which occurred 

from  various  gases,  i.e.  carbon  dioxide  (CO2),  Methane  (CH4),  nitrate  oxide  (N2O) 

and  chlorofluorocarbons  (CFCs).  Particularly,  CO2 emissions  are  continuously 
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increasing in the amounts of 1.6 ppm per year or about 0.4% (Ristinen and Krausha, 

1999:  334).  Sources  of  these  gases  are  produced  by  fossil  fuel  consumptions, 

industrial  factories  and agricultural  productions  (Chamlong  Poboon,  2006:  1-2). 

Global warming issues have affected agriculture, biodiversity, climate change, water, 

forest, sea levels and coastlines, and human beings. 

One of the more likely impacts of global warming and greenhouse effect could 

be  shifts  energy  usage  and  the  consumption  of  goods  as  rich  and  poor  countries 

implement  economic  controls  and  introduce  new  technology  to  honor  agreements 

over  carbon  emissions  and  adapt  to  climatic  change  (Barrow,  2005:  143). 

Environmental management must forecast and prepare for changes, and it must try to 

do so as objectively as possible since these changes can take many forms. Field and 

Seaton had identified numerous kinds of change, each with the potential to become a 

trigger or driven for further change (Mitchell, 2002: 8). 

In dealing with resource and environmental problems, it is useful to keep this 

picture in mind regarding what kinds of change may occur, and how changes in one 

variable  or  area  can  have  a  ripple  effect, leading  to  changes  in  other  variables  or 

places. To understand the process of change, it is useful to recognize that change has 

various  attributes,  such  as  duration,  magnitude,  intensity,  frequency,  etc.  These 

changes are behavioral, physical, knowledge, technological, perceptual, political and 

institutional. 

The major urban environmental problems from rapid urbanization in Asia are 

pollution,  due  to  the  concentrated  discharge  of  residue  (gaseous,  liquid  and  solid 

waste) into the environment and the destruction of ecosystems for urban development 

in  environmentally  sensitive  areas.  Concerns  about  the  extent  of  these  problems  are 

based  on  three  propositions  (Kingsley,  Ferguson,  Bower  and  Stephen,  1994:  14). 

First, it is generally accepted that the per capita amount of energy and materials used, 

and  amount  of  waste  generated,  in  cities  is  several  times  higher  than  in  the 

countryside.  Second,  the  discharge  of  pollutants  in  cities  is  potentially  more 

dangerous  to  human  health  because  they  are  concentrated  rather  than  spread  more 

evenly  over  a  wider  area.  Third,  the  institutional,  technological, and  infrastructure 

systems available to help control these problems in urban are at present are inadequate 

in handling the task. 
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2.2.2  Urban Environmental Problems in Thailand 

Environmental  problems  in  Thailand  are  divided  into  two  parts:  problems  of 

pollution such as water, air, noise, refuse and toxic substances, and the degradation of 

natural  resources  such  as  deforestation  and  salination  of  the  soil.  Both  parts  of  the 

environmental problem are in a critical state and must be tackled now in well-planned 

and  coordinated  manner  and  to  be  monitored  by  relevant  private  and  governmental 

agencies (Vichote Vano and Suvit Yodmani, 1991: 22). A major problem with urban 

environmental  controls  in  Bangkok  in  the  year  1991  was  air  pollution  emitted  from 

BMCA buses (Bangkok Mass Commuter Administration) (about 2,300 buses) and a 

number of motorcycles with 2-and 4-cycle-engines which use lead gasoline (Vichote 

Vano and Suvit Yodmani, 1991: 25). During that time, motor cars did not have any 

catalytic  converter,  and  unleaded  gasoline  was  not  available  on  the  market.  Urban 

environmental management needs to cope with this air pollution by conserving energy 

and changing the way private citizens think about conservation. 

  The  variety  of  vehicles  available is  growing  rapidly  in  Bangkok,  including 

those that produce most of the particulate emission-two-stroke motorcycles and three 

wheel  taxis  and  diesel  trucks.  Particulates  mainly  come  from  poorly-tuned  diesel 

buses  and  trucks,  as  well  as  two-stroke  motorcycles,  and  such  vehicles  are  very 

common  in  Bangkok  (Newman  and  Kenworthy, 1999: 123). Vehicular emissions of 

transportation  damage  urban  environments  far  more  than  their  modest  share. 

Introducing  unleaded  fuels  and catalytic  converters  are  offers,  perhaps,  the  greatest 

promise for short-term reduction of the most dangerous discharge-lead. Cutting sulfur 

content in diesel and shifting to alternate fuels such as liquefied petroleum gas (LPG) 

and ethanol-reduces other discharges. Vehicle inspection programs can be organized 

in two general ways. First, there are many privately-operated garages, with a smaller 

number  of  dedicated  government  facilities  or  government-authorized  concessions. 

The second option can achieve lower-cost inspections, higher consistency, and better 

record-keeping. 

Fuel  consumption  has  caused  many  environmental  problems  in  general. 

Particularly,  transport  sector  has  emitted  air  pollutants  where  it  has  also  affected 

human health in areas where traffic is more congested such as Bangkok and cities like 

Chiang  Mai,  Haad  Yai,  and  Khonkhan.  These  air  pollutants  comprise  of  carbon 
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monoxide  (CO)  453,000  metric tons,  nitrogen  oxides  (NOx)  208,000  metric  tons, 

sulfur dioxide (SO2) 21,000 metric tons, Suspended Particulate Matter (SPM) 16,000 

metric tons, and greenhouse effect gases such as CO2, about 4,640,100 metric tons in 

2000s (Champlong Poboon, 2004: 22). Air pollutants are environmental problems that 

can  be  seen  obviously  both  in  big  city  communities  and  extended  areas  for  various 

industrial activities, transportation, and construction. 

In the seminar for the public opinions of global warming reduction plan (Five-

Years  Plan  2008-2012),  organized  by  the  Bangkok  Metropolitan  Administration  or 

BMA on September 2007, the governor of the BMA reported that greenhouse gases in 

Bangkok  area  are  about  44.8%  of  all  Thailand’s  emissions,  and  he  targeted  for 

reducing greenhouse gases in the five years consequently at 15% (Arthit Lamulplung, 

2007).  This  global  warming  reduction  plan  emphasizes  on  refuse  and  solid  wastes 

which will have been recycled and separated before disposal. Since then, the city has 

cleaned up. The amount of small particulates in the air has decreased nearly 50% in 

part because of a campaign to switch cars and buses from diesel to natural gas. Only 

seven  of  the  60  so-called  green  roads  in  Bangkok  were  forced  to  have  safe  air, 

according to survey in 2007 by the BMA (Beech, 2008: 44). 

  Options  for  addressing  global  environmental  threats  of  greenhouse  gas 

emissions that Leitmann (2006: 181) has suggested the two important things: policies 

and  investments.  Policies  can  remove  energy  and  vehicle  subsidies,  introduce  road 

and  emissions  charges,  integrate  transport,  land  use  and  road  planning,  low-cost 

energy planning, and improve traffic management. These investments should develop 

clean technologies, renewable energy, district heating, energy efficient buildings, and 

substitution  to  cleaner  fuels,  non-motorized  transport,  vehicle  maintenance,  and 

related public awareness campaigns and improving the performance of public transit. 

Finally  in  urban  areas, sewage  and  refuse  offer  opportunities  for  biogas 

generation, but smaller settlement may simply have suitable waste or the resources to 

treat  it.  Solar  power  via  photovoltaic  panels,  local  wind  turbines  and  mini-hydro 

plants, which generate less than 6 MW, could support village lighting, TV and small 

refrigeration units for healthcare or veterinary use (Barrow, 2005: 173). The challenge 

remains  to  find  replacement  fuels  and  electricity  that  supply  energy  in  both  urban 
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administration  and  household  sector  and  also  in  vehicle  and  transportation  of  urban 

energy management. 

 

2.3  Urban Energy Management 

 

Energy in the environment is divided into two types such as renewable energy 

and nonrenewable energy (Thawatchai Suppadit, 2005: 537-539). Renewable energy 

is  solar  energy,  hydro  power,  wind  power,  biofuel,  wave  and  tidal  and  geothermal 

power.  Nonrenewable  energy  is  coal,  fossil  fuel,  natural  gas  and  nuclear.  Current 

patterns of energy use (especially based on fossil-based fuels) raise serious concerns 

for  three  reasons:  finite  natural  reserves of  such  energy,  detrimental  effects  on  the 

global  environment,  and  the  flaw  of  long term  sustainability.  There  is  a  legal  and 

moral  obligation  to  create  an  energy  usage  pattern  that  ensures  energy  efficiency, 

protects environmental integrity, and maintains and enhances the strength of our local 

economy.  These  will  focus  on  the  energy  management  for  cities,  particularly  in 

alternative and sustainable sources of energy. 

 

         

 

Figure 2.1  Energy Systems 

Source:  GDRC, 2012. 

 

2.3.1  Key Issues in Urban Energy Management 

One of the key causes for environmental damage in both developing and the 

Organization for Economic Co-operation Development or OECD countries is the way 
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in  which  energy  is  extracted,  distributed  and  used  (GDRC,  2012).  The  need  is 

therefore particularly strong for a shift from current preference of energy derived from 

finite,  fossil-based  fuels,  to  one  that  is  cleaner,  low-carbon,  and renewable  forms  of 

energy. 

A  number  of  trends  in  energy  management  are  driving  the  need  for  this 

change. Principle among them is the multiplier effect of using green low-impact and 

cleaner  energy  forms.  Many  of  today's  economic activities are greatly dependent on 

energy supply. Using green energy not only enables saving on the economic front, it 

also  facilitates  action  in  other  green  aspects.  For  example,  activities  related  to 

environmental  remediation  such  as  managing  hazardous  waste,  cleaning  water, 

pollution remediation and etc. are all energy-intensive tasks themselves. 

Many  of  the  global  environmental  problems  that  we  are  currently  facing  are 

climate change, biodiversity loss, desertification, etc. The need to campaign towards 

cleaner  and  greener  energy  will  stimulate  action  in  other  fronts  of  governance, 

education, and technologies. 

Ultimately,  it  is  the  human  dimension  that  will  benefit  from  clean  energy. 

Inefficient  energy  management  has  greatly  affected  the  air,  water,  and  land  quality 

and  ultimately  impacted  human  health.  Switching  to  a  cleaner  form  of  energy  is  in 

itself a significant multiplier for improving human health. Three key issues will define 

the shape and future of energy in cities in energy systems as the follows: 

  2.3.1.1 Sustainability. How much and at what rate is energy consumed, 

and  its  effect  on  long  term  sustainability;  the  quality  and  quantity  of  available 

alternative or renewable forms of energy; and the effect of existing energy use on the 

global environment as a whole. 

 2.3.1.2  Efficiency. Efficiency  comes  from  the  technology,  planning 

and  management  of  energy  systems  that  will  facilitate  efficient  energy  usage  for 

human activity. 

2.3.1.3  Equity.  Equity  is  the  appropriate  financial  mechanism  for 

research, development, use of finite and alternative energy forms, and their equitable 

distribution for all humankind. 
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There  is  a  clear  need  to  break  down  the  energy  systems  into  smaller 

and  more  tangible  components  for  proper  implementation.  The  move  towards 

reduction in using fossil fuels goes hand-in-hand with the following: 

1)  Exploring alternative energy sources. 

2) Linking energy with the global environmental issues, i.e. the 

greenhouse effect or the global warming by the amount of CO2 emissions. 

3)  Co-relating  environmental  management  efficiency  with 

energy efficiency. 

4) Changing lifestyles and increasing community involvement. 

At the same time, energy saving methods in cities are used because of 

vast  amount  of  gaseous  emissions  effect  on global  warming.  Most  of  them  occur  in 

urban areas more than rural areas because energy consumption in cities is higher than 

in rural areas. This point of view for energy saving in cities is important and considers 

both energy saving and user and producer linkage. 

1)  Energy Saving. This approach can create maximum benefit 

from efficient energy use in operation of building and housing structures, sources of 

energy,  integrative  energy,  and others  that  can  the  least  impacts  for  the  earth’s 

atmosphere. 

       2)    User  and  producer  Linkage.  This  linkage  helps  to  access 

material and component of products which are produced by communities. It means to 

facilitate for product exchanges and reuses, to access all people and users in any area, 

to manage urban and suburban areas, and to do so on energy systems principles as the 

above model. 

 

2.3.2  Alternative and Renewable Energy 

Reduction  of  current  patterns  of  energy, especially  fossil-based  fuels,  is 

needed. We should look for new alternative and renewable energies to replace these 

finite natural reserves due to their detrimental effects on the global environment and 

the threat of long term sustainability. These energies are solar, wind, hydro, bicycling, 

biofuel,  and  geothermal,  which  can  be used  in  conjunction  with  urban  energy 

management  as  resource  sustainability  management.  These  energies  are  also  needed 
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to  conduct  the  research  and  development  for  improving  urban  energy  management, 

alternative options and useful methods in city administration. 

 2.3.2.1  Solar  Energy.  Solar energy  technologies  use  the  sun's  energy 

and  light  to  provide  heat,  light,  hot  water, electricity,  and  even  cooling,  for  homes, 

businesses,  and  industries.  Solar  Energy  Industries  Association (SEIA)  has  reported 

and noted the key policies needed for the industry to scale up and compete effectively. 

These  policies  are  conveyed  in  the  Solar  Bill  of  Rights,  unveiled  by  Rhone  Resch 

(2009).  The  platform  lays  out  eight  basic  rights  that  give  the  solar  industry  equal 

access  to  the  electricity  marketplace  and  levels  the  playing  field  with  the  fossil  fuel 

industries: 

  1)  The right to put solar on our homes and businesses. 

2)  The right to connect our solar energy systems to the grid. 

3)  The right to net meter and receive at least full retail rates. 

4)  The right to a fair competitive environment. 

5)  The right to equal access to public lands. 

6)  The right to build and interconnect new transmission lines. 

7)  The right to buy solar electricity from utilities. 

8)    Consumers  have  the  right  to  the  highest  ethical  treatment 

from the solar industry. 

Nevertheless,  there  are  a  variety  of  technologies  that  have  been 

developed  to  take  advantage  of  solar energy.  These  include  Photovoltaic  Systems 

which  produce  electricity  directly  from  sunlight,  solar  hot  water,  which  heats  water 

with solar energy, solar electricity, which using the sun's heat to produce electricity, 

passive  solar  heating  and  daylighting,  which  using  solar  energy  to  heat  and  light 

buildings, and solar process space heating and cooling, which includes industrial and 

commercial uses for solar power. 

    2.3.2.2 Wind Energy. World environmental problems relate directly to 

the  methods  of  energy  usage.  Global  warming  issues  have  affected  an  increase  in 

wind  energy  usage.  Wind  energy  is  not  new;  water  and  windmills  powered  the  first 

industries more than 2000 years ago (GDRC, 2011). Modern wind turbines built with 

new  technologies  and  new  materials  have demonstrated  success in  generating  clean 

electricity that we all need for lighting, heating, refrigerators, and other appliances. 
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After the oil crisis in 1970, many countries introduced new alternative 

energy for reducing fuel consumption consequently. In Northern Europe, particularly 

Denmark and Germany increased wind energy facilities. Wind is a source of energy 

that is renewable and reusable for today and future energy. Global wind energy usage 

is about 10,000 megawatts, and several countries in Europe have set a goal for 40,000 

megawatts of wind energy capacity by the year 2010. 

2.3.2.3  Wave,  Wave,  Tide  and  Hydroelectric  Energy.  This  type  of 

energy  comes  from  various  water  sources  such  as  lakes,  rivers,  seas,  and  oceans. 

Electricity  is  produced  by  water  irrigations and  dams  that  use  waterway  forces  to 

generate  electric  currents.  Oceanic  energy  can  be  produced  by  wave,  current,  and 

salination  that  generate  electricity  from generator.  When  thinking  of  this  kind  of 

energy  and  using  this  energy  for  any  usefulness  purpose,  it  should  require  suitable 

technologies as well (like other alternative energy sources).  

2.3.2.4  Other  Energy.  There  are  more  methods  that  help  us  to  reduce 

global warming and relieve the amount of CO2 emissions into the earth’s atmosphere. 

There are not only biofuels and construction methods that lower energy consumption, 

but also changes in human behavior for environmental and natural conservation, i.e. 

growing  trees,  riding  bicycles,  commuting  via  public  transportation,  using  products 

that  are  environmentally  friendly,  or  increasing  things  that  can  be  reused,  recycled, 

rebuild, and renewable. 

 

2.3.3  Energy Environmental Indicators 

Energy  environmental  indicators  help for  measuring  all  aspects  of  urban 

energy  management  used  in  OECD  countries  (GDRC,  2012).  We  can  divide  these 

indicators  into  three  main factors:  sectoral  trends  of  environmental  significance, 

environmental interactions, and economic considerations. In each factor, it has several 

variables  that  need  to  be measured.  Its  purpose  is  to improve  the  effectiveness  of 

urban energy management. 

2.3.3.1  Sectoral  Trends  of  Environmental  Significance.  This  factor 

focuses  on  energy  sustainability  and  measures  overall  energy  usage,  fuel  energy 

usage,  indigenous  energy  production,  energy intensity,  and  fossil  fuel  efficiency  for 

electricity generation. The quality and quantity of available alternative or renewable 
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forms of energy are the effect of existing energy use on the global environment as a 

whole. These indicators are follows. 

1)  Overall Energy Use 

(1)  Total primary energy supply 

(2)  Total final consumption by fuel type 

(3)  Total final consumption by sector 

2)  Energy Use by Fuel Type 

(1)  Percent of total primary energy supply by fuel type 

(2)  Percent of electricity generation by fuel type 

3)  Indigenous Energy Production 

(1)  Primary energy produced nationally as percent of total 

(2)   Primary energy supply 

4)  Energy Intensity  

(1)  Total primary energy supply per unit of gross domestic 

product or GDP 

(2)  Sectoral end uses 

(a)  Residential: total of energy (TOE) per capita 

(b)  Commercial  and  public  sector:  TOE  per  square 

meter 

(c)  Industry: TOE per unit of value added 

(d)  Transport: TOE per road vehicle × km. 

5)  Fossil fuel efficiency for electricity generation 

2.3.3.2 Environmental Interactions. This factor is energy efficiency and 

environmental  impacts.  It  measures  energy  resources,  air, water,  land,  waste 

pollutions and safety. Efficiency is come from technology, planning and management 

of energy systems that facilitate efficient use of energy for human activities including 

its non-use. For these indicators are below. 

1)  Energy Resources 

Proven oil/coal/gas reserves in tones of oil equivalent 

2)  Air Pollution 

(1)    Annual  volume  of  air  pollution  emissions  (SOx,  NOx, 

CO2, CO, VOC, and methane) 
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(2)  Ratio of emissions per unit of GDP 

(3)  Ratio of emissions by end uses 

3)  Water Pollution 

(1)  Tones of oil released 

(2)  Through accidents 

(3)  On a continuous basis (refineries, platforms, tankers) 

4)  Waste 

(1)  Volume of solid waste from energy production 

(2)  Volume of radioactive waste (spent fuel) 

5)  Land Use 

Hectares of land taken up by energy production, transport, and 

transformation (reservoirs, pipelines, open-cast mines, harbor, and etc.) 

6)  Safety 

Numbers killed and injured 

7)    Equity.  Equity  is  the  appropriate  financial  mechanism  for 

research, development, use of finite and alternative energy forms, and their equitable 

distribution for all humankind. 

2.3.3.3  Economic  Considerations.  This factor  is  emphasis  on  energy 

equity  and  economic  considerations.  It  measures  environmental  damage  and 

expenditure, taxation and subsidies, and real energy prices per fuel type. Equity is the 

appropriate financial mechanism for all kinds of finite and alternative energy forms, 

and their equitable distribution for all humankind. 

1)  Environmental Damage  

Environmental  pollution  damage  relating  to  energy  production 

and consumption, for certain types of pollutants (e.g. SOx) 

2)  Environmental Expenditure 

(1)  Total expenditure on pollution prevention and/or clean-

up 

(2)  Abatement versus clean technology 

(3)  Public versus private 

(4)  Environmentally-related research  and  development 

(R&D) expenditures: public versus private 
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3)  Taxation and subsidies 

(1)  Direct subsidies by fuel type 

(a)  Ratio by TOE 

(b)  As a percentage of sectoral activity 

(c)  Share of subsidies for environmental purposes 

(2)  Total economic subsidies (direct and indirect subsidies, 

plus externalities) 

(3)  Relative taxation in per cent by different fuel types 

4)  Real energy prices per fuel type 

 

2.3.4  Energy Technology Appraisal Criteria 

There  are  two  criteria  for  energy  technology  appraisal  of  environmental 

impacts  and  management  measurements:  environmental  and  non-environmental 

criteria. Both criteria comprise in various types of environmental energy perspectives, 

and there are more fields or areas to measure as follows: 

2.3.4.1  Environmental  Criteria. Environmental  criteria  are  directly 

measured for energy technology appraisal of environmental impacts and management 

measurements. They are in many areas, such as gaseous waste volume management, 

greenhouse gas emissions, particulate emissions, tropospheric ozone enhancement and 

so on. 

2.3.4.2  Non-Environmental  Criteria. Non-environmental  criteria  are 

indirectly  measured  for  energy  technology appraisal  of  environmental  impacts  and 

management  measurements.  These  types  of  non-criteria  can  divide  into  three 

categories and having many areas to appraise energy technology in use. 

The  first,  financial  viability  involves  in  appraising  commercial 

availability,  cost  effectiveness,  cost  stability,  and  system  integration.  For  example, 

technical  feasibility  state of  development,  implementation  rate,  production  capacity, 

and accessibility of finance. 

The  second,  supply  security  is  resource  sufficiency,  resource 

sustainability,  vulnerability  to  disruption  and  portfolio  diversity.  Examples  of  this 

include  resource  significance,  total  contribution,  national  depletion  control, 

sustainable  development,  military  action,  political  action,  commercial  action, 
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industrial  action,  technical  reliability,  contingency  measures,  flexibility,  resource 

options, and technological options. 

The  second,  supply  security  is  resource  sufficiency,  resource 

sustainability,  vulnerability  to  disruption  and  portfolio  diversity.  Examples  of  this 

include  resource  significance,  total  contribution,  national  depletion  control, 

sustainable  development,  military  action,  political  action,  commercial  action, 

industrial  action,  technical  reliability,  contingency  measures,  flexibility,  resource 

options, and technological options. 

 

2.3.5  Changing Consumption Patterns in Human Settlements 

Global  primary  energy  consumption  has  risen  by  more  than  3  percent 

annually,  and  most  of  this  consumption accounts  for  lighting,  cooking,  heating  or 

cooling  and  transportation  in  human  settlements.  Per  capita,  energy  consumption  in 

developed  countries  is  about  nine  times  that  in  developing  countries.  With  rapid 

urbanization,  rising  incomes  and  industrialization,  the  energy  demand  in  low  and 

middle  income  countries  is  expected  to  rise  from  the  current  level  of  one-third  of 

OECD countries to parity with OECD demand by 2015.  

Vast  amounts  of  energy  are  wasted  because  of  inefficient  energy  usage  in 

households,  in  the  transport  sector  and  in construction.  By  investing  in  efficiency, 

countries  can  stretch  the  energy  services  from  existing  supply  capacities,  free  up 

capital for needed investment and reduce CO2 emissions. There are 7 good ways for 

establishing  sustainable  energy  management  (UNCHS  (HABITAT)  Settlement 

Infrastructure and Environment Program (SIEP)). 

1)  Introduce building bye-laws providing incentives for passive solar 

systems and improved insulation in buildings to reduce heating and cooling load. 

2)  Promote cogeneration and district heating and cooling systems. 

3)  Provide  incentives  for  increasing  the  use  of  energy-efficient 

household appliances such as compact fluorescent lamps, improved cook stoves and 

fridges. 

4)  Promote public transportation. 

5)  Promote  non-motorized  transport  and  integrate  it  with  public 

transport systems. 
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6)  Encourage  the  use  of  low-energy  content  building  materials  for 

agricultural and industrial residues in construction. 

7)  Speed  up  commercialization  of  renewable  energy  technologies 

through tax incentives, targeted subsidies and innovative venture capital schemes. 

 

2.4  Calculation of Carbon Dioxide Emissions 

 

Energy  consumption  for  human  activities  can  produce  the  various  kinds  of 

gases into the atmosphere. With the “what’s” and “how’s” of these gaseous emissions, 

we can make use of them by calculating or computing their numbers and in particular, 

the CO2 emissions, which come from energy production and consumption, and how to 

calculate into the quantity of tons or metric tons as annual and monthly figure. 

At  the  present,  we  can  calculate  in  many  methods  not  only  by  manual 

measurements but also by sophistical computation. At the very least, these methods of 

CO2 emission calculation will help us to gain an approximate idea of how many tons 

of CO2 emissions. Each calculation will not be 100% accurate, as there are too many 

variables required in order to give a reliable emission total. The following calculation 

methods  and  procedures  need  to  be  reviewed  before  making  decisions  for  urban 

energy management and environmental management. 

 

2.4.1  Personal CO2 Emissions/Off Set Calculation 

We  all  contribute  to  global  warming  and  greenhouse  gases  every  day.  The 

carbon dioxide we produce by driving our car and leaving the lights on at home. We 

might  be  surprised  at  how  much  CO2  we  are  emitting  each  year.  Calculating  our 

personal impact and learning how we can take action to reduce or even eliminate our 

emissions  of  CO2 is  invaluable.  The  CO2  calculator  for  individuals  is  based  on  two 

areas of energy usage that make up the majority of most individuals' CO2 emissions 

(Climatecrissis,  2009):  transportation  and  home  energy.  The  following  information 

explains how we calculate emissions based on users' inputs. 

2.4.1.1  General Information 

1)  Location: Electricity  is  generated from  different  types  of 

power  plants  such  as  coal,  natural  gas, and  hydroelectric.  Different  types  of  power 
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plants  create  different  amounts  of  CO2  per  kilowatt-hour  of  electricity  produced; 

therefore we need to know the user's location to apply the correct calculation. 

 

 

 

 

Figure 2.2  U.S. Household Energy Usages 

Source: Michaelbluejay, 2011. 

 

2)  Size  of  household: because  many  households  have  more 

then one person, and energy use is generally recorded for the household as a whole, 

the  calculator  allows  the  user  to  input the  number  of  people  in  the  household. 

Children will generally have a smaller impact on CO2 emissions than adults, thus the 

calculator  suggests  including  only  children  of  driving  age or  those  who  have  active 

schedules.  Final  energy  emissions  are  divided  by  the number  of  people  in  the 

household to get the per capita emissions. 

3)    Detailed  inputs: for  many  of  the  calculations,  default  data 

for  people  who  don't  know  their  exact energy  use  we  should  prepare  some 

information  and  more  detailed  for  accurate calculations  and  then  allow  for  detailed 

inputs to be used. 

4)  Electrical  usage  of  household  items:  The  average  home 

energy usage (not just electricity) in 2007 (Michaelbluejay, 2011). The energy use for 

an  all-electric  home  in  Tallahassee,  Florida  USA  as  figure  2.2  showing  the  relative 

use  of  various  appliances  in  the  household  at  various  percentages  of  all  electrical 

appliances and its energy use also varies by climate too. 
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Table 2.1  Figures of Electrical Item Usage in Watts 

 
Home Electrical Appliances Watts 

Air Conditioner or Cooling  

Window unit AC, huge 1440

Window unit AC, medium 900

Window unit AC, small 500

Floor or box fan (high speed) 100

Major appliances 

Washing machine 300

Water heater (electric) 3800

Refrigerator (compressor) 200-700

Refrigerator (average) 57-160

Electric oven, 350°F 2000

Electric oven, self-cleaning mode (takes 4.5 hrs, 5.3 kWh total) 1178

Dishwasher (dry cycle) 1200

Dishwasher (no water heating or drying) 200

Lighting 

60-watt light bulb (incandescent) 60

CFL light bulb (60-watt equivalent) 18

Night light 5

LED night light 0.5

Computers 

Desktop Computer & 17" CRT monitor 150-340

Desktop Computer & Monitor (in sleep mode) 1-20

17" CRT monitor 90

17" LCD monitor 40

Laptop computer 45

Televisions 

50-56" Plasma television 191-474

50-56" LCD television 210-322

50-56" DLP television 150-206

42" Plasma television 188-464

42" LCD television 91-236

32" LCD television 98-156

19" CRT television 55-90

Other 
Microwave oven or 4-slot Toaster 1440

Source: Michaelbluejay, 2011. 
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Table 2.2  Fuel and Energy Source Codes and Emission Coefficients for Petroleum 

Products 

 
 

Fuel 

 

Code 

Emission Coefficients 

Pounds CO2 per Unit  

Volume or Mass 

Pounds CO2 

/Million Btu 

Petroleum Products 

Aviation Gasoline AV 18.355 per gallon 152.717

  770.916 per barrel 

Distillate Fuel (No. 1, No. 2, 
No. 4 Fuel Oil and Diesel) 

DF 22.384 per gallon 161.386

  940.109 per barrel 

Jet Fuel JF 21.095 per gallon 156.258

  885.98 per barrel 

Kerosene KS 21.537 per gallon 159.535

  904.565 per barrel  

Liquefied Petroleum Gases 

(LPG) 

LG 12.805 per barrel 139.039

   537.804 per gallon 

Motor Gasoline MG 19.564 per barrel 156.425

    822.944 per gallon 

Petroleum Coke PC 32.397  

    1356.461  225.130

Residual Fuel (No. 5 and No. 

6 Fuel Oil) 

RF 26.033 per gallon 173.906

    1,093.384 per barrel  

 

Source: Energy Information Administration, 2009d. 

 

5)  Figuring the use of electrical items: The best way to know 

how  much  energy  uses  is  to  measure  it with  a  watt-hour  meter  or  do  it  for  free  by 

timing electric meter. A shortcut is to just look at the product’s label which shows that 

how much electricity it uses. If the label only gives the number of amps and not the 

http://www.eia.doe.gov/oiaf/1605/coefficients.html


47 
 

number of watts, then multiply the amps by volts to get the number of watts (Amps × 

Volts = Watts, and most Thailand electricity is 220 volts). 

 

Table 2.3  Fuel and Energy Source Codes and Emission Coefficients for Natural Gas 

and Coal 

 

 

Fuel 

 

Code 

Emission Coefficients 

Pounds CO2 per Unit  

Volume or Mass 

Pounds 

CO2 per  

Million Btu 

Natural Gas and Other Gaseous Fuels  

Methane ME 116.376 per 1000 ft3 115.258 

Landfill Gas LF 1
 

 

per 1000 ft3 115.258 

Flare Gas FG 133.759 per 1000 ft3 120.721 

Natural Gas (Pipeline) NG 120.593 per 1000 ft3 117.080 

Propane PR 12.669 per gallon 139.178 

    532.085 per barrel   

Electricity EL Varies depending on fuel used to generate 

electricity 

Electricity Generated 

from Landfill Gas 

LE Varies  depending  on  heat  rate  of  the  power 

generating facility  

Coal CL      

Anthracite AC 5685.00 per short ton 227.400 

Bituminous BC 4931.30 per short ton 205.300 

Sub bituminous SB 3715.90 per short ton 212.700 

Lignite LC 2791.60 per short ton 215.400 

 

Note: 1 Multiply the methane factor by the share of the landfill gas. 

Source: Energy Information Administration, 2009d. 

 

2.4.1.2  Transportation 

1)  Automobile, inputs are the number of miles driven and fuel 

efficiency of the cars, or alternatively the make, model, and year of the cars. If make, 

model, and year are given we can derive the fuel efficiency of the car from a database 

http://www.eia.doe.gov/oiaf/1605/coefficients.html#note1
http://www.eia.doe.gov/oiaf/1605/ee-factors.html
http://www.eia.doe.gov/oiaf/1605/coefficients.html#note1
http://www.eia.doe.gov/oiaf/1605/coefficients.html
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provided. Total number of miles driven is divided by fuel efficiency (miles per gallon) 

of the vehicles to determine total number of gallons of fuel that are used. Number of 

gallons of gasoline is multiplied by the emissions factor of 19.6 to convert to pounds 

CO2,  or  22.4  for  diesel  vehicles.  These emissions  factors  come  from  the Energy 

Information Administration given on the table 2.1-2.3 as fuel and energy source codes 

and emissions coefficients. 

2)  Airplane: air  travel-per-mile  emissions  are  significantly 

affected  by  the  length  of  the  flight  because  a  high  percentage  of  fuel  use  and 

emissions are expended on take-off. Therefore, the numbers of short, medium, long, 

and extended flights are needed. The default input is simply the number of each type 

of flight, defined as each leg of a flight such that a round trip flight with one stop each 

way has four legs. If this default is used, we estimate an average length of 250 miles 

for  a  short  flight,  800  miles  for  a  medium  flight,  2,500  miles  for  a  long  flight,  and 

5,000 miles for an extended flight. 

The total number of miles for each type of flight is multiplied 

by the emissions factor for that type of flight to get pounds of carbon dioxide, which 

are then added together to get the total carbon footprint from air travel. The emissions 

factors  for  short  and  long  haul  flights  are  originally  from  the  UK  Department  for 

Environment,  Food  and  Rural  Affairs  (DEFRA).  The  emissions  factor  for  medium 

haul  flights  was  derived,  using  an  assumed  distance  of  1600  km  and  the  following 

formulae based on emission factors provided by DEFRA. 

X+452y  = 3D.18 × 452 for short haul 

X+6342y = 3D.11 × 6342 for long haul 

 

Different  emissions  factors  are  used  for  each  flight  length,  as 

follows: 

(1)  Short flight: 0.64 lbs/mile 

(2)  Medium flight: 0.45 lbs/mile 

(3)  Long flight: 0.39 lbs/mile 

(4)  Extended flight: 0.39 lbs/mile  

http://www.eia.doe.gov/oiaf/1605/coefficients.html
http://www.eia.doe.gov/oiaf/1605/coefficients.html
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2.4.1.3  Home Energy 

1)  Electricity: to  estimate  electricity  bills,  one  should  take  the 

mid-point  of  the  estimated  range  and  divide by  the  cost  of  electricity  in  the  local 

electricity  authority  to  come  up  with  the electricity  used.  The  multiple  numbers  (or 

actual electricity used to represent the emissions factor for calculation) is different for 

each  electricity  bill  because  power  sources  are  different;  some  areas  are  more 

dependent on carbon-heavy sources such as coal while others use a higher percentage 

of sources that don't produce carbon such as hydroelectric or natural gas power. 

 

Table 2.4  Fuel and Energy Source Codes and Emission Coefficients for Renewable 

Sources 

 
 

Fuel 

 

Code 

Emission Coefficients 

Pounds CO2 per Unit  

Volume or Mass 

Pounds  CO2 

per Million Btu 

Renewable Sources 

Biomass BM Varies depending on the composition of the 

biomass 

Geothermal Energy GE 0  0

Wind WN 0  0

Photovoltaic and Solar 

Thermal 

PV 0  0

Hydropower HY 0  0

Tires/Tire-Derived Fuel TF 6160 per short ton 189.538

Wood and Wood Waste 1 WW 3812 per short ton 195.0

Municipal Solid Waste 1 MS 1999 per short ton 199.854

 

Note:  1 these biofuels contain biogenic carbon. Under international greenhouse gas 

accounting  methods  developed  by  the  Intergovernmental  Panel  on  Climate 

Change. 

Source:  Energy Information Administration, 2009d. 

http://tonto.eia.doe.gov/FTPROOT/environment/e-supdoc-u.pdf
http://www.eia.doe.gov/oiaf/1605/coefficients.html#note1
http://www.eia.doe.gov/oiaf/1605/coefficients.html#note1
http://www.eia.doe.gov/oiaf/1605/coefficients.html#note1
http://www.eia.doe.gov/oiaf/1605/coefficients.html
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2) Green power subscriber: if green power sources that do not 

result  in  carbon  emissions  are  used,  the  calculator  reduces  the  carbon  output  due  to 

electricity by the percentage of green power used. For example, if 25% of the user's 

electricity usage is supplied by green power, the carbon emissions for electricity are 

reduced by 25%. 

3)  Other fuels (natural gas, heating oil, and propane): as with 

the electricity calculation, users can provide an estimate of how much they spend on 

other fuels or can provide the exact fuel usage. For users providing a cost estimate, we 

should  use  the  mid-point  of  the  estimate  range  and  divide  by  the  cost  for  the  user's 

local  electricity  that  provided  by  on  different  factors  for natural  gas, heating  oil, 

and propane. For each type of fuel used, calculate the carbon output for the following 

emissions factors, which are provided by the Energy Information Administration. 

      (1)  Natural gas: 121 lbs carbon dioxide per 1000 ft3 

(2)  Heating oil: 22.4 lbs carbon dioxide per gallon 

(3)  Propane: 12.7 lbs carbon dioxide per gallon. 

2.4.1.4  Results. The  carbon  dioxide  footprint  is  the  sum  of  all  the 

above calculations, resulting in an estimate of the carbon dioxide that is produced by 

home  energy  use  and  transportation.  The result  is  compared  against  an  estimated 

monthly  per  capita  U.S.  average  of  1,250  pounds  resulting  from  transportation  and 

home energy emissions. 

This amount represents roughly 32% of per capita emissions in the US. 

For  comparison  purposes,  any  result  within  33%  of  the  1,250  pounds  per  month  is 

considered to be an average amount. Between 33% and 67% above or below the 1,250 

pounds per month is considered more than average or less than average, respectively. 

A result greater than 66% above or below the 1,250 pounds per month is considered 

much more than average or much less than average, respectively. 

At  the  same  way,  Carbonify.com (2012) have designed simple handy 

pop-up  inputs  of  personal  CO2  emissions  or  offset  calculator  for  the  internet 

calculation  in  the  number  of  CO2  emissions  from  car,  electricity,  gas,  oil  heating, 

travel, and general food and waste which according to the member of household. He 

gives details of the calculations which are based on the following issues. 

http://tonto.eia.doe.gov/dnav/ng/hist/n3010us3m.htm
http://tonto.eia.doe.gov/dnav/pet/hist/mhoreus4m.htm
http://tonto.eia.doe.gov/dnav/pet/hist/mprreus4m.htm
http://www.eia.doe.gov/oiaf/1605/factors.html
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2.4.1.5    Household  Electricity  is based  on  a  figure  of  1.5  pounds  of 

carbon emissions per kilowatt-hour generated by a coal fired power station. Averages 

for USA based on Department of Energy. 

2.4.1.6    Natural  Gas  Emissions calculated  on  0.12  pounds  of  carbon 

dioxide per cubic foot. 

2.4.1.7  Fuel Oil based on 22.29 pounds CO2 emissions per gallon. 

2.4.1.8  Small Car Emissions calculated on 0.59 pounds emissions per 

passenger,  per  mile.  Medium  car  emissions  calculations  based  on  1.1  pounds  of 

carbon  dioxide  emissions  per  mile.  SUV/4  wheel  drive  carbon  dioxide  emissions 

based on 1.57 pounds per mile. 

2.4.1.9  Others are air travel emissions based on Boeing 747 at average 

USA  capacity  and  calculated  per  person.  Train  travel  calculations  based  on  average 

occupancy  of  intercity  train.  General waste  is  based  on  the  USA  average  carbon 

dioxide emission equivalent of 1,010 pounds per person per year. Please note, if your 

household  recycles  all  glass,  paper,  plastic  and  cans,  this  aspect  of  the  calculation 

could be as much as 50% less. The food aspect of the calculation is based on a vegan 

diet; i.e. being 1.5 tons per person less than the American average of 5,600 pounds of 

CO2 equivalent emissions per year. 

 

Table 2.5  Comparative Results of Personal CO2 Emissions 

 

Pounds of Emissions per Year Result 

<  6,000               lbs/year Much less than average 

    6,000-11,010   lbs/year Less than average 

    11,010-21,010 lbs/year Average 

    21,010-26,005 lbs/year More than average 

              >26,005 lbs/year Much more than average 

 

Source: Firmgreen, 2012. 
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2.4.1.10  Units for Comparing the Energy Consumption, physical units 

reflect  measures  of  distances,  areas,  volumes,  heights,  weights,  mass,  force,  and 

energy.  Different  types  of  energy  are  measured  by  different  physical  units  as  such 

barrels or gallons for petroleum, cubic feet for natural gas, tons for coal, and kilowatt-

hours for electricity. To compare different fuels, we need to convert the measurements 

to the same units. 

Some  popular  units  for  comparing  energy  include British  Thermal 

Units (Btu), barrels of oil equivalent, metric tons of oil equivalent, metric tons of coal 

equivalent, and terajoules. The Btu, a measure of heat energy, is the most commonly 

used unit for comparing fuels. Because energy used in different countries comes from 

different places, the Btu content of fuels varies slightly from country to country. 

The  Btu  content  of  each  fuel  provided  below  and  used  in  the  energy 

calculator reflects the average energy content for fuels consumed in the United States 

(Energy Information Administration, 2009b). Btu Content of Common Energy Units: 

1)  1 barrel (42 gallons) of crude oil = 5,800,000 Btu 

2)  1 gallon of gasoline = 124,000 Btu 

3)  1 gallon of diesel fuel = 139,000 Btu 

4)  1 gallon of heating oil = 139,000 Btu 

5)  1 barrel of residual fuel oil = 6,287,000 Btu 

6)  1 cubic foot of natural gas = 1,028 Btu 

7)  1 gallon of propane = 91,000 Btu 

8)  1 short ton of coal = 19,988,000 Btu 

9)  1 kilowatt-hour of electricity = 3,412 Btu 

 

2.4.2  CO2 Emissions of Combustion Fuels 

Environmental emissions of CO2 from combustion fuels like coal, oil, natural 

gas, LPG and bio energy can be calculated as per the engineering tool box provided 

(Engineeringtoolbox, 2012). To calculate this, CO2 emissions must be multiplied with 

the ratio of molecular weight CO2 (44) to the molecular weight carbon (12), or 44/12 

= 3.7 as the following detail. So that carbon dioxide emission can be calculated: 

 

qCO2 = cf/hf CCO2/Cm            

http://tonto.eia.doe.gov/energyexplained/?page=about_btu
http://tonto.eia.doe.gov/energyexplained/?page=about_btu
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Where 

qCO2 = specific CO2 emission (CO2/kWh) 

cf = specific carbon content in the fuel (kgC/kgfuel) 

hf = specific energy content (kWh/kgfuel) 

CCO2 = specific mass Carbon Dioxide (kg/mol CO2) 

Cm = specific mass Carbon (kg/mol Carbon) 

 

 

Table 2.6  CO2 Emission in Combustion of Common Fuels 

 

 

Fuel 

Specific Carbon 

Content 

(kgC/kgfuel) 

Specific Energy 

Content 

(kWh/kgfuel) 

Specific 

CO2 Emission 

(kgCO2/kgfuel) 

Specific CO2 

Emission  

(kgCO2/kWh) 

Coal (bituminous/ 
anthracite) 

 

0.75 

 

7.50 

 

2.3 

 

0.37 

Gasoline 0.90 12.50 3.3 0.27 

Light Oil 0.70 11.70 2.6 0.26 

Diesel 0.86 11.80 3.2 0.24 

LPG 0.82 12.30 3.0 0.24 
Natural Gas, 

Methane 
0.75 12.00 2.8 0.23 

Crude Oil   0.26 

Kerosene   0.26 

Wood 1)   0.39 

Peat 1)   0.38 

Lignite   0.36 

Bio Energy 0 -  02) 

 

Notes:  1) Commonly viewed as a bio fuel 

   2) Bio energy is produced from biomass derived from any renewable organic 

    plant, including dedicated energy crops and trees, agricultural food and feed    

crops,  agricultural  crop  wastes  and  residues,  wood  wastes,  aquatic  plants, 

animal wastes, municipal wastes and other waste materials 

Source:  Engineeringtoolbox, 2012. 
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Table 2.6 indicates the emissions of CO2 combustion as in the calculations in 

the formula above (1). Combustions of bio energy do not add to the total emissions of 

CO2 as long as the burned bio mass do not exceed the renewed production. A variety 

of  bio  fuels  can  be  made  from  biomass resources,  including  ethanol,  methanol, 

biodiesel, Fischer-Tropsch diesel, and gaseous fuels like hydrogen or methane. 

 

2.4.3  Factors Contributing to Changes in CO2 Emissions 

Contributing factors that alter CO2 emissions from energy consumptions into 

annual  changes  in  CO2  emissions  are  a  net  result  of  complex  and  more  variable 

factors. In Thailand, annual CO2 emissions and energy consumptions mostly affected 

come  from  power  generation,  transportation,  manufacturing,  and  commercial  and 

household  sectors.  Nevertheless,  many  methodologies  and  models  from  several 

literatures  are  consistent  to  the  study  of  the  factors  contributing  to  changes  in  CO2 

emissions from the past to the present as follows: 

2.4.3.1 The AIM Model. In Japan, National Institute for Environmental 

Studies and Japan Project Team has an energy model for forecasting carbon dioxide 

emissions. These CO2 emissions have been analyzed by using the Japanese-module of 

the  AIM  (Asia-Pacific  Integrated  Model)  end-use  model  (Morita  and  Shimazaki, 

1996).  This  model  is  to  examine  the  effects  of  various  policies  for  reducing  CO2 

emissions  in  the  future;  the  prediction  and  explanation  used  model  factors  based  on 

different areas, such as industrial, residential, commercial, transportation sectors, and 

power plants. 

  1)  Industrial  sector  consisted of  the  selected  fields  into  the 

study by iron and steel, cement, petrochemical, paper and pulp, and other industries. 

2)  Commercial  and  residential  sectors  consisted  of  commer-

cial and household utilities such as air conditioner, hot water, lighting, cooking, and 

electric appliance. 

3) Transportation sector has been examined both in passenger 

transport and freight transport for a calculation. 

4)  Power  plants  were  used  types  of  power  plant  such  as 

thermal  plant,  hydro  plant,  nuclear  plant,  and  new  energy  substitutes  for  power 

generation and electricity consumption. 
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    In  Malaysia,  R.  Ahmad,  Radin Diana  (2004)  used  the  AIM  Model  to 

estimate carbon dioxide emissions for the transport and residential sectors (much like 

Japan). The study was conducted to determine the CO2 emissions from 2000 to 2010. 

Through  the  simulation  model,  it  was  shown  that  CO2  emissions  from  the  transport 

sector  increased  from  about  35  billion kg  in  2000  to  over  119 billion  kg  in  2010, 

while  in  the  residential  sector,  it  increased  from  about  3.9  billion  kg  to  around  4.7 

billion kg. 

  2.4.3.2  The  STIRPAT  Model. The  research  program  began  a  decade 

ago with the goal of empirically assessing the driving forces of environmental impacts 

(York, 2003: 32). It acts as a starting point for analyzes using the well-known I=PAT 

formulation  from  ecology.  IPAT  specifies  that  total  environmental  impacts  (I)  are  a 

multiplicative  function  of  population  (P),  per capital  consumption  or  affluence  (A), 

and  impact  per  unit  of  consumption  or  technology  (T).  After  addressing  these 

limitations,  they  have  reformulated  the  I=PAT  formula  into  stochastic  form  or 

STIRPAT  for  stochastic  (ST)  estimation  of  impacts  (I)  by  regression  (R)  on 

population (P), affluence (A), and technology (T). The STIRPAT formula is: 

 

Ii = aPi
bAi
cTi
dei       (1) 

 

Whereas  the  original  I=PAT  formula  assumes  proportionally,  that 

a=b=c=d=ei=1,  the  STIRPAT  model  treats  these  as  parameters  to  be  estimated.  For 

ease of estimation all variables are converted to natural logarithms, and T usually is 

included  in  the  error  term  since  single  appropriate  direct  measures  of  technology 

(which  represents  impact  per  unit  of  consumption)  are  unavailable.  This  yields  the 

following regression model to be estimated: 

 

In(I) = a + b(In(P)) + c(In(A)) + e 

 

The  constant  a  scales  the  model, b,  c,  and  d  are  the  exponents  of  the 

independent variables and e is the error term. 

They  use  the  STIRPAT  model  to  access  the  effects  of  modernization 

and  other  factors  on  the  emissions  of  CO2,  CH4,  and  the  combined  GWP  (global 
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warming  potential)  of  these  two  gases.  The  analysis  of  CO2  and  all  independent 

variables  (except  tropical)  are  in  logarithmic  form.  All  independent  variables  are 

population, GDP per capita, %GDP in industry, %urbanization, and tropical countries. 

Results  of  the  CO2  analysis  show  that  population clearly  drives  up  emissions  and 

increases  proportionately  with  population. Affluence  increases  emissions,  although 

emissions  do  not  rise  proportionately  with  economic  growth.  Urbanization  and 

industrialization  also  increase  emissions.  Finally,  tropical  countries  have 

approximately  half  the  emissions  of  non-tropical  countries,  controlling  for  other 

factors (York, 2003: 40). 

2.4.3.3 Cross-sectional Approach. In the literature of Strazcich and List 

(2003:  265-268),  they  studied  both  cross-sectional  and  time  series  tests  for 

convergence  by  using  data  on  CO2  emissions  from  twenty-one  countries  over  the 

period 1960-1997. The primary data employed are annual emissions of CO2 measured 

in metric tons per capita as estimates of CO2 emissions from fossil fuel burning and 

manufacturing cement. The database omits carbon emissions caused by deforestation, 

land-use changes, and wood burning for energy; but suitable data on these measures 

are  not  currently  available.  Emissions  data  have  an  error  of uncertainty  of  6-10 

percent  at  the  global  level  since  they  used  data  across  a large  group  of  countries  to 

provide a consistently defined measure of pollution. 

The average annual rate of growth in per capital emissions and a vector 

of other control variables in a cross-section of countries: 

 

                             T 
                       1/(T−1)∑ (lnCO2pcit−lnCO2pcit−1) = α+βlnCO2pci1960+γlnzi+v.       (1) 

                             t=1961 
 

The dependent variable in (1) is the average annual rate of growth of 

CO2 per capita for country i over the sample period (1960–1997). T is the number of 

time  periods  in  the  sample, α is  a  constant  term, β is  a  parameter  testing  the  null 

hypothesis  of  divergence,  CO2pci1960  is  the  initial  value  of  per  capita  emissions  in 

country i, γ is a parameter testing the null that convergence is absolute, and vi is an 

independent and identically distributed error term with zero mean and finite variance. 

The  independent  variables  were  tested  with  the  above  equation  are  per  capital  real 
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GDP (US$) adjusted for purchasing power parity,  per  capital  real  GDP  squared,  the 

average  price  per  liter  of  super  gasoline  (US$),  the  population  density,  and  the 

average temperature. 

Empirically  results  in  all  cases, β  is  less  than  zero  and  strongly 

significant at less than the p<0.01 level, implying that emissions have converged. The 

conditional  variables  noted  that  neither  per  capita  income  nor  per  capita  income 

squared is significant in any case. The price from gasoline is negative and significant 

at  the  p<0.05  level,  suggesting  an  inverse  relationship  exists  between  emissions 

growth and gasoline prices. Population density is statistically insignificant in all of the 

seven specifications. The temperature regressor is negative and marginally significant 

at  the  p<0.10  level  in  regression.  This  result  suggests  that  countries  with  colder 

climates experienced higher growth rates of CO2 emissions. 

2.4.3.4  Material and Energy Flow Analysis Model. In order to develop 

a sustainable society, an indicator that relates our understanding of the present state of 

urban metabolism to social activity is required. Toward a future sustainable society, 

we must consider a kind of trilemma of resources involving energy, the environment, 

and  the  economy  (Amano  and  Ebihara, 2005:  161).  They  examined  some  eco-

intensity  evaluation  methods  as  potential sustainability  indicators  for  effective 

environmental management in the industrial sectors of Japan. The analysis combines 

energy flow and material flow. 

The  model  types  are  comprised  of  substance  flow  analysis,  life  cycle 

assessment, and partial economic equilibrium analysis. The following simple equation 

(1) shows a way to identify one type of eco-intensity related to energy and material 

flows: 

 

Li = Li × Ei × Mi × Pi              (1) 

       Ei    Mi    Pi 

 

    Where, Li is the environmental load emission e.g. CO2 emissions. Ei is 

the  energy  consumption  or  primary  energy  supply, Mi  is  the  total  material  input  or 

requirement,  and Pi  is  the  gross  domestic  product (GDP)  or  amount  of  industrial 

product. Since the eco-intensity should be inversely proportional to the eco-efficiency, 
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any reduction in CO2 emissions with economic growth requires remarkable reductions 

in  three  ratios:  CO2/energy,  energy/flow,  and  flow/GDP.  These  are  potential 

sustainable indicators. 

    They  used  data  from  16  industrial  categories,  national  and  prefecture 

input-output  tables,  energy  statistics,  life-cycle  environmental  emissions,  average 

population of a prefecture, and the major market area for analyzing the relationships 

between  these  estimated  values  to  evaluate eco-intensity  as  sustainability  indicators 

for a region or industry. 

    Results  are  the  ratio  of  the  environmental  load  to  energy  flow  as  the 

ratio  of  CO2  emissions  to  the  primary  energy  input  for  each  industry.  The  cement 

industry has the greatest impact because of the large limestone consumption. The next 

is steel, construction, metal, transport industry, and other misc. factors. 

The  ratio  of  energy  flow  to  material  for  the  service  industry  as  a 

measure of the regional eco-intensity, this type of indicator is derived by converting 

mass units into thermal units. The energy flow data was estimated as life-cycle values, 

and  the  material  flow  data  was  estimated as  direct  input  or output  without  hidden 

flow.  The  ratio  of  the  primary  energy  input  to  the  total  material  input  varied 

significantly between industrial sectors. The ratio ranged from 0.1 to 0.5. The units of 

this  ratio  are  the  ton  oil  equivalent  (TOE)  energy  per  mass  kiloton.  The  GDP  has 

relationships  between  eco-intensity  and  regional  characteristics  such  as  the  regional 

population  or  regional  economic  potential.  The  ratio  of  net  energy  used  to  product 

output also varied significantly between industrial sectors. The ratio in each prefecture 

ranged from 0.2 to 1.4. There were relationships between this ratio and the distance 

from the major market and were positive for some industrial sectors and negative for 

others.  This  relationship  suggests  that  the  distance  reduces  the  eco-intensity  or 

improves the eco-efficiency. 

    2.4.3.5  Life Cycle Assessment or LCA. The carbon dioxide emissions 

are  often  used  as  a  rating  tool  to  compare  the  environmental  impact  of  different 

construction  materials  in  environmentally  sustainable  design  (ESD)  (Flower  and 

Sanjayan, 2007: 282). They have provided the estimation data of CO2 emissions from 

the concrete manufacture in Australia. The study presented a systematic approach to 

estimate  CO2  emissions  in  the  various  components  of  concrete  manufacture.  Life 
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cycle assessment of competing construction materials (e.g. steel and concrete) can be 

conducted before the type of material is chosen for a particular construction. 

    The procedures used to calculate CO2 emissions due to various energy 

sources  were  obtained  from  the  Australian  Greenhouse  Office  Factors  and  Methods 

Workbook. The emission factors that were sourced from this publication and the unit 

that was used in this study is CO2-e (CO2 equivalents). The figures are appropriate for 

Melbourne, Australia, and may vary elsewhere around the world, due to differences in 

energy or fuel production methods. 

The full fuel cycle CO2 emissions factors in the LCA study are energy 

source, emission factor, and unit: diesel 0.0030 tCO2-e/L; electricity 0.001392 tCO2-

e/kWh  (electricity  mix  was  generated  from  brown  coal  91.3%,  oil  1.3%,  gas  5.4%, 

hydro 1.4%, wind 0.5% and biogas 0.1%); and LPG 0.0018 tCO2-e/L. 

    Results  of  the  study,  Portland  cement  was  found  to  be  the  primary 

source of CO2 emissions generated by typical commercially produced concrete mixes, 

being responsible for 74% to 81% of total CO2 emissions. The next major source of 

CO2 emissions in concrete was found to be coarse aggregates, being responsible for 

13% to 20% of total CO2 emissions. The majority contribution of CO2 emissions in 

coarse  aggregates  production  was  found  to  from  electricity,  typically  about  80%. 

Diesel and electricity were found to contribute almost equally to the CO2 emissions 

due  to  fine  aggregates  production.  Concrete  batching,  transport  and  placement 

activities  were  all  found  to  contribute  very  small  amounts  of  CO2  to  total  concrete 

emission. 

    2.4.3.6  A  Statistical  Analysis  Model  of  CO2  Emissions.  Salam  and 

Noguchi (2005: 19-24) have implied sophisticated statistical analysis for interpreting 

the influence of specific human activities (i.e. factors) on CO2 emissions. The study 

conducted  two  cases  of  developed  countries and  developing  countries  by  identified 

three  influential  human  activities  for  CO2  emissions:  combustion  of  fossil  fuels, 

population pressure on natural and terrestrial ecosystems, and land use change. 

    Variables  and  their  information  from  developed  and  developing 

countries  included  in  the model  calculation  are  CO2  emissions  per  capita  (metric 

tons), percent of population living in urban areas, gross national income in purchasing 

power  parity  (PPP)  per  capita  (in  US$),  number  of  vehicle  per  1,000  people, 
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commercial energy use per capita (kg oil equivalent), annual percent change in forest 

lands, population density (per km2), percent of land under forest cover, and per capita 

forest land (ha), respectively. 

     They used statistical analyses in factor analysis which concerned with 

the  reduction  of  a  set  of  observable  variables  in  terms  of  a  small  number  of  latent 

factors.  The  intrinsic  interest  of  factor  analysis  is  in  the  underlying  factors.  Liner 

combinations  are  formed  to  derive  the  factors.  The  factor  analysis  model  can  be 

expressed in matrix notation: 

 

   x = μ + Λf + U.           (1) 

  

Where 

  x: amount of CO2 emissions 

  Λ:  {λij}  is  a pxk matrix  of  constants,  called  the  matrix  of  factor 

loadings. 

  f: random vector representing the k common factors. 

            U:  random  vector  representing  p  unique  factors  associated  with  the 

original variables. It represents part of CO2 emissions that cannot be explained by the 

common factors. 

    The results of factor analysis can be used for further analysis and factor 

scores  are  the  inputs  for  such  analysis.  A  factor  can  be  estimated  as  a  linear 

combination of the original variables. That is, for case k, the score for the jth factor is 

estimated as: 

    P 

  Fˆjk = ∑ WĳXĳ             (2) 

        i=1  

 

    Where Xĳ is the standardized value of the ith variable for case k and Wĳ 

is the factor score coefficient for the jth factor and the ith variable. There are several 

methods of estimating factor score coefficients. 

    The  regression  factor  scores  have  a  variance  equal  to  the  squared 

multiple correlations between the estimated factor scores and the true factors values. 
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Factor scores for each of the extracted factors were estimated in order to measure the 

extent  of  influence  of  these  factors  on  CO2  emissions.  The  model  used  for  this 

analysis is: 

 

              CO2 emissions = b0 + b1F1 + b2F2 + … + bkFk           (3) 

 

    Where the b values are the regression coefficients and the Fj value is 

the factor score of the jth factor. 

    Results  of  the  relatively  complex  multivariate  analysis  were  showing 

the  evident  that:  the  per  capita  emissions  of  CO2  was  about  four  times  higher  in 

developed countries than in developing countries and the difference in per capita CO2 

emissions  between  developed  and  developing  countries  was  significant;  per  capita 

commercial energy use was about four times higher; the percent of land under forest 

cover  was  significantly  lower  in  developed countries  than  in  developing  countries 

except per capita forest land. 

    For  factor  analysis,  the  matrix  of  intercorrelations  among  eight 

variables  assumed  to  influence  CO2  emissions  is  obtained.  The  absolute  value  of  a 

factor  loading  greater  than 0.3  is  considered  significant;  greater  than  4.0  is  more 

important  and  greater  than  5.0  is  very important  (Salam  and  Noguchi,  2005:  22). 

Thus,  related  factor  loadings  greater than  0.50  are  underlined  to  assist  the 

interpretation  of  the  meaning  of  the  factors.  In  developed  countries,  the  subsets 

significantly loaded on the first factors are the population living in urban areas, gross 

national income in purchasing power parity per capita, number of vehicles per 1,000 

people, and commercial energy use per capita or fossil fuel combustion. The second 

factor is identified by the subsets of commercial energy use, population density and 

per  capita  forest  land.  All  these  subsets  have  a  population  pressure  component  in 

them.  Finally,  the  subsets  percentage  of  land  area  under  forest  cover,  and  annual 

percent change in land cover, are highly significantly loaded on the third factors. 

    The most common are to use factor scores. Factor scores are estimates 

of the actual values of individual cases for the factors. Factor  scores  for  each  factor 

were estimated using equation (2) and were used to estimate the statistical association 

between  CO2  emissions  and  the  factors.  The  results  of  regression  analyses  have 
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shown  that  the  impact  of  combustible  fossil  fuels  on  CO2  emissions  is  statistically 

significant  and,  as  expected,  has  a  positive  influence  on  CO2  emissions  in  both 

developed  and  developing  countries.  In  developed  countries,  population  pressure  on 

natural  and  terrestrial  ecosystems,  and  in  developing  countries  terrestrial  ecosystem 

strength  significantly  influence  CO2  emissions.  As  expected,  population  pressure  on 

natural  and  terrestrial  ecosystems  has  a  positive  impact  on  CO2  emissions  in 

developed  countries  and  strength  of  terrestrial  ecosystem  has  a  negative  impact  of 

CO2 emissions in developing countries. 

    2.4.3.7  Other  Procedures. In  the  other  studies,  many  literatures  were 

demonstrated  the  calculation  procedures  of  CO2  emissions,  such  as  scenario  model, 

power  generation,  transportation  and  industrial  sectors  are  described  as  on  the 

following summarization. 

1)  Scenario model has been used by Richard, S. J. Tol (2006). 

He implied a model of carbon dioxide emissions for the USA. The model consists of 

population, income per capital, economic structure, final and primary energy intensity 

per  sector,  primary  fuel  mix,  and  emission  coefficients  for  variable  analyses.  This 

model is illustrated to project emissions from 1950-2100. 

The  study  results  were  that  the  best  guess  carbon  dioxide 

emissions  are  in  the  middle  of  the  IPCC  SRES  scenarios,  but  incomes  and  energy 

intensities  are  on  the  high  side,  while  carbon  intensities  are  on  the  low  side.  The 

confidence  interval  suggests  that  the  SRES  scenarios  do  not  span  the  range  of  not-

implausible futures. Although the model can be calibrated to reflect structural changes 

in the economy, it cannot anticipate such changes. The data poorly constrained crucial 

scenario  elements,  particularly  energy  prices.  This  suggests  that  the  range  of  future 

emissions is wider still. Finally, the results show that this model ability is limited and 

needed a wider range of scenarios. 

2)  Power  generation  is  as  the  primary  production  sector.  It 

contributes  to  changes  in  carbon  dioxide  emissions  as  an  obviously.  Electric 

generation  can  be  divided  into  two  factors,  primary  factors  and  other  factors  (U.S. 

Department of Energy and the U.S. Environmental Protection Agency, 2000). 

(1)    The  primary  factors  that  alter  CO2  emissions  from 

electricity generation from year to year are the growth in demand for electricity, the 
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type of fuels or energy sources used for generation, and the thermal efficiencies of the 

power  plants.  A  number  of  contributing  factors  influencing  the  primary  factors  can 

also be identified: economic growth, the price of electricity, the amount of imported 

electricity,  weather,  fuel prices,  and  the  amount  of available  generation  from 

hydroelectric, renewable, and nuclear plants. 

Economic growth is the first primary factor that influences 

the demand for electric power. A strong economy was measured by the increase in the 

gross  domestic  product  or  GDP.  Electricity consumption  growth  by  percent  and  the 

average  national  price  of  electricity  increased  or  decreased  by  percent  at  the  same 

way. The growing demand for electricity is primarily met by a corresponding growth 

in generation and imported power from aboard. 

Fuel  quality  and  price  of  electricity  is  the  second  factor. 

The  amount  of  CO2  emissions  from  the  combustion  of  fossil  fuels  to  generate 

electricity varies according to the quality of the fuels, defined by their carbon content 

and the associated heating value (Btu). The Btu content of fuels is a determinant of 

the  number  of  kilowatt-hours  that  can  be  produced  and  carbon  content  is  a 

determinant of the amount of CO2 released when the fuel is burned. Fossil fuels are 

categorized  as  either  coal, natural  gas  and  other  gaseous  fuels,  or  petroleum  and 

petroleum products. 

Coal-fired electricity generation has the highest output rate 

of  CO2  per  kilowatt-hour  produced,  averaging  2.095  pounds  per  kilowatt-hour. 

Petroleum-fired  electricity  generation averaged  1.969  pounds  per  kilowatt-hour,  and 

natural  gas-fired  electricity  generation  had  the  lowest  rate  of  1.321  pounds  per 

kilowatt-hour. With coal-fired and natural gas-fired plants generating the majority of 

electricity in the nation and having the highest output rate, they produced the greatest 

share of CO2 emissions from electricity generation, approximately 40 percent of the 

total. 

Lastly,  weather  is  another  factor  that  affects  year-to-

year  changes  in  demand  for  electricity. Both  warm  and  dry  weathers  affect  the 

availability  of  hydroelectric  power  to  displace  fossil-fueled  power.  During  the 

summer  months,  the  use  of  air  conditioning  is a  major  factor  in  setting  record  high 

peak  demands  for  some  utilities.  Electricity  generating  plants  consumed  almost  as 
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much  coal  increased  as  their  natural  gas  consumption  to  meet  the  continuing  high 

demand for electricity in the summer. 

 (2)  Other  contributing  factors  for  power  generation 

include  demand-side  management  programs  that  encourage  energy  efficiency, 

strategies to control other air emissions to comply with the requirements for the Clean 

Air  Act,  and  the  installation  of  new  capacity  utilizing advanced  technologies  to 

increase  plant  efficiency,  such  as  combined-cycle  plants  and  combined  heat  and 

power projects. 

The  first  is  demand-side  management  (DSM).  Energy 

efficiency programs and DSM activities, such as improving insulation and replacing 

lighting and appliances with more energy efficient equipment can reduce the demand 

for  electricity.  The  reductions  in  demand  achieved  by  DSM  programs  contribute  to 

avoided  CO2  emissions.  Declining  levels  of  energy  savings  reflect,  in  part,  lower 

utility spending on DSM programs. 

The  second  is  fossil  and non-fossil  fuels  for  electric 

generation.  The  fuel  or  energy  source  used to  generate  electricity  is  the  most 

significant  factor  affecting  the  year-to-year  changes  in  CO2  emissions.  Because 

hydroelectric  and  nuclear  generation  displaces  fossil-fueled  generation  when 

available, CO2 emissions increase when hydroelectric or nuclear power is unavailable 

and fossil-fueled generation is used as a replacement. Conversely, CO2 emissions can 

be reduced through a greater use of nuclear, hydroelectric, and renewable energy for 

electricity generation. 

Finally  are  thermal  efficiencies  of  power  plants.  CO2 

emissions from electric power generation are influenced by the efficiency with which 

fossil fuels are converted into electricity. In a typical power plant, about one-third of 

the  energy  contained  in  the  fuel  is  converted  into  electricity,  while  the  remainder  is 

emitted  as  waste  heat.  Substantial  improvements  in  generation  efficiency  can  be 

achieved  in  the  future  through  the  replacement  of  traditional  power  generators  with 

more  efficient  technologies,  such  as  combined-cycle  generators  and  combined  heat 

and  power  (CHP)  systems.  In  these  types of  systems,  waste  heat  is  captured  to 

produce additional kilowatt-hours of electricity or displace energy used for heating or 

cooling. Both strategies result in lower CO2 emissions. 
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3)  Transportation  sector,  this  sector  studies  in  the  sources  of 

urban air pollution as such road traffic. It is necessary to quantify emission levels as 

accurately  as  possible  to  evaluate  their  impacts  on  the  public  health  and  the 

environment.  Several  models  were  developed  to  predict  these  emissions.  These 

models can be grouped under three main categories, namely emission factor models, 

average speed models, and modal models (Abo-Qudais and Qdais, 2005: 279). 

(1)  The emission factor models employed single emission 

factors  for  individual  types of  vehicles  operating  in  a  particular  type  of  driving 

conditions.  This  discrepancy between  real  world  measurements  and  predictions  of 

automotive emissions factors are based on measurements of the vehicles used in the 

models. 

(2)    The  average  speed  models  express  average  emission 

rates  for  each  trip  in  terms  of  the  average  speed.  The  measurement  takes  place  in  a 

laboratory  under  dynamometer  testing  for  a  variety  of  simulated  trips  with  different 

average speeds. These types of model are not dependent to variations in operational 

modes of vehicles. 

(3)  The  modal  models  were  developed  to  estimate 

emissions  at  microscopic  level  based  on  extensive  vehicle  testing  at  high  solutions. 

Data on emissions and fuel consumption were classified into different classes of speed 

and speed acceleration products. Such modeling approaches are highly data intensive, 

which require time and manpower resources to collect the data. 

In  the  USA  and  Jordan  countries,  the  emission  factor  models 

have been used to produce specific emission rates. These emission rates are multiplied 

by vehicle activities such as vehicle miles-traveled, number of trips, and vehicle-hours 

travel  in  order  to  estimate  total  emission level.  Defining  accurate  values  of  all 

physical  parameters  is  a  hard  task  (Abo-Qudais  and  Qdais,  2005:  282).  However, 

assuming  reasonable  values  for  these  parameters,  based  on  previous studies,  will  be 

better  than  ignoring  them.  The  main  physical  parameters  affecting  pollutant 

concentration in the vicinity of roads are: 

Firstly  is  the  type  of  composition  of  used  fuel.  Typical 

exhaust CO2 emissions from gasoline (1% of lead) and diesel engines (1.5% of sulfur) 

are 9.0-12.5% and 8.0-11.0%. 
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Secondly are effects of the vehicle velocity on the exhaust 

emissions.  Percent  volumes  of  CO2  emission  with  the  mode  of  operation  are  in  the 

level of idle 9.5%, cruise 12.5%, acceleration 10.2% and deceleration 9.5%. 

4)  Industrial  sector,  as  noted  earlier  the  AIM  models  can 

calculate  the  overall  factors  that  come  from  the  various  industries.  Its  models  have 

examined  industrial  input-and-output  data in  any  industry  into  the  impacts  of  them, 

while the LCA models have investigated the factory functions and activities with the 

various component of any factory or plant in the industry. Especially in material and 

energy inputs, processes, and outputs and the impacts of them are the meaning of life 

cycle analysis or cradle-to-grave analysis. It also is the investigation and evaluation of 

the environmental impacts of a given product or service caused or necessitated by its 

existence. 

5)  Household  sector,  The  National  Statistical  Office  of 

Thailand has carried out the ninth survey of household energy consumption in 2000, 

which was requested by the Office of the National Economic and Social Development 

Board (NESDB) since 1984. The objective of the survey is to collect information on 

quantity  and  household  expenditures  on  fuel such  as  petroleum  products,  L.P.G.  – 

cooking,  electricity,  charcoal  and  wood,  etc.  The  data  items  would  be  only 

expenditure on fuel, not quantity (National Statistical Office of Thailand, 2010). 

The  survey  covered  all  private,  non-institutional  households 

residing permanently in all areas throughout the country. Sample design, a stratified, 

two-stage  sample  design  was  adopted  for  the  survey.  The  primary  sampling  units 

were  blocks  for  municipal  areas  and  were  villages  for  non-municipal  areas.  The 

secondary  sampling  units  were  private  households.  Basic  information  of  household, 

i.e.,  member  of  household,  occupation  and work  statue  of  household  members  etc., 

were  collected.  This  information  was  used  in  classifying  groups  of  household  for 

sample selection in each area, then, the sampled household would be enumerated. 

Data collection is an interviewing method. The survey items are 

household expenditure on petroleum products such as gasoline, diesel, lubricating oil, 

kerosene, L.P.G. for cooking and vehicles, and household expenditure on other energy 

products such as charcoal, wood and electricity. 
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Results  of  the  survey  in  2010  indicated  that  average  monthly 

expenditure for all types of fuel per household in the whole kingdom of Thailand was 

1,818 baht. The first one, petroleum products were 1,283 baht, consisting of: gasoline 

505 baht, gasohol 234 baht, diesel 435 baht, biodiesel 14, and L.P.G. cooking 62 baht. 

Other products were 535 baht, including charcoal and wood, and electricity in amount 

of 44 and 491 baht (National Statistical Office of Thailand, 2012b). 

But  in  another  study  of  a  general  equilibrium  analysis  of 

potential  demand  side  management  or  DSM  programs  in  the  household  sector  in 

Thailand  was  Timilsina,  Govinda  R.  and  Shrestha,  Ram  M.  (2008:  570-571).  They 

examined potential DSM programs in terms of their impacts to the overall economy in 

Thailand  with  the  CGE  model.  Because  the  Electricity  Generating  Authority  of 

Thailand  (EGAT)  implemented  a  five-year  DSM  program  during  1993-1998,  which 

resulted  in  reductions  of  468  MW  of peak  demand,  2,194  GWh  of  electricity 

generation  and  1.64  million  tons  of  CO2  emissions  (The  Electricity  Generating 

Authority  of  Thailand,  2011).  There  exists  a  large  potential  for  reducing  energy 

consumptions  as  well  as  environmental emissions  from  various  DSM  programs, 

including  energy  efficient  lighting,  refrigeration  and  air-conditioning,  and  energy 

efficient motors and other electrical appliances in developing country in Asia. 

The  study  finds  that  the  economy-wide  impacts  of  the  DSM 

program e.g. economic welfare, GDP, international trade depend on there key factors: 

the  project    economics  of  the  DSM  option  or  the  ratio  of  unit  cost  of  electricity 

savings to price of electricity; the implementation strategy of the DSM options; and 

scale or size of the DSM option. 

 
2.5  Energy Saving and CO2 Emissions 

 

  The contributing factors that produce the amount of CO2 emissions and energy 

consumptions  higher  in  city  areas  come  almost  exclusively  from  the  two  sectors: 

transportation and commercial and household sectors. Both of them are more potential 

factors than electricity generation and industrial sectors because these two factors are 

dependent upon populations of people and vehicles in the capital city more than the 

provinces. Therefore, the last two factors are established outside of the city area. So 
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energy  saving  in  the  city  is  important  for  this  research  study,  focusing  on  the 

reduction of energy consumptions and the CO2 emissions in urban residential areas. 

In  recent  research  study,  behavioral  economists  think  big  savings  in  carbon 

emissions  can  be  gained  by  nudging  people  to  make  small  changes  that  increase 

energy efficiency and cut waste (Walsh, 2010). If we know exactly how much energy 

is  used  and  consumed  in  transportation,  household  and  commercial  sectors  can  cut 

back  on  needless  energy  waste;  it  is enough  to  reduce  average  consumption  of 

electricity and fossil fuels usage annually. The work done on these behavioral patterns 

includes  making  homes  more  energy  efficient  and  helps  save  people  money;  it 

generates jobs and puts urban people on the path to clean energy efficiency. 

  The  cheapest  and  fastest  way  to  reduce  CO2  emissions  and  attack  climate 

change:  to  modify  consumer  behavior.  A  new  study  released  on  March  12  by  the 

national  Resource  Defense  Council  (NRDC) and  Garrison  Institute’s  Climate  Mind 

Behavior Project (Garrison Institute, 2010) found that personal actions could reduce 

U.S. carbon emission by 1 billion metric tons by 2020, lowering emissions by 15% of 

national  totals-at  little  to  no  cost.  Those actions  include  simple  and  consistent 

behavioral  changes:  for  instance,  reducing  idling  time  in  cars  and  trucks  by  50% 

would  save  40  million  metric  tons  of  CO2.  If  everyone  who  flew  more  than  three 

times  a  year  eliminated  one  flight,  it  would  reduce  emissions  by  55  million  tons. 

Cutting food waste by 25% would save 65 million tons, and replacing red meat with 

poultry twice a week would save another 105 million tons. 

Recommended  actions  to  reduce  CO2  emissions  can  be  adopted  into 

transportation,  household  and  commercial  sectors  by  population  and  consumer 

behavioral patterns as earlier mentioned. These recommended actions can reduce the 

impact  of  CO2  in  household  energy  about  38%,  transportation  29%,  diet  and  food 

waste  17%,  and  recycling  and  responsible  consumption  16%.  Examples  of  the 

recommended actions are on table 2.7. 
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Table 2.7  Recommended Actions to Reduce CO2 Emissions 

 

 

 

Recommended Actions 

 

 

Sector 

Total 

Emissions 

Reduction 

in 2020 

(MMtCO2e) 

Fly once less per year: One fewer roundtrip domestic flight Transportation 125 

Carpool twice or telecommute once to work every week Transportation 75 

Maintain vehicle properly: Use oil grade, remove 100 

pounds excess weight, keep engine tuned and tires inflated 

 

Transportation 

 

45 

Reduce motor vehicle idling: 

Decrease idling duration by 50% 

 

Transportation 

 

40 

Attend speedily to leaks and heat loss in the home: 

Caulking, weather-stripping, attic insulation 

Household 

Energy 

 

85 

Use programmable thermostat and recommended 

temperature settings while at home and when away 

Household 

Energy 

 

80 

Reduce idle, or phantom, electricity use: Unplug or shut 

off unused electronics more often, unplug extra refrigerator, 

set computer to hibernate, turn off unneeded lights 

Household 

Energy 

 

70 

Use hot water more efficiently: Wash clothes in cold 

water, lower temperature settings of heater and wrap heater 

with insulation, use efficient faucets and showerheads 

 

Household 

Energy 

 

65 

Seek out Energy Star certification: Household 

Energy 

55 

Replace incandescent bulbs with CFLs: Household 

Energy 

30 

Waste less food: Reduce consumer food waste by 25% Household 

Energy 

65 

Recycle whenever possible: increase rates of recycling on 

paper, plastics, and metals by 50% 

Household 

Energy 

105 

 

Source: Garrison Institute, 2010. 



70 
 

 

Daily life activities make up more than half of the total energy consumed by 

human  activities  that  has  been  converted  into  useful  forms  such  as  electricity  and 

gasoline  by  the  energy  transformation.  In  a  literature  by  Komiyama  and  Kraines 

(2008:  61-77),  they  suggested  the  potential  technology  offers  for  conserving  energy 

use during our daily life activities in homes and offices, and transportation. 

The  first  one  is  the  automobile.  There are  six  factors  that  together  explain 

why,  even  though  the  energy  for  driving  a  car  should  theoretically  be  zero,  such  a 

large amount of energy is consumed in reality. 

1)  The  efficiency  in  transforming  chemical  energy  to  work  is  not 

100%; some chemical energy of the fuel combusted in the engine ends up as heat that 

disappears into the environment. 

2)  Friction  in  the  gears  and  moving  parts  of  the  car  generate  heat 

during the transmission of work from the engine to the tires. 

3)  Friction between the tires and the ground generates heat. 

4)  Friction between the car body and the air generates heat. 

5)  Friction in the brakes generates heat. 

6)  An idling engine results in a waste of energy. 

Improving  automobile  technology  to  address  these  factors  should  be  the 

guiding principle for improving energy conservation in cars. These uses account for 

half  of  the  energy  that  is  consumed  in  daily  life  activities,  the  other  half  being 

consumed by transportation. 

The second one is in homes and offices; energy in the form of electricity, city 

gas, and kerosene are consumed in nearly equal amounts for three main kinds of daily 

life activities: 

1)  Room heating and cooling 

2)  Cooking and heating water 

3)  Lights and electric appliances. 

We have seen that the waste of energy resources from technologies related to 

space  heating  and  cooling,  refrigerators,  baths,  and  water  heating  is  quite  large. 

Consequently,  there  should  be  lots  of  room  left  for reducing  energy  consumption. 

Even if we only cut the temperature difference of heat pumps by a factor of three and 
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improve the efficiency of compression pumps from their current value of about 50% 

to  75%,  this  would  still  reduce  the  electricity  consumed  by  air  conditioners  for 

transporting  a  given  amount  of  heat  to  about  one  fifth.  If  we  cut  the  heating  and 

cooling  load  by  half  through  improvement of  insulation,  it  should  be  possible  to 

reduce  the  electricity consumed  for  air  conditioning  to  one  tenth  of  what  it  was  in 

1995. 

In  Thailand,  a  demand-side  management  (DSM)  assessment  was  conducted 

for the residential sector. The investigation encompassed a comprehensive analysis of 

the major residential uses of electricity: space cooling, refrigeration, lighting, cooking, 

water  heating,  and  the  powering  of  other  appliances.  The highest  potential  savings 

could  come  from  improving  the  energy  efficiency  of  refrigerators.  Improvements  to 

the  insulation  and  compressors  of  Thai  refrigerators  were  predicted  to  reduce 

electrical  use  from  400  kWh  to  below 2000  kWh  per  unit  per  year  (World  Bank, 

1993: 55). 

  Lighting  is  a  daily  life  activity  with  particularly  low  energy  efficiency. 

Incandescent light bulbs change only 2% of electricity into light, and even fluorescent 

light bulbs, which we consider to be energy-saving devices, have efficiencies of only 

about 12%. We need to improve the efficiency of lighting devices. Semi-conductors 

could  make  an  important  contribution  here.  Special  semi-conductors  called  light 

emitting  diodes  are  starting  to  appear  as  indicator  lights  for  televisions  and  stereos, 

lighted road signs, and the display panels in airports and train stations. Carefully see if 

it  is  hot.  Even  fluorescent  light  bulbs  get  too  hot  to  touch.  So  if  it  isn’t  hot,  it  is 

probably a high-efficiency LED light. As this kind of technology develops, we should 

see  a  two  to  three-fold  increase  in  efficiency  in  lighting,  even  in  comparison  to 

fluorescent light bulbs. 

This  research  study  uses  The  FEDS (the  Federal  Energy  Decision  System) 

building model (Scott, Dirks and Cort, 2008: 316) to estimate energy consumption for 

end  uses  in  the  value  of  energy  efficiency  program  for  U.S.  residential  and 

commercial  building  in  a  wormer  world: lighting,  electric  motors,  miscellaneous 

equipment,  water  heating,  heating,  cooling,  and  ventilation.  For  energy  saving 

techniques  in  office  buildings,  Wisakha  Phoochinda  (2007:  154)  has  suggested  that 

electricity  consumption  in  office  and  building  is  devised  into  three  sections: 



72 
 

refrigerating system, lighting system, and other equipments (i.e. motor, water pump, 

elevator,  etc.)  As  end  uses  where  energy  use  is  most  likely  to  be  influenced  by  the 

temperature increases. When the FEDS model is calculating the effects of equipment 

or  equipment  changes  on  energy  consumption,  the  total  effect  on  the  building’s 

energy consumption is considered. 

Finally, in the study of feedback on household electricity consumption: a tool 

for saving energy? Fischer (2008: 101) found that there are reasons to identify some 

likely  features  for  successful  feedback  (meaning,  both  effective  in  stimulating 

conservation  and  satisfying  to  households).  Such  feedback  is  based  on  actual 

consumption,  is  given  frequently  (ideally, daily  or  more),  involves  interaction  and 

choice for households, involves appliance-specific breakdown, is given over a longer 

period,  may  involve  historical  or  normative  comparisons  (although  these  are 

appreciated  by  households,  the  effects  are less  clear),  and  is  presented  in  an 

understandable and appealing way. 

 

2.6  Energy Saving and Efficiency in the Urban Residential Sector 

 

Energy  saving  and  efficiency  is  relevant  to  its  technical  and  economic 

meaning and its potential as an important component of overall energy management. 

The range of policies available for the effective implementation of saving measures is 

in pricing, rationing, physical controls, the use of technical devices, legislation, taxes 

and  subsidies,  education  and  propaganda,  etc.  The  discussion  begins  with  a 

presentation of urban residential characteristics, the technical concepts of efficiency in 

energy  use,  followed  by  an  analysis  of  the  economic  principles,  including  the 

potential divergences between optimal private and social energy saving objectives. A 

brief assessment is presented of the likely magnitudes of energy savings in residential 

sectors that could result from appropriate energy saving factors. 

 

  2.6.1  Urban Residential Characteristics 

  Urbanization has risen dramatically since the 1970s. As recently as 1975, one 

in  three  people  worldwide  lived  in  urban  areas,  with most  of  those  1.5  billion 

urbanites living in areas of fewer than 1 million people. Over the past 30 years, the 
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urban population has increased so much that more than half of the world population is 

living in cities in 2008. Between 1975 and 2005, the number of such large cities has 

mushroomed from 3 (2 of which were in industrialized countries) to 20 (15 of which 

are in developing countries) (Population Reference Bureau, 2007: 4). 

  Energy consumption in the residential sector is analyzed by household types, 

areas, income levels, and end users. During the late 1970 and early 1980, the number 

of rural households in Thailand increased at an average annual rate of 2.8% compared 

with 2.2% for the urban households between 1986 and 1981. Bangkok is the only area 

that  experienced  a  faster  rate  of  growth  in  the  number  of  households  at  5.7%  per 

annum  during  the  same  period  (Economic and  Social  Commission  for  Asia  and  the 

Pacific  (ESCAP)  and  The  National  Energy Administration  (NEA),  1991:  148).  The 

number  of  urban  households  began  to  increase  more  rapidly  at  3.9%  per  annum 

compared to 2.2% for the rural households in the early 1980. The increase was more 

pronounced  in  1986  when  the  number  of  urban  households  increased  by  11.2% 

compared  with  1.6%  for  the  rural  households.  In  recent  years  data  from  ESCAP 

United Nations, between 2000-2005 all urban population percent in Thailand for six 

years  were  31%  and  urban  annual  growth  rate  was  2.4%,  2.6%,  0.6%,  0.6%,  0.6%, 

and 0.8%, respectively. Projected percentage urban in future (2025) will be 43%. 

 

 2.6.2  Technical Efficiency of Energy Use 

  The technical efficiency of energy use is usually defined in terms of the first 

and second laws of thermodynamics (Siddayao, 1991: 383). The first law efficiency 

measures the relationship between total energy inputs and useful energy outputs. The 

second law efficiency relates to a more subtle concept, one that defines the optimum 

efficiency  as  the  minimum  amount  of  thermodynamic  (heat)  differential  needed  to 

complete a given task. 

  The first law in its simplest form states that energy (i.e. chemical, electrical, 

gravitational,  heat,  mechanical,  etc.)  can  only  be  transformed  from  one  form  to 

another,  but  cannot  be  created  or  destroyed.  The  corresponding  efficiency  of  an 

energy using process may be defined as: 

 

 E1 = useful energy output/energy actually input  
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  Energy balance analysis provides a convenient framework for determining the 

first law efficiencies from primary energy source to final end-use, and therefore may 

be  used  as  one  criterion  to  analyze  the efficiencies  of  different  energy  delivery 

systems. 

The second law efficiency relates the minimum input required to perform the 

task to the maximum useful work that could have been extracted from the fuel used. It 

can be defined as: 

 

E2 =  Theoretical  Minimum  Energy  Required/Maximum  Useful  Work 

Available From Energy Actually Input 

 

 2.6.3  The Economics of Energy Saving 

  The basic rule of energy saving should be that the total system’s cost of any 

energy  using  activity  per  unit  of  output,  not  the  energy  costs  only,  should  be 

minimized over time, while at the margin the value of the output produced should be 

just equal to someone’s willingness to pay for it. 

  The critical saving condition to be met is that total net benefits associated with 

any energy using activity must be optimized, not just energy costs. For example, a 60-

kilometer  per  hour  speed  limit  on  freeways may  minimize  fuel  consumption,  but  it 

may be economically inefficient because of the greater time requirements of moving 

freight and people, which would result in higher labor, transportation equipment, and 

freight inventory cost. Hence, the appropriate amount of energy saving at the margin 

is determined equally by the value of the energy savings on the one hand and the sum 

of the costs of the needed additional inputs plus the net reductions in the value of the 

output produced (if any) on the other. For example: 

 

∆B = ∆C1 + ∆C2 

 

  Where, ∆B, ∆C1,  and ∆C2 are  the  marginal  energy  savings,  marginal 

additional  input  costs,  and  marginal  reductions  in  consumption  benefits  (or  output 

values), respectively. 
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  The  analysis  of  optimal  economic  rates  of  saving  becomes  more  complex 

under conditions of projected relative price changes for energy inputs, and technically 

determined, fixed energy-capital-labor inputs over the life expectancy of given energy 

using capital assets. 

 

 2.6.4  Energy Saving Factors in Residential Sector 

  The  practical  application  of  energy  saving  requires  the  disaggregate  analysis 

of  the  technical,  economic,  and  behavioral  relationship  underlying  the  various  types 

of  energy  conversion  and  end  use.  Since  the  emphasis  here  is  on  energy  saving, 

mention  of  improvements  in  efficiency  generally  refers  to  increases  in  the  first  law 

efficiency of energy use that will yield actual reductions in energy inputs required to 

perform  a  particular  task.  It  is  also  understood  that  the  desirability  of  adopting  any 

saving  measure  must  depend  on  the  economic  criteria  discussed,  and  on  the  social, 

overall  physical,  and  other  constrains  peculiar  to  the  country  concerned  (Siddayao, 

1991: 401-402). 

Understanding  the  demand  for  energy and  their  investments  in  energy 

efficiency can be affected by a range of variables that are rarely estimated in energy 

demand models (Stern, 1984: 1-5). Several of these variables on behavioral and social 

aspects of energy consumptions and production are preference, institutional limits on 

choice, attitudes-values-beliefs, communication, convenience, symbolic meaning, and 

the psychology of shortage.  

In a study of factors affecting demand for LPG gas for rural household use in 

replacing of traditional energy consumption, Chamlong Poboon (1981: 17) has used 

an  empirical  model  which  depicted  the  main  three  factors:  economic,  social,  and 

energy  function.  These  factors  were  influencing  the  LPG  gas  demand  in  the  rural 

household use and consumption. The results also showed that all factors can use and 

predict  the  trend  of  energy  demands  in LGP  use  and  consumption  in  residential 

sectors with consistency as well. 

In the case of individuals and households as energy users, Stern and Aronson 

(1984: 59-73) have derived from a conception of energy as a commodity. A type of 

consumer behavior, it is that most analyses of energy use have applied the dominant 

theory of consumer behavior and the theory of rational choice. That is that they act in 
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their  own  self-interest  to  maximize  some  subjective  function.  The  most  common 

assumption about individuals and households is that they act to maximize the value of 

consumer  goods  and  services  acquired  within  their  budgets.  They  defined  five 

different views of energy users, each of which is supported by behavioral knowledge. 

This knowledge is then applied to analysis of barriers to energy saving and efficiency. 

Five  views  of  the  individual  as  an  energy  user  are:  energy  user  as  investor, 

energy  user  as  consumer,  energy  consumer  as  member  of  a  social  group,  energy 

consumption as express of personal values, and energy user as problem avoider. The 

five views of energy users are presented not to argue that one is superior, but because 

there are elements of truth in each. It is appropriate to consider the conditions under 

which  each  view  furnishes  useful  insights about  how  energy  users  behave.  Some  of 

processes  that  lead  energy  users  to  behave  as  other  than  investors  are  social  and 

psychological factors such as interpersonal influence and imitation, the momentum of 

past behavior, the expression of personal values and norms. 

Additionally, Pimentel, D. et al. (2009: 525) aimed to help inform individual 

Americans and policy makers about ways to reduce energy consumption in the United 

States.  It  addresses  key  sectors  of  energy  use:  residential  energy  use,  personal 

transportation, the transport of goods and materials, energy use in food processing and 

preparation  and  makes  practical  recommendations  to  cut  energy  use  by  promoting 

energy  efficiency  and  shifting  away  from wasteful  practices.  Each  recommendation 

strategy confronts the challenges of cost and feasibility and incorporates these factors 

in  advocating  proactive  stewardship  of  energy  and  natural  resources  to  put  us  on  a 

path to a more sustainable future. 

In  the  United  Kingdom  household,  Caird,  Roy  and  Horace  (2008:  152-153) 

have  studied  improving  the  energy  performance  of  UK  households  in  consumer 

adoption and use of low- and zero-carbon (LZC) technologies. The data was used to 

identify  the  factors  influencing  consumer  adoption  of  energy  efficiency  and 

renewable. From the findings of the study, a consumer decision making model of the 

adoption  and  use  of  LZC  products  was  developed.  It  identified  four  key  groups  of 

variables that influence consumers’ adoption decisions and use behaviors. 

The socio-economic context is product distribution and support infrastructure 

i.e. regulation, standards and legislation, government promotion and support, and fuel 
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prices.  Communication  sources  are  industry,  government,  professional,  and  inter-

personal.  Consumer  variables  include  personal  or  family  circumstances,  disposable 

income,  energy  use,  knowledge  and  education,  lifestyle  norms  and  habits,  attitude, 

values, beliefs, and motives. 

The  properties  of  the  product  or  system itself  are  four  properties.  First  is 

utilities  i.e.  performance,  ease  of  use, safety,  reliability,  and  energy  sufficiency. 

Second  is  interconnectedness  i.e.  relation  to  other  products,  services,  and  systems. 

Third  is  symbolism  i.e.  image,  brand,  appearance,  novelty,  and  green  value.  Last  is 

price/cost i.e. purchase price, running costs, payback, and indirect costs. 

Results  from  the  study,  the  main  drivers  for  adopting  energy  efficiency 

measures  (Caird,  Roy  and  Horace,  2008:  155)  save  on  energy-reduce  consumption, 

reduce fuel bills-save money, increase comfort-warmth-retain heat, and raise concerns 

for environment-global warming-reduce emissions. The main drivers for adoption of 

renewable  energy  technologies  (Caird, Roy  and  Horace,  2008:  159)  were  reducing 

energy  consumption,  reducing  fuel  bills-save  money,  raising  concern  for 

environment-global warming-reduce emissions, having funds available to invest, and 

receiving grant-special offers. 

In  order  to  understand  and  evaluate different  types  of energy  efficiency 

policies, it is necessary to examine the subject from the opposite end: the policies and 

other factors which make for inefficiency in energy use. The factors tending towards 

inefficiency  in  energy  use  are  grouped  into  four  categories:  information  problems, 

organizational  problems,  financial  problems,  and  environmental  and  dependence 

problems  (Anderson,  1993:  30-35).  Selected  reasons  from  twenty  for  energy 

inefficiency  particular  in household  sector  are concerned  in  information,  financial, 

and environmental problems. 

The  first,  consumers  are  far  better  informed  about  the  prices  of  consumer 

durables than about their energy sufficiency and the costs of running them. 

Second, this tendency is encouraged by the relative invisibility of some costs 

even  after  the  product  has  been  bought.  In  particular,  cost  of  electricity  and  gas  is 

often difficult for consumers to discover. 

The third, consumers often rely on the manufacturers and government to deal 

on their behalf with difficult technical issues, such energy sufficiency. 
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Forth,  poorer  consumers  lack  savings  and  may  be  unable  to  borrow  and 

finance expenditures on energy efficiency. 

Fifth,  standing  charges  tend  to  reduce  the  financial  benefit  to  the  consumer 

from  using  less  energy  units,  because  standing  charges  are  at  a  constant  level 

regardless of the amount of energy consumed. 

Sixth, options which tend to increase the amount of energy consumed have a 

number of effects on the environment which efficiency/saving options do not have. 

Finally, depletion of fossil fuels reduces the resources which will be available 

to future generations. 

Recent  studies  from  The  Netherlands Social  and  Cultural  Planning  Office 

(SCP) by Pellikaan and Veen (2002: 136-143) have shown that consumers cannot be 

addressed  as  a  single  group,  and  that  they  may  sometimes  be  predisposed  to  act 

cooperatively: people will behave in an environmentally friendly way only if they are 

willing  and  able  to  do  so.  The  wiliness  and  ability  of  consumers  to  cooperate  is 

subject to a large variety of conditions: motives, preferences, and choice intentions in 

situations involving waste disposal and energy consumption. 

The  findings  on  reported  behavior  include  most  of  the  social,  cultural,  and 

economic  characteristics  used  in  the  SCP  model.  Attributes  such  as  age,  gender, 

income,  education,  religion,  and  political  outlook  are  measured  by  a  single 

questionnaire item. 

 In  a  study  of  theory-based  policy evaluation  of  20  energy  efficiency 

instruments,  Harmelink,  Nilsson  and  Harmsen  (2008:  136-143)  showed  the  overall 

findings with respect to data availability, targets and impacts on energy savings, cost 

effectiveness,  and  typical  success  factors per  instrument.  The  presented  instruments 

were  selected  as  case  studies  in  the  AID-EE  Project  (Active  Implementation  of  the 

Directive on Energy Efficiency). The instruments are grouped by type of instrument: 

regulation, financial, informative, voluntary agreements and procurement. 

The  results  were  that  the  calculated annual  energy  efficiency  improvement 

with  a  breakdown  by  different  instruments. The  transport  sector  shows  the  lowest 

improvement  rates.  It  can  also  be  observed  that  there  are  almost  no  instruments  in 

place  that  exclusively  focus  on  the  service sector.  All  instruments  that  target  the 

service sector also address either industry or households. Instruments that exclusively 
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focus on the service sector are rare. As the Flemish and many US commercial sector 

programs show, it is not more difficult to achieve savings in the service sector than 

elsewhere. Finally, six types of barriers to energy saving solutions are suggested by 

Throne-Holst,  Strandbakken  and  Sto  (2008:  57-58),  ranked  from  macro  to  micro 

perspectives: 

1)  Physical and structural barriers. Households are a part of society’s 

greater  general  physical  structure.  The  overwhelming  majority  is  connected  to 

electrical,  telecom,  water  and  wastewater  networks.  The  degree  and  character  of 

barriers  to  energy  saving  solutions  freedom of  actions  for  individual  households  are 

largely dependent on basic historical traditions. 

2)  Political  barriers.  Politicians  create  frameworks  for  household 

behavior.  They  give  laws,  directives and  develop  regulations  on  national  and 

European  levels.  These  laws  and  regulations  are  set  into  practice  by  political 

authorities.  Thus,  political  authorities  are  important  in  determining  the  potential  for 

change, and freedom of actions for households. 

3)    Cultural  normative  barriers.  Not  all  ways  of  saving  energy  may 

comply with the culture you live in. A major contributing factor to this is related to 

the cultural aesthetics that relates interior lighting and pools of light and shadow to a 

cozy atmosphere. 

4)  Economic  barriers.  Some  measures  to  reduce  your  household’s 

energy  use  require  investments.  These  may give  a  payback  over  time,  but  still  they 

presuppose  available  economic funds  in  the  household  to  be  set  aside  for  such 

investments. 

5)  Information  barriers.  To  overcome  barriers,  individuals  need 

relevant  information,  or  they  need  information  about  how  to  search  for  such 

information.  In  many  cases  this  is  not enough,  they  also  have  to  understand  that 

measures are relevant for their situation. 

6) Individual-psychological barriers. Finally we all have our own limits 

to  what  we  are  willing  to do  to  achieve  a  goal  like  saving  energy.  These  habits  can 

have their origin in individual taboos, based on own experiences or upbringing. How 

information is understood or misunderstood can also be a part of this barrier. 
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Therefore,  we  can  summarize  that  the  major  factors  affecting  the 

energy consumption patterns in residential sector are overall physical and structural, 

political, cultural, economic, information, and psychological factors. 

 

2.7  Theoretical Framework 

 

Little  research  has  been  carried  out in  the  area  of  contributing  factors  to 

changes in households’ energy consumption and CO2 emissions in the Bangkok area. 

From the above literature reviews and the core research questions, we can formulate 

the theoretical framework which guide to the study as the following explanations. 

1)  Based  on  comprehensive  literature  reviews  we  can  develop  new 

theoretical  framework  for  urban  energy  management  as  depicted  in  figure  2.3.  This 

theoretical  framework  was  designed  to  identify  significant  factors  contributing  to 

changes in energy consumption, energy saving, and the reduction of CO2 emissions in 

residential  sectors  across  the  Bangkok  metropolitan  area.  This  can  help  to  suggest 

policies  for  urban  energy  management  and  environmental  management  that  can 

increase energy saving and decreasing the amount of CO2 emissions in the Bangkok 

area. 

2)  The model was developed to provide a framework and method for 

conducting  survey  research  in  household  behavioral  patterns  of energy  consumption 

and  CO2  emissions  with  the  potential  factors  that  can  contribute  to  changes  in  the 

amount  of  CO2  emissions  for  urban  energy  management.  Variables  included  in  the 

theoretical framework are explained and the research hypotheses are identified in the 

next chapter for research methodology. 

3)  There  are  five  major  categories  of  factor  that  can  impact  energy 

consumption, energy saving, and CO2 emissions. These factors are different from the 

former research studies, introducing the social and communication factor but not the 

political  factor.  Therefore,  this  new  theoretical  framework  can contribute  to  urban 

energy management and policies for city administration in Thailand and others. 
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2.7.1 Urban Residential Contributing Factors for Energy Saving and the 

Reduction of CO2 Emissions 

Five  potential  factors  of  urban  residential  contributing  factors  are  the  main 

cause-and-effect of energy use and consumption, and energy saving and efficiency in 

the  residential  sectors  of  urban  area.  There  are  significant  changes  in  the  amount  of 

CO2 emissions. These factors are the major energy consumptions in fossil fuels both 

from  home’s  vehicle  and  electricity.  Thus,  they  also  have  been  affected  by 

independent  variables  those  come  from  urban  population  and  behavioral  patterns  of 

the  people  who  live  in  the  Bangkok  metropolitan  area.  The  following  are  urban 

residential contributing factors in energy consumption, energy saving and efficiency, 

and the reduction of CO2 emissions. 

2.7.1.1  Physical and Structural Factor. This factor is the independent 

variables  which  can  affect to  urban  energy  consumption,  urban  energy  saving  and 

efficiency,  and  the  reduction  of  CO2  emissions,  including  policies  for  urban  energy 

management and environmental management as a whole. 

These  variables  are  in  urban  physical  evidence,  geographical 

characteristics,  and  household living  conditions.  These  variables  are  a  part  of  urban 

infrastructure,  migration  patterns,  urban  living  patterns,  population  density, 

transportation  and  travel,  commuting  time,  number  of  vehicle,  household  utilities 

including  the  properties  of  the  product  i.e.  performance,  interconnectedness, 

symbolism, and price versus cost. 

2.7.1.2  Social and Cultural Factor. This factor comprises member of a 

social  group,  institutional  limits  on  choice,  and  cultural  aesthetics  that  relates 

attributes  of  gender,  age,  income,  education,  occupation,  religion,  housing,  friend, 

interpersonal  influence  and  imitation,  leisure  time,  standard  setting  groups,  lenders, 

and professional organizations to limits the range of investment alternatives available 

to energy users. 

2.7.1.3  Economic  Factor.  This  factor  is  energy  price,  disposable 

income,  the  number  of  household’s  member  and  vehicle,  traveling,  willingness-to-

pay,  and  energy  use  patterns,  including  energy  investment,  energy  quantity, 

convenience,  and  household  expenditures  on  fuels  such  as  petroleum  products, 

L.P.G.–cooking, electricity, charcoal and wood, and etc. 



82 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Technological 
Policy 

Physical & Structural

Environmental 
Policy 

Social 
Policy 

Urban 
Residential 
Contributing 
Factors 

Psychological 

Economic 
Policy 

Urban Energy Policy for Energy Saving and the 
Reduction of CO2Emissions 

Communication & Information 

Economic 

Social & Cultural 

 

Energy Systems 
• Equity 
• Efficiency 
• Sustainability 

 

 

 

 

 

Figure 2.3  The Theoretical Framework of Urban Energy Management 

 

2.7.1.4  Communication  and  Information  Factor. Communication  and 

information  sources  are  considerable  evidence  that  consumers’  energy  choices 

through  informal  social  networks  and  levels  of  trust  in  available  information.  These 

variables  come  from  industry,  government,  professional  and  inter-personal  such  as 

mandatory information, law and regulation, government support, public information, 

energy  technology,  fuel/energy  price,  education  and  propaganda,  and  conservation 

measures. 
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2.7.1.5 Psychological  Factor. Personal  and  family  circumstances 

including  behavioral  characteristics  and  attitudes,  the  expression  of  personal  values 

and  norms  of  household  members  such  as  the  momentum  of  past  behavior,  rational 

choice  patterns, knowledge  and  education,  lifestyle  and  habits,  attitude,  values, 

beliefs, preferences, and motives are in the psychological factor. 

 

2.7.2  Urban Energy Policy for Energy Saving and the Reduction of CO2 

Emissions 

Urban energy policies for energy consumption, energy saving and efficiency, 

and the reduction of CO2 emissions in urban energy management and environmental 

management are: social, economic, environmental, and technological policies. These 

four  policies  come  from  the  first  three  key  elements  that  are  the  most  frequently 

quoted statement of sustainable development as well as the Brundtland Commission’s 

constituency plus one in technology application. These four urban energy policies will 

be  derived  from  the  study  and  be  deployed  into  the  city  administration  and 

development approaches as sustainably ways. 

2.7.2.1  Economic  Policy.  The  economic  approach  to  sustainability  in 

urban  energy  management  and  environmental  management  is  considered  and 

emphasized  on  energy  equity  and  other  economic  considerations.  This  is  an 

underlying concept of optimality and economic efficiency applied to the use of scarce 

resources (Kleindorfer, Kunreuther and Hong, 1996: 13). 

Energy  equity  is  the  appropriate  financial  mechanism  for  all  kinds  of 

finite  and  alternative  energy  forms,  and their  equitable  distribution  for  all  human 

kinds.  Other  considerations in  energy  saving  and  efficiency  measures  for  the 

reduction of CO2 emissions are environmental damage and expenditure, taxation and 

subsidies, and real energy prices per fuel type. 

Energy  saving  can  create  maximum  benefit  from  efficient  energy  use 

in operation of building and housing structures, sources of energy, integrative energy, 

and others that can the least impacts for the earth’s atmosphere. Energy efficiency is 

come  from  the  technology,  planning,  and  management  of  energy  systems  that  they 

will facilitate efficient use of energy for human activity including its non-use. 
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2.7.2.2  Social  Policy.  This  social  approach  of  sustainability 

development for urban energy management and environmental management seeks to 

maintain  the  stability  of  social  and  culture  systems,  including  the  reduction  of 

destructive conflicts. Both intragenerational equity (especially elimination of poverty) 

and  intergeneration  equity  (involving  the  rights  of  future  generations)  are  important 

aspects  of  this  approach.  Modern  society  would  need  to  encourage  pluralism  and 

strengthen empowerment and grass-roots participation into a more effective decision 

making framework for socially sustainable development. 

The  energy  user  and  energy  producer  linkage  help  to  access  material 

and  component  of  products  which  produced by  community,  urban  and  vicinity.  It 

means to facilitate for product exchanges and reuses, to access all people and users in 

any  area,  to  manage  urban  and  suburban areas,  and  to  do  so  in  energy  systems 

principles. 

    2.7.2.3 Environmental Policy. Environmental approach for sustainable 

development  of  urban  energy  management  and  environmental  management  focuses 

on the stability of biological and physical systems. Protection of biological diversity is 

a key concept. Furthermore, natural systems may be interpreted to include all aspects 

of  the  biosphere,  including  manmade  environments  like  cities.  The  emphasis  is  on 

preserving  the  resilience  and  dynamic  ability  of  such  systems  to  adapt  to  change, 

rather  than  conservation  of  some  ideal static  state.  Therefore,  environmental 

significance  is  energy  efficiency  and  environmental  impacts.  It  measures  energy 

resources, air, water, land, waste pollutions and safety. 

2.7.2.4  Technological  Policy.  Technological  application  helps  in  our 

lives  but  also  consumes  energy  and  many  resources,  which  results  in  various 

environmental  issues.  To  realize  a  cleaner  environment,  technologies  controlling 

environmental  pollutants  and  preventing their  diffusion  into  the  environment, 

technologies purifying environmental pollutants, and technologies for environmental 

assessment as well as evaluation of energy utilization and environmental technologies 

should  be  developed  (The  Institute  for  Environmental  Management  Technology, 

2010).  Energy  and  resources  saving  technologies  that  can  suppress  the  emission  of 

pollutants  into  the  environment,  as  well as  purify  and/or  remediate  contaminated 

environments on air, water, soils and ocean. 
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Given  the  four  criteria  for  sustainable  development,  the  rapidly 

increasing  demand  for  energy,  particularly electricity  and  fossil fuels  of  the  urban 

residents in the cities, and the corresponding increase in investment requirements, the 

needs  for  a  comprehensive  and  integrated  conceptual  framework  for  analysis  and 

decision-making is evident. Sustainable energy options may be identified by using a 

framework  that  takes  into  account  multiple  actors,  multiple  criteria,  multilevel 

decision  making,  and  many  impediments  and constraints  (Kleindorfer,  Kunreuther 

and Hong, 1996: 14). However, any discussion of a framework within which to define 

sustainable  urban  energy  options  would  be  incomplete  without a  delineation  of  the 

environmental and social implications of energy use. They can be broadly categorized 

into national, transnational, and global issues. 

Example  policies  of  urban  energy  management  and  environmental 

management  that  can  change  consumption  patterns  in  human  settlements,  especially 

in  urban  residential  sector  and  it  will  help  the  ways  for  sustainable  energy 

management i.e. building laws provide incentives to reduce heating and cooling load, 

promote cogeneration and district heating and cooling systems, provide incentives for 

increasing the use of energy efficient household appliances, promote public transport 

as an energy efficient means of travel, promote non-motorized transport and integrate 

it with public transport systems, and encourage the use of low energy content building 

materials for agricultural and industrial residues in construction. 

 

2.7.3  Energy Systems 

  Finally, when the reduction in use of fossil fuels and CO2 emissions produced 

from  energy  consumption  and  energy  saving  and  efficiency  by  urban  residential 

sector  have  significantly  increased,  the  target  and  goal  of  the  urban  energy 

management and environmental management in a big city like Bangkok will be met. 

Therefore,  urban  energy  management  can be  implemented  into  energy  systems: 

energy  efficiency,  energy  sustainability,  and  energy  equity,  then  the  reduction  of 

fossil fuels and energy consumptions is increased and the number of CO2 emissions is 

decreased.  Thereafter,  city  and  urban  residential  areas  become  a  sustainable 

development as well as green and livability city. 

 



 
 

 

CHAPTER 3 
 

RESEARCH METHODOLOGY 
 

  This chapter describes the research methodology used in this study: conceptual 

framework,  dependent  variables,  research  design,  research  population  and  sampling 

technique, research hypothesis, data collection instrument, quantitative measurement, 

data collection, data analysis, interpretation, and research report. 

 

3.1  Conceptual Framework 

 

 According  to  the  theoretical  framework and  literature  reviews,  all  variables 

focus on urban energy management for the policy of energy saving and the reduction 

of CO2 emissions in the urban household sector through physical and structural, social 

and  cultural,  economic,  communication  and  information,  and  psychological  factors. 

Urban  energy  policies  as  such  economic,  social,  environmental,  and  technological 

policies  can  be  achieved  the goal  of  energy  systems.  Therefore,  in  this  study  the 

important  variables  are  grouped  into  a  conceptual  framework  for  the  research 

operation as depicted in figure 3.1. 

  Independent variables for operating the research study are defined, and these 

independent  variables  include  the  main  five  major  contributing  factors  of  urban 

residence while dependent variables are the quantity of energy use and consumption, 

and urban residential behavior for energy saving practices. Both dependent variables 

are divided into two kinds of energy consumption and energy saving: the first one is 

the whole household energy consumption and the second one is fuel consumption for 

household’s transportation in daily life. Thus, there are four dependent variablesl. 

 

3.2  Dependent Variables 

 

  Focus issues in this study are about the increasing amount of energy use and 

CO2  emissions  and  its  effect  on  the  greenhouse  effect  and  global  warming.  The 
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amount of energy use has been affecting the world through these major contributing 

factors:  power  generation,  transportation, industrial,  and  commercial  and  residential 

sectors.  This  study  is  on  urban  area,  thus  the  major  contributing  source  of  energy 

consumption  is  the  residential  sector.  Energy  uses  in  residential  sector  comprise  of 

energy use in household and energy us in traveling and transportation. This study is 

also  interested  in  energy  saving  practices  of  the  households  which  have  significant 

effects on the energy consumption in urban area. These factors are therefore the major 

focuses and dependent variables in this study. 

 

Independent Variables             Dependent Variables 

 

 

 

 

 

 

 

 

 

 

 

 

           

             

        

    

           

    

         

 

1. Physical & Structural Factor 
1.1 House Type 
1.2 Location 
1.3 Number of Household’s Members 
1.4 Mode of Travel 
1.5 Commuting Time/Distance 
1.6 Household Appliances 

2. Social & Cultural Factor 
2.1 Years of Household’s Education 
2.2 Income per Household 
2.3 Number of Holiday Time 

3. Economic Factor 
3.1 Household Expenditure 
3.2 Number of Vehicles 
3.3 Energy Conservation Investment 

4. Communication & Information Factor 
4.1 Industry Source 
4.2 Government Source 
4.3 Professional 
4.4 Interpersonal 
4.5 Law and Regularity 
4.6 Government Support 
4.7 Public Information 

A.Quantity of Energy 
Use 

A1.In Household 
A2.In Traveling & 
Transportation 

B.Energy Saving 
Practices 

B1.In Household 
B2.In Traveling & 
Transportation 

5. Psychological Factor 
5.1 Attitudes 
5.2 Knowledge 
5.3 Beliefs 
5.4 Motives 

 

Figure 3.1  The Conceptual Framework for the Study 
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While  energy  consumptions  in  Bangkok  metropolitan  area  has  been  affected 

by  the  above  two  contributing  factors,  energy  consumption  in  the  residential  sector 

affects  transportation  and  electricity  generation  sectors  as  well.  However,  the 

variables  in  this  study  are  focused  only  on the  residential  factor.  All  variables  are 

derived  from  research  problems  in  the study  of  urban  energy  management  and 

environmental  management  for  city  administration  and  development.  That  means 

residential sector can affect the transportation sector by household’s vehicle use and 

fuel  consumption  while  electricity  generation  has  been  affected  by  household’s 

electricity appliances and product utilities of their consumption patterns. Reasons and 

information are supported in the following. 

In  2010,  total  expenditures  for  all  types of  fuel  in  the  whole  country  were 

1,818 baht per month per household while the greater Bangkok was 2,836 baht and of 

which  expenditures  for  petroleum  products  were  1,283  and  1,825  baht.  The 

expenditures  for  electricity  were  491 baht  (on  average)  and  Bangkok  1,010  baht 

(National Statistical Office of Thailand, 2012b). 

In  2010,  the  number  of  households  in  Bangkok  area  was  2,400,540  houses; 

total population was 5,701,394 people, 2,709,568 males, 2,991,826 females (National 

Statistical  Office  of  Thailand,  2012b)  and  density  per  square  kilometer  was  3,634 

people. Population density by district of the Bangkok area of the three zones was: 

First  zone  is  the  CBD  or  inner  area,  these  21  districts  are  Phra  Nakhon 

(11,625),  Pom  Prap  Sattru  Phai  (29,757), Samphanthawong  (21,643),  Pathum  Wan 

(7,294),  Bang  Rak  (8,874),  Yan  Nawa  (5,285),  Sathon  (9,867),  Bang  Kho  Laem 

(9,467), Dusit 11,052), Bang Sue (12,802), Phaya Thai (8,046), Ratchathewi (13,717), 

Huai Khwang (5,124), Khlong Toei (9,228), Chatuchak (5,062), Thon Buri (15,441), 

Khlong  San  (14,018),  Bangkok  Noi  (10,929),  Bangkok  Yai  (12,886),  Din  Daeng 

(16,970), and Vadhana districts 6,426). 

Second  zone  is  the  urban  fringe  or  middle  area,  these  18  district  are  Phra 

Khanong (7,042), Prawet (2,855), Bang Khen (4,329), Bang Kapi (5,264), Lat Phrao 

(5,509),  Bueng  Kum  (5,971),  Bang  Phlat  (9,274),  Phasi  Charoen  (7,537),  Chom 

Thong  (6,285),  Rat  Burana  (5,888),  Suan Luang  (4,911),  Bang  Na  (5,395),  Thung 

Khru  (3,631),  Bang  Khae  (4,332),  Wang  Thonglang  (5,877),  Khan  Na  Yao  (3,273), 

Saphan Sung (3,059), and Sai Mai districts (3,879). 
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Third zone is the suburb or outer area; these 11 districts are Min Buri (2,007), 

Don Mueang (4,431), Nong Chok (587), Lat Krabang (1,169), Taling Chan (3,657), 

Nong  Khaem  (3,784),  Bang  Khun  Thian  (1,174),  Lak  Si  (5,081),  Khlong  Sam  Wa 

(1,305), Bang Bon (2,914), and Thawi Watthana districts (1,398). 
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Figure 3.2  Showed the 50 Districts of Bangkok 

Source: Panteethai, 2012. 

 

Electricity  consumers  in  Bangkok  area as  of  2010  were  residential  82.46%, 

small  business  16.37%,  and  medium  business  0.65%.  Total  number  of  these  3 

categories  was  about  99.48%  of  all  users.  Total  electricity  consumption  of  Thailand 

was 148,709 GWh. with the growth rate of 10% where the Bangkok area consumed 

about 25% of all electricity in the country (Ministry of energy, Thailand, 2010: 38). 

Residential sector involving the transportation sector which directly related to 

the number of vehicles in Bangkok area. Energy consumption for land transportation 

in 2006-2010, diesel was 62%, gasoline 30%, LPG 5%, and CNG 4%. Both LGP and 

CNG have been consumed at a higher growth rate while the total Ktoe has decreased 

a few percentages. In 2010, total registered automobiles were 28,484,829 units, cars 
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11,185,015  units  and  motorcycle  17,299,814  units  (Ministry  of  Energy,  2010:  10). 

Bangkok  has  6,444,631  cars  (National  Statistical  Office  of  Thailand,  2012b). 

Therefore, Bangkok has about 22.62% of the vehicles in the entire country. 

 

3.3  Research Design 

 

  This research design focuses on the quantitative approach which is the survey 

research  and  applied  research.  The  theoretical  and  conceptual  framework  for  this 

research  methodology  is  urban  energy  management.  Thus,  this  research  uses  the 

deductive  method  and  field  study  which  helps  strengthen  confidence  in  hypothesis 

testing  and  relates  to  causal  linkages  in  conceptual  framework.  The  results  of 

hypothesis testing are used for explanations of the problem statement and questions of 

this study. 

 

3.3.1  Survey Research 

In survey research, using a written questionnaire is an instrument for gathering 

information  on  the  urban  residential  contributing  factors  for energy  consumption, 

energy  saving,  and  the  reduction  of  CO2 emissions.  The  five  potential  contributing 

factors are physical and structural, social and cultural, economic, communication and 

information, and psychological factors. In each sample, the household representative 

was asked the same questions and their answers were recorded. 

All variables are mentioned and identified above, and they come from a large 

number  of  urban  people.  Each  questionnaire  contains  various  questions  that  ask  a 

large number of sample elements. This survey helps to collect information from the 

people who live in Bangkok, and its information is used for causal explanations of the 

conceptual framework. 

 

3.3.2  Applied Research 

This research is a social science study and applies the knowledge findings into 

the management and city administration and development for reducing the amount of 

CO2 emissions focusing on the energy saving and efficiency in the urban residential 

sector.  Conceptual  framework  is  developed  for  research  methodology  and  finding 

 
 



91 
 

cause-and-effect  relationships  between  the  contributing  factors  and  the  amount  of 

energy consumption and energy saving practices. This research is the applied research 

because the results of this study are used and applied to the management of energy in 

city. 

 

3.4  Research Population and Sampling Technique 

 

  Research  population  and  samples  in  this  study  were  the  urban  people  of  the 

Bangkok  metropolitan  area.  Details  of  population,  samples  and  sampling  technique 

are as follows. 

 

3.4.1  Research Population 

According  to  the  objectives  of  this  study,  Bangkok’s  household  is  a  unit  of 

analysis. Thus, the population in this study was all Bangkok’s residential households 

which were totaled 2,400,540 houses in 2010. 

 

3.4.2  Research Samples 

  The sampling element of this research study is the units of analysis that draw 

from the population group. The total number of sampled households was 1,150. This 

number of samples was based on the suggestion of Bryman (2001: 95) which stated 

that  by  and  large  up  to  a  sample  size  of  around  1,000,  the  gains  in  precision  are 

noticeable and is reasonable to be representatives of the population. 

 

3.4.3  Sampling Technique 

  Sampling  technique  in  this  study  used  multi-stage  sampling  which  is  the 

probability  sampling.  This  method  is  suitable  for  this  type  of  study,  and  it  can 

represent the population drawn by this sampling technique. 

In  practice,  multi-stage  sampling  technique  involves  a  multistage  process  of 

listing  and  then  randomly  sampling  groups  of  cases  rather  than  individual  cases 

(Yegidis and Weinbach, 2002: 189). This technique is used for a dispersed population 

likes  the  mentioned  sample  element  in  this  study,  and  it  can  be  more  economically 

efficient.  The  goal  of  sampling  in  the study  was  drawing  random  samples  of  1,500 
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household  units  but  in  this  study  the  actual  samples  were  1,150  household  units  at 

response rate of 76.67%. 

In sampling, Stage one the Bangkok’s 50 districts divided into three zones: the 

inner area 21 districts (East bank 17 districts and West bank 4 districts), middle area 

18  districts  (East  bank  12  districts  and  West  bank  6  districts),  and  outer  area  11 

districts  (East  bank  6  districts  and  West  bank  5  districts)  (Bangkok  Metropolitan 

Administration, 2012). Stage two, randomly selected 4-6 districts from each zone i.e. 

inner  zone  6  districts,  middle zone  5  districts,  and  outer  zone  4  districts,  finally  the 

total was 15 districts. These 15 districts come from proportional allocation method for 

cluster  sampling  or  multi-stage  sampling  (Pantipa  Sunthrarachun,  1986:  239; 

Neuman,  2006:  233-235).  From  50  districts,  the  proportion  of  sampling  is  15:50  or 

3:10, and or 30.00%. The inner zone proportion is 6:21 or ratio of 28.57%, the middle 

zone  is  5:18  or  ratio  of  27.78%,  and  the  outer  zone  is  4:11  or  ratio  of  36.36%, 

respectively. 

The  selected  districts  were  divided  into blocks  or  streets. In  each  district,  3 

streets  were  randomly  selected.  Then,  respondents  who  represented  household  units 

from 20-30 units per block or street (household sampling contained a mix of single-

family homes, duplexes, and buildings). In sum, the multi-stage sampling resulted in 

15  districts  ×  3  streets  ×  25  representatives  from  households  =  1,150  houses  in 

samples or cases. 

 

3.5  Research Hypothesis 

 

These  hypotheses  were  formulated  through  the  research  problems  and 

literature  reviews  involved  in  the  urban  residential  contributing  factors  for  energy 

consumption  and  energy  saving  practices  of  the  urban  energy  management  for  the 

Bangkok  metropolitan  area.  They  were  used  to  guideline  the  data  collection  and 

analysis,  answer  to  the  problems,  predict  a  conceptual  framework  model  for 

implication,  and  test  the  evidence  of  a  relationship  between  or  among  certain 

variables.  Therefore,  the  following  statements  were  the  research  hypotheses  in  this 

study. 
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3.5.1  Hypothesis 1 

House type, location, number of household’s member, and household utilities  

or physical and structural factor positively influence the quantity of energy use in the 

household (A1). 

 

3.5.2  Hypothesis 2 

House  type,  location,  number  of  household’s  member,  mode  of  travel,  and 

commuting time and distance or physical and structural factor positively influence the 

quantity of energy use in the traveling and transportation (A2). 

 
3.5.3  Hypothesis 3 

Years  of  household’s  education  and  income  per  household  or  social  and 

cultural factor positively influence the quantity of energy use in the household (A1). 

 

3.5.4  Hypothesis 4 

Years of household’s education, income per household, and number of holiday 

time or social and cultural factor positively influence the quantity of energy use in the 

traveling and transportation (A2). 

 

3.5.5  Hypothesis 5 

Household expenditures or economic factors positively influences the quantity 

of energy use in the household (A1). 

 

3.5.6  Hypothesis 6 

Household  expenditures  on  transportation  and  the  number  of  vehicles 

positively  influence  the  quantity  of  energy  use  in  the  traveling  and  transportation 

(A2). 

 

3.5.7  Hypothesis 7 

Industry  source,  government  source,  professional,  interpersonal,  law  and 

regularity,  government  support,  and  public  information  or  communication  and 
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information  factor  positively  influence  the  quantity  of  energy  use  in  the  household 

(A1). 

 

3.5.8  Hypothesis 8 

Industry  source,  government  source,  professional,  interpersonal,  law  and 

regularity,  government  support,  and  public  information  or  communication  and 

information factor positively influence the quantity of energy use in the traveling and 

transportation (A2). 

 

3.5.9  Hypothesis 9 

Attitudes, knowledge,  beliefs,  and  motives (Psychological)  positively 

influence the quantity of energy use in the household (A1). 

 

3.5.10  Hypothesis 10 

Attitudes, knowledge, beliefs, and motives or psychological factors positively 

influence the quantity of energy use in traveling and transportation (A2). 

 

3.5.11  Hypothesis 11 

House type, location, number of household’s member, and household utilities 

or  physical  and  structural  factors  positively  influence  energy  saving  practices  in  the 

household (B1). 

 

3.5.12  Hypothesis 12 

House  type,  location,  number  of  household’s  members,  mode  of  travel,  and 

commuting  time  and  distance  or  physical  and structural  factor  positively  influence 

energy saving practices in the traveling and transportation (B2).  

 

3.5.13  Hypothesis 13 

Years  of  household’s  education  and  income  per  household  or  social  and 

cultural factor positively influence energy saving practices in the household (B1).  
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3.5.14  Hypothesis 14 

Years of household’s education, income per household, and number of holiday 

time  or  social  and  cultural  factor  positively  influence  energy  saving  practices  in  the 

traveling and transportation (B2). 

 

3.5.15  Hypothesis 15 

Household expenditures and energy conservation investment-in household or 

economic factor positively influence energy saving practices in the household (B1). 

 

3.5.16  Hypothesis 16 

Household  expenditures,  number  of vehicle,  and  energy  conservation 

investment-in  traveling  or  economic  factor  positively  influence  energy  saving 

practices in the traveling and transportation (B2). 

 

3.5.17  Hypothesis 17 

Industry  source,  government  source,  professional,  interpersonal,  law  and 

regularity,  government  support,  and  public  information  or  communication  and 

information factor positively influence energy saving practices in the household (B1). 

 

3.5.18  Hypothesis 18 

Industry  source,  government  source,  professional,  interpersonal,  law  and 

regularity,  government  support,  and  public  information  or  communication  and 

information  positively  influence  energy  saving  practices  in  the  traveling  and 

transportation (B2). 

 

3.5.19  Hypothesis 19 

Attitudes, knowledge, beliefs, and motives or psychological factors positively 

influence energy saving practices in the household (B1). 

 

3.5.20  Hypothesis 20 

Attitudes, knowledge, beliefs, and motives or psychological factors positively 

influence energy saving practices in the traveling and transportation (B2). 
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The  above  hypotheses  indicate  causes  of  quantity  of  energy  use  and  energy 

saving  practices.  They  can  affect  the  amount  of  CO2  emission  and  can  be  derived 

from  independent  variables  in  the  five  major  urban  residential  contributing  factors. 

Their influences on the four dependent variables (A1, A2, B1 and B2) were tested at 

the statistical significant level of P ≤ 0.05 and the co-efficiency of determination or R2 

≥ 0.30 (30%) in multiple regression analysis or MRA for prediction and explanation 

of all models. 

 

3.6  Independent and Dependent Variables 

 

Independent variables and dependent variables were measured for the results 

of hypothesis testing. These were defined and specified as follows: 

 

3.6.1  Independent Variables 

Independent  variables  are  a  prior  cause  or  causes  to  effect  on  the  dependent 

variable and often defines the set of conditions in testing. Its manipulation is allowed 

to  fit  the  needs  for  this  study.  Independent variables  in  this  study  are  operationally 

defined relations to the twenty hypotheses and research methods. From hypotheses 1-

20,  these  independent  variables  are  assumed to  have  effects  on  cause  to  energy 

consumption,  energy  saving  practices,  and  the  reduction  of  CO2  emissions. 

Independent variables in these hypotheses were: 

  3.6.1.1 Physical  and  structural  factors  comprised  six  independent 

variables  such  as  house  type,  location, number  of  household’s  member,  mode  of 

travel, commuting time and distance, and household utilities. 

  3.6.1.2  Social and cultural factors, independent variables were years of 

household’s education, income per household, and number of holiday time. 

  3.6.1.3  Economic factors had three independent variables in household 

expenditures, number of vehicle, and energy conservation investment. 

  3.6.1.4  Communication  and  information  factors,  all  independent 

variables were industry, government, professional, interpersonal, law and regulation, 

government support, and public information sources. 
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  3.6.1.5 Psychological factors such as attitudes, knowledge, beliefs, and 

motives were independent variables in these factors. 

 

3.6.2  Dependent Variables 

Dependent variables depend on the causes of independent variables. It is the 

research  topic,  the  statement  of  the  problems  and  research  questions  which  were 

explained. In this study, the dependent variables used in the hypotheses and research 

methods were: 

  3.6.2.1  The two dependent variables were the quantity of energy use 

in  household  itself  and  the  quantity  of  energy  use  in  household’s  traveling  and 

transportation. 

  3.6.2.2  The  second  two  dependent  variables  were  the  households’ 

behaviors for energy saving practices in household and the energy saving practices in 

household’s traveling and transportation. 

 

3.7  Instrument of Data Collection 

 

Research  instruments  used  in  data collection  for  this  field  study  are 

questionnaires.  Questionnaires  were  constructed  for  field  data  collection,  and  they 

were  designed  in  the  right  survey  format  and  the  respondent’s  characteristics. 

Questionnaire design and construction in this study strictly used these steps. 

    1)  First,  design  and  construction  of  each  survey  questionnaire  was 

considered  in  length  of  survey,  question  order,  principles  of  good  question  writing, 

aiding respondent recall, wording, format and layout, and nonresponse. Most of them 

were closed-ended question so they could easily be answered by respondents. 

2)  Second,  questions  were  prepared  in  main  five  parts  based  on 

independent and dependent variables from hypothesis 1 to 20. Part one contained the 

respondents’  backgrounds,  general  information  of  the  household,  and  frames  of 

reference. Part two contained the respondents’ energy consumption in the household. 

Part  three  contained  energy  consumption  in  transportation  and  traveling.  Part  four 

contained  energy  conservation  and  saving  factors.  Finally,  part  five  contained  the 

suggestions of the energy consumption and saving in home electricity, transport and 
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traveling,  government  and  public  organization,  and  the  others  in  their  future 

considerations. 

3)  Questionnaire  questions  were  equally  clear,  relevant,  and 

meaningful  to  all  respondents  by  avoiding confusion  and  keeping  the  respondents’ 

perspective in mind. It was tested and reliable measures were taken before field data 

collection,  and  data  collectors  made  sure  the  respondents  understood  the  questions 

and that their answers were thoughtful. 

4)  Improving  a  questionnaire  with  pilot  tests  prior  to  implementation 

was  used  with  a  model  of  cognitive  processing  and  divided  the  tasks  of  answering 

survey questions into four steps: 

 (1)  Interpret and comprehend the question 

 (2)  Retrieve relevant information 

 (3) Integrate and evaluate the information, and 

 (4)  Select a response category (Neuman, 2006: 312). 

    5) Finally, questionnaires for this survey were face-to-face surveys. In 

practice, collectors gave questionnaire by hand directly to the respondents and waited 

to collect them back. In some locations, they were collected in the next few days if 

each respondent needed more time to answer. This method helped to have the highest 

response rates and permitted the long questionnaire. It could also be observed in the 

respondents’ surroundings and allowed for nonverbal communication and visual aids. 

 

3.8  Quantitative Measurement 

 

Quantitative  research  measurement  was  used  into  this  study.  Measurement 

methods,  indexes  and  scale  techniques  were used  for  the  implication  and  statistical 

analysis of the research conceptualization. After that, operationalization was used for 

precision  and  accuracy  for  concerning  the  fitness  of  distinctions  made  between  the 

attributes that composed a variable. 

 

3.8.1  Measurement Methods, Indexes, and Scale Techniques 

In this study, measurement methods, indexes and scale techniques were used 

for the interval and ratio scales. All variables were specified in operational definition, 
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question,  and  measurement  as  shown  in  table  3.1-3.6.  Some  questions  are  linked  to 

measure beliefs, opinions, and attitudes using the Likert scale. But some measures a 

set of indicators or items that were the questionnaire items or characteristics used the 

Guttman  scale.  Both  scale  and  index  were  also  used  to  produce  multiple  regression 

analysis scores, and these scores represented how strongly each indicator is associated 

with the observed factor. 

The  following  tables  were  presented  and  describe  all  variables  both  in 

dependent and independent variables with operational definition by using questions in 

the  questionnaire  and  how  to  measure  all variables  with  measurement  methods  on 

each  variable.  Finally,  content  validity  referred  to  variables,  operational  definition, 

question,  and  measurement  method  which were  used  to  measure  the  range  of 

meanings included within the framework. 
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Table 3.1  Dependent Variables, Operational Definition, Question, and Measurement 

 

  Variables          Description 

Dependent Variable A1: Quantity of Energy Use in Household 

Operational Definition:  Total  amounts  of  electricity  and  other  energy 

consumptions in a unit of cost (Baht) 

Question: Item  no.7,  average  monthly  electrical  bill  of  the 

household in ___ baht/month or about __ electrical units 

Item no.8, average monthly payments for other energies 

in the household ___ baht 

Measurement Method:  Observed Number  

Dependent Variable A2:  Quantity of Energy Use in Household’s Traveling & 

Transportation 

Operational Definition:  Total  spending  on transport  and  traveling  in  baht  per 

month from public and their owned vehicles 

Question: Item  no.12,  types  of vehicles,  quantity  of  fuel 

consumption, and expenses (Total expenses by month) 

 Item  no.13,  any  other  transport  expenses  are__  in 

amount of ___baht/month 

Item no.16, your household’s holiday and traveling time 

each  year  by  bus,  by  passenger  car,  and  by  air  plane 

in___ bath 

Measurement Method:  Observed Number 

Dependent Variable B1:  Energy Saving Practices in Household 

Operational Definition:  Total  scores  of  alternative  energy  uses  and  summation 

of how to save energy in the household’s electricity and 

other energies 

Question: Item  no.17,  what  kinds of  actions  were  taken  for 

reducing electricity consumptions in your household? 

Measurement Method:  Summation of Yes and No, Yes = 1 and No = 0 

Dependent Variable B2:  Energy Saving Practices in Household’s Traveling & 
Transportation 

Operational Definition:  Total  scores  of  alternative  energy  uses  and  summation 

of how to save energy in the household’s traveling and 

transportation 

Question: Item  no.18,  what  kinds of  actions  were  taken  for 

reducing  fuel  energy  consumption  by  improving  the 

energy efficiency of vehicle fuels? 

Measurement Method:  Summation of Yes and No, Yes = 1 and No = 0 
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Table 3.2  Physical and Structural Factor: Independent Variables, Operational 

Definition, Question, and Measurement 

 

  Variables          Description 

Independent Variable 1.1:   House Type 

Operational Definition:   Total spaces in square meters of each house type which 

the   household’s members are stay and living 

Question: Item no.4, type of housing, and space in square meter 

Measurement Method:  Observed Number 

Independent Variable 1.2:   Location 

Operational Definition:  The  population  density  of  district  administration  area 

where the household is established and living in 

Question: Item no.2, physical address or location of the household 

is?  

Measurement Method:  Number of District Population  

Independent Variable 1.3:   Number of Household’s Member 

Operational Definition:  Numbers of household’s members 

Question: Item  no.3,  number  of  members  in  your  household  is 

_____ persons 

Measurement Method:  Observed Number 

Independent Variable 1.4:   Mode of Travel 

Operational Definition:  Total  expenses  by  month  from  each  type  of  vehicle 

which the household used for transporting and traveling 

from home to office 

Question: Item  no.12,  types  of vehicle,  quantity  of  fuel 

consumption, and expenses (Especially in fuel expenses 

by month of each type) 

 Item no.13, any other transport expenses is___ (Specify 

in  amount  of  ___baht/month  on  bus,  taxi,  BTS  and 

others)  

Item  no.16,  what  kind  of  your  household’s  holiday  or 

traveling  in  each  year  is?  (All  expenses  on  local  and 

foreign traveling) 

Measurement Method:  Observed Number 

 

 

 

 
 



102 
 

Table 3.2  (Continued) 

 

  Variables          Description 

Independent Variable 1.5:  Commuting Time and Distance 

Operational Definition:   Distance  between  job  places  and  location  of  the 

household in kilometer and in minute 

Question:  Item no. 3.7, distance between home and office by area 

(Kilometer) 

Item no. 3.8, distance between home and office by area 

and by time (Minute) 

Measurement Method:  Observed Number 

Independent Variable 1.6:   Household Utilities 

Operational Definition:  Total numbers and types of household’s equipments and 

electrical appliances for uses and for utilities 

Question: Item no.6, which are the types of your home facility and 

electric appliances in the household? 

Measurement Method:  Observed Number 
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Table 3.3  Social and Cultural Factor: Independent Variables, Operational Definition, 

Question, and Measurement 

 

  Variables          Description 

Independent Variable 2.1:   Head of Household’s Education  

Operational Definition:   The  number  of education  in  years  of  the  head  of 

household  

Question: Item  no.3.3,  total  schooling  years  of  the  head  of 

household  

Measurement Method:  Primary  =  6,  secondary  =  9,  secondary  or  vocational 

certificate = 12, diploma or high vocational certificate = 

14, bachelor = 16, master = 18, and doctoral = 21 

Independent Variable 2.2:   Income per Household 

Operational Definition:   Total income of all the household’s members 

Question: Item  no.3.5,  income  per  person  in  each  household’s 

members in the total of _____baht/month 

Measurement Method:  Observed Number 

Independent Variable 2.3:   Number of Holiday Time 

Operational Definition:  Total days of household for holidays or vocational day 

in a year by trip, day, and expenses 

Question: Item  no.16,  what  kind  of  your  household’s  holiday  or 

traveling in each year is? 

 In  provinces  and  aboard  about  ___times  and____  days 

by bus, by passenger car, or by air plane 

Measurement Method:  Observed Number 
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Table 3.4  Economic Factor: Independent Variables, Operational Definition, 

Question, and Measurement 

 

  Variables          Description 

Independent Variable 3.1:   Household Expenditures 

Operational Definition:  Total expenditure of the household in monthly payment 

Question: Item no.5, Total expenditure of your household in each 

month is ____Baht 

Level of Measurement:  Observed Number 

Independent Variable 3.2:   Number of Vehicle 

Operational Definition:  Total numbers and types of vehicles the household has 

for transport and travel 

Question: Item  no.  12,  types  of  vehicle,  quantity  of  fuel 

consumption, and expenses (Especially in unit) 

Measurement Method:  Observed Number 

Independent Variable 3.3: Energy Conservation Investment 

Operational Definition:  Total  new  technological  and  alternative  energy  that 

used or will be used in the household or in traveling and 

transport 

Question: Item  no.10,  (In  household)  any  alternative  energy  and 

energy technology which has been used and consumed 

in your household? 

Item  no.11,  (In  household)  any  one  which  you  have 

chosen for saving electrical energy in your household? 

 Item  no.15,  (In  traveling  and  transport)  plans  for 

changing mode of transportation 

Measurement Method:  Item no.10, 11, 15: summation of Yes and No, Yes = 1 

and No = 0 
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Table 3.5  Communication and Information Factor: Independent Variables, 

Operational Definition, Question, and Measurement 

 

  Variables          Description 

Independent Variable 4.1:   Industry Source 

Operational Definition:  Information  of  technological  product  and  electrical 

energy  saving  that  come  from  industry  source  for 

household’s  decision  in  energy  consumption  and 

conservation 

Question: Item  no.21-1,  what  is  the  rating  of  household’s  main 

source  of  information  for  energy  saving  and 

technological products in electrical and fuel energy? 

Measurement Method:  Most = 5, More = 4, Moderate = 3, less = 2, least = 1 

Independent Variable 4.2:   Government Source 

Operational Definition:  Information  of  technological  product  and  electrical 

energy  saving  that  come  from  government  source  for 

household’s  decision  in  energy  consumption  and 

conservation 

Question: Item no.21-2, as same as question item no.21-1 

Measurement Method:  Most = 5, More = 4, Moderate = 3, less = 2, least = 1 

Independent Variable 4.3:  Professional 

Operational Definition:  Information  of  technological  product  and  electrical 

energy  saving  that  come  from  professional  source  for 

household’s  decision  in  energy  consumption  and 

conservation 

Question: Item no.21-3, as same as question item no.21-1 and 21.2 

Measurement Method:  Most = 5, More = 4, Moderate = 3, less = 2, least = 1 

Independent Variable 4.4:  Interpersonal 

Operational Definition:  Information  of  technological  product  and  electrical 

energy  saving  that  come  from  interpersonal  source  for 

household’s  decision  in  energy  consumption  and 

conservation 

Question: Item  no.21-4,  as  same  as  question  item  no.21-1,  21.2, 

and 21.3 

Measurement Method:  Most = 5, More = 4, Moderate = 3, less = 2, least = 1 
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Table 3.5  (Continued) 

 

  Variables          Description 

Independent Variable 4.5:   Law & Regularity 

Operational Definition:  Information  of  technological  product  and  electrical 

energy  saving  that  come  from  law  and  regularity  for 

household’s  decision  in  energy  consumption  and 

conservation 

Question: Item  no.21-5,  as  same  as  question  item  no.21-1,  21.2, 

21.3, and 21.4 

Measurement Method:  Most = 5, More = 4, Moderate = 3, less = 2, least = 1 

Independent Variable 4.6:   Government Support 

Operational Definition:  Information  of  technological  product  and  electrical 

energy  saving  that  come  from  government  support  for 

household’s  decision  in  energy  consumption  and 

conservation 

Question: Item  no.21-6,  as  same  as  question  item  no.21-1,  21.2, 

21.3, 21.4, and 21.5 

Measurement Method:  Most = 5, More = 4, Moderate = 3, less = 2, least = 1 

Independent Variable 4.7:   Public Information 

Operational Definition:  Information  of  technological  product  and  electrical 

energy  saving  that  come  from  public  information  for 

household’s  decision  in  energy  consumption  and 

conservation 

Question: Item  no.21-7,  as  same  as  question  item  no.21-1,  21.2, 

21.3, 21.4, 21.5, and 21.6 

Level of Measurement:  Most = 5, More = 4, Moderate = 3, Less = 2, Least = 1 
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Table 3.6  Psychological Factors: Independent Variables, Operational Definition, 

Question, and Measurement 

 

  Variables          Description 

Independent Variable 5.1:   Attitudes 

Operational Definition:  Attitudes of household toward the global worming issue 

and solving the problem 

Question: Item  no.22,  how  much  is  your  awareness  about  the 

global warming issue? 

 Item no.23, how much is your confidence in solving the 

global warming issue? 

Measurement Method:  Most = 5, More = 4, Moderate = 3, Less = 2, Least = 1 

Independent Variable 5.2:  Knowledge 

Operational Definition:  Total score of the answer in each question about causes 

and  effects  of  global  warming  issue,  greenhouse  gas, 

carbon  dioxide  emission,  and fuel  and  electricity 

consumptions 

Question: Item  no.24,  what  is  the  rate  of  your  answers  in  the 

questions about global warming causes and effects? 

Measurement Method:  Right & More = 6, Right & Average = 5, Right & Few 

=  4,  Wrong  &  Few  =  3,  Wrong  &  Average  =  2  and 

Wrong & More = 1 

Independent Variable 5.3:   Beliefs 

Operational Definition:   Average  rating  of  their  believe  in  changing  the 

household members’ behavior for energy saving and for 

solving the problems of CO2 emission 

Question: Item  no.  25,  how  much  do  you  think  about  changing 

household members’ behaviors on energy saving? 

Measurement Method:  Most = 5, More = 4, Moderate = 3, Less = 2, Least = 1 

Independent Variable 5.4:   Motives 

Operational Definition:   Total  scores of  reasons  of  household’s  member  for 

reducing energies in home electricity, vehicle fuels, and 

recycle and less waste things 

Question: Item  no.20,  reasons of  you  and  your  household 

members  have  to  reduce  energies  in  home  electricity, 

vehicle fuels, and recycling 

Measurement Method:  Ranking  1st =  5,  2nd  =  4,  3rd  =  3,  4th  =  2,  and  5th  =  1, 

Then  using  summation  of  the  entire  total  scores  which 

times  with  5,  4,  3,  2,  and  1  from  the  most  and  least 

scores divided 
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3.8.2  Precision and Accuracy 

The operationalization of concepts must be guided partly by an understanding 

of the degrees of precision required (Babbie, 2001: 140). Reliability techniques were 

used  by  research  experts  to  check  on  reliability  and  pretesting  method.  At  first, 

bringing  this  constructed  questionnaire  to  test  research  expertise  and  check  on 

reliability in such cases. Then, pretesting questionnaires in the field were 105 samples 

of  household  unit  and  data  computing  the  Cronbach’s  alpha  coefficiency  of  internal 

consistency,  the  score  was 0.84  and  all  items  in  questionnaire  were  testing  in  34 

items. This implies that this questionnaire was accepted for use to collect the data in 

the field observation. It is generally accepted that the reliability of a test should be at 

least 0.80 for the test to be useful (Kinnear and Gray, 2009: 429). 

Cronbach's alpha can be written as a function of the number of test items and 

the  average  inter-correlation  among  the  items  as  the below  the  formula  for  the 

standardized Cronbach's alpha (UCLA Academic Technology Services, 2010). 

 

      

 

Where  N  is  equal  to  the  number  of  items,  c-bar  is  the  average  inter-item 

covariance among the items and v-bar equals the average variance. 

Validity  measures  for  testing  concepts’  meanings  were  criterion-related, 

construct, and content validity. At first, criterion-related validity or predictive validity 

was  based  on  some  external  criterion.  For  example,  the  reduction  of  CO2  emissions 

was predicted by exploring energy consumption, energy saving, and energy efficiency 

from urban residential sector in Bangkok metropolitan area. Next, construct validity 

was based on logical relationship among variables as same as a theoretical model and 

conceptual framework of the urban energy management. 
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3.9  Data Collection 

 

  Data  collections  used  in  this  research  study  were  survey  and  compiling 

available  data.  Survey  or  field  research  was to  collect  data  in  form  of  questionnaire 

and available data used information in archival records. 

  Surveys  in  this  study  were  used  to measure  variables  by  getting  peoples’ 

responses  to  survey  questions  from  the  first  sample  element.  At  the  same  time, 

available  data  is  the  numbers  of  urban  residential  contributing factors  in  household 

sectors. All data wer used for testing twenty hypotheses with the quantity of energy 

consumption  and  household  behavior  in energy  saving  practices  both  in  home 

electricity  and  vehicle  fuels.  Conclusively,  data  collections  were  collected  by  two 

main data sources that are primary and secondary data sources. 

 

3.9.1  Primary Data 

Primary  data  sources  come  from  survey  research  by  direct  field  study  of  the 

first sample element and collected by questionnaires face-to-face in 1,150 samples of 

household units during January to February 2011. 

 

3.9.2  Secondary Data 

Secondary data sources were archival records by exploring available data from 

media  reports  and  organization  records  such  as  textbooks,  magazines,  journals, 

research  reports,  newspapers,  and  online databases  during  the research  study.  This 

data  was  meant  for  the  research  study  and involved  in  the  scope  of  urban  energy 

management for city administration and development. 

 

3.10  Data Analysis 

 

All  collected  data  was  analyzed  in  many  forms  of  data  analysis  methods.  In 

some  cases  such  data  took  the  form  of  statistical  data  or  quantified  observations  of 

some  element  of  household  behavior.  Documents  were  another  form  of  non-

quantitative communication. The following were procedures of data analysis for this 

study: 
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3.10.1  Preparation for Data Analysis 

The  collected  data  was  reorganized  before  going  on  and  applying  the 

necessary statistics for their analysis and was used in the following methods. 

The  coding  scheme  was  used  to  process  and  transform  raw  data  into  a 

machine-readable format suitable for data analysis. It resulted in a specification of the 

variable name, variable format, the range of permissible response codes, location of 

the variable in the data set, and optional features such as variable label, value label, 

and missing value codes. 

Data entry was used after coding scheme finished; it was a process to produce 

a  complete  data  set,  free  from  errors,  that  the  data  analysis  software  program  could 

access  and  process.  It  comprised  of  raw  data  entry,  data  cleaning  and  creating  new 

variables. Raw data entry was the data have been manually entered into the computer. 

Data  cleaning  examined  the  data  set  carefully  and  made  corrections.  Creating  new 

variables was a final task, as the variables recorded might not be in the final form for 

the desired analysis procedures. 

 

3.10.2  Univariate Analysis 

Once the data had been stored as a computer file, systematically inspected for 

errors,  cleaned,  and  possibly  revised  through  recoding  and  variable  creation,  it  was 

ready to begin actual data analysis. Types of data distribution presented a data set to 

look at the range of values for each variable descriptive statistical analyses such as a 

frequency distribution, measures of central tendency, and measures of dispersion. 

  3.10.2.1  Frequency  distribution  was  used  as  a  table  displaying  how 

many  participants  or  cases  fell  in  each value  category  or  value  measurement  of  a 

variable.  Mostly,  it  used  with  ratio  scale  data  and  took  many  forms  i.e.  frequency, 

percentage, and graphic forms. 

  3.10.2.2    Measures  of  Central  Tendency  were  used  for  summarizing 

the information about one variable into a single number. This study used the median 

and the mean or the arithmetic average. It used only the ratio scale data. 

  3.10.2.3  Measures  of  dispersion  and  central  tendency  were  a  single 

number summary and gave only its center. Another characteristic of a distribution was 

its spread, dispersion, or variability around the center. Standard deviation was used to 
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compute  measure  of  dispersion.  The  standard  deviation  and  the  mean were used to 

create  Z-scores  that  compared  two  or  more  distributions  or  groups.  Formula  for  z-

scores and standard deviation are follows. 

 

          Z-score  = (Score – Mean)/Standard Deviation or  

 

                     Z =  Χ−Χ   

            δ 

 

Where: X = Score, X= Mean, δ = Standard deviation 

             

      Standard Deviation =   

( )∑

n - 1

X −X
2

 

Where: X = Score of case, X = Mean, ∑ = Sigma for sum, n = Number of 

cases 

    

3.10.3  Bivariate Analysis 

  The collected data were measured at different levels of measurement, although 

interval  and  ratio  data  were  grouped  because  there  were  many  different  values.  The 

cases were organized on the basis of two or more variables at the same time. Bivariate 

table and measures of association were used in descriptive statistics for this bivariate 

analysis. 

     3.10.3.1  Bivariate table was used in a contingency table of descriptive 

statistics. It was formed by cross tabulating two or more variables, and is contingent 

because the cases in each category of a variable get distributed into each category of a 

second or additional variable. 

    3.10.3.2  Measure  of  association was  used  for  single  numbers  that 

expressed  the  strength  and the  direction  of  a  relationship.  It  was  condensed 

information about a bivariate relationship in a single number. A correlation coefficient 

of  rho  (ρ)  or  Pearson’s  was  used  in  the  collected  data  using  the  ratio  scale  of 
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measurement. It was used for the mean and standard deviation of variables and tells 

how  far  cases  were  from  a  relationship  line or  linear  regression  in  a  scatter  plot.  It 

ranged  from  -1.0  to  +1.0,  with  0  meaning no  association.  Formula  for  a  correlation 

coefficient is follow. 

 

  ρ = (∑ [z-score 1] [z-score 2])/n   

 

Where: ρ  =  Pearson’s  score, ∑  =  Sum,  n  =  Number  of  cases,  z-score 1  =  z-

score for 1st variable, z-score 2 = z-score for 2
nd variable 

  

3.10.4  Multivariate Analysis 

  The analysis of more than two variables simultaneously shows the association 

or  relationship  between  variables  and  the  means  of  more  than  one  independent 

variable cause a dependent variable.  Multiple  regression  analysis  or  MRA  was  used 

as  inferential  statistics  for  calculating  the collected  data  in  ratio  scale.  It  can  be 

controlled for many alternative explanations and variables simultaneously, and it was 

used in this research study. Its results had a measure called R-square (R2), which told 

how well a set of variables explained a dependent variable. Its results also measured 

the direction and size of the effect of each variable on dependent variable. Finally, the 

effect was measured precisely and given a numerical value. 

 

3.10.5  Content Analysis 

  Collected  data  from  all  secondary sources  was  analyzed  and  verified  by 

different time periods and different media sources of reliability before using them in 

this research interpretation and report. However, content analysis helped to undertake 

repeat,  record,  process  and  examine  the  collected  data  to  measure  any  effect  on  the 

subject being studied. 

 

 3.10.6  Statistical Hypothesis Testing 

  Inferential  statistics  was  used  for testing  the  hypotheses,  knowing  whether 

sample  results  held  true  in  a  population,  and  decided  whether  differences  in  results 

were  big  enough  to  indicate  whether  a  relationship  really  existed  in  this  study. 
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Statistical  procedures  used  in  all  hypotheses  testing  were  MRA  because  this  typical 

application  involved  estimating  the  effect  of  multiple  independent  variables  in 

quantity of energy consumption and household behavior in energy saving which was 

influenced by the five major contributing factors. A multiple regression model can be 

formulated in this way: 

 

Yi = a + b1 (Xi1) + b2 (Xi2)…+ bN (XiN) 

 

Where: a = value of Y before other factors’ effect are considered, b1, b2 and bN 

are  an  estimate  of  each  the  effect  of  Xi1,  Xi2  and  XiN  when  X  is  any  independent 

variable. 

These  tests  were  statistically  significant  at  the  level  of  0.05  or  95  percent 

confident that the results were due to a real relationship in the population, not chance 

factors. This calculation used by a program for statistics in the social science or SPSS 

version  17.0  (Statistical  Package  for  the  Social  Sciences).  All  hypotheses  were 

formulated  according  to  the  conceptual  framework  with  precisely  opposite  of  each 

other on null hypothesis (H0) and alternative hypothesis (H1). 

 

3.11  Interpretation and Research Report 

 

After  the  collected  data  had  been analyzed,  measured,  concluding  and 

presenting  the  data  with  the  results,  proportions,  charts,  tables,  and  graphs  was 

needed. Some data was selected to present in the minimum number of charts or tables 

that  fully  inform  the  reader  in  this  research  and  used  data  analysis  techniques  to 

summarize the data and test hypotheses. There was frequency distribution, table with 

means and standard deviation, correlations, regressions, and other statistics. And the 

more detailed summary statistics belong in the appendixes of this research report. 

  In the discussion section, this research gave the reader a concise, unambiguous 

interpretation of its meaning. The discussion was what happens in the results section 

and is separate from the results. This discussion was according to the hypotheses, how 

the  data  relates  to  each  hypothesis,  and new  unanticipated  findings.  This  section 

includes  research  comments,  suggestions,  and  applications  of the  new  findings  for 
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environmental management and urban energy management as well as an appropriately 

and  sustainably  way  to  do  so. Finally,  results  and  weaknesses  or  limitations  in  the 

study were explained. 

 



 
 

 

CHAPTER 4 

 

DESCRIPTIVE ANALYSIS 

 

  Survey  data  for  the  study  was  collected  mainly  through  household  units  by 

face-to-face  interviews  with  a  structured  quantitative  questionnaire.  This  collected 

data  came  from  15  of  all  of  the  50 administrative  districts  in  the  Bangkok 

Metropolitan Administration area or BMA of Thailand during the two month period 

of  January  through  February,  2011.  This  chapter  describes  research  data  analysis  in 

the scope of the following descriptive analyses: questionnaire structure, sampling  and 

collection  of  data,  analysis  and  interpreting  of  said  data,  capacity  of  energy 

consumption, capacity of energy saving, and the capacity of carbon dioxide emission 

reduction in Bangkok city and households within the stated area. 

 

4.1 Questionnaire Structure 

 

The  face-to-face  questionnaire  for  data  collection  in  the  field  was  designed 

and constructed in five sections. This comprised eleven pages and twenty six question 

items with Thai and English languages. The details are as follows. 

Section  1:  Basic  and  general  information  of  the  households  contained  a 

representative  name  of  the  members    of  the  household,  only  members  of  the 

household  above  18  years  old  could    give the  household’s  information.  Information 

and  data  of  each  household  in  this  section  was  the  number  of  members  of  the 

household,  gender,  age,  education  status, occupation,  income  per  person,  mode  of 

transport, distances between job and housing area by distance and time and the type of 

the accommodation.  

Section 2: Energy consumption within the households. This section contained 

the  questions  about  the  numbers  of  household  facilities  and  electrical  appliances, 

average  monthly  payments  for  electricity  and  other  energies  in  the  household, 
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technological  and  alternative  energy  use  and  the  implementation  of  products  for 

saving electrical energy in their households. 

Section  3:  The  energy  consumption  in  transportation  and traveling  section 

contained  types  of  vehicle,  quantities  of  fuel  consumption,  expenses  in  their  own 

transportation,  other  expenses  in  public  transport,  changes  of  transport  modes  for 

daily transport in the future and also the details of the household’s holiday or traveling  

each year. 

Section  4:  Energy  conservation  and  saving  factor,  contained  questions  about 

practices  of  electricity  consumption  reduction,  practices  of  fuel  energy  consumption 

and reduction, practices for reducing and recycling waste products in the households. 

Other questions asked about knowledge, opinion, belief, attitude, motivation; as well 

as communication and information factors in their behavioral characteristics, such as 

reasons for the household’s members need to reduce energy use in the home, vehicle 

fuels and recycling the fewer waste products from the home.. 

Section  5:  Suggestion  was  open-form questions,  which  was  comprised  of 

practices of how to implement methods for reducing electrical energy, fuel energy and 

the  carbon  dioxide  emissions  in  the  present  and  in  the  future.  Examples  for  these 

kinds  of  question  were  reducing  usage  in  home  electrical  energy,  reducing  vehicle 

transportation  and  traveling  energy,  reductions  in  the  government  and  the  public 

organization sector, opinions and other suggestions. 

The  questionnaire  design  and  structure  was  generated  according  to  the 

quantitative  research  measurement  for the  study.  Most  of  the  items  in  the 

questionnaire  used  measurement  methods, indexes,  and  scaling  techniques  which 

measured the implication and statistical analysis of the research conceptualization. Its 

design  and  structure  was  also  focused on  precision  and  accuracy  concerning  the 

fitness of distinctions made between the attributes that composed a variable. 

Before  using  this  questionnaire  for  the  instrument  of  data  collection  in  the 

field, this questionnaire was edited by research experts, to check on content accuracy 

and  then  pretested  in  the  field,  around 105  household  units  in  the  various  15 

administrative  district  areas  of  Bangkok  city.  After  the  pretesting,  the  questionnaire 

was  improved  in  some  areas  for  ease  of  use  in  ways  of  response  i.e.  item  no.  6  of 

section 2 had added choices for answering. Also item no.12 in section 3, item no.18, 
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24,  and  25  in  section  4,  in  the  case  of  the  CNG  acronym,  Thai  people  use  NGV 

instead, being defined as Natural Gas for Vehicles.  

 

4.2  Sample and Collection of Data 

 

The  sample  consisted  of  1,150  household  units  and  was  collected  from  the 

population  of  random  households  in  all  of  the 50  districts  in  the  BMA  area.  The 

sample was taken randomly with a multi-stage sampling technique, drawing samples 

from  around  1,300  household’s  respondents  but  after  checking  the  answers,  the 

number  reduced  to  1,150  households.  The response  rate  was  nearly  90%  of  the 

original sample, because the remaining 10% of all drawn samples was incomplete and 

some items in the collected questionnaire were not answered. 

The data from 15 of the 50 districts was collected within a two month period, 

spanning January through February 2011.  In each district area data collected from an 

average  of  77  household  units,  or  6.7%  of  each  district,  for  all  district  areas.  The 

physical origin of the data and the relative data concerning data collection percentages 

and the ratio of participating households, it’s division based on location zoning based 

on the 15 chosen districts, can be seen in table 4.1.  The first zone or inner area was 

collected  in  6  districts  from  all  21  districts  about  473  households  or  41.1%  of  all 

collected data. 

1)  Pom  Prap  Sattru  Phai  78  households  in  the  main  three  roads: 

Bharung Muang, Mitri Jit, and Jakaphadipong or 6.8% was sampled. 

2)  Bang Sue 77 households in the main three roads: Dhecha Vanich, 

Pracha Ratch, and Krutep-Nont or 6.7% was sampled. 

3)    Din  Daeng  61  households  in  the  main  three  roads:  Wipawadee-

Rangsit, Pracha Songkrau, and Din Daeng or 5.3% was sampled. 

4)    Yan  Nawa  80  households  in  the  main  three  roads:  Sathu  Pradit, 

Chan, and Nonsri or 7.0% was sampled. 

5)  Bangkok  Yai  91  households  in  the  main  three  roads: 

Charansanitwong, Israpap, and Wangdeum or 7.9% was sampled. 

6)    Bang  Kho  Laem  86  households  in  the  main  three  roads:  Charoen 

Krung, Rama 3, and Thanon Tok or 7.5% was sampled. 
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Table 4.1  Percentage of the Collected Sample from 15 Districts of Bangkok City 

 

         Unit: Household/Case 

District Area  Frequency 

 

Percent 

(%) 

Cumulative 

Percent 

1.Pom Prub 78 6.8 6.8

2.Bang Sue 77 6.7 13.5

3.Din Daeng 61 5.3 18.8

4.Yan Nawa 80 7.0 25.7

5.Bangkok Yai 91 7.9 33.7

6.Bang Kho Leam 86 7.5 41.1

7.Pra Kanong 77 6.7 47.8

8.Lat Phrao 77 6.7 54.5

9.Khan Na Yao 74 6.4 61.0

10.Bang Phlat 75 6.5 67.5

11.Chom Thong 75 6.5 74.0

12.Don Muang 71 6.2 80.2

13.Lat Krabang 76 6.6 86.8

14.Taling Chan 77 6.7 93.5

15.Bang Bon 75 6.5 100.0

Total 1,150 100.0

 

The  second  zone  or  middle  area  was  collected  in  5  districts  from  all  18 

districts about 378 households or 32.9% of all collected data: 

1)  Phra Khanong 77 households in the main three roads: Sukhumwit, 

Bangna-Trat, and Rama 4 or 6.7% was sampled. 

2)  Lat Phrao 77 households in the main three roads: Sukhumwit, Lat 

Phrao, and Ramintra-Ekamai or 6.7% was sampled. 

3)  Khan Na Yao 74 households in the main three roads: Ramintra, Seri 

Thai, and Sukhapibal 3 or 6.4% was sampled. 

4) Bang Phlat 75 households in the main three roads: Charansaniwong, 

Sirinthorn, and Rajawithi or 6.5% was sampled. 
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5)  Chom Thong 75 households in the main three roads: Pracha Uthit, 

Rama 2, and Phuta Bucha or 6.5% was sampled. 

Finally,  the  third  zone  or  outer  area  was  collected  in  4  districts  from  all  11 

districts about 299 households or 26% of all collected data: 

1)  Don  Mueang  71  households  in  the  main  three  roads:  Wipawadee-

Rangsit, Cherd Vutthiguard, and Srong Prapa or 6.2% was sampled. 

2) Lat Krabang 76 households in the main three roads: Chalong Krung, 

Chao Khun Tahan, and Suwinthawong or 6.6% was sampled. 

3)  Taling  Chan  77  households  in  the  main  three  roads: 

Charansanitwong, Suan Phug, and Chuck Pra or 6.7 % was sampled. 

4)  Bang Bonwas 75 households in the main three roads: Petchakasem, 

Ekachai, and Bangbon or 6.5% was sampled. 

After  the  coding  scheme  had  been  finished,  collected  data  was  inputted  into 

the computer program SPSS v. 17. To produce a complete data set, free from errors, 

and data entry errors. This took about one month, between February and March 2011. 

Data cleaning or double checking the inputted data and creating new variables in the 

computer program took around 20 days. 

 

4.3  Analysis and Interpretation of Data 

 

Analysis and interpretation of inputted data with the software program SPSS 

v.17 can be categorized by the value of quantitative and qualitative variables with the 

measurement  of  descriptive  statistics  and frequencies  as  per  questionnaire  structure, 

aforementioned in frequency distribution, measurements of the central tendency, and 

measures of dispersion as follows. 

  

4.3.1  Basic and General Information of the Households 

This kind of information contained the number of members of the household, 

gender, age, education status, occupation, income per person, mode of transport, and 

distances by area and time, type of house, and total expenditure in the household. 

4.3.1.1  The  number  of  Household  members. Characteristics  of  the 

household’s  members  in  the  sample  of 1,150  households,  which  was  collected  and 
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analyzed  by  frequency  distribution,  comprised  of 1,643  men  and  1,721  women  or  a 

total  of  3,364  people.  The  highest  frequency  was  2  persons  in  279  households  or 

24.3%, the next was 3 persons in 262 households or 22.8%, followed by 1 person in 

239 households or 20.8%, then 4 persons in 202 households or 17.6%, 5 persons in 98 

households or 8.5%, 6 persons in 38 households or 3.3%, 7 persons in 14 households 

or 1.2%, 8 persons in 10 households or 0.9%, 9 persons in 3 households or 0.3%, and 

the last one was 10 persons in 5 households or 0.4% as shown in table 4.2. 

 

Table 4.2  Number and Percentage of the Household Members  

 

          Unit: Household Members 

No. of the Household’s 

Member 

Frequency 

 

Total 

 

Percent 

(%) 

Cumulative 

Percent 

1 239 239 20.8  20.8

2 279 558 24.3  45.0

3 262 786 22.8  67.8

4 202 808 17.6  85.4

5 98 490 8.5  93.9

6 38 228 3.3  97.2

7 14 98 1.2  98.4

8 10 80 .9  99.3

9 3 27 .3  99.6

10 5 50 .4  100.0

Total 1,150 3,364 100.0 

 

Mean,  median,  mode,  max  and  min in  number  of  the  household’s 

member were 2.93, 3, 2, 1 and 10 persons. This data can be explained that; in today’s 

characteristics  of  a  family  pattern,  there  are  usually  1-4  members  in  one  household 

likewise  single-,  couple-,  triple-,  and  nuclear  families  are  more  common  than  an 

extended family, which was much more common occurring in previous times. 
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The percentages of men and women in the households were presented 

in  table  4.3  and  4.4.  The  highest  number of  men  in  the  household  was  1  in  508 

households  or  44.2%,  next  was  2  in 307  households  or  26.7%,  none  in  182 

households or 15.8%, 3 in 108 households or 9.4%, others were 4, 5, 6, and 7 in 33, 8, 

3, and 1, or 2.9, 0.7, 0.3, and 0.1%, respectively. Women in the households, the first 

was 1 in 505 households or 43.9%, second was 2 in 307 households or 26.7%, third 

was none in 158 households or 13.7%, forth 3 in 135 households or 11.7%, others 4, 

5, 6, and 8 in 33, 9, 2, and 1, or 2.9, 0.8, 0.2, and 0.1%, respectively. 

 

Table 4.3  Number and Percentage of Men in the Household  

 

       Unit: Household 

No. of Men in the 

Household 

Frequency  Percent 

(%) 

Cumulative 

Percent 

0 182 15.8 15.8

1 508 44.2 60.0

2 307 26.7 86.7

3 108 9.4 96.1

4 33 2.9 99.0

5 8 .7 99.7

6 3 .3 99.9

7 1 .1 100.0

Total 1,150 100.0

 

4.3.1.2 Ages of the Household’s Members. It can be concluded in table 

4.5,  showing  that  higher  frequencies  occur  in  the  16-25,  26-35,  36-45,  46-55  age 

groups.  The lower frequencies of householder’s ages are in the 1-15, 56-65, and 65-

90  year  old  age  groups.  Frequencies  and  percentages  of  this  age  group  were  856 

members or 25.45%, the next was 710 or 21.14%, the third was 634 or 18.83%, the 

fourth was 524 or 15.58%, the fifth was 306 or 9.10%, then 221 and 113 or 6.56% and 

3.34%.  Age  distribution  of  the  household  members  represented  the  living  pattern  of 
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the household unit in singles, couples and some families with only a small number of 

children. 

 

Table 4.4  Number and Percentage of Women in the Household  

 

                    Unit: Household 

No. of Women in the 

Household 

Frequency 

 

Percent 

(%) 

Cumulative 

Percent 

0 158 13.7 13.7

1 505 43.9 57.7

2 307 26.7 84.3

3 135 11.7 96.1

4 33 2.9 99.0

5 9 .8 99.7

6 2 .2 99.9

8 1 .1 100.0

Total 1,150 100.0

 

Table 4.5  Number and Percentage of Ages in the Household  

 

   Unit: Household Members 

Ages in The Household  Frequency 

 

Percent 

(%) 

Cumulative 

Percent 

1-15 Years Old 306 9.10 9.10

16-25 Years Old 856 25.45 34.55

26-35 Years Old 710 21.14 55.69

36-45 Years Old 634 18.83 74.52

46-55 Years Old 524 15.58 90.10

56-65 Years Old 221 6.56 96.66

65-90 Years Old 113 3.34 100.00

Total 3,364 100.00
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Table 4.6  Number and Percentage of Education Years in the Household  

 

Unit: Household’s Member 

Education Years in the 

Household 

Frequency 

 

Percent 

(%) 

Cumulative 

Percent 

0 155 4.61 4.61

1 26 0.77 5.39

2 37 1.10 6.49

3 36 1.07 7.56

4 324 9.64 17.20

5 22 0.65 17.86

6 228 6.79 24.64

7 82 2.44 27.08

8 35 1.04 28.13

9 359 10.68 38.81

10 59 1.76 40.57

11 39 1.16 41.73

12 568 16.90 58.63

13 163 4.85 63.48

14 218 6.49 69.97

15 84 2.50 72.47

16 844 25.12 97.59

18 76 2.26 99.85

21 5 0.15 100.00

Total 3,360 100.00

 

4.3.1.3  Education Years of the Household members. Table 4.6 shows 

details of the education years attained by the household members. It can be noted that 

the first on the list was a bachelor degree or university graduation (16 years) with 844 

persons or 25.12%, second was high school education or grade 12 and/or Matayom 6, 

vocational certification or equivalent (12 years) in 568 persons or 16.90%, thirdly was 

secondary school or grade 9 and/or Matayom 3 (9 years) in 359 persons or 10.68%, 
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next grade 4 and/or Prathom 4 (4 years) in 324 persons or 9.64%, the last was grade 6 

and/or  Prathom  6  (6  years)  in  228  persons  or  6.79%,  and  finally  was  high  school 

vocational  certification  and/or  equivalent to  diploma  (14  years)  in  218  persons  or 

6.49%.  In  cases  of  master  and  doctoral  degree  graduations  (18 and  21  years)  there 

were 76 and 5 persons respectively, or 2.26% and 0.15%, and non-education (0 years) 

in 155 persons or 4.61%. 

From  this  data,  it  can  be  assumed that  most  of  the  householders,  or 

more than a quarter of the householders were educated people who were living in the 

urban city. This indicated that these householders could have the purchasing power to 

buy some households facilities and the expenses for their transport and traveling costs 

were greater than that of people who have less education and the purchasing power to 

buy daily essentials for basic living. 

 

Table 4.7  Number and Percentage of Occupations in the Household  

 

Unit: Household Members 

Occupation in the Household  Frequency 

 

Percent 

(%) 

Cumulative 

Percent 

1.Government Official 172 5.21 5.21

2.State-Enterprise 38 1.15 6.36

3.Private Company 620 18.78  25.14

4. Business Owners  178 5.39  30.54

5.Waged 711 21.54  52.08

6.Self-Employed 451 13.66  65.74

7.Unemployment 162 4.91  70.65

8.Student 802 24.30  94.94

9.Housewife 167 5.06  100.00

Total 3,301 100.00 

 

4.3.1.4  Occupation of the Household Members. Table 4.7 gives details 

of  the  occupation  of  the  household’s  members.  The  number  one  occupation  was 

student,  next  was  waged,  then  private  company,  self-employed,  business  owners, 
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government officials, housewives, unemployed, and state enterprises. There presented 

figures  are:  for  students    802  members  or  24.30%,  wages  711  or  21.54%,  private 

company  620  or  18.78%,  self-employed 451  or  13.66%,  business  owners178  or 

5.39%, government officials 172 or 5.21%, housewives 167 or 5.06%, unemployment 

162 or 4.91%, and state enterprises 38 or 1.15%, respectively. 

                  Explanations  for  this  occupation  are  that  government  official  roles 

consist  of  ministries,  departments,  divisions  and  also  university  and  local 

administration  positions.  State-enterprises are  the  Metropolitan  Electricity  Authority 

or MEA, State Railway of Thailand and others. Private companies have the limited or 

public  companies  and  also  in  partnerships  and  limited  companies.  Waged  are  the 

people who get paid by the day, or working or job by job, i.e.  not by salary. Business 

owners run their company, or any partnership in the company or limited partnerships. 

The self-employed are those who sell things from their stores, stalls at home or in the 

market  place.  Unemployment  may  be  newly  graduated;  children  in  kindergarten 

school, and also those who are not working at the present time and stay at home. 

 

Table 4.8  Number and Percentage of Total Income in the Household  

 

                    Unit: Household 

Total Income/Month in 

The Household 

Frequency 

 

Percent 

(%) 

Cumulative 

Percent 

      0-10,000   Baht 153 13.30  13.30

     10,001-20,000   Baht 371 32.26  45.57

     20,001-30,000   Baht 253 22.00  67.57

     30,001-40,000   Baht 135 11.74  79.30

     40,001-50,000   Baht 98 8.52  87.83

     50,001-100,000 Baht 116 10.09  97.91

      >100,000 Baht 24 2.09  100.00

Total 1,150 100.00 

 

4.3.1.5 Total Income of the Household’s Members. Distribution of the 

total income of all households was in mean, median, mode, min, and max as such - 
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30,658.43, 23,500, 20,000, 0, and 300,000 baht per month. The highest percentage of 

total  income  from  ranking  was  10,001-20,000  baht/month  in  371  households  or 

32.26%,  next  was  20,001-30,000  in  253  households  or  22.00%,  the  third  was  0-

10,000 in 153 households or 13.30%, the forth was 30,001-40,000 135 households or 

11.74%,  then  50,001-100,000  in  116  households  or  10.09%,  and  finally  was  more 

than 100,000 in 24 households or 2.09% as shown in table 4.8. 

 

Table 4.9   Type and Percentage of Vehicles and Transports Used by the Household  

 

Unit: Household’s Member 

Type of Transports  Frequency 

 

Percent 

(%) 

Cumulative 

Percent 

1.Passenger Car 460 13.78 13.78

2.Pickup Car 225 6.74 20.52

3.Taxi 86 2.58 23.09

4.Motorcycle 503 15.06 38.16

5.Motorcycle Taxi 74 2.22 40.37

6.Public Bus 873 26.15 66.52

7.BTS 122 3.65 70.17

8.MRT 9 0.27 70.44

9.Bicycle 54 1.62 72.06

10.Walking 884 26.47 98.53

11.Others 49 1.47 100.00

Total 3,339 100.00

 

4.3.1.6 Type of the Household’s Vehicle and Transport Mode. Number 

of  vehicle  and  transport  used  in  the  household  for  their  everyday  working  and 

traveling  between  job  place  and  home  location  are  in  table  4.9.  Most  of  them  were 

walking, public bus, motorcycle, passenger car and pickup truck. They were  884 or 

26.47%, 873 or 26.15%, 503 or 15.03%, 460 or 13.78%, and 225 or 6.47%. The least 

of  them  was  MRT  in  9  or  0.27%,  others  49  or  1.47%,  bicycle  54  or  1.62%, 

motorcycle taxi 64 or 2.22%, and taxi 86 or 2.58%, respectively. 
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From the same data, more than one mode of transport can be used on a 

daily basis, such as going by public bus and then go by BTS, passenger car or taxi. 

The  other  vehicles  comprised  of  SUV’s, vans  /  station  wagons,  public  vans,  public 

boats,  school  buses  and  school  vans,  tuk-tuks  and  also  e-tan  (agricultural  modified 

truck) are used by some householders. 

4.3.1.7  Total  Distance  between  Home  and  Job  Place  of  the 

Household’s  Members. This  data  has  two  kinds  of  unit,  the  first  one  was  by  the 

distance or kilometer, and second one was by the time consumption in minutes. This 

data  noted  that  the  total  distance,  by  the  distance  and  by  the  time,  came  from  the 

summation  of  all  of  the  members  in  each household.  Collected  data  showed  mean, 

median, mode, min and max that was 23.18 and 62.49 or around an hour, 12.00 and 

50.00 or nearly an hour, 10 and 30 or around a half of hour, 0 and 0, and 480 km and 

540 minutes, respectively. 

 

Table 4.10  Distance between Home and Job Places  

 

                     Unit: Household 

Total Distance   Frequency 

 

Percent 

(%) 

Cumulative 

Percent 

     0-10  Km 539 46.87  46.87

   11-20  Km 218 18.96  65.83

   21-30  Km 124 10.78  76.61

   31-40  Km 92 8.00  84.61

   41-50  Km 48 4.17  88.78

   51-60  Km 46 4.00  92.78

   61-80  Km 35 3.04  95.83

  81-100 Km 17 1.48  97.30

101-150 Km 21 1.83  99.13

     >150 Km 10 0.87  100.00

Total 1,150 100.00 
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Most  of  total  distances  between  home  and  job  places  were  0-10 

kilometers  in  539  households  or  46.87%, 11-20  km  in  218  or  18.96%,  21-30  km  in 

124  or  10.78%,  and  31-40  km  in  92  or  8.00%. Others  are  presented  in  table  4.10. 

Time used from home to job places varies between 0, to more than 180 minutes or 3 

hours as shown in table 4.11. It can be concluded that even though the total distance 

in  each  household  is  not  far  away  from  home,  around  0-30  km  (76.61%),  the  time 

used is more than the number of kilometers taken or around 0-90 minutes (80.26%). 

This event may  indicates that the traffic congestion in the city of Bangkok  is more 

jammed, particular in the inner and middle areas of the city. 

 

Table 4.11  Time Taken between Home and Job Places  

 

                    Unit: Household 

Total Time Use   Frequency 

 

Percent 

(%) 

Cumulative 

Percent 

      0-15   Minute 191 16.61  16.61

    16-30   Minute 237 20.61  37.22

    31-45   Minute 136 11.83  49.04

    46-60   Minute 173 15.04  64.09

    61-90   Minute 186 16.17  80.26

    91-120 Minute 114 9.91  90.17

  121-180 Minute 76 6.61  96.78

       >180 Minute 37 3.22  100.00

Total 1,150 100.00 

 

4.3.1.8  Housing  –  The  Type  of  Household.  There  are  a  number  of 

different styles of housing in which all households have been placed, and they can be 

categorized  by  the  following  six  types. The  first  was  a  single  house:  it  may  be 

comprised of a single house which was established both in a developed area and in a 

non developed area, it may be one to three stories and it may be of wooden or cement 

structure. It was 344 households or 29.9%. Mean, median, mode, min and max were 

111.88, 120.00, 120, 20, and 450 square meters. 
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Figure 4.1  Number of Housing Types in the Household 

 

The  second,  a  commercial  building,  was  used  for  the  householders 

doing business in their own home. It is comprised of one to five stories, most of it is 

located on the road side and the structure is always from cement/concrete. There were 

212 households or 18.4%. Mean, median, mode, min, and max were 113.63, 110.00, 

120, 26, and 250 square meters.  

The  third  was  a  townhouse,  it  is a  single  front  house  that  may  be 

comprised of house which was established in a developed area or not in a developed 

area, but most of them are one to three stories and located in a terrace. There were 127 

households or 11.0%. Mean, median, mode, min, and max were 69.38, 70.00, 70, 24 

and 280 square meters. 

The fourth was condominium or apartment building. It may be a rental 

property, where the tenant has the rights to stay or it may be owner occupied. Most of 

them are established buildings more than five stories high and having an elevator for 

access.  There  were  196  households  or  17.0%.  Mean,  median,  mode,  min,  and  max 

were 27.95, 25.00, 25, 22 and 90 square meters. 

Next  was  rental  houses,  they may  comprise  of  single  houses, 

commercial  buildings,  townhouses  and  rental  rooms.  There  were  223  households  or 
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19.4%. Mean, median, mode, min, and max were 36.41, 20.00, 20, 10 and 150 square 

meters. 

Finally  was  another  kind  of  housing, it  may  be  called  flats  such  as 

soldier  flats,  police  flats,  twin  houses,  dormitories  and  some  kinds  of  rental  room. 

There were 48 households or 4.2%. Mean, median, mode, min, and max were 29.64, 

25.00, 20, 12 and 140 square meters. 

4.3.1.9  Expenditure  of  the  Household’s  Members.  All  household 

expenses  are  presented  in  table  4.2.  Most  of  total  expenditure  was  between  10,001-

20,000  baht  in  625  households  or  54.35%,  the  next  was  0-10,000  baht  in  362 

households or 31.48%, follow by 20,001-30,000 baht in 138 households or 12.00%, 

then others were 30,001-40,000, 40,001-50,000, and more than 50,000 baht in 10, 9 

and  6  households  or  0.87,  0.78  and  0.52%  respectively.  Mean,  median,  mode,  min, 

and  max  in  baht  per  month  were  14,863.72,  14,000.00,  15,000.00,  3,000,  and 

75,000.00 baht. 

 

Table 4.12  Number and Percentage of Total Expenditure of the Household  

 

                    Unit: Household 

Total 

Expenditure/Month in 

The Household 

Frequency 

 

Percent 

(%) 

Cumulative 

Percent 

            0-10,000 Baht 362 31.48  31.48

   10,001-20,000 Baht 625 54.35  85.83

   20,001-30,000 Baht 138 12.00  97.83

   30,001-40,000 Baht 10 0.87  98.70

   40,001-50,000 Baht 9 0.78  99.48

             >50,000 Baht 6 0.52  100.00

Total 1,150 100.00  

 

The  data  showed  that  most  of  all  households’  expenditures  were 

between  10,000-20,000  baht  per  month,  more  than  a  half,  while  total  income  as 

mentioned earlier, was between 10,000-30,000 baht per month or 30.0%. That means 
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that  the  majority  grouping  of  households  cannot  save  their money  at  all,  because  of 

the  high  cost  of  living  and  higher  expenses  in  their households’  energies  and 

transportation costs for their living, due to being resident in the big city of Bangkok 

metropolis. 

 

Table 4.13  Number of Electrical Appliances Used in the Household 

 

Unit: Item 

Item of Appliances  Mean  Min  Max  Total 

1.Television 1.60  1  12 1,149

2.Radio  1.23  1  5 718

3.Refrigerator 1.17  1  7 1,062

4.CD/DVD Player 1.29  1  5 832

5.Rice Cooker 1.11  1  4 1,070

6.Microwave 1.08  1  4 444

7.Washing Machine 1.09  1  6 729

8.Water boiler 1.13  1  10 606

9.Electric pan 1.09  1  5 425

10.Vacuum machine 1.06  1  3 293

11.Computer 1.34  1  10 763

12.Air Conditioner 1.48  1  10 588

13.Water Pump 1.06  1  3 283

14.Electric Fan 2.14  1  13 1,116

15.Iron 1.12  1  5 1,094

16.Electric Shower 1.25  1  6 274

 

4.3.2  Energy Consumption in the Household 

Energy  consumption  in  the  households  comprised  the  number  of  household 

electrical  appliances,  average  monthly  payments  for  electricity  and  other  energies 

used in the household. The other energies included alternative energy sources, energy 

technology  in  use  and  any  other  alternative  technological  and  energy  products  for 

saving energy in their households. 
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4.3.2.1  Number  of  Household  Appliances.  Table  4.13  and  figure  4.2, 

show the electrical appliances which the households used. The appliances which use 

the  most  energy  have  been  using  more than  1,000  units.  These  were:  television  at 

1,149 units, electric fan at 1,116 units, iron at 1,094 units, rice cookers at 1,070 units 

and refrigerator at 1,062 units.  The other electrical appliances using between 500 to 

1,000  units  were:  CD/DVD  player  using  832 units,  radio  using  718  units,  computer 

using 763 units, washing machine using 729 units, water boiler using 606 units and air 

conditioner  using  588  units.  The  rests  using  less  than  500  units  were  microwave  at 

444  units,  electric  pan  at  425  units,  (vacuum cleaner  or  washing  machine)  at  293 

units, water pump at 283 units and electric shower at 274 units, respectively. 

 

 

 

Figure 4.2  Total Number of Electrical Appliances Used in the Household 

 

The total number of all electrical appliances was mean between 1.06-

1.60 items, median-mode-min as 1 and max between 3-13 items.  Each household had 

around 7 items in 105 households or 9.1%, secondly was 8 items in 100 households or 

8.7%, the next was 9 items in 98 households or 8.5%, the fourth was 10 items in 93 

households or 8.1%, the fifth was 6 items in 82 households or 7.1%, and lastly was 11 
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items in 81 households or 7.0%, respectively. That means that they had between 6-11 

electrical appliances in 599 households or 48.61%, nearly half of the total households. 

 

Table 4.14  Total Monthly Expense of Energy Use in the Household 

 

            Unit: Baht 

Home Energy Expense  Mean  Min  Max  n 

1.Electricity  760.30 100 8,000  1,150

2.LPG for Cooking 95.52 20 600  775

3.Charcoal 113.58 5 750  67

4.Battery 80.78 20 250  51

5.Fuels 153.60 48 400  5

6.Other Energy 75.20 0 1,250  1,146

Total Expense 835.54 100 8,500  1,150

 

4.3.2.2 Number of the Household’s Expenses in Home Energy. There 

were five energy sources and consumptions in home energy such as electricity, LPG 

for cooking, charcoal, battery and other fuels. In table 4.14, the total monthly expense 

of home energy was 835.54 baht. First of all was electrical energy 760 baht, secondly 

other fuels was 153.60 baht, thirdly charcoal was 113.58 baht, then LPG for cooking 

95.52  baht,  fifth  batteries  was  80.78  baht and  finally  other  energy  was  75.20  baht, 

respectively. Max, min and mode of total expenses in home energy were 8,500, 100, 

and  300  baht  per  month,  electrical  energy  8,000,  100,  and  300  baht  while  LPG  for 

cooking 600, 20, and 50 baht, charcoal 750, 5, and 100 baht, battery 250, 20, and 100 

baht, finally other fuels 400, 48, and 100 baht. The most popular energy sources used 

in  home  energy  were  electricity  and  LPG  for  cooking.  They  represented  100%  of 

electricity use while LPG for cooking in a half of all cases. 

In  the  case  of  alternative  energy  and  energy  technology  which  had 

been used and consumed in the households such as solar energy, wind energy, water 

energy,  biogas  and  the  others.  It  seems  that all  surveyed  households  did  not  turn  to 

these  kinds  of  alternative  energy  in  their  home  energy  uses  and  consumptions.  That 

means none of them ever use it in their home energy  as a choice of new alternative 
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energy  and  technological  energy.  There  may  be  a  few  households  in  Bangkok  city 

area that uses in any kind of alternative energy, but the research did not gain access to 

these groups when conducting the households’ survey. 

     4.3.2.3  Number  of  Technological  Appliances  Used  for  Saving  Home 

Energy.  Some  kinds  of  technological  appliances  which  were  used  for  saving 

electricity  in  the  households,  and  therefore  deemed  to  be  reducing  home  electricity 

bills included appliances with energy saving labels, green products, new technological 

appliances and alternative energy appliances as shown in table 4.15. 

 

Table 4.15  Total Technological and Alternative Appliances Used for Saving Home 

Energy 

 

Unit: Item 

Type of Technological and 

Alternative Appliances 

Frequency 

 

Percent 

(%) 

1.Compact fluorescent light bulbs 675  21.15

2.Electrical saving label appliances 750  23.50

3.LED light Bulbs 178  5.58

4.Auto power off equipment 126  3.95

5.LCD & LED television 340  10.65

6.EER refrigerator 453  14.20

7.LCD & LED personal computer 322  10.09

8.EER air conditioner 274  8.59

9.Power saving unit 47  1.47

10.Solar energy appliances 20  0.63

11.Wind energy appliances 6  0.19

Total 3,191  100.00

 

Of the total number of technological and alternative appliances which 

were  being  used    in  households  for  their  home  energy,  it  can  be  concluded  that  the 

most of them were electrical saving label products such as the number-5-saving label 

which  shows  the  appliances  have  been guaranteed  by  the  Electricity  Generation 
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Authority of Thailand or EGAT. These include many types of electrical products i.e. 

electric  fan,  refrigerator,  rice  cooker,  etc. These  represented,  in  total,  750  items  or 

23.50% of all items. 

Compact fluorescent light bulbs were the second, 675 items or 21.15%, 

thirdly  were  EER  refrigerators  with 453  items  or  14.20%,  fourthly  LCD  &  LED 

televisions with 340 items or 10.65%, then LCD & LED personal computers with 322 

items or 10.09%. Finally were EER air conditioners, LED light Bulbs, auto power off 

equipment, power saving units, solar energy products and wind energy products: 274, 

178,  126,  47,  20,  and  6  items  or  8.59%,  5.58%,  3.95%,  1.47%,  0.63%,  and  0.19%, 

respectively. 

 

4.3.3  Energy Consumptions in Transportation and Traveling 

Energy  consumptions  in  transportation and  traveling  comprised  the  type  of 

vehicle,  quantity  of  fuel  consumption,  expenses  in  their  own  transportation,  other 

expenses in public transport, number of changes in transport modes for daily transport 

in the near future and the kind of the household’s holiday or traveling each year. 

4.3.3.1  Number  of  the  Household’s Vehicle  and  Fuel  Consumption. 

The following data contained type of vehicle, quantity and cost of fuel consumption in 

monthly  expenses  for  their  own  car,  public  transport  Traveling  expenses  of  the 

household’s  holiday  or  traveling  both  in  provincial  and  trips  abroad  were  in  yearly 

payments. 

1)    Number  of  the  Household’s  Vehicles.  In  each  household 

unit,  there  were  around  1-8  units  in 721  households,  none  in  429  households  or 

62.70% and 37.30% respectively, or at the approximate ratio of 3:2. As given in table 

4.16,  all  721  households  had  at  least  1  vehicle,  454  households  or  39.50%  had  2 

vehicles, 173 households or 15.00% had 3  vehicles,  70 households or 6.10% had  4  

vehicles,  19 households or 1.7% had 5 vehicles,  3 households or 0.30% had 6 and 8 

vehicles were owned in 1 household or 0.10%, respectively. 
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Table 4.16  Number and Percentage of Vehicles Used in the Household 

 

                         Unit: Household 

No. of Vehicle 

(Unit/Household) 

Frequency 

 

Percent 

(%) 

Cumulative 

Percent 

0 429 37.3 37.3

1 454 39.5 76.8

2 173 15.0 91.8

3 70 6.1 97.9

4 19 1.7 99.6

5 3 .3 99.8

6 1 .1 99.9

7 0 0 99.9

8 1 .1 100.00

Total 1,150 100.00  

 

Table 4.17  Number and Percentage of Vehicles Used in the Household for Their 

Own Transport 

 

Unit: Car or Unit 

Type of Vehicle  Total 

 

Percent  

(%) 

Cumulative 

Percent 

1.Passenger car 386 28.91 28.91

2.Pickup car 207 15.51 44.42

3.Motorcycle 515 38.58 83.00

4.Bicycle 220 16.48 99.48

5.Others 7 0.52 100.00

Total 1,335 100.00
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Table 4.17 presents the total number and type of vehicle used in 

the households for their own transport. Motorcycles were the most used of all at 515 

units or 38.58%, second was the passenger car at 386 units or 28.91%, third was the 

bicycle at 220 units or 16.48%, fourth was the pickup car at 207 units or 15.51% and 

other  vehicles  made  up7  units  or  0.52%,  respectively.  Table  4.18  showing  types  of 

vehicle  which  households  had  in  transport and  travel  for  their  everyday  life  were 

motorcycles  in  418  households  or 37.46%,  next  were  passenger  cars  in  319 

households or 28.58%, then the pickup car in 191 households or 17.11%, and bicycles 

in  182  households  or  16.31%.  Finally  the  others  were  SUV’s,  vans,  station  wagons 

and e-tans in 6 households or 0.54%. Mean of all vehicle kinds in the household was 

1-2 units, min 1 unit, and max 3-5 units. 

 

Table 4.18  Type of Vehicle Used in the Household for Their Own Transport 

 

Unit: Car or Unit 

Type of Vehicle  Mean Median Mode/Min  Max  N  % 

1.Passenger car 1.21 1.00 1 3 319  28.58

2.Pickup car  1.08 1.00 1 5 191  17.11

3.Motorcycle  1.23 1.00 1 3 418  37.46

4.Bicycle 1.21 1.00 1 3 182  16.31

5.Others 1.17 1.00 1 3 6  0.54

Total 1,116  100.0

 

 

2)  Number of the Vehicle’s Fuel Types. In each vehicle unit, 

there used various fuel types, quantities and costs. The fuel types which were used in 

all vehicles can be divided between the  four kinds of vehicle such as passenger car, 

pickup  car,  motorcycle  and  others,  while  each type  of  vehicle  can  be  used  with  the 

main six fuel types i.e. gasoline 91 or 95, gasohol 91 or 95, LPG for vehicle, NGV or 

CNG, diesel and biodiesel. 
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Table 4.19  Number and Percentage of Fuel Type Used for Transport and Traveling 

by the Household 

 

      Unit: Car or Unit 

Fuel and Vehicle Types  Frequency 

 

Percent 

(%) 

Cumulative 

Percent 

     Fuel Type for Passenger Car  

Gasoline 91 or 95 129 33.42  33.42

Gasohol 91 or 95 195 50.52  83.94

LPG for vehicle 29 7.51  91.45

NGV or CNG 33 8.55  100.00

Total 386 100.00 

Fuel Type for Pickup Car     

Gasoline 91 or 95 12 6.28  6.28

Diesel 143 74.87  81.15

Gasohol 91 or 95 28 14.66  95.81

Biodiesel 6 3.14  98.95

LPG for vehicle 2 1.05  100.00

Total 191 100.00 

Fuel Type for Motorcycle     

Gasoline 91 or 95 178 42.58  42.58

Gasohol 91 or 95 240 57.42  100.00

Total 418 100.00 

      Fuel Type for Others     

Diesel 3 50.00  50.00

NGV or CNG 3 50.00  100.00

Total 6 100.00 

 

Table  4.19  presents  all  fuel  types  which  all  the  vehicles  used 

for their daily transport. In passenger cars gasohol 91 or 95 was a half of the 386 cars, 

at 195 units or 50.52%, while gasoline 91 or 95 as the second was used in 129 cars or 

33.42%. The rest were fuelled with LPG for commercial vehicles and NGV or CNG 
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(at  the  nearly  same  units)  of  33  and 29  cars  or  8.55%  and  7.51%.  That  means  no 

diesel and biodiesel fuels were used in these kinds of vehicles for their transport. 

The most used fuel type for pickup cars were, in order of usage, 

diesel   used in 143 cars out of all 191 units or 74.87%, the next was gasohol 91 or 95, 

gasoline  91  or  95,  biodiesel,  and  LPG  for  vehicle  at  28,  12,  6,  and  2  cars  in 

percentages of 14.66%, 6.28%, 3.14%, and 1.05%. 

      Motorcycle had two kinds of fuel types such as benzene 91 or 

95 and gasohol 91 or 95. The ratio of this type was approximately 2:3, with 178 units 

and 240 units or 42.58% and 57.42%. Finally the remaining other vehicles comprised 

six vehicles, all of them using an even split of fuels, namely diesel and NGV or CNG, 

its fuels utilization similar to passenger cars and pickup cars in their fuel usage ratios. 

 

Table 4.20  Quantity of Monthly Fuel Used in the Household’s Transport and 

Traveling 

 

                 Unit: Liter or Kilogram 

Fuel Expense for Vehicles Mean  Median  Mode  Min  Max 

1.Gasoline 91or 95 & 

Gasohol 91or 95 for 

Passenger Car 

67.13 67.00 30 0  1,000

2.LPG for Passenger Car  132.50 130.00 67 27  300

3.CNG for Passenger Car  278.79 180.00 150 0  3,000

4.All Fuels for Pickup Car  74.11 67.00 100 0  300

5.All Fuels for Motorcycle  28.81 21.00 15 0  150

6.All Fuels for Other Vehicles  166.67 125.00 300 60  300

 

Notes: No.1, 4, 5, and 6 were liters but no.2 and 3 were kilograms 

 

3)  Amount  of  the  Vehicle’s  Fuel  Quantity.  Table  4.20 

presented monthly filling for the vehicles of 721 households. For these types of fuel, 

passenger cars consumed gasoline 91 or 95 and gasohol 91 or 95 in 328 cars or 67.13 

liters,  min  and  max  were  0  and  1,000  liters  but  at  the  most  common  filling  was  30 
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liters. LPG for passenger cars was at 132.50 kilograms and most of them used LPG 

for vehicles at 67 kilograms, min and max 27 and 300 kilograms. CNG or NGV for 

passenger cars was 278.79 kilograms, min and max were 0 and 3,000 kilograms, and 

the most common usage was 150 kilograms. Fuel quantities used for 194 pickup cars 

were 74.11 liters, mode as 100 liters, max, and min were 300 and 0 liters. Motorcycle 

fuel consumption was 28.81 liters, mode at 15 liters with max and min at 150 liters 

and 0 liter. In the other vehicles there was an average of 166.67 liters, mode, max, and 

min were 300, 300, and 60 liters. 

4)  Amount  of  the  Vehicle’s Fuel  Expense  for  Their  Own 

Transport. Total fuel expenses for these kinds of fuels are shown in table 4.21. The 

unit price for calculating fuel consumptions are as follows. 

    

Table 4.21  Monthly Fuel Expense Used in Their Own Vehicles 

 

Unit: Baht 

Fuel Expenses for 

Vehicles  

Passenger 

Car 

Pickup Car  Motorcycle  Others 

1.Mean 2,764.42 2,242.58 1,019.48  2,764.42

2.Median 2,200.00 2,000.00 800.00  2,850.00

3.Mode 2,000 3,000 1,000  3,000

4.Min 0 0 0  1,000

5.Max 15,000 9,000 5,200  4,500

 

Notes: Price  calculations:  gasoline 91  or  95  =  40  baht/liter, gasohol  91  or  95  =  35 

baht/liter,  diesel  or  biodiesel  =  30  baht/liter,  LPG  =  15  baht/kilogram,  and 

CNG or NGV = 10 baht/kilogram 

 

(1)  Gasoline 91 or 95 was calculated at an average price at 

40 baht per liter. 

(2)  Diesel or Biodiesel was calculated at 30 baht per liter, 

as the government subsidized the rest of the price, even though in the current market 

price was at the higher price of 36 baht per liter. 
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(3)  Gasohol 91 or 95 was calculated at 34 baht per liter as 

an average price. 

(4)  LPG was calculated at 15 baht per kilogram as the price 

is currently fixed by the government and is not representative of the real market price.  

(5)    CNG  or  NGV  was  calculated  at  10  baht  per  kilogram 

even actually price always at 8.50 baht per kilogram. This price is also subsidized by 

the government by around 4-5 baht per kilogram and it is also not the actual market 

price. 

Total  fuel  expense  of  their  own  vehicles  on  a  monthly  basis, 

passenger  cars  needed  almost  the  highest payment  compared  to    other  kinds  of 

vehicle. These expenses, from 319 units, worked out at an average of 2,764.42 baht 

while  median  expenses  were  2,200  baht  less  than  the  other  vehicles  or  in  second 

place, the mode of expenses was 2,000 baht less than pickup cars and other vehicles, 

max and min expenses were 15,000 and 0 baht, respectively. 

The  remaining  6  other  vehicles  used  fuels  in  the  second 

bracket, or an average of 2,666.67 baht, median expense was more than the others at 

2,850 baht but mode of expense was the same as pickup cars and more than the total, 

while the min and max expenses were 1,000 and 4,500 baht. 

Total  fuel  expense  for  pickup cars  from  194  vehicles  as  an 

average of 2,242.58 baht or the third bracket, a median expense of 2,000 baht was less 

than the other vehicles and passenger cars but it was more than motorcycles, mode of 

expense was the same as other vehicles, but min and max expenses were 0 and 9,000 

baht. 

      Motorcycle  fuels  from  413  vehicles  were  the  least  expensive,  

having an average of 1,019.48 baht, median expense was 800 baht, mode of expense 

was 1,000 baht, min and max expenses were 0 and 5,200 baht. 

5)  Number  of  Their  Public  Transport  Modes  and  Expenses. 

This  data  was  separated  from  their  own  vehicles  and  traveling.  Each  household 

travelled both in their own vehicles and on public transport. The data in table 4.22 had 

to show details of all public transport modes in Bangkok city, where they were used.  

The total expense for public transport is in monthly values from 

1,150  households,  and  can  be  categorized  into  7  types  of  public  transport  modes. 
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Namely:  public  boat,  public  bus,  taxi,  motorcycle  taxi,  BTS,  MRT  and  public  van. 

The  highest  mean  public  transport  expenses  was  public  van  or  18  households.  The 

next was taxi or 110, thirdly was public bus or 628, fourthly was MRT, BTS, public 

boat and finally was motorcycle taxi. These average monthly expenses were 902.78, 

674.36, 610.90, 531.67, 522.44, 472.86, and 460.53 baht. 

 

Table 4.22  Monthly Expense Use for Their Public Transports 

 

Unit: Baht 

Type of Public Transport  N  Mean  Median  Mode  Min  Max 

1.Boat 7 472.86 300.00 100  100  1,600

2.Bus 628 610.90 500.00 300  48  4,500

3.Taxi 110 674.36 500.00 500  50  4,000

4.Motorcycle 57 460.53 300.00 300  40  2,700

5.BTS 127 522.44 500.00 500  100  1,500

6.MRT 12 531.67 550.00 600  150  1,000

7.Van 18 902.78 750.00 500  200  2,400

8.Total Expenses 1,150 501.19 350.00 0  0  5,000

 

If measured by the number of the most popular public transport 

modes  used  and  serviced,  then  the  placing  is  as  follows:  public  bus,  BTS,  taxi, 

motorcycle taxi, public van, MRT and in last place, public boat. From the same data, 

the max expense for monthly public transport was bus, around 4,500 baht, taxi 4,000 

baht,  motorcycle  taxi  2,700  baht  and  the  others  were  public  van,  public  boat,  BTS, 

and MRT or 2,400, 1,600, 1,500, and 1,000 baht. 

Total expense for their public transports compared to their own 

transports  in  monthly  were  that 501.19  and  1,526.20  baht.  Median  expense  was 

350.00 and 700.00 baht, mode and min expenses were 0 and 0 baht, and max expense 

was 5,000 and 18,000 baht. It can be summarized that their own transports were more 

expensive than their relative public transport methods, the cost stands at 1,025.01 baht 

while the total expense of both types in transports were 2,026.37 baht. 
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    4.3.3.2  Changes of Their Public Transport Modes. When asking all of 

the households about the possibility of planning to change transport modes for their 

daily life in the near future, a minority of them just about 236 households or around 

20%  said  they  might  consider  changing, while  914  households  or  nearly  80%  said 

they would not consider changing their means of transport. So the ratio of change and 

not  change  would  be  1:4.  The  means  that  all  914  households  did  not  change  their 

transport modes at this time because they expressed in the rationales as well as in the 

subjects namely: 

1)  It is so convenient now 

      2)  No money to buy a new one, or to buy any vehicle due to 

their present situation 

      3)  No public transport modes pass on their housing areas 

      4)  The transport is currently saving them money 

      5)  Liking this transport and traveling 

      6)  My job is near my house so that I do not have any need to 

change 

      7)  Work from home so do not need transport to anywhere, and 

      8)  My occupation is a taxi driver or motorcycle taxi therefore 

they do not need to use public transport or change their current method of transport 

The number of changes in transport modes was 236 households. They 

expressed their rationales for changing to new transport modes as shown in table 4.23. 

The  eleven  types  of  new  transport  modes  were  listed  as  passenger  car,  pickup  car, 

taxi, motorcycle, motorcycle taxi, public bus, sky train or BTS, subway train or MRT, 

bicycle, walking and others i.e. company bus, friend’s vehicle and so on. The highest 

occurrence of all changes in transport modes was public buses in 117 households or 

49.6% and 10.2% of all households. The next was passenger cars in 26 households or 

11.0%  and  2.3%  of  all  households.  Thirdly  was  motorcycle  taxies  and  others  in  20 

households  or  8.5%.  Fourthly  was  sky  trains  or  BTS  with  19  households  or  8.1%. 

Finally the others were bicycles, motorcycles, taxis, pickup cars, walking and MRT at 

less than 5%.   

 Many reasons for the 236 households having made changes to a new 

form of transport include the following reasons: 
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      1) Need to use faster transport with lower costs,  for examples 

BTS and others 

      2)  Need to reduce the cost of living in their households 

      3)  Need  to  reduce  cost  of  fuels  because  of  price  of  fuel  has 

risen quite high now 

 

Table 4.23  Number and Percentage of Change in Their Transport Modes 

 

Unit: Household 

No. of Change in 

Transport Mode 

Frequency 

 

Percent 

(%) 

Valid 

Percent 

Cumulative 

Percent 

Changes 

to new 

modes 

Passenger Car  26 2.3 11.0  11.0

Pickup Car 4 0.3 1.7  12.7

Taxi 5 0.4 2.1  14.8

Motorcycle 10 0.9 4.2  19.1

Motorcycle Taxi  20 1.7 8.5  27.5

Public Bus 117 10.2 49.6  77.1

BTS 19 1.7 8.1  85.2

MRT 2 0.2 .8  86.0

Bicycle 10 0.9 4.2  90.3

Walking 3 0.3 1.3  91.5

Others 20 1.7 8.5  100.0

Total 236 20.5 100.0  

Not change/Using  

the current modes 

914 79.5   

Total 1,150 100.0   

 

  4) Wanting to be the transport for all of the household members 

especially in owned vehicles like passenger cars or pickup cars 

      5)  Need to change to use new transport and travel a new route 

and observe time consumption 

      6)  Just to save money and wanting to buy a new automobile  
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  7)  Wanting to travel to work and be more efficient with time 

      8)  When  transporting  people  and  traveling  in  a  short  distance 

i.e. public bus or motorcycle taxi 

  9)  Need to reduce using their own vehicles 

      10)  Want to help to reduce the global warming phenomena 

      11)  A  need  to  go  with  friends  on  the  same  route  to  the  same 

school or the same job place 

    We  can  conclude  that  all  households  in  Bangkok  city  areas  did  not  t 

change their transport modes even the new changes were needed in their own vehicles 

i.e.  passenger  car,  pickup  car  and  motorcycle  accounted  for nearly  20%  of  all 

changes.  At  the  same  time  public  transports  had  been  chosen  by  80%  especially 

public buses - almost a half of all changes.  However, walking was only chosen by a 

few, about 1%. These changes to transport modes might be affected by the world oil 

price  which  has  been  increasing  continuously and  the  price  of  oil  is  more  than  100 

US$ per barrel. 

    4.3.3.3  Number and Percentage of the Household’s Who Have Been to 

Provincial Areas and Travelled Aboard. This type of transport was undertaken in 688 

households or 59.83% and never undertaken in 462 households or 40.17%. This data 

represented households who have and have never done this kind of travelling in the 

ratio of 3:2 as given in table 4.24. That means most of the peoples in Bangkok city or 

nearly 60% have gone provincial areas and done foreign traveling more than the rest. 

 

Table 4.24 Number and Percentage of the Household’s Who Have Been to Provincial 

Areas and Travelled Aboard  

 
Unit: Household 

Who Have Been to Provincial 

Areas and Travelled Aboard 

Frequency 

 

Percent 

(%) 

Cumulative 

Percent 

No 462 40.17  40.17

Yes  688 59.83  100.00

Total 1,150 100.0 
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Table 4.25 showing number of the household’s holidays and travel in 

provincial  areas  and  trips  abroad  was  presented  by  number  of  times,  days  per  each 

trip, expense of each trip, total expense of  provincial trips, and expense of  provincial 

trip  by  air  plane.  Mean,  median,  mode,  min,  and  max  for  provincial  trip  of  all  688 

households, number of times for going on each provincial trip was 2.68, the highest 

number of times was 2, min and max number of times to go were 1 and 30 times, the 

number of days of each provincial trip was 3.93, the most common number of days to 

go was 3, min and max days were 1 and 60 days. 

 

Table 4.25  Time and Expense of the Household’s Holiday on Provincial and Foreign 

Trips 

 

Unit: Day and Baht 

No. of Holiday & 

Traveling in Aboard 

and Provincial Trips 

 

1/ 

 

 

2/ 

 

 

3/ 

 

 

4/ 

 

 

5/ 

 

 

6/ 

 

Number (n) 688 688 688 688  30  30

Mean 2.68 3.93 1,831.10 5,015.77  1.87  5,266.67

Median 2 3 2,000 3,000  2  5,000

Mode 2 3 2,000 2,000  1  5,000

Minimum 1 1 200 300  1  2,500

Maximum 30 60 5,400 38,000  6  12,500

 

Notes: 1/ No. of Times for Each Provincial Trip  

2/ Days per Each Provincial Trip 

 3/ Expense for Each Provincial Trip 

 4/ Total Expense for Provincial Trip 

            5/ No. of Times for Provincial and Foreign Trip by Air plane 

 6/ Expense for Provincial Trip by Air plane 

 

The  expenses  for  each  provincial  trip  and  the  total  expense  for  all 

provincial trips were 1,831.10 and 5,015.77 baht while the most of them spent 2,000, 
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min expenses were 200 and 300, and max expenses were 5,400 and 38,000 baht. The 

number  of  times  and  the  expenses  for provincial  trips  by  air  plane  were  30 

households.  The  average  time  for  air  travel  was  1.87  times  and  expenses  were 

5,266.67 baht per trip. Most of this air travel was 1 time and 5,000 baht per trip, min 

and max times were 1 and 6 days while min and max expenses were 2,500 and 12,500 

baht per trip. 

 

Table 4.26  Total Expense of the Households for All Transportation and Traveling 

 

Unit: Baht 
 

Kind of 

Transports 

1/ 

 

2/ 

 

3/ 

 

4/ 

 

5/ 

 

6/ 

 

Number (n)  1,147  1,150 1,150 688 693  1,127

Mean  1,526.20  501.19 2,026.37 5,015.77 7,357.65  6,591.99

Median 700  350 1300 3,000 3,200  3,500

Mode 0  0 500 2,000 2,000  1,000

Minimum 0  0 0 300 300  0

Maximum  18,000  5,000 18,480 38,000 215,000  225,000

 

Notes: 1/ Total Expense for Their Own Vehicles 

2/ Total Expense for Their Public Transports 

 3/ Total Transport Expense per Month 

 4/ Total Expense for Provincial Trip 

            5/ Total Expense for All Provincial and Foreign Trips 

 6/ All Transport and Travel Expenses 

 

4.3.3.4  Total  Number  of  the  Households  for  All  Kinds  of 

Transportation  and  Traveling.  The  number  of  the  households’  transportation  and 

traveling both in daily transports and provincial and foreign trips were concluded for 

comprehensive  presentation  in  table  4.26.  As  mentioned  earlier,  all  transport  and 

travel  expenses  both  in  local  transport  and  trips  aboard  are  mixed  together.  Total 

expenditure  in  all  provincial  and  foreign trips  of  the  household  was  calculated  as  a 
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yearly payment. The total expenditure for their own vehicles was 1,526.20 baht, total 

expenditure for their public transport was 501.19 baht, the total transport expenditure 

per month was 2,026.37 baht, the total expenditure for provincial trips was 5,015.77 

baht, the total expenditure for all provincial and foreign trips was 7,357.65 baht and 

all transport and travel expense were 6,591.99 baht, respectively. The mean, median, 

mode, min and max expenses in all kinds of transports were also in table 4.26. 

 

 4.3.4  Energy Conservation and The Energy Reducing Factors 

This  section  contained  practices  of  electricity  usage  reduction,  practices  of 

fuel energy usage reduction with carbon dioxide emissions, practices for reducing and 

recycling  the  waste  products  in  the  household,  the  others  were  information  about 

knowledge  of  energy  wastage,  opinion,  belief,  attitude,  motivation,  and  also  

communication  and  information  factors  for the  behavioral  characteristics  of  the 

household’s  members  in  reducing  energy  wastage  in  home  electricity,  vehicle  fuels, 

and to recycle the waste products. 

  4.3.4.1  Practice  of  Electricity  Reduction  in  Home  Energy. There  are 

several objects and practices that were used in the home electricity usage reduction. 

This data is presented in two categories: the practices and activities are combined  in 

the number of each electricity reduction practice and the second is the total number of 

activities for their electricity reduction in the household. 

    1)  The  number  of  Each  Electricity  Reduction  Practice.  The 

electricity reduction practices were listed as 12 items in table 4.27. The data showing 

the number of all households that there were practicing to reduce energy in their daily 

home electricity uses and consumptions, is also available in this table. 

The  most  active  practice  and  the  easiest    to    do  in  everyday 

routines of electricity reduction, was turning all electrical appliances and equipments 

off or putting them on standby when they are not in use. This practice was carried out 

in 973 households or 84.61% and was used most of all of the 12 practices or 24.82% 

of 3,929 items. 

      The  second  practice  was  growing  trees  around  the  home  for 

shading  and  preventing  some  of  the  heat  from  coming  into  the  house.  This  practice 

can help to reduce the use of home electricity by making the home environment not as 
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hot and can help to control the heat conditions in the rooms. This practice was carried 

out by 526 households or 45.74% and was used in 13.42% of all practice items. 

The  third  practice  was  making  the  terrace  and  balcony  longer 

than the normal or using curtains for shading the sunshine and reducing the amount of 

sunlight  coming  into  the  house.  This  practice can  help  to  shade  the  sun  light  that  is 

shining onto the house walls and tiles and it can reduce hot conditions in the rooms. 

This practice was carried out by 482 households or 41.91% and was used in 12.30% 

of all practices. 

The  fourth  practice  was  turn down  the  thermostat  of  air 

conditioners  to  25  co  or  above  and  installing  air  conditioning  units  with  good 

functions  for  reducing  the  use  of  home  electricity.  This  practice  was  carried  out  by 

408 households or 35.48% and was used in 10.41% of all practices. 

 

Table 4.27  Household’s Practice in Home Electricity Reduction 

 

                                Unit: Item 

Practice of Electricity Reduction    Frequency

 

Percent 

(%) 

Cumulative 

Percent 

1.Making thicker wall 115 2.93  2.93

2.Insulating above ceiling 174 4.44  7.37

3.Growing tree around home 526 13.42  20.79

4.Coloring outside the house 216 5.51  26.30

5.Making terrace longer 482 12.30  38.60

6.Turning electrical equipment off 973 24.82  63.42

7.Adjusting air conditioner 408 10.41  73.83

8.Filling gaps around floor and others 138 3.52  77.35

9.Upgrading old equipments 298 7.60  84.95

10.Using fluorescent light bulbs 381 9.72  94.67

11. Using effective saving bathroom and etc  206 5.26  99.92

12.Others 3 0.08  100.00

Total 3,929 100.00  
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      The fifth practice was changing or upgrading the old light bulbs 

to  be  an  energy  saving  light  bulbs  i.e. using  fluorescent  or  led  light  bulbs.  This 

practice  can  help  to  reduce  home  electricity  compared  to  the  old  ones,  which  are 

consuming  higher  kW  hrs  of  electricity.  This  practice  was  carried  out  in  381 

households  or  33.13%  and  was  used  in  9.72%  of  all  home  electricity  reduction’s 

practices. 

The  other  practices  for  helping  to  reduce  home  electricity 

consumption were also in the following conclusions. 

 (1)  Changing or upgrading the old appliances to be energy 

saving appliances was 298 households or 25.91% and 7.60% of all practices. 

 

Table 4.28  Number and Percentage of Activity Use for Reducing Electricity Energy 

in the Household 

 

     Unit: Household 

Number of Activity  Frequency 

 

Percent 

(%) 

Cumulative 

Percent 

0 6 0.52 0.52 

1 169 14.70 15.22 

2 279 24.26 39.48 

3 247 21.48 60.96 

4 177 15.39 76.35 

5 101 8.78 85.13 

6 68 5.91 91.04 

7 45 3.91 94.96 

8 25 2.17 97.13 

9 21 1.83 98.96 

10 5 0.43 99.39 

11 7 0.61 100.00 

Total 1,150 100.00  
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(2)  Coloring the house with soft and light shade to reduce 

the  absorption  sunshine  and  heat  was 216  households  or  18.78%  and  5.51%  of  all 

practices. 

 (3) Having a saving shower and using efficient faucets and 

showerheads instead of taking a bath was 206 households or 17.91 % and 5.26 % of 

all practices. 

 (4)  Fitting loft insulation or any material above the ceiling 

was 174 households or 15.13% and 4.44% of all practices. 

(5) Filling gaps around the floors or walls and/or doors of 

air  conditioned  rooms  to  protect  air leakage  was  138  households  or  12.00%  and 

3.52% of all practices. 

(6)  Insulating  cavity  walls  thicker  with  insulation  or  any 

material was 115 households or 10.00% and 2.93% of all practices.  

(7)  Other  practices  were  not  include  in  the  above  listing 

practices which had been suggested from 3 households i.e. using automatic electrical 

power off units and using solar cell in some small electrical power units. 

2)  Total  Number  of  Activities  for  Their  Home  Electricity 

Usage  Reductions  in  the  Household.  An  overview  of  all  of  the    activity  numbers 

which were used in electrical energy reduction were  mean, median, mode, min, and 

max of activities in the households was 3.41, 3.00, 2, 0, and 11 activities or items. 

Table 4.28 gives the numbers of activities which were used and 

practiced for reducing home electricity usage. The highest number of activities was 2 

activities in around 279 households or 24.26%, the next was 3 activities or 21.48%, 

follow  by  4  activities  or  15.39%,  then  1 activity  or  14.70%,  and  finally  was  5 

activities  or  8.78%,  respectively.  It  was shown  that  around  80%  of  all  of  the 

households used between 1-5 activities and the rest were between none and more than 

5 activities. 

4.3.4.2  Practice  of  Fuel  Energy  Reduction  in  the  Households.  The 

number of the household’s action and practice for reducing fuel energy consumption 

and the carbon dioxide emissions by improving the energy efficiency of vehicle fuels 

were presented in table 4.29-4.30. This data has been divided into two categories, one 
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was  the  number  of  fuel  energy  reduction  practices  and  the  other  one  was  the  total 

number of activities for fuel energy reductions in their vehicles. 

    1)  The  number  of  Each  Fuel  Energy  Reduction  Practice.  The 

fuel energy reduction practices were listed in table 4.29, there are 15 practical ways 

listed. A total of 1,150 households that practiced to reduce fuel energy in their daily 

transport’s vehicle uses and fuel consumption were included in the following. 

 

Table 4.29  Household’s Practice Uses for Fuel Energy Reductions in Their Vehicles 

 

Unit: Item 

Practice of Fuel Reduction  Frequency 

 

Percent 

(%) 

Cumulative 

Percent 

1.Maintain vehicle properly 339 10.55  10.55

2.Change to small vehicle 102 3.18  13.73

3.Change to hybrid vehicle 34 1.06  14.79

4.Change to CNG or NGV vehicle 85 2.65  17.43

5.Change to LPG vehicle 75 2.33  19.77

6.Change to gasohol vehicle 305 9.50  29.27

7.Change to biodiesel vehicle 80 2.49  31.76

8.Use public transport 524 16.31  48.07

9.Use car pool 244 7.60  55.67

10.Use bicycle or walking 438 13.64  69.30

11.Work from home 169 5.26  74.56

12.Buy some near home 401 12.48  87.05

13.Schooling near home 199 6.20  93.24

14.Reduce travel and trip 209 6.51  99.75

15.Others 8 0.25  100.00

Total 3,212 100.00  

 

The highest number and simplest activity to do in everyday life 

concerning  transport modes in the households’ fuel reduction effort was using public 

transport i.e. metro bus, sky and subway train, taxi, motorcycle taxi, etc. This practical 
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way was implemented by 524 households or almost a half of all at 45.57% and it was 

used as the first of all 15 practices or 16.31% of 3,212 practice items. 

The third most popular method for reducing the vehicle‘s fuel 

energy  was  to  buy  food  and  some  essential  items  in  the  community  or  around  the 

home  and  nearby  areas.  This  way  was  also  easy  to  do  it  and  can  eliminate  the 

transportation costs completely. This practice was done by 401 households or 34.87% 

and it was used as 12.48% of all items. 

The  fourth  most  practical way  was  by  maintaining  their 

vehicles  properly:  use  the  correct  grade  of  oil  and  change  regularly,  keep  the  tires 

inflated properly and keep the engine tuned properly. These practices can help to keep 

the vehicle in good working order to reduce the amount of fuel that is lost and by not 

being burned up in the engine.  It was done by 339 households or 29.483% and it was 

used 10.55% of all practices. 

The  fifth  most  practical  way for  reducing  fuel  energy  and 

transportation  costs  is  by  changing  the  current  fuel,  to  a  fuel  with  lower  carbon 

dioxide emission i.e. gasohol 91 or 95. This way can help to reduce the costs of fuel in 

all  vehicles  of  transportation.  Most  of  the vehicles  that  used  this  kind  of  petroleum 

fuel  are  benzene  or  gasoline  engines,  such  as  passenger  cars  or  some  models  of 

pickup car and motorcycles. Therefore, the number of households using this practical 

way was 305 households or 26.52%. It was 9.50% and it was used more than other 

fuel choices. 

      The rests of all practices for reducing transportation costs and 

saving  vehicle  fuel  energy  were  10  out  of  the  15  items,  as  they  were  ranked  in  the 

consequential number as mentioned below. 

             (1)  Using car pools with family members, neighbors, and 

colleagues was the next choice from the list, which was sixth and it was implemented 

by 244 households or 21.22% and it was used as 7.60% of all practices. 

.             (2)  Reducing  travel  in  the  local  or  provincial  areas  and 

taking fewer trips aboard per year would help to reduce the costs of traveling and fuel 

consumptions by an air plane. This way was used by 209 households or 18.17% and 

6.51% of all practices. 
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(3)  Schooling all children in close proximity to the home 

was  the  eighth  of  all  ways.  Some  199  households  carried  out  this  practice  which  is 

17.30% and accounted for 6.20% of all practices. 

             (4)  The ninth way was to work from home or by changing 

the job work at home or around in nearby areas. Using this method meant that they 

did  not  need  to  go  outside  home  and  they  were  also  able  to  save  costs  of 

transportation  and  fuel  energy.  This  practice  was  carried  out  by  169  households  or 

14.70% and it was used 5.26% of all practices. 

             (5)  Number  ten  in  all  practical  ways  to  reduce  energy 

usage,  was  changing  to  smaller  vehicle  or  a  more  economical  car  that  had  a  fuel 

consumption of 20 kilometer per liter or above. This way is used in recent marketing 

strategies  and  it  will  help  to  reduce  costs  of  fuel  energy  and  the  car  itself,  directly. 

This practice was done by 102 households or 8.87% and it accounted for 3.18% of all 

ways. 

             (6)    Changing  to  lower  CO2  emitting  cars  using  CNG  or 

NGV  engines  was  in  eleventh  place.  .  Today,  these  vehicles  are  popular  in  the 

automobile  market  because  this  petroleum  based  fuel  is  subsidized  by  the 

government,  so  that  this  fuel  is  very cheap.  The  price  is  equal  to  8.50  baht  per 

kilogram.  But  actually,  these  CNG  or NGV  engined  vehicles  should  be  a  new 

technological car from the factory which are ready to run on CNG or NGV. There is 

equipment that can comply in some models of older cars. Another benefit of this kind 

of  vehicle  is  that  they  incur  less  CO2  emissions  when  they  are  compared  to  other 

kinds of vehicles. This practice was done in 85 households or 7.39% and accounted 

for 2.65% of all practices. 

             (7)  This practical way was changing to a fuel with lower 

carbon emissions such as biodiesel. This kind of vehicle was usually a pickup car or 

passenger cars with diesel engines. This practice was twelfth in the list, 80 households 

or 6.96% and 2.49% of all items utilized this practice. 

             (8)  Changing to lower CO2 emission cars, like ones with 

LPG  engines  was  used  by  75  households or  6.52%  and  2.33%  of  all  methods..  In 

Thailand,  LPG  fuel  is  used  and  consumed  as  the  main  energy  for  the  households’ 

cooking sectors, and utilizes more than the vehicle sectors. The price in both sectors is 
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different  by  more  than  5  baht  per  kilogram.  Therefore,  there  are  more  problems  in 

price overlaps between the household and vehicle sectors and its problems cannot be 

solved  now,  even  though  the  government  want  a  clear  cut  in  LPG  pricing  and  LGP 

usage.. 

 

Table 4.30  Number and Percentage of Activities Used for Reducing Fuel Energy 

Usage in the Household 

 

  Unit: Household 

Number of Activity  Frequency 

 

Percent 

(%) 

Cumulative 

Percent 

0 93 8.09 8.09 

1 236 20.52 28.61 

2 238 20.70 49.30 

3 243 21.13 70.43 

4 138 12.00 82.43 

5 88 7.65 90.09 

6 61 5.3 95.39 

7 29 2.52 97.91 

8 13 1.13 99.04 

9 6 0.52 99.57 

10 3 0.26 99.83 

11 2 0.17 100.00 

Total 1,150 100.00  

 

 (9)  The  last  practical  way was  changing  to  a  hybrid  car 

with  a  two-system-engine  i.e.  both  an  electrical  and  a  traditional  hydrocarbon  fuel 

engine. This is an example of this in the automobile market now. The Toyota model 

Prius  uses  hydrocarbon  fuel  and  electricity  from  the  battery.  There  are  other  hybrid 

cars  which  have      had  the  engine  modified  to  accept  multiple  fuel  sources  such  as 

CNG  and  benzene  engines,  LPG  and  benzene  engines  and  so  on.  This  hybrid  car  is 

new car for the market place and it is also on sale at a high price or currently more 
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than one million baht. This way was used by 34 households or 2.96% and 1.06% of 

all practices. 

           (10)  Other  practices  came  from  the  suggestions  of  8 

households  or  0.70%.  Its  represents    practices  of  not    using  their  own  vehicles  or 

parking, but using public transport instead, getting free public buses and mixed usage 

of owned and public transport in some instances reducing the costs of transportation. 

2)  The  total  number  of  Activities  for  Their  Fuel  Energy 

Reductions in the Households. An overview of all activities which were used in fuel 

energy reduction. Mean, median, mode, min, and max of activities in use were 2.79, 

3,  3,  0,  and  11  activities.    Table  4.30  shows  the  activities  which  were  used  and 

practiced  in  fuel  energy  reductions.  The  highest  number  of  all  activities  was  3 

activities in 243 households or 21.13%, the next was 2 activities in 238 households or 

20.70%,  follow  by  1  activity  in  236  households  or  20.52%,  then  4  activities  in  138 

households  or  12.00%,  and  finally  was  no  activities    in  93  households  or  8.09%, 

respectively. 

      It  was  shown  that  around  up to  80%  of  the  households  used 

between 0-5 practices or activities and the rests used between 5-11 practices. We can 

imply that all activities both in electricity and fuel energy reductions were between 0-

5 practices and not more than 5-11 practices. Therefore and it can be concluded that 

all  activities  concerning    electrical  electrical  energy  reductions  were  more  prevalent 

than fuel energy reductions with just one activity between 1-5 practices.  Finally, the 

total activity of electrical electrical energy reductions was also more than fuel energy 

reductions with around 717 activities (3,929-3,212) of the whole. 

    4.3.4.3 Practice for Reducing and Recycling the Waste Products in the 

Household. The kind of the households’ action for reducing waste by improving the 

recycling  of  the  waste  products  in  the  household  was  presented  in  table  4.31-4.32. 

This  data  has  been  divided  into  two  categories,  one  was  the  number  of  each  waste 

reduction  and  recycling  the  waste  products  and  the  second  one  was  in  the  total 

number of activities for reducing and recycling the waste products in households. 

   1)  Number  of  Each  Activity of  Reducing  and  Recycling  the 

Waste Products. Table 4.31 had 7 practical ways for reducing and recycling the waste 

products  in  the  households.  The  highest  practice  was  wasting  less  food  by  reducing 



157 
 

the amount of consumer food waste before it was simply disposed of in bins as 642 

households or 58.83% and was used in 31.41% of all activities. 

The  second  was  reusing,  separating,  and  selling  the  waste 

products by the kinds of material before disposing of in bins, about 512 households or 

44.52% and 25.05% of all activities. 

The  third  was  recycling  paper,  glass,  bottles  and  metals  from 

the waste products was around 475 households or 41.30% and 23.24% of the total.  

The  fourth  was  taking  food  and  vegetable  remains  into  trees 

and vegetable plots for 287 households or 24.96% and 14.04% the total. 

 

Table 4.31  Household’s Practice Use for Reducing and Recycling the Waste 

Products 

Unit: Item 

Practice of Reducing and Recycling the 

Waste Products 

Frequency

 

Percent 

(%) 

Cumulative 

Percent 

1.Waste less food by reducing the amount 

of consumer  food waste before bins  642 31.41 31.41

2.Take food and vegetable components for 

fertilizer 287 14.04 45.45

3.Recycle paper, plastic, and metal from 

the waste products 475 23.24 68.69

4.Reuse, separate, and sell the waste 

products 512 25.05 93.74

5.Use biogas from recycled and the waste 

products 48 2.35 96.09

6.Take food and vegetable components to 

produce bio-extract water and fertilizer 71 3.47 99.56

7.Others 9 0.44 100.00

Total 2,044 100.00  
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Finally was taking food and vegetable remains to produce bio-

extract water and fertilizer, equal to 71 households or 6.17% and 3.47% the total. 

The  other  things  were  using  biogas  from  recycled  and    waste 

products  and  others  for  examples  bringing waste  food  for  animal  feed  and  reducing 

the use of plastic bags etc was 48 and 9 households or 4.17% and 0.78%, and 2.35% 

and 0.44% the total. 

      2)  The Total Number of Activities for Reducing and Recycling 

the Waste Products in the Household. An  overview of all of the activities which were  

used  and  practiced  for  reducing  and  recycling  the  waste  products  having  mean, 

median,  mode,  min,  and  max  of  all  activities  as  1.78,  2.00,  1,  0,  and  6  activities.  It 

was  obviously  shown  that  these  kinds  of  reductions  in  the  waste  products  were  less 

than both of electricity and fuel energy reductions. It might be said that this kind of 

activity  was  not  so  important  for  their households  when  compared  to  the  above 

mentioned activities for reducing energy usage both in electricity and fuel, as well as 

functions i.e. cost versus price of reduction, time versus place of reduction and other 

reasons which can be derived from the results. 

 

Table 4.32  Number and Percentage of Activities Used for Reducing and Recycling 

the Waste Products 

 

      Unit: Household 

Number of Activity  Frequency 

 

Percent 

(%) 

Cumulative 

Percent 

0 49 4.26 4.26 

1 481 41.83 46.09 

2 397 34.52 80.61 

3 145 12.61 93.22 

4 59 5.13 98.35 

5 16 1.39 99.74 

6 3 0.26 100.00 

Total 1,150 100.00  
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Table  4.32  gives  all  of  the  activities  which  were  used  and 

practiced for reducing and recycling in their waste products. The  highest frequency of  

activities  was  one  activity  in    around  481  households  or  41.83%,  the  next  was  2 

activities in 397 households or 34.52%, followed by 3 activities in 145 households or 

12.61%, then 4 activities in 59 households or 5.13%, finally there was 0-5-6 activities 

or around 49, 16, and 3 or 4.26, 1.39, and 0.26%, respectively. 

4.3.4.4  Information  Source  of  the  Household’s  Decisions  in  Energy 

Saving. The  households’  main  sources  of  information  for  their  energy  saving  and 

technological  product  purchases  in  electrical  and  fuel  energy  were  in  the  seven 

categories  such  as  product  producer  or manufacturer,  government,  professional, 

interpersonal advising, law and regularity, government support, mass media or public 

relations and other sources. 

 

Table 4.33  Households’ Information Source Use for Making Decision in Energy 

Saving 

Unit: Point Score 

Information Source n  Mean 

 

Median 

 

Mode 

 

Min  Max 

1.Product/ 

Manufacturer 

1,150 3.62 4.00 4  0  5

2.Government 1,150 3.29 3.00 4  0  5

3.Professional 1,150 3.06 3.00 3  0  5

4.Interpersonal  1,150 3.42 4.00 4  0  5

5.Law & Regularity  1,150 3.07 3.00 3  0  5

6.Government support  1,150 3.11 3.00 3  0  5

7.Mass Media/PR  1,150 3.71 4.00 4  0  5

8.Other Sources 11 4.45 5.00 5  2  5

 

For  each  choice  of  information,  a  degree  of  awareness  in  five  levels 

such  as  most,  more,  moderate,  less,  and  least  had  been  prepared.  Each  of  the  five 

levels  was  given  the  values  from  the  most  important  to  the  least  important  as  the 
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points  of  5,  4,  3,  2,  and  1.  This  enabled  the  calculation  of  the  total  score  of  each 

choice in the mean, median, mode, minimum, and maximum as in the normal table. 

    The  information  source  of  all 1,150  households  was  used  in  decision 

making  concerning  energy  saving,  not  only  in  electrical  energy  but  also  in  fuel 

energy, including  the recycling of the waste products, were mean more so than the 

moderate  degrees  of  all  of  the  listed  sources;  except  other  sources  i.e.  internet, 

experience  and  self  thinking.  There  had  an average  of  4.45  points  or  more  degrees, 

but existing in just 11 households or about 1%. If ranking from the most down to  the 

least  information  sources,  the  data  would  be  other  sources  as  the  most  active 

information source, the second was mass media or public relations (PR) at  3.71, the 

third  was  product  producers  or  manufacturers  at  3.62,  the  fourth  was  interpersonal 

sources such as friends, neighbors  and colleagues at  3.42, the fifth was government 

organizations  i.e.  government  agency,  ministry,  department  and  so  on  at  3.29,  the 

sixth  was  government  support  in  some  energy  saving  projects  at    3.11,  the  seventh 

was  law  and  regulation  at  3.07  and  finally  were    professional  sources  at  3.06, 

respectively. 

4.3.4.5  Household’s  Motivation  for  Reducing  Electricity  and  Fuel 

Energies  Consumption  and  Recycling  Waste  Products.  The  information  and  data  is 

about the motivation of the households, the reasons and the drive of their actions for 

reducing energy use and consumption, and also the recycling of waste products. There 

are  main  five  reasons  which  had  been  prepared  for  the  household’s  response  in  the 

questions. Examples of these five motivations were personal preference, building the 

values  and  norms,  reducing  expenses, helping  to  reduce  global  warming  and 

conserving the environment. As an exception of these five reasons, an open question 

was  provided  for  them  to  respond  to,  its  motivation  by  given  the  reasons,  drives  or 

motives. 

Each ranking was indicated by the households as they inputted 1-5 for 

each  reason  item,  with  1  being  the  most important  while  5  was  less  important.  The 

score of each ranking had  1 being equal to 5 points, 2 was 4 points,  3 was 3 points, 4 

was 2 points and 5 was  1 point respectively. Thus, total score of each motivation item 

was calculated in mean, median, mode, min, and max. 
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    Table 4.34 shows  the number of all motivations which were expressed 

by  1,150  households  where    they  had  given  the  reasons  or  drives  for  reducing 

electrical energy, fuel energy and the recycling  of waste products. The first position 

was  given  to  reducing  the  expense  of  the households  as  3.83  points  of  a  total  of  5 

points. The second was conserving the environment with 3.17 points. The third was 

helping  to  reduce  global  warming  with3.13,  then  personal  preferences  with  2.61 

points  and  the  last  was  building  the  values  and  norms  for  their  families  with  2.26 

points. 

 

Table 4.34  Household’s Motivation for Reducing Electricity and Fuel Energies 

Usage and Recycling the Waste Products 

 

Unit: Point Score 

Kind of Motivation  1/ 

 

2/ 

 

3/ 

 

4/ 

 

5/ 

 

n 1,150 1,150 1,150 1,150  1,150

Mean 2.61 2.26 3.83 3.13  3.17

Median 2.00 2.00 4.00 3.00  3.00

Mode 1 1 5 5 3

Min 1 1 1 1 1

Max 5 5 5 5 5

 

Notes: 1/ It is personal preferences 

 2/ Building the values and norms 

 3/ Reducing the expense 

 4/ Helping to reduce global warming 

 5/ Conserving the environment 

 

The  different  motivational  scores,  can  be  calculated  by  ranking  the 

numbers 1 to 5, as in the average values or mean in each motivational item and then 

use  ranking:  number  one  (reducing  the  expense  as  3.83  points)  ×  5  points,  number 

two  (conserving  the  environment  3.17  points)  ×  4  points,  number  three  (helping  to 

reduce global warming 3.13 points) × 3 points, number four (its personal preferences 

2.61 points) × 2 points and number five (building the values and norms 2.26 points) × 
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1 point. Thus, the final scores of all five items would be from a maximum of 25 points 

in one reason, so that all five reason items multiplied by five again, should be totally 

equaled  to  125  points  (25×5)  as  a  full  score or  the  total  score.  This  calculation  was 

needed to determine the motivation value in running statistical a hypothesis as well as 

multi regression analysis or MRA. 

 

Table 4.35  Total Score of the Household’s Motivation in All Kinds 

 

    Unit: Point Score 

All Kinds of Motivation  Total Score 

n 1,150 

Mean 48.70 

Median 50.00 

Mode 54 

Min 32 

Max 62 

 

Table  4.35,  total  score  of  all  kinds  of    the  household’s  motivation 

which has  been used and run in the multi regression model of statistical hypothesis as 

mean, median, mode, min, and max point score as 48.70, 50.00, 54, 32, and 62 points 

of total 125 points. 

4.3.4.6  The  Household’s  Attitude  towards  Problems  and  Solving  of 

Global  Warming  Issues.  The  awareness  of  global  warming  issues,  in  particular,  the 

problems and solving the problems were asked of all households. The degree of the 

household’s attitude, prepared by choices and designed in five degrees such as most, 

more, moderate, less, and least. In each of five levels of choice, was given the values 

from the most important to the least important of the answers as well as the points of 

5,  4,  3,  2,  and  1;  So  that  the  total  score  of  each  choice  was  calculated  in  mean, 

median, mode, min, and max as shown in table 4.36. 
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Table 4.36  Total Score of Household’s Attitude toward the Global Warming Issues 

 

     Unit: Point Score 

Type of Score  Global Warming 

Problems 

Solving Global 

Warming  

Total Score 

 

Mean 4.27 3.80 8.07 

Median 4.50 4.00 8.00 

Mode 5 4 10 

Min 1 0 2 

Max 5 5 10 

 

    All  households  had  attitudes  toward  the  global  warming  issues  and 

how  to  solve  the  global  warming  problems.  Both  attitudes  were  in  the  first  as  4.27 

points of 5 and the latter as 3.80 points. That means they aware the problems rather 

than  solving  the  problems  which  occurred.  Their  degree  of  awareness  of  global 

warming  problems,  was  higher  than  their attitude  towards  how  to  solve  the  global 

warming problems at about 0.47 points. 

The  total  score  of  their  attitudes  comes  from  the  scores  of  global 

warming  problems  and  solving  the  global  warming  problems.  The  mean  total  score 

was 8.07 while median total score was 8.00 points, mode was 10, min and max were 2 

and 10 points, respectively. These total scores were used and run in MRA as well as 

statistical hypothesis testing. 

4.3.4.7  The  Household’s  Knowledge  of  Global  Warming  Causes  and 

Effects. The kinds of question which were used in knowledge gathering had two parts. 

Part one using the answers prepared as right and wrong answers using a tick for each 

question  and  for  checking  their  knowledge  in  11  items.  Part  two  using  the  answers 

prepared  in  answer  confidence  as  more,  average,  and  less  confidence,  to  help  for 

checking  the  real  knowledge  in  each  question  and  answer.  Thus,  sum  of  total  the 

scores come from six cases: 1) if it was the right answer and  more confident it was 

equal to 5 points, 2) if it was the right answer and moderately confident then it was 

equal  to  4  points,  3)  if  it  was  the  right answer  and  less  confident  it  was  equal  to  3 

points, 4) if it was the wrong answer and less confident it was equal to 2 points, 5) if it 
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was the wrong answer and moderately confident it was equal to 1 point, and 6) if it 

was  wrong  answer  and  less  confident  then it  was  equal  to  0  point.  All  items  of 

knowledge  scored  in  all  households  were  presented  in  table  4.37  as  mean,  median, 

mode, minimum and maximum scores as of the following details. 

 

Table 4.37  The Scores of the Household’s Knowledge of Global Warming Causes 

and Effects 

Unit: Point Score 

Type of Question Mean  Median  Mode  Min  Max 

1.Using LPG can produce more CO2 

emission than CNG/NGV 

3.89 4.00 4  0  5

2.Using more electricity can produce more 

CO2 emissions 

3.00 4.00 4  0  5

3.Using gasohol 91/95 does not produce CO2 

emissions 

3.43 4.00 5  0  5

4.Using solar cells can produce more CO2 

emissions 

2.85 4.00 5  0  5

5.Using public transport help to reduce 

greenhouse gases and global warming 

3.41 4.00 5  0  5

6.Urban people are more involved the global 

warming more than rural people 

3.76 4.00 5  0  5

7.CO2 can induce global warming more than 

other gases 

3.59 4.00 5  0  5

8.The more accumulated greenhouse gases in 

atmosphere. the more global warming   

3.89 4.00 5  0  5

9.Global warming can produce floods & 

droughts 

3.77 4.00 5  0  5

10.To solve the global warming & 

greenhouse gases. we must increase the CO2 

emissions 

2.60 3.00 5  0  5

11.The global warming issue can be solved 

by ourselves 

4.02 5.00 5  0  5

Total Score 40.63 40.50 39  0  60
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The  highest  score  of  the  household’s  knowledge  in  global  warming 

causes  and  effects,  was  global  warming  issues  can  be  solved  by  ourselves,  as  the 

highest  average  score  of  4.02  points.  The meaning  was  that  our  own  problems  that 

occurred  must  be  solved  by  ourselves  without  the  need  of  others  to  solve  our 

problems. It also means that, the hopes of these global warming issues can be solved 

by  helping  each  other.  Therefore,  the  causes  of  this  global  warming  problem  were 

ours and its impacts must be removed with our cooperative actions. 

The second highest score of knowledge was - Using LPG can produce 

more CO2 emissions than CNG/NGV and the more accumulated greenhouse gases in 

atmosphere, the more global warming. These issues scored 3.89 and they knew about 

these kinds of the global warming problems to a higher degree. Especially, using LPG 

as  a  vehicle’s  fuel      produces  more  CO2  emissions  than  others,  because  LPG  is  a 

petroleum  product,  which  is  normally  used  in  home  cooking  and is  not  used  in 

vehicles.  .    However,  the  more  accumulated  greenhouse  gases  in  atmosphere,  the 

more global warming is well known. This issue has been spotted and broadcasted on 

radio and TV frequently in today’s mass media and public relations news. 

Urban  people  are  more  involved  in global  warming  more  than  rural 

people  and  Global  warming  can  produce  floods  &  droughts,  were  in  the  third  place 

for  the  scores  of  knowledge.  These  knowledge  scores  were  3.77 and  3.76  and  these 

issues were close to all people who live in a big city like Bangkok.  They know well 

that  their  CO2  emissions,  as  such,  are  adding  to  the  global  warming  problem  more 

than rural peoples who live in the remote areas. In the case of floods and droughts , 

they    have    occurred  both  in  urban  and  rural  areas,  in  particular,  cities  have  been 

impacted by  floods alone, while the remote rural areas have been impacted both from 

floods and droughts. 

    Using  gasohol  91  or  95  does  not  produce  CO2  emissions,  and  using 

public transport helps to reduce greenhouse gases and global warming were the fourth 

of the knowledge scores. These scores were 3.43 and 3.41. Not only using gasohol 91 

or 95 in vehicle engines, but also using public transports, both of them produced the 

CO2 emissions directly and indirectly. Actually, the numbers of CO2 emissions were 

less indirectly like riding public transport, than driving a vehicle by oneself. This can 

save energy in a unit cost or consumption per head. 
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    The  fifth  knowledge  score  was  - using  more  electricity  can  produce 

more  CO2  emissions  to  moderate  degree  or  3.00.  Of  course,  when  using  more 

electricity,  this  can  produce  more  CO2  emissions,  because  electricity  is  generated 

from petroleum products i.e. fuels, CNG, and coal. Especially when the electricity is 

generated using coal as coal produces more CO2 emissions than gas fuels and CNG, 

however, when the electricity is generated by water, there are zero CO2emissions. 

    The  rest  of  all  the  knowledge  scores  were  less  than  3.00  points  or 

fewer degrees and were in two knowledge question items. These scores were from the 

items that using solar cells can produce more CO2 emissions at 2.85, and solving the 

global  warming  and  greenhouse  gases  must  increase  the  CO2  emissions,  at  2.60. 

These  two  global  warming  causes  and  effects  needed  more  information  to  be  given 

and  detail  about  how  to  use  solar  energy  as  an  alternative  energy  as  it  is  not  only 

saving  energy  but  also  not  producing  any  CO2  emissions.  At  the  same  time,  when 

solving  the  global  warming  problems  there must  be  a  reduction    in  the  greenhouse 

gases accumulated in the atmosphere, also not producing more greenhouse gases from 

conventional energy sources like CO2, CH3 and others which would be released into 

the atmosphere. 

    Finally,  the  total  knowledge  score  of  the  household’s  attitude  was 

summed  up  from  all  of  the  knowledge  items, and  this  kind  of  data  needed  to  be 

formulated in MRA as one of all of the statistical hypotheses. Mean, median, mode, 

min and max knowledge score were 40.63, 40.50, 39, 0 and 60 points. 

    4.3.4.8  The  Households’  Beliefs  in  Changing  Household  Member’s 

Behavior  in  Energy  Saving.  This  data  set  and  information  was  produced  from  the 

major nine questions in the scope of ability to change household member’s behavior 

in energy saving as the questions in table 4.38. Each belief score was calculated from 

each question and then all of the questions had been summarized into the total belief 

score.  Each belief score had been degreed into 5 levels as mentioned earlier. As most 

of the answers were equal to 5, the highest frequency of answer was 4, the moderate 

answer was 3, the less frequent answer was 2 and the least answer was 1. 

The first score for changing behavior of the household’s members for 

energy saving, was bicycling to work or working in areas close to their homes. This 

practice was the easiest way to reduce energy, both in the home as electrical energy 
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and in vehicles as fuel energy. This practice had an average of 4.02 points and it was 

to a higher degree than the other eight practices. This practice can help saving money 

to  buy  a  new  car  or  for  any  other  transport cost  and  the  bicycling  and  walking  also 

makes them healthy. 

The  second  was  that  using  less  electricity  can  reduce  CO2  emissions 

and that using public transport for traveling to work daily. Both practices were at 3.98 

and 3.96 points and they were in moderate degrees or almost the more degree. These 

two  practices  help  to  save  not  only  in energy  but  also  cost  of  energy  too.  These 

practices can be used both by the household’s members who have vehicles and who 

have none. 

 

Table 4.38  Score of Household’s Belief in Changing the Household Member’s 

Behavior for Energy Saving 

 

Unit: Point Score 

Types of Question Mean  Median  Mode  Min  Max 

1.Using less electricity can reduce CO2  3.98 4.00 4  0  5

2.Using solar cells can produce electricity  3.62 4.00 4  0  5

3.Using CNG or NGV replaces gasoline 

engines 

3.73 4.00 4  0  5

4.Using gasohol replaces gasoline engines  3.75 4.00 4  0  5

5.Use LPG replaces gasoline engines  3.58 4.00 4  0  5

6.Using biodiesel replaces diesel engines  3.61 4.00 4  0  5

7.Using public transport for traveling to 

work every day 

3.96 4.00 4  0  5

8.Bicycling to work/working nearby areas  4.02 4.00 5  0  5

9.Carpooling with neighbors or friends  3.71 4.00 4  0  5

10.Others 3.00 4.00 1  1  5

Total Scores 33.97 34.00 36  0  95

 

Using gasohol fuels and using CNG or NGV fuels replace to gasoline 

engine,  and  carpool  with  neighbors  or  friends  or  colleagues  was  the  third  way  for 
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energy  saving.  These  three  practices  were  in  3.75,  3.73,  and  3.71  and  they  were  in 

moderate degree. These practices can be helped to save energy and cost of petroleum 

fuels and they can also help to reduce CO2 emissions and the traffic jams in the big 

city like Bangkok by car pool. 

Using  solar  cells  can  produce  electricity  and  using  biodiesel  replaces 

diesel engines were the moderate degrees as 3.62 and 3.61 points. These two practices 

were  the  fourth  way  for  reducing  or saving  energy  in  changing  the  households’ 

member  behavior.  Both  of  them  were  in  home  electrical  energy  and  vehicle  fuel 

energy  reduction,  as  the  first  one  by  solar cells  and  the  second  one  by  changing  to 

biodiesels.  They  can  be  applied  to  the  household  member’s  changes  of  their 

technological products both with home and vehicle equipment. 

    The  fifth  way  of  energy  saving  practice  was  using  LPG  replaces  to 

gasoline engine as 3.58. This practice was in moderate degree and it can be used by 

installing LPG supply equipment into the old gasoline engine. This will increase cost 

of  installed  equipment  but  the  long  run  it  can  be  saved  cost  of  fuel  energy.  At  the 

present  market,  government  did  not  support  in  this  way  but  more  people  to  use  for 

their energy saving. 

    Finally, other practices which came from suggestions and were not in 

the  original  11  questions.  These  practices  were  in  5  cases  or  5  households.  Its 

practices  proved  an  average  of  3.00  or  equal  to  a  moderate  degree.  These  practices 

worked for saving energy by route planning before traveling on any road of the daily 

transport, checking the road for traffic jams on the traffic radio before driving on road, 

etc. 

 

4.3.5  Household’s Suggestions for Reducing and Saving in Energy 

  This  section  comprised  of  all  suggestions  which  came  from  opened-ended 

questions. This asking wanted to know of any practices and ways of how-to practice 

the reduction and saving on all kinds of energy such as electrical energy, fuel energy 

and others i.e. the CO2 emissions at the present and in the future. Examples of these 

kinds of practice were elicited i.e. in home electrical energy, in vehicle fuel energy for 

transportation  and  traveling,  within  government  and  public  organizations  and  as 

aspects of other opinions and suggestions. 
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  The  following  were  items  listed  from  all  of  the  households  and  divided  into 

four categories of energy saving practices. In each item was in one and more than one 

numbers  of  the  household’s  suggestions  but it  was  ranked  as    first-in  and  first-out 

orders and then listing as with concise sentences as well as the meaning and reasoning 

of its suggestions to their urban energy management and policy makers. Therefore, all 

suggestions  may  be  right  or  be  wrong,  depending  on  several  variables  and 

environmental situations of urban energy management.  

    4.3.5.1  The  Household’s  Suggestions  in  Saving  Home  Electrical 

energy. Twelve suggestions for saving in home electrical energy were listed and were 

involved  in  home  electrical appliances  and  how  to  use  them  in  the  right  way  for 

saving home energy. 

      1)  If the households have more electrical appliances in home it 

would  create  more  CO2  emissions,  therefore  it  should  reduce  the  number  of  its 

appliances 

      2)    Use  less  air  conditioners  and  change  to  a  more  natural 

atmosphere at home to save more money and more energy 

      3)  Limit the number of electrical appliances which were out of 

order and of low quality by changing to new ones which would help to reduce home 

electrical energy 

      4)  When home electrical appliances are not in use, they should 

be unplugged  

      5)    In  the  case  of  saving label  products,  such  as  No.5-saving-

labels, this led to confusion of the customers when they were making decision about   

buying these products.  Customers do not believe in these electrical saving products at 

all, so government agencies should plan their actions on this 

      6)  All  electrical  equipment  and  appliances  should  be  checked 

with care, maintained, and repaired efficiently for saving home energy and money 

      7)  Saving home energy can save money  

      8)  Home  electrical  appliances that  can  be  used  with  solar  cell 

products should be produced 

      9)  Saving tap water at home can be save   electrical energy 
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      10) Open ceilings with glass for letting sun light into the house 

for reductions in use of home electrical energy 

      11)  To  have  strict  guidelines  and  time  limits  for  children 

playing computer games at home would be help to reduce home electrical electricity 

energy usage, and 

      12)  Promote  home  solar  cell  products  for  use  in  homes  at  a 

reasonable price 

4.3.5.2 The Household’s Suggestions for Saving Transport and Vehicle 

Fuel  Energy.  There  were  eleven  suggested items  for  their  saving  of  transport  and 

vehicle fuel energy. All of them were listed and they were involved in transportation, 

traveling and vehicle fuel energy reduction and, how to practice it in the right way for 

saving this kind of energy. 

      1)  Restrict the use of old vehicles on the road or limit the  age 

of all kinds of vehicles when  they are renewing their yearly vehicle registration 

      2)  Using  new  alternative  energy  to  replace  all  petroleum 

products which have cause pollution and emit CO2 gases 

      3)  Increasing  the  numbers  of  CNG  or  NGV  stations  in 

provincial  areas,  because  currently  there is  not  enough  supply  for  customers  in  any 

rural  areas  i.e.  North  Eastern  area.  For more  than  two  years  there  has  not  been 

extension to these CNG or NGV stations at all 

      4)  Route checking before driving to other areas where drivers 

or  road  passengers  do  not  know  this  would help  to  save  energy  and  improve  road 

safety at the same time 

      5)  For the policy of fuel price decreasing and  cheaper prices 

of  some  fuels  to  be  terminated,  because  the  subsidized  prices  were  ruining  the  real 

demands and did not make the people consider changing fuel source for saving fuel 

energy 

      6)    To  turn  the  engine  off when  the  vehicle  is  waiting  in  the 

very heavy traffic congestion in towns or any traffic jams  

      7)    Sharing  the  cost  of  fuels  for  transport  by  car  pooling  with 

friends, neighborhoods and colleagues 



171 
 

      8)  When  a  vehicle  is  parked,  it  should  be  a  habit  and  a 

discipline to turn the engine off 

      9)  Do not drive the vehicle more than the legal limitation 

      10)  Observe  that  there  is  no  need  to  keep  everything  thing  in 

the vehicle as this makes for heavy loading which consumes more fuels energy, and 

      11)  Do  not  go  shopping  in  several  places  and  different  times. 

Try to just do the shopping monthly at the same place 

4.3.5.3  The  Household’s  Suggestions for  Government  Officials  and 

Agencies  in  Saving  Energy.  There  were  more  suggestions  for  government  officials 

and  agencies  in  saving  energy  as  listed  below.  There  were  twenty  suggested  items. 

Most  of  them  complained  that  the  government  administrations  did  not  produce 

projects,  campaigns  or  policies  for  national  energy  reduction,  energy  saving  both  in 

private  and  public  organizations,  support  for  new  alternative  energy  sources,  high 

costs of energy and living, etc. 

  1)  Weak  government  administrations  in  all  kinds  of  energy 

saving, because  a major rural party cannot  control  some main ministries which are 

involved  in  energy  arenas  such  as  the  ministry  of  energy,  ministry  of  industry, 

ministry of commerce and the ministry of transportation; so  they all wanted to change 

for a new government administration 

      2) Governments should make public transport easier to use by 

facilitating and connecting all transits in one routing 

      3)  Governments  should  support  using  public  transport  while 

reducing the number of taxi on the roads 

      4) Governments should be stricter about the uses of any vehicle 

when driving on urban roads, especially in case of road accidents 

      5)  Governments  should  use  domestic  fuel  products  or 

alternative energy sources and does not import energies from aboard 

      6)  Energy  policy  from  the  government  agency  about  LPG 

versus CNG or NGV for vehicles should be clear cut for the peoples who are the main 

users of the fuels 
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      7)  Government  agencies should  be  emphasizing  energy 

conservation and other ways of reducing CO2 emissions by campaigning and giving 

more knowledge through public media to the households 

      8) Governments should maintain the policy of reducing the cost 

of living concerning the price of  tap water, electricity, public buses as well as others 

government controlled necessities of life 

      9)  Governments  should  use  a policy  of    a  free  market  for  all 

fuel  price  mechanism,  this  would  help all  peoples  involved  to  save  energy  and 

consume  less than today’s quantity and demand 

      10)  Governments should be growing trees around the town and 

in other areas for protecting the environments 

      11)  Governments should be implementing projects, including, 

the  reduction  of  plastic  bag  usage  and growing  tree  projects.  These  should  be 

implemented continuously for as long as is deemed necessary  

      12)  Governments  should  promote  education  scholarships  in 

energy  management  to  the  peoples  for  their  academic  career  and  for  the  future  of 

Thailand 

      13)  Governments  should  promote  Thai  wisdom  in  energy 

saving practices and not use lifestyles like western people 

      14)  Government  agencies  and  officials  should  be  leaders  of 

energy saving in their usage and consumptions of energy for all Thai people 

      15)  Helping  with  the  sharing of  information  with  the  public, 

about energy saving, energy conservation and also about alternative energy  

      16)  Educate  the  household’s  members  by  creating  energy 

saving and conservation booklets for distribution to schools and community areas 

      17)  Use  protective  film  to  reduce  the  sunlight  entering  into 

vehicles and rooms 

       18)  Improving  Bangkok’s  mass  transportation  systems 

including  bus,  MRT  and  BTS  systems  and  training  all  the  officers  involved  in  this 

organization 

      19)    Urgently  build  mass rapid  transportation  in  all  Bangkok 

areas and vicinities to help to reduce the use of home vehicles for transportation  
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      20)    Promote  and  support clean  energy  production  and  also 

support  the  car  manufacturers  in  their  ‘greener’  production  of  cars,  increasing  the 

using the use of clean energies 

 

4.4  Quantity of Energy Consumption in Bangkok  Households 

 

 The capacity and amount of energy consumption in residential sectors of the 

Bangkok  Metropolitan  Administration  or  BMA area  has  been  influenced  by    the 

characteristics of the all of the households in the Bangkok city area. Characteristics of 

the  Bangkok  households  have  been  involved  in  the  overview  of  household’s 

structures  and  functions,  as  well  as  the environmental  settlements  of  their  houses. 

These  environmental  settlements  are  city  zoning,  population  density,  household 

characteristics  and  urban  residential  contributory  factors  to  changes  in  energy 

consumption, energy saving, and the reduction of CO2 emissions. 

 

4.4.1  Bangkok Population and Population Density 

 The  population,  or  the  peoples  who  live  in  the  Bangkok  metropolitan  area  

total nine million people (Asianinfo, 2010). If we include the three provinces in the 

immediate  Bangkok  vicinity,  namely  Nonthaburi,  Pathum  Thani  and  Samut  Prakan,  

the  total  population  is  more  than  ten  million  people,  or  about  15%  of  the  whole 

kingdom of Thailand. The number of households in the Bangkok area was 2,400,540 

houses  in  2010.  Total  population  was  5,701,394 people,  with  the  male  population 

standing at 2,709,568 people, and the female population standing at  2,991,826 people 

(National Statistical Office of Thailand, 2012b) with  the density per square kilometer 

being  3,644 people (Bangkok Metropolitan Administration, 2009). 

 The population  density  from  the  15  districts  of  the  BMA  area  has  been 

randomly  sampled  for  the  study,  with  an  average  population  density  of  8,722.34 

people  per  Sq.Km,  which  shown  in  table  4.39.  The  highest  population  density  is  in 

Pom  Prap  Sattru  Phai  district  of  the  inner  area  with  29,757  people  per  Sq.Km, 

meanwhile the lowest population density is at Lat Krabang district with 1,169 peoples 

per Sq.Km. 
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Table 4.39  City Zoning, Population Density, and Sample of 15 District Areas 

 

Unit: People 

Zone and District Density  n 

1stZone: CBD or Inner Area   473

1.Pom Prap Sattru Phai  29,757  78

2.Bang Sue  12,802  77

3.Din Daeng 16,970  61

4.Yan Nawa 5,285  80

5.Bangkok Yai 12,886  91

6.Bang Kho Laem  9,467  86

2ndZone: Urban Fringe or Middle Area   378

7.Phra Khanong 7,042  77

8.Lat Phrao 5,509  77

9.Khan Na Yao  3,273  74

10.Bang Phlat 9,274  75

11.Chom Thong 6,285  75

3rdZone: Suburb or Outer Area   299

12.Don Mueang 4,431  71

13.Lat Krabang 1,169  76

14.Taling Chan 3,657  77

15.Bang Bon 2,914  75

Total/Average 8,722.34  1,150

 

 The first zone is the CBD or inner area, sampling 6 districts from 21 districts. 

The highest population density is in Pom Prap Sattru Phai district with 29,757 people 

per Sq. Km. and lowest population density is Yan Nawa or 5,285 peoples per Sq. Km. 

The sample is of 473 households or 41.1% of all. 

  Second zone is the urban fringe or middle area, sampling 5 districts from 18 

districts. In this zone, the high and low population densities are Bang Phlat and Khan 

Na Yao districts with  9,274 and 3,273 people per Sq. Km. These 378 households or 

32.9% represent the second zone. 
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 Third zone is the suburb or outer area, sampling in 4 districts from 11 districts. 

High  and  low  population  densities  are  Don Mueang  and  Lat  Krabang  districts  or 

4,431  and  1,169  peoples  per  Sq.  Km.  299  households  or  26%  is  represented  in  this 

zone. 

 

Table 4.40  Characteristics of Households in Bangkok Metropolis from 15 Districts 

 

       Unit: People/Year/Sq.M./Bath/Km./Minute/Car/Item/Day 

Characteristics Mean  S.D.  N 

1.Population Density 8,722.34 7,002.479  1,150

2.No. of the Household’s Member 2.93 1.614  1,150

3.Average Age of the Household 34.54 n/a  3,364

3.Total Education Year in the Household  31.58 16.888  1,150

4.Total Space of the Household 75.05 53.192  1,150

5.Total Income per Household 30,658.43 28,142.409  1,150

6.Total Distance by Kilometer 21.97 19.823  280

7.Total Distance by Time 66.44 59.812  280

8.Total No. of Vehicle .90 .875  1,088

9.Total No. of the Household Appliance  13.14 7.433  1,150

10.Total Expenditure of the Household  14,863.72 7,618.119  1,150

11.Total Home Energy Expense 835.54 683.285  1,150

12.Total Expense for Their Own Vehicles  2,467.59 2,118.797  280

13.Total Expense for Their Public 

Transports 

600.57 538.432 

 

280

14.Total No. of Provincial and Aboard 

Trips 

4,423.57 3702.365 

 

280

15.Total Transport and Travel Expense  6,577.46 4,493.833  280

 

4.4.2  Bangkok’s Household Characteristics 

  The characteristics of the households in Bangkok city can be concluded from 

the  major  characteristics  shown  in  table  4.40.  The  mean  of  household  size  is  2.93 

people, the mean of age is 34.54 years old, the mean of total education is 31.58 years, 
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the mean of total space in the household is 75.05 Sq.M., the mean of total income is 

30,658.43 baht per month, the mean of total distance is 21.97 Km  or 66.44 minutes, 

the mean of the total number of vehicles is 0.90 units, the mean of total number of the 

household’s appliances is 13.14 items, the mean of the total expenditure is 14,863.72 

baht per month, the mean of total home energy expense is 835.54 baht per month, the 

mean of the total expense for their own vehicles is 2,467.59 baht per month, the mean 

of total expense for their public transports is 600.57 baht per month, the mean of the 

total expense in their provincial and foreign trips is 4,423.57 per year, the mean of the 

total transport and travel expenses is 6,577.46 per year, respectively. 

  

  4.4.3  Amount of Energy Consumption for All Types of Energy 

 Bangkok households consumed all types of energy with a total expenditure at 

an  average  of  2,361.74  baht  per  month  with  an  average  household  size  of  2.93 

persons. The highest consumption of all types of energy was petroleum products with 

the exception of oil at 1,526.20 baht, other products at 423.16 baht, and electricity at 

760.30 baht, as shown in table 4.41. 

As the former survey reported in the year of 2009, energy consumption in the 

whole  kingdom  averaged  1,638  baht  per month,  petroleum  products  1,155.00  baht, 

and  other  products  483.00  including    electricity  at  440.00  and  charcoal  &  wood  at 

43.00 baht per month. In 2000, Bangkok metropolis and vicinity consumed all types 

of fuel and the total expenditure was an average of 1,479.59 baht per month with an 

average  household  size  of  3.20  people.  The  most  used  of  all  types  of  fuel  was 

petroleum  products  i.e.  gasoline,  diesel,  oil,  and  LPG  for  cooking  at  844.19  baht, 

other  products  i.e.  charcoal  and  wood  at  635.40  baht,  and  electricity  at  632.45  baht 

(National Statistical Office of Thailand, 2012a). 

Meanwhile  the  survey  report  in  the year  2010,  energy  consumptions  in  the 

whole kingdom was at 1,818 baht per month, petroleum products were at 1,283 baht, 

and other products were at 535 including electricity at 491 and charcoal and wood at 

44 baht per month. The Bangkok metropolis and vicinity consumed all types of fuel 

with the total expenditure at an average of 2,836 baht per month. Petroleum products 

were  1,825  baht;  gasoline  at  442  baht,  gasohol  at  752  baht,  diesel  at  457  baht, 

biodiesel at 29 baht, oil at 103 baht, LPG for cooking at 58 baht, and LPG for vehicles 
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at  87  baht.  Other  products  were  1,011  baht;  charcoal  and  wood  at  1  baht  and 

electricity at 1,010 baht (National Statistical Office of Thailand, 2012b). 

 

Table 4.41  Total Expenditure for All Types in Energy Consumptions 

 

Home and Vehicle Energies Expense/Month 

Type of Home Energy Baht

1.Electricity  760.30

2.LPG for Cooking 95.52

3.Charcoal 113.58

4.Battery 80.78

5.Fuels in Home 153.60

6.Other Energy 75.20

Total  835.54

Type of Vehicle Energy Baht

1.Passenger Car 2,764.42

2.Pickup Car 2,242.58

3.Motorcycle  1,019.48

4.Others 2,666.67

Total  1,526.20

Grand Total   2,361.74

 

When  comparing  the  information  of  two surveys  we  can  explain  that  in  the 

last ten years, all categories of energy consumption in total expenditure, all types of 

petroleum  products,  and  electricity  have  increased  by  about  1,356.41,  438.81  and 

377.55  baht  per  month  or  91.67%,  51.98%  and  59.70%  respectively,  while  other 

products are decreasing, such as charcoal and wood, but electricity is increasing more 

than expected. This information shows that Bangkok households have increased their 

usage of all types of fuel and electrical energy by a margin of 52-92%, especially as 

fuel  energy  is  more  used  as  well  as  more  electrical  energy.  Other  energies  such  as 

charcoal and wood are seemingly used and consumed in the opposite way, despite the 
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reduction  in  household  size  from  3.20  to 2.93  persons.  Finally,  they  now  consume 

higher amounts and quantities of all types of energy. 

 

Table 4.42  Vehicle Type and Monthly Use of Fuel Quantities 

 

                    Unit: L./Kg./Baht 

Fuel Types Quantity  Amount 

1.Gasoline & Gasohol 91-95 for Passenger Cars  67.13  2,685.20

3.LPG for Passenger Cars 132.50  1,987.50

4.CNG or NGV for Passenger Cars 278.79  2,787.90

5.All Fuels for Pick-up Cars 74.11  2,242.58

6.All Fuels for Motorcycles 28.81  1,019.48

7.All Fuels for Other Vehicles 166.67  2,666.67

 

Notes: Price calculation: gasoline 40 baht/L., gasohol 35 baht/L., LPG 15 baht/Kg., 

CNG or NGV 10 baht/Kg.  

 

  Fuel types of all vehicles which are used in the households for their transport 

and  traveling  are  almost  all  benzene  91 or  95,  gasohol  91  or  95,  LPG  for  vehicles, 

NGV or CNG for vehicles, diesel and biodiesel. All types of fuel with the exception 

of diesel and biodiesel are used in passenger cars, pickup cars, motorcycles and vans 

with benzene engines. Diesel and biodiesel fuels are used only in diesel engines both 

in passenger cars, pickup cars and vans. The exceptions are motorcycles. 

  Gasoline 91 or 95, gasohol 91 or 95, LPG for vehicles, and CNG for vehicle 

are mostly used in passenger cars at  a total of 7,460.60 baht per month or an average 

2,764.42  baht.  This  can  be  broken  down  as CNG,  gasoline  91  or  95,  and  LPG  for 

vehicle as 278.79 kilograms, 67.13 liters, and 132.50 kilograms or 2,787.90, 2,685.20, 

and 1,987.50 baht per month, respectively. 
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4.5  Quantity of Energy Saving in Bangkok Households 

  

We  can  calculate  the  capacity  and amount  of  energy  saving  or  energy 

conservation in all types of energy of the households in the BMA area, by using the 

figures  in  table  4.43-4.47.  Table  4.43  showing  the  figure  of  technological  and 

alternative energy products for saving in home energy especially in electricity, table 

4.44 showing the saving practice of home electrical energy while table 4.45 shows the 

figure of petroleum products saving in fuel energy, then table 4.46 shows the saving 

practice of fuel energy for their transport and traveling, and finally table 4.47 shows 

the energy saving by reducing and recycling the waste products in the households. 

 

Table 4.43  Technological and Alternative Energy Products Use for Saving Energy in 

Households 

 

   Unit: Watt-Hour 

Type of Technological and New 

Alternative products 

% Use in 

Household 

(a) 

% of 

Saving 

(b) 

% Rate 

of Saving 

C=(a).(b) 

1.Compact fluorescent light bulbs 21.15 20.00  4.23

2.Electrical saving labeled products 23.50 5-50.00  5.29

3.LED light Bulbs 5.58 67.50  3.77

4.Auto power off equipment 3.95 100.00  3.95

5.LCD & LED televisions 10.65 20-30.00  2.66

6.EER refrigerators 14.20 15.00  2.13

7.LCD & LED personal computers 10.09 25.00  2.52

8.EER air conditioners 8.59 5.00  0.43

9.Power saving units 1.47 60-95.00  1.14

10.Solar energy products 0.63 100.00  0.63

11.Wind energy products 0.19 100.00  0.19

Total 100.00  
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4.5.1  Amount  of  Energy  Saving  from  Technological  and  Alternative 

Energy Products 

Normal  electricity  consumption  in  the  residential  sector  was  about  25%, 

versus industrial and commercial sector at 75% of all electricity consumption in the 

whole  kingdom.  In  this  research,  the  total  number  of  household  appliances  is  an 

average of 1.06 to 2.01 items per household. All types of technological and alternative 

products  which  have  been  used  in  households  as  electricity  consumption  units  are 

divided into the main eleven types as shown in table 4.43. The following are amounts 

of energy saving in home electricity. 

    4.5.1.1  Compact  Fluorescent  Light  Bulbs  or  CFLs  which  are 

technological products are used in 21.15% of all households in Bangkok area. These 

CFLs  consume  between  18  to  36  watts  of electricity  (The  Electricity  Generating 

Authority  of  Thailand,  2011)  and  these  CFLs  have  replaced  the  former  CFLs  that 

consumed electricity at a rate of 20 and 40  watts  per  hour.  These  CFLs  can  help  to 

save  around  20%  of  the  electricity  consumption  in  the  home  electricity.  Since  2003 

the EGAT has cooperated with five major lamp manufacturers in Thailand to produce 

these CFLs for the purposes of reducing electricity consumption, by using a demand 

side management or DSM program. The results of this program can help to reduce the 

electricity consumption by 1,957.5 million watt-hours per year and it also can reduce 

the carbon dioxide in 1,446,682 tons in the same period. 

4.5.1.2  Electrical  Saving  Label  Products  in  Thailand  are  called 

electrical saving-no.5-label. These products have been campaigned and publicized for 

more than 19 years since 1993 by the EGAT and then in 2005 they  cooperated with 

the  office  of  Thai  industrial  standard to  launch  the  minimum  energy  performance 

standard or MEPS certificate  for all electrical appliances which are produced under 

the electrical saving-number 5-label. 

These  saving-no.5-label  products  are  called  technological  products, 

which  were  recently  listed  in  the  Thai  market  of  home  electrical  appliances  and 

equipments.  i.e.  refrigerators,  air  conditioners,  CFL  bulbs,  safety  ballasts,  electric 

fans,  rice  cookers,  high  efficiency  lamps,  standby  power  1  watt  and  etc.  In  this 

research,  this  type  of  electrical  saving  label  product  was  used  in      23.5%  of  all 

households in the Bangkok area and are the most used of all items. 
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For  energy  saving  units,  saving-no.5-label  of  refrigerators  can  reduce 

electricity consumption by around 15%, while the ERR value of air conditioners is 11, 

so it can reduce electricity consumption by 5%. Electric fans with a fan size 300 mm. 

(12 inch) and 400 mm. (16 inch)  use around 30 and 40 watts-hour of electricity and 

can  reduce electricity consumption in no.5-label by20 watts or reduce around 10 and 

20  watts-hour,  therefore  its  percentages  range  between  33.33-50.00%.  Rice  cookers 

can  reduce  electricity  consumption  by 10%  by  using  a  no.5-label  product,  when 

compared to the standard rice cookers. CFL bulbs can reduce electricity consumption 

by around 80-82.5% with the CFLs in 7, 11, 15, 20, and 23 watts-hours which replace  

40, 60, 75, 100, 125 watts in incandescent bulbs. 

    4.5.1.3  LED  light  Bulbs  account  for  5.58%  of  all  electricity 

consumption  in  the  households.  Light emitting  diode  bulbs  or  LEDs  present 

many advantages  over  incandescent  light  sources  including lower  energy 

consumption,  longer  lifespan,  improved  robustness, smaller  sizes,  faster  switching 

and greater durability and reliability (Wikipedia, 2011e). A 13 watt LED lamp emits 

450-650  lumens  which  is  equivalent  to a  standard  40  watt  incandescent  bulb.  A 

standard 40 watt incandescent bulb has an expected lifespan of 1,000 hours while an 

LED can continue to operate with reduced efficiency for more than 50,000 hours or 

50  times  longer  than  the  incandescent  bulb.  That  means  it  can  reduce  electricity 

consumption by 67.5%. One kilowatt-hour of electricity will cause 610 grams of CO2 

emission (Wikipedia, 2011c). 

Assuming the average light bulb is on for 10 hours a day, one 40 watt 

incandescent  bulb  will  cause  89  kilograms  of  CO2  emission  per  year.  The  13  watt 

LED equivalent will only cause 29 kilograms of CO2 over the same time span. This 

LED light bulb is also called a technological product. 

    4.5.1.4  LCD  &  LED  televisions  are  used  in  around  10.65%  of  all 

households and are called technological products. An LED backlight LCD television 

is an LCD (Liquid Crystal Display) TV that uses LED technology. They are not true 

LED  displays  but  are  called  LED  TVs by  some  manufacturers  (Wikipedia,  2011d). 

The use of LED backlighting has a dramatic impact, resulting in a thinner panel, less 

power  consumption  and  better  heat  dissipation  and  a  brighter  display  with  better 

contrast levels. Advantages of LED backlit LCD TVs are produce images with greater 

http://en.wikipedia.org/wiki/Led#Advantages�
http://en.wikipedia.org/wiki/Energy_conservation�
http://en.wikipedia.org/wiki/Energy_conservation�


182 
 

dynamic contrast, are extremely slim or one inch thick, offer a wider color gamut, less 

environmental pollution on disposal, higher prices and generally 20-30% lower power 

consumption. 

    4.5.1.5  LCD  &  LED  personal  computers  are  used  in  10.09%  of  all 

households, the same as LCD and LED TVs. The LCD monitors have slimmed down 

from  the  cathode  ray  monitors  of  the  early  personal  computer,  while  LED  monitors 

offer  better  color  reproduction  and    also use  less  energy  when  compared  to  cathode 

monitors,  as  well  as  the  newer  LCD  monitors.  In  most  instances,  the  choice  of  an 

LED  device  will  save  about  25%  of  the  energy  over  the  LCD  device 

(Ledhdtvtelevisions, 2011). 

    4.5.1.6  Power saving unitare  one of the pieces of electrical equipment 

which are used for power management in computers and other electrical items in the 

four  basic  modes,  such  as  system  standby,  system  hibernate,  monitor  power 

management  and  turning  off  equipment.  While  they  use  less  energy  than  desktops, 

notebook  computers  still  burn  about  20-30 watts  of  power.  System  standby  and 

hibernate features reduce the power draw to 1-2 watts, so the energy savings are still 

very significant (Energystar, 2011a). Screen savers generally do not save energy. In 

fact, certain graphics-intensive screen savers can cause the computer to burn twice as 

much as energy, and may actually prevent a computer from entering sleep mode. 

    4.5.1.7 Solar and wind energy products are called alternative products 

and  can  be  called  technological  products, as  well  as  the  aforementioned  products. 

They  are  used  in  the  households  at  reduced  percentages  or  0.63%  and  0.19%  of  all 

types.  Both  of  them  can  reduce  electricity  usage  by  100%,  because  use  renewable 

energy  from  natural  sources  such  as  wind  turbines  and  radiant  light  &heat  from  the 

sun.  They  can  also  help  to  reduce  energy  use  and  CO2  emissions  from  residential 

sectors. 

We  can  conclude  that  all  types of  technological  and  alternative 

products  can  help  to  reduce  home  electrical  energy  use  and  consumption  by  around 

5% to 100%.This energy saving is dependent on the type of household technological 

and alternative energy products. In this study, we have calculated the percentage of all 

household uses combined with the percentage of energy saving and time usage. We 

can summarized that all types of technological and alternative products can  help to 
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reduce    and  save    home  energy,  as  the  percentage  rate  of  saving  is  shown  in  table 

4.43.  The highest factor of energy saving in home electricity is in electrical saving 

label products at 5.29%, the next is compact fluorescent light bulbs at 4.23%, thirdly 

is auto power off equipment at 3.95%, then LED light Bulbs at 3.77%, saving items at 

2.66%,  2.52%,  and  2.13%  are  LCD  &  LED televisions,  LCD  &  LED  personal 

computers and EER refrigerators. Finally, less than 2% of energy saving items are in 

power  saving  units,  solar  energy  products,  EER  air  conditioners,  and  wind  energy 

products at 1.14%, 0.63%, 0.43%, and 0.19%, respectively. 

 

Table 4.44  Energy Saving Practice Use for Home Electricity 

 

 Unit: Watt-Hour 

Saving Practice of  

Home Electrical Energy   

% Use in 

Household 

(a) 

% of 

Saving 

(b) 

% Rate 

of Saving 

C=(a).(b) 

1.Making thicker walls 2.93 40.00  1.17

2.Insulating above ceilings 4.44 40.00  1.78

3.Growing tree around the home 13.42 25.00  3.36

4.Coloring outside of the house 5.51 25.00  1.38

5.Making terraces longer 12.30 25.00  3.07

6.Turning electrical equipment off 24.82 100.00  24.82

7.Adjusting air conditioners 10.41 10.00  1.04

8.Filling gaps around floors and others  3.52 40.00  1.41

9.Upgrading old equipment 7.60 5-25.00  1.14

10.Using fluorescent light bulbs 9.72 20-40.00  2.92

11. Using effective saving in the 

bathroom and others 

5.26 7.25  0.38

12.Others 0.08 100.00  0.08

Total 100.00  
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4.5.2  Amount of Energy Saving from Electricity Saving Practices 

In this study, saving practices of home electricity energies are categorized in 

twelve items which used in normal everyday life. The most used of them is turning off 

electrical  equipment  at  24.82%,  the  next is  growing  trees  around  the  home  area  at 

13.42%,  then  making  terraces  longer  at  12.30%  and  adjusting  air  conditioners  at 

10.41%.  The  other  things  which  are  lower than  10.00%  are  using  fluorescent  light 

bulbs,  upgrading  old  equipment,  coloring the  outside  the  house,  using  effective 

bathroom  saving  measures,  insulating  above  the  ceilings,  filling  gaps  around  floor, 

making walls thicker and others. They all are concluded in ten items as shown in the 

following explanations.  

4.5.2.1  Making  wall  s  thicker,  insulating  above  ceilings  and  filling 

gaps around floors and others are commonly used for reducing heat and saving energy 

at  home.  These  practices  are  used  in households  by  making  walls  thicker  at  2.93%, 

fitting loft insulation or any material above ceiling at 4.44%, and filling gaps around 

floor or wall and/or door at 3.52%, respectively. 

In fact, insulating solid walls could cut heating or cooling costs by up 

to 40% (Energysavingtrust, 2011b). Solid wall insulation is an effective way to stop 

wasting  energy,  saving  money,  and  help reducing  carbon  dioxide.  In  cases  of 

insulation  such  as  cavity  wall  insulation  electricity  consumption  can  be  reduced  by 

about  1.19  watts,  internal  wall  insulation  3.95  watts,  external  wall  insulation  4.17 

watts and loft insulation (0-270mm) 1.57 watts per day. But Powerscorecard (2011) 

has suggested that insulating walls and ceilings can save as much as 20% to 30% of 

home energy and reduce CO2 emission by 23 tons (20,865 kg) per year, for electric 

heat. 

4.5.2.2  Making  terraces  longer,  growing  trees  around  the  home  and 

coloring  the  outside  of  the  house  with  soft  and  light  shade  to  reduce  absorbing 

sunshine  and  heat  addition,  are  practices  for  saving  home  electrical  energy  and  can 

help  to  reduce  carbon  dioxide  emissions.  These  three  practices  are  used  in  12.30%, 

13.42%, and 5.51% of households. 

This practice can get the full benefit from trees by choosing the right 

kind of tree and putting it in the right location. Planting deciduous trees on the west 

side of a house provides cooling shade in the summer and blocks the sun all year long. 
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It  can  also  be  beneficial  to  plant  a  group of  small  trees  that  grow  up  to  25  feet  tall 

such as flower growing 6 feet from the home. The U.S. Department of Energy reports 

that carefully sited trees can cut the average household’s energy consumption by 25 

percent  (Organicgarden,  2011).  Reductions  in  energy  use  resulting  from  shade  trees 

and  appropriate  painting  can  save  up  to  2.4  tons  (2,177.2  kg)  of  CO2  emissions  per 

year. Each tree also directly absorbs about 25 pounds (11.34 kg) of CO2 from the air 

annually (Powerscorecard, 2011). 

4.5.2.3  Turning all electrical equipment and appliances off when not in 

use.  This  practice  is  the  most  used  in  households  at  24.82%.  This  practice  always 

helps  to  save  home  electrical  energy  and reduce  energy  uses  and  consumptions  by 

100%. It is also helped to save money too. 

4.5.2.4  Adjusting  air  conditioners  is  done  by  turning  down  the 

thermostat  of  air  conditioners  to  25o  c  or  above  and  adjusting  the  air  conditioner 

settings reducing the use of home electricity. This practice accounts for 10.41% of all 

practices  in  households.  By  reducing  the room  temperature  by  1°C,  you  could  cut 

heating  bills  by  up  to  10  percent  (50waystohelp,  2011;  Energysavingtrust,  2011a; 

Puretrust,  2011)  and  typically  save money  through  saving  around  9-90  watts  per 

month. 

4.5.2.5  Changing or upgrading the old appliances to be energy saving 

appliances is used in 7.6% of households for energy saving practice. This practice can 

help to save electrical energy and prevent pollution at home. Replacing the old ones 

by  looking  for  saving  no.5-lable  products  or new  energy-efficient  models  helps  to 

save  home  electrical  energy  by  around  5%  to 25%  such  as  refrigerator  sat  5%,  air 

conditioners at 15%, and computers at 25%. 

    4.5.2.6    Changing,  upgrading  and  using  fluorescent  light  bulbs  can 

save  money  and  home  electrical  energy,  and  also  reduce  carbon  dioxide  emissions. 

This  practice  is  used  in  9.72%  of  households.  Compact  fluorescent  light  bulbs  cost 

more  initially,  but  they  use  75%  less  energy than  standard  bulbs  and  last  up  to  ten 

times longer (Ezinearticles, 2011). Which can save up to 20%-40% (Puretrust, 2011) 

as well as aforementioned savings on technological products for energy saving. 

    4.5.2.7  Using effective saving in the bathroom and others is done by 

using a saving shower and using efficient faucets and showerheads instead of a bath. 
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This  practice  accounts  for  5.26  %  of  all  practices.  This  practice  will  not  only  save 

energy  but  will  also  conserve  water.  With  a  new  2.5  gallon-per-minute  (low-flow) 

shower head, a 10-minute shower will use about 25 gallons of water, saving 5 gallons 

of water over a typical bath. A new showerhead will also save energy by up to 7.25% 

each year on electricity (Energystar, 2011b). This helps with beating out both the bath 

and an old fashioned shower head. 

    4.5.2.8  Other  practices  are  not  included  in  the  above  energy  saving 

practices account for 0.08% of households, such as using automatic electrical power 

off units and using solar cells in some small electrical power units. In these kinds of 

practice, they will save 100% of energy and save money on electrical energy at home 

at the same rate because these two practices are technological and alternative energy 

products which can conserve energy and the environment as well. 

  We can conclude that of all the saving practices for home electrical energy, the 

most effective practice of them all is turning off all the electrical appliances that are 

not in use. This will help to save around 24.82%. The second practices are growing 

trees around the home and making terraces longer, which can save 3.36% and 3.06% 

of household energy. The third most popular practices that are used for saving energy 

at  1.04%  to  2.92%  are  making  the  walls  thicker,  insulating  above  ceilings,  coloring 

the  outside  of  the  homes,  adjusting  air conditioners,  filling  gaps  around  floors  and 

others,  upgrading  old  equipment  and  using  fluorescent  light  bulbs.  Finally,  other 

practices  which  are  used  for  saving  energy  at  home  are  using  energy  effective 

bathroom equipment and others at 0.08% and 0.38%, respectively. 

 

  4.5.3 Amount of Energy Saving from Vehicle’s Fuel Energy 

In  2008,  the  quantity  of  oil  equivalent consumptions  in  fossil  fuels  for  all 

transportation sectors was about 23,280 Ktoe of the vehicles in Bangkok city, around 

6 million are cars, or 22.41% of the total number of cars in the whole kingdom. In this 

study, the household consumption of fuel energy for vehicles is divided into six types 

of fossil fuel, such as gasoline 91 or 95, gasohol 91 or 95, LPG for vehicles, NGV or 

CNG, diesel and biodiesel, as shown in table 4.45. The following are the amounts of 

energy saving in household vehicles. 
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Table 4.45  Fuel Types and Vehicles Use for Energy Saving in the Households 

 

      Unit: L. /Kg. 

Fuel Types and Vehicles % Use in 

Household (a) 

% of Saving 

(b) 

% Rate of Saving 

C=(a).(b) 

Fuel Types for Passenger Car  

Gasoline 91 or 95 33.42 0 0

Gasohol 91 or 95 50.52 10-20.00 15.16

LPG for vehicle 7.51 41-57.00 3.68

NGV or CNG 8.55 56-68.00 5.30

Total 100.00   

Fuel Types for Pickup Car    

Gasoline 91 or 95 6.28 0 0

Diesel 74.87 20-40.00 22.46

Gasohol 91 or 95 14.66 10-20.00 2.20

Biodiesel 3.14 23.51-44.54 1.07

LPG for vehicle 1.05 41-57.00 0.51

Total 100.00   

Fuel Types for Motorcycle    

Gasoline 91 or 95 42.58 0 0

Gasohol 91 or 95 57.42 10-20.00 17.23

Total 100.00   

Fuel Types for Others    

Diesel 50.00 20-40.00 15.00

NGV or CNG 50.00 56-68.00 31.00

Total 100.00  

 

4.5.3.1  Gasoline  91  or  95  is  normally  used  in  old  and  new  vehicle 

models  and  is  called  as  gasoline.  Gasoline  91  or  95  contains  the  value  number  of 

octane  percentage  at  91%  and  95%  that  are  the  most  used  in  gasoline  engine  cars. 

Selecting the right oil will also increase engine performance and save money in your 

wallet (IRPC, 2011). This type of fuel was used more in the past than today, and it has 
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been decreasing steadily in use since 2009. This is because of new gasoline products 

like gasohol 91 or 95 which have emerged into the Thai market since the year 2006. 

This has affected the reduction in use of petroleum products, gasoline 91 and 95. 

    This type of fuel cannot reduce the use of fossil fuels directly and it is 

also  does  not  save  energy  and  money in  the  household’s  vehicle  for  their 

transportation  and  traveling.  It  is  also  not  environmental  friendly  as  when  used  it 

makes  the  petroleum  oil  price  increase,  and  is  increasing  the  volume  of  the  fuel 

demand in the market places. One liter of gasoline, when used as a fuel, produces 2.32 

kg  (1.3  cubic  meters)  of  carbon  dioxide for  a  greenhouse  gas  (Wikipedia,  2011c). 

Therefore, the percentage of energy saving in the households is not even as this type 

of  fuel  is  used  in  42.58%  of  motorcycles,  33.42%  of  passenger  cars  and  6.28%  of 

pickup cars in Bangkok households. 

    4.5.3.2  Gasohol  91  or  95  is  a  mixture  of  gasoline  and  ethanol,  hence 

the  name  which  is  a  mixture  of  the  two  words.  It  is  an  alternative  fuel  to  100% 

gasoline  and  helps  to  reduce  the  consumption  of  expensive  and  nonrenewable 

gasoline (Difference between Gasohol 95 and Gasohol 91?, 2008). Gasohol 95 has its 

higher octane and would enable a car to perform slightly better than gasohol 91. Both 

of them are a mixture of 10% ethanol and 90% gasoline. Gasohol ranges from 7.40 

baht to 10.10 baht cheaper than regular gasoline at the same octane. All of the gasohol 

on the market in Thailand today is E10 or 10% ethanol but gasohol 95 is in the E10, 

E15, and E20 ratios of today’s market place. 

Gasohol 91 or 95 is used in Bangkok households for their vehicles and 

transports, at the following percentages: 57.42% of motorcycles, 50.52% of passenger 

cars and 14.66% of pickup cars. Its percentages of saving energy in fossil fuel range 

from 10.00 to 20.00% and its saving of money is from 7.40 to 10.10 baht i.e. gasoline 

95  differs  from  gasohol  95  by  10.10  baht  (37.14  vs.  47.04  baht)  and  gasoline  91 

differs from gasohol 91 by 7.40 baht (34.64 vs.42.04). However, both gasohol 91 and 

95 are as same as gasoline 91 and 95 (or gasoline) with regard to emissions.  One liter 

when  used  as  a  fuel,  produces  2.088  (0.9  ×  2.32  kg)  of  carbon  dioxide  for  a 

greenhouse gas. 

4.5.3.3  LPG  for  Vehicles  or  Liquefied  Petroleum  Gas  is  also  called 

GPL  or  LP  gas  or  auto  gas.  Liquid  propane  gas  is  a  flammable  mixture  of 
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hydrocarbon gases used as a fuel in heating appliances and vehicles. It is increasingly 

used  as  an  aerosol  propellant  and  a  refrigerant,  replacing  chlorofluorocarbons  in  an 

effort  to  reduce  the  damage  to  the  ozone layer  (Wikipedia,  2011f).  LPG  is  used  in 

household vehicles at 7.51% of passenger cars and 1.05% of pickup cars in Bangkok. 

Using LPG for vehicles can save money but cannot save fuel energy, 

because  commercially  available  LPG  is  currently  derived  from  fossil  fuels.  Burning 

LPG releases CO2, a greenhouse gas, increasing global warming. However, LPG does 

release less CO2 per unit of energy than coal or oil. It emits 81% of the CO2 per kWh 

produced  by  oil,  70%  of  that  of  coal,  and  less  than  50%  of  that  emitted  by  coal 

generated electricity distributed via the grid. Its advantage is that it is non-toxic, non-

corrosive  and  free  of  tetra-ethyl  lead  or any  additives,  and  has  a  high  octane  rating 

(108 RON). It burns more cleanly than petrol or fuel-oil and is especially free of the 

particulates from the latter. 

LPG for vehicle drivers can save money varying around 23-36 baht per 

liter of gasoline. These different prices are dependent comparison with types of fuel 

energy.  For  examples,  LPG  vs.  benzene 95,  47.04  baht  per  liter,  is  saving  money 

about  36  baht  (LPG  price  is  11.XX  baht because  the  government  subsidizes    but 

actually the price should be 20.xx baht per kilogram), LPG vs. gasohol 91, at 34.64 

baht per liter, is saving money 23 baht, respectively. Today, the Thai government has 

issued  a  new  energy  policy  that  means  the  LPG  price  will  be  increased  every  6 

months by around 5 baht per kilogram until it meets the market price. 

4.5.3.4  NGV or CNG is compressed natural gas but in Thailand it is 

called natural gas for vehicles or NGV. It is a fossil fuel substitute for gasoline, diesel 

or propane/LPG. Although its combustion does produce greenhouse gases, it is a more 

environmentally clean alternative to those fuels, and it is much safer than other fuels, 

in  the  event  of  a  spill  (natural  gas  is  lighter  than  air,  and  disperse  quickly  when 

released)  (Wikipedia,  2011a).  CNG  may  also  be  mixed  with  biogas,  produced  from 

landfills  or  wastewater,  which  does  not  increase  the  concentration  of  carbon  in  the 

atmosphere. CNG is starting to be used in Thailand since 2008 in tuk-tuks, trucks and 

passenger cars. 

CNG  is  used  in  household  vehicles  at  50.00%  of  other  vehicles  and 

8.55% in passenger cars. CNG can save money in the wallet more than the saving in 
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the use of fossil fuels at a high proportion. Its money saving is at an average of 26.14-

38.54 baht per liter or kilogram when compared to benzene 95 at the price of 47.04 

baht per liter (normally CNG price in Thailand is 8.5 baht, government also subsidies 

at  5-6  baht)  and  gasohol  91  at  34.64  baht  per  liter.  Nowadays,  CNG  price  has 

increased by about 0.50 baht per kilogram every month which began on 16 January 

2012 until today. 

CNG  not  only  saves  money,  but  also saves  the  environment,  because 

CNG emits significantly less pollutants such as carbon dioxide (CO2), hydrocarbons 

(UHC), carbon  monoxide  (CO), nitrogen  oxide  (NOx), sulfur  oxide  (SOx) 

and particulate matter (PM) compared to petrol. For example, an engine running on 

petrol  for  100  km  emits  22,000 grams  of  CO2  while  covering  the  same  distance  on 

CNG  emits  only  16,275  grams  of  CO2,  or  for  the  same  amount  of  energy,  CNG 

produces  nearly  40%  less  CO2.  Due  to  lower  carbon  dioxide  and  nitrogen  oxide 

emissions, switching to CNG can help mitigate greenhouse gas emissions. The ability 

of CNG to reduce greenhouse gas emissions over the entire fuel lifecycle will depend 

on the source of the natural gas and the fuel it is replacing. 

4.5.3.5  Diesel in general is any liquid fuel used in diesel engines. The 

most common  is  a  specific  fractional  distillate  of  petroleum  fuel  oil.  Almost  every 

diesel  fuel  available  on  the  Thailand  market  is  high  speed  diesel  or  HSD  with  a 

0.035% sulphur content and low speed diesel or LSD has been out of the market since 

2009.  This  type  of  fuel  is  used  at  high  percentages  in  both  types  of  pickup  car  and 

other vehicles in Bangkok households 74.87% and 50.00%. The diesel price in Thai 

market now is around 32 baht per liter because the government has subsidized some 

taxes  to  support  the  price  for  helping  transportation  costs  and  keeping  the  cost  of 

goods and the cost of living for the people down. 

Diesel  is  used  as  a  car  fuel  and  generally  has  a  better  fuel  economy 

than  equivalent  gasoline  engines  and produces  less  greenhouse  gas  emission.  Their 

greater  economy  is  due  to  the  higher  energy  per-liter  content  of  diesel  fuel  and  the 

intrinsic efficiency of the diesel engine. The 20-40% better fuel economy achieved by 

modern diesel engine automobiles offsets the higher per-liter emissions of greenhouse 

gases,  and  a  diesel-powered  vehicle  emits  10-20%  less  greenhouse  gas  than 

comparable gasoline vehicles (Wikipedia, 2011b). 

http://en.wikipedia.org/wiki/Carbon_dioxide�
http://en.wikipedia.org/wiki/Hydrocarbon�
http://en.wikipedia.org/wiki/Carbon_monoxide�
http://en.wikipedia.org/wiki/Nitrogen_oxide�
http://en.wikipedia.org/wiki/Sulfur_oxide�
http://en.wikipedia.org/wiki/Particulate_matter�
http://en.wikipedia.org/wiki/Greenhouse_gas_emission�
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4.5.3.6  Biodiesel as well as diesel in general is any liquid fuel used in 

diesel engines which mixed with alternatives that are not derived from petroleum such 

as biodiesel, biomass to liquid (BTL) or gas to liquid (GTL) diesel, are increasingly 

being developed and adopted. In Thailand, biodiesel fuel is mixed with biofuels and 

has  two  types  of  biodiesel:  biodiesel  B100  is  24.73  baht  and  biodiesel  B5  is  26.59 

baht per liter while general diesel is 29.99 it can save about 3.40-5.26 baht per liter. It 

can  save  energy  at  11.34%  to  17.54%  of originally  energy  price  and  energy 

consumption. 

Biodiesel can help in both money and energy saving, it can also help to 

reduce  the  CO2  emissions  as  well  as  a  greenhouse  gases  better  than  diesel  fuel,  by 

around 1.1-1.2 times, especially in biodiesel B100 amounts of fossil fuel energy and 

money can be saved in a significant and sustainable way.  

  We can conclude that all types of fuel energy used in the household’s vehicles 

help  to  reduce  fossil  energy  uses  and consumptions  by  0.51%  to  31.00%  with  the 

exception  of  gasoline  or  benzene  91  or 95.  This  saving  energy  is  depended  on  the 

types of their household vehicles and fuel consumptions. In this study, we calculate 

the percentage of all households’ fuel energy uses with percentages of energy saving 

and  time  together.  So  that  we  can  summarize  all  types  of  fossil  fuel  energy  by  our 

uses and consumptions which can help to reduce and save fuel energy at home as the 

followings. 

  The first type of fuel energy that could be used for saving energy is NGV, for 

other  vehicles  like  vans  and  special  utility  vehicles  (SUV)  31.00%  of  all  energy 

saving  because  these  vehicles  are  consumed  fossil  fuels  in  the  higher  number  per 

kilometer. The next is diesel in pickup cars at about 22.46%, it may be that the diesel 

fuel  is  economic  in  energy  price  and  it  may  be  also  that  Thai  people  use  a  higher 

proportion  of  pickup  cars  than  other  vehicles.  The  third  is  gasohol  91  or  95  in 

motorcycles. It is used at 17.23% of saving rate and it is also a higher proportion of 

use  of  this  kind  in  Thailand  so  that  this  will  help  to  save  fuel  energy.  The  fourth  is 

also  gasohol  91  or  95  in  passenger  cars at  15.16%  the  same  as  15.00%  of  other 

vehicles.  This  type  of  fuel  energy  can  save  not  only  save  energy,  but  can  also  save 

money  in  the  wallet  too.  Fifthly  is  CNG  for  passenger  cars  which  has  a  percentage 

saving rate of around 5.30% it could be used more in the near future because this type 
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of fuel energy is new to the Thai peoples. There is a need to increase the number of 

fuel stations, and there is also a need to change new cars to CNG technology. 

  The  percentage  rate  of  energy  saving in  fossil  fuel  energy  which  has  been 

below  5%  is  LPG  for  vehicles  in  passenger  cars,  gasohol  91  or  95  for  pickup  cars, 

biodiesel for pickup cars 3.68%, 2.20%, and 0.51%, respectively. The figures of these 

types of fuel energy are not compatibility in the characteristics of vehicle models and 

fuel energy uses and consumptions in the general market place. 

 

Table 4.46  Saving Practice Use for Household’s Vehicle Fuel Energy  

 

      Unit: L. /Kg. 

Saving Practice of 

Fuel Energy 

% Use in 

Household 

(a) 

% of 

Saving 

(b) 

% Rate 

 of Saving 

C=(a).(b) 

1.Maintain vehicle properly 10.55 1-40.00  2.11

2.Change to a small vehicle 3.18 25-50.00  1.19

3.Change to a hybrid vehicle 1.06 35-60.00  0.50

4.Change to a CNG or NGV vehicle  2.65 56-68.00  1.64

5.Change to a LPG vehicle 2.33 41-57.00  1.14

6.Change to a gasohol vehicle 9.50 10-20.00  1.42

7.Change to a biodiesel vehicle 2.49 23.51-44.54  0.85

8.Use public transport 16.31 100.00  16.31

9.Use car pooling 7.60 100.00  7.60

10.Use a bicycle or walk 13.64 100.00  13.64

11.Work from home 5.26 100.00  5.26

12.Shopping near home 12.48 100.00  12.48

13.Schooling near home 6.20 100.00  6.20

14.Reduce travels and trips 6.51 33.33-50.00  2.71

15.Others 0.25 50.00  0.12

Total 100.00   
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4.5.4  Amount of Energy Saving from Fuel Saving Practices 

In  this  study,  the  practices  of  saving energy  in  vehicle’s  fuel  uses  and 

consumptions  by  improving  the  energy  efficiency  of  vehicle  fuels  are  presented  in 

table 4.46. The most practiced of all, is using public transportation, second is cycling 

or  walking  around  the  home,  the  third  is  shopping  near  home,  and  lastly  is 

maintaining the vehicles properly. These four practices are used in more than 10% of 

households  when  compared  with  others.  More  details  of  energy  saving  from 

household’s  vehicle  fuel  energy  with  percentages  of  use,  saving,  and  rate  of  saving 

are presented in the following section. 

4.5.4.1 Maintaining vehicles properly is used for fuel energy saving in 

home vehicles at about 10.55%. This practice normally should be  done by all vehicle 

owners because they must care for and maintain their vehicles in the properly ways 

such as change the air filter, don’t speed too rapidly, drive at a more consistent speed, 

turn  the  car  off,  inflate  the  tires  properly,  and  tune  the  engine  whilst  the  mileage  is 

still  low.  These actions will help to improve gas mileage significantly and increase 

fuel  efficiency,  and  will  also  reduce  smog and  emissions  that  contribute  to  global 

warming. 

This  practice  can  save  fuel  energy  at  around  1.00%  to  40.00%. 

Keeping the engine properly tuned or fixing a car that is noticeably out of tune or has 

failed an emissions test can improve its gas mileage by an average of 4% and fixing a 

serious  maintenance  problem  can  improve  mileage  by  as  much  as  40  percent 

(Fueleconomy, 2011). Keeping tires properly inflated can improve gas mileage by up 

to 3.3% (Energy, 2011). Under-inflated tires can lower gas mileage by 0.3% for every 

1 psi drop in pressure of all four tires. Using the manufacturer’s recommended grade 

of motor oil can improve gas mileage by 1-2%. 

 4.5.4.2    Change  to  a  small  vehicle  like  small  energy-saving  cars  or 

mini  compact  cars  which  are  usually  have  less  than  a  1,000  cubic  centimeter  (cc) 

engine. For an example, Honda mini car used engine N360/N600 with engine 360 cc 

and 600 cc. This practice is used for fuel energy saving by 3.18% of all practices. 

Small  energy-saving  cars  were  the focus  in  the  North  American 

International Auto Show (NAIAS) held in Detroit last year. Many car manufacturers 

like  Toyota  displayed  the  new  Prius  model  while  Honda  launched  the  ninth-
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generation  Civic.  In  addition,  Buick  released  the  company’s  smallest  car  ever,  The 

Verano.  Mercedes  Benz  presented  the  new smaller-sized  C  series.  And  Audi’s  new 

A6 sedan boasted its additional 25%+fuel-saving capacity (Taiwantrade, 2011). 

Mini compact cars use their small size to save on gas and energy. The 

Mini Cooper is the most fuel efficient mini compact on the market as of 2010. Mini 

Cooper can zip around turns at 25 miles (40.234 km) per hour with a carbon footprint 

of  5.8  (eHow,  2011b),  and  can  go  from  zero  to  60  in  under  seven  seconds.  These 

small vehicles can help to save fuel energy by about 25-50% from standard cars. 

4.5.4.3    Change  to  a  hybrid  vehicle,  is  used  for  fuel  energy  saving 

about 1.06%. This hybrid car is popular and helps to save energy and reduce carbon 

dioxide emissions with new technology. 

The  Toyota  Prius  was  the  first  hybrid  to  gain  real  popularity  when  it 

was first released in American in 2001. The Prius uses hybrid technology, meaning it 

is  a  combination  of  an  electric motor  with  a  gasoline  engine.  Resulting  in  an  EPA 

rated  48  miles  per  gallon  (4.9003L/100km)  on  the  highway  and  50  mpg 

(4.7043L/100km)  in  the  city  (eHow,  2011a). The  Prius  gets  a  3.8  on  the  carbon 

footprint scale that measures from 3.5 to 16.2, making it one of the most fuel-efficient 

and  energy-saving  cars  on  the  market.  Because  it  uses  less  CO2,  it  uses  less  energy 

from  petroleum  and  saves  on  gas  around  35-60%  compared  to  the  same  engine 

capacity models. 

    4.5.4.4    Change  to  CNG  or  NGV vehicle  for  fuel  energy  saving 

practice in households 2.65%. This practice is like hybrid cars but different in uses of 

engine  which  is  a  combination  of  gasoline  and  CNG  or  NGV.  Cars  using  CNG  can 

save  money  on  the  price  difference      between  CNG  and  gasoline.  For  example,  the 

CNG price in the market currently is 8.50 baht per kilogram while gasohol 91 or 95 is 

about  34.64-37.14  baht  so  this  will  help  to  save  money  and  fuel  energy  around  56-

68% as earlier mentioned. 

    CNG vehicles help to save the environment as they produced 90% less 

carbon  monoxide  than  a  traditional  gasoline  vehicle.  They  also  produce  only  5%  of 

the allowable emissions for today’s standards which means that they are much better 

for the environment (Dualfuelautos, 2011). 
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    4.5.4.5  Change to LPG vehicle is same as CNG vehicle and is used in 

about  2.33%  of  households.  LPG  cars  are  similar  to  hybrid  cars  and  CNG  cars  in 

which they use a combination of gasoline and LPG engine. Cars using LPG can help 

to save money as well as fuel energy at 41-57%. In principle, carbon emissions from 

LPG are reduced due to their low carbon content and high octane level. The fact that 

using LPG increases fuel consumption by 30%, bi-fuel gas cars show an improvement 

of around 10-15% compared to those using petrol, and are therefore comparable with 

diesel greenhouse gas emissions (Nextgreencar, 2011). 

    4.5.4.6  Change  to  gasohol  and  biodiesel  vehicles  are  used  in  saving 

practices for fuel energy at 9.50% and 2.49% respectively. Using these types of fuel 

energy for their vehicles can be save money and fuel energy at 10-20% for gasohol 

and 23.51%-44.54% for biodiesel. Both of them have been mentioned and explained 

in above topics. 

    4.5.4.7  Using  public  transport,  using  car  pooling,  using  bicycles, 

walking, working from home, shopping near home and schooling near home are six 

energy  practices  which  are  used  in  households  for  reducing  fuel  energy  and  saving 

money  at  the  percentages  of 16.31,  7.60,  13.64,  5.26,  12.48,  and  6.20,  respectively. 

These  practices  will  help  to  reduce  fuel  energy  consumptions  nearly  100%  because 

they all do not used fuel energy in transport and traveling at home, but some energy 

saving  practices  may  use  some  electricity  for  working  from  home  while  schooling 

near home may use some fuel energy. 

    4.5.4.8  Reducing  travel  and  trips from  the  regular  transport  and 

traveling each year will help to reduce fuel energy and save money at the same time. 

This practice is used in Bangkok households at 6.51% of all practices. 

Recommendations for reducing travel and trip via air plane and motor 

cars  are  many.  First  one  is  many  short-flight  journeys  could  be  made  by  train, 

considerably reducing the level of carbon emissions for the same journey. Second is 

not doing longer traveling and trips such as a flight from London to Thailand which 

releases  eight  times  as  much  CO2  as  a  flight  to  Rome  (Puretrust,  2011).  No  use  of 

long-haul flights because it can impact heavily on our personal carbon footprints, so 

that we could choose an airline that is committed to reducing its own carbon footprint. 

Others  are  flying  with  an  e-ticket  because the  cost  of  processing  a  paper  ticket  is 
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approximately $10, while processing an e-ticket costs only $1. This e-ticket will save 

the airline industry $3 billion a year (50waystohelp, 2011). 

In  this  research,  number  of  household’s  holidays  in  provincial  and 

foreign  traveling  and  trips  was  2.68  or  3 times  and  1.87  or  2  times.  If  they  reduce 

traveling  and  trips  of  their  vacation  by flying  once  less  per  year  or  one  fewer 

roundtrip domestic flight and instead driving their own vehicle, it would be expected 

that  should fly or drive only two and one times per year. This will help to save money 

in average 5,015.77 baht a trip multiplied 3 times is 1,671.92 baht for provincial trip 

and 7,357.65 baht a trip by 2 times is 3,678.83 baht for foreign trip. This practice will 

also help to save energy roughly in 1/3 trips or around 33.33% for provincial trip and 

1/2 trips or 50.00% for foreign trip, respectively. 

4.5.4.9    Other  practices  are  recommended  at  0.70%  of  all  households 

i.e. using public transport replaces  using their own vehicle and  parking, getting free 

public buses for transport, and mixing using   their own and public transport in some 

situations for reducing the costs of transportation. If they all are practiced in half of all 

normal uses they will help to save energy and money around 50.00% of all expenses 

in their traveling and transports.   

  We can conclude that percentages of saving practices for vehicle’s fuel energy 

in the household are: The first practice which is used for saving in more than 10.00% 

up is using public transport, use bicycles or walking, and shopping near home. They 

can help to save fuel energy and money at 16.31%, 13.64%, and 12.48%. The second 

practice which is used for saving in more than 5.00% to 10.00% of households is car 

pooling,  schooling  children  near  home  and  working  from  home  7.60%,  6.20%,  and 

5.26%. The third practice which is used for saving 1.00% to 5.00% are reduced travel 

and  tripping  less  once  per  year,  maintain vehicle  properly,  change  to  CNG  or  NGV 

engine, change to gasohol engine,  change to small vehicle, and change to LPG engine 

2.71%,  2.11%,  1.64%,  1.42%,  1.19%,  and  1.14%.  Finally,  practices  which  use  for 

saving  in  less  than  1.00%  are  changing  to biodiesel  vehicles,  changing  to  hybrid 

vehicles,  and  others.  These  can  help  to  save  around  0.85%,  0.50%,  and  0.12%, 

respectively.  
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4.5.5  Amount of Energy Saving from Reducing and Recycling the Waste 

Products 

In  this  study,  practices  for  saving energy  in  households  by  reducing  and 

recycling  the  waste  products  can  be  recommended  and  explained  in  table  4.47.  The 

most practice of all is wasting less food by reducing consumer food waste before bins 

at 31.41%, the next is reuse, separate, and sell the waste products at 25.05%, thirdly is 

recycle paper, plastic, and metal from the waste products at 23.24%, then is bringing 

food  and  vegetable  components  for  fertilizer  at  14.04%,  finally  are  taking  food  and 

vegetable components to produce bio-extract water and fertilizer, using  biogas from 

recycling and waste products, and others 3.47%, 2.35%, and 0.44%. 

 

Table 4.47   Energy Saving by Reducing and Recycling the Waste Products 

 

Unit: Watt-Hour 

 

Energy Practice of the Waste Things 

% Use in 

Household 

(a) 

% of 

Saving 

(b) 

% Rate 

of Saving 

C=(a).(b) 

1.Waste less food by reducing consumer 

food waste before bins  

31.41 25-40.00  10.21

2.Take food and vegetable components 

for fertilizer 

14.04 27.00  3.79

3.Recycle paper, plastic, and metal from 

the waste products 

23.24 50.00  11.62

4.Reuse, separate, and sell the waste 

products 

25.05 25-90.00  14.40

5.Use biogas from recycle and the waste 

products 

2.35 85.00  2.00

6.Taks food and vegetable components to 

produce bio-extract water and fertilizer 

3.47 12.20-

74.40 

1.50

7.Others 0.44 27-85.00  0.25

Total 100.00 100.00  
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4.5.5.1 Waste less food by reducing consumer food waste before bins 

is  the  practice  that  uses  for  energy  saving  in  households  by  reducing  normal  food 

waste  in  everyday  life.  It  can  be  help to  save  money  and  energy  by  around  25%  to 

40%, if we can cut food waste by only 25 percent we could save nearly 65 MMtCO2e 

(Garrison Institute, 2010). 

4.5.5.2  Take  food  and  vegetable  components  for  fertilizer  and  to 

produce bio-extract water and fertilizer replaces putting it in the bin. This will help to 

save energy as 27% of all foods we take into the house end up in the trash (O’Conner, 

2011).  Once  in  the  trash,  it  does  not  biodegrade-mainly  because  it  is  in  a  landfill, 

where it produces methane as it decomposes. A list of ways to reduce the foods which 

are thrown out is to freeze food scraps, store them properly and find places that will 

make use of your waste, and etc. 

    4.5.5.3  Reuse, separate, and sell the waste products are focused on the 

three  main  factors  when  thinking  about  more  sustainable  methods  of  waste 

management:  reduce,  reuse  and  recycle.  The  Three  R’s,  better  known  as  RRR, 

consider  not  only  recycling,  but  also  reducing  the  amount  of  waste  one  creates  and 

reusing  various  items  so  as  to  limit  the  amount  of  new  things  a  person  buys 

(Sustainablstow,  2011).  In  summary,  waste reduction,  separation  of  waste,  or  zero 

waste  strategy  provides  obvious  environmental  benefits,  conserves  energy,  prevents 

fossil  fuel  use  and  the  addition  to  the  problems  of  climate  change  and  geopolitical 

entanglements, and urges us to create new interesting products (Useful-Community-

Development, 2011). 

In the U.S., many items are recycled and these items can be recycled in 

the percentages of newspapers 88.9%, cardboard boxes 71.5%, steel cans 62.9%, yard 

trimmings  56.3%,  aluminum  soft  drink cans  44.8%,  magazines  38.5%,  plastic  soft 

drink  bottles  34.1%,  and  glass  containers 25.3%  (Net  Industries  and  Its  Licensors, 

2011). It has been reported that Denmark now recycles, reuses, or converts to energy 

90%  of  its  solid  waste  (Useful-Community-Development,  2011).  Determined 

recycling is a large component, and incineration for energy also helps them increase 

that percentage. 

4.5.5.4  Use  biogas  from  recycling  and  the  waste  products  is  rarely 

found  in  a  capital  city  like  Bangkok.  Biogas  with  biogas  digesters  are  a  new 
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technology that is able to convert organic waste to produce energy. Methane digesters 

convert manure or other organic matter into biogas through bacteria decomposing the 

organic matter in an environment absent of oxygen. This will produce a gas composed 

of 60-70% methane and 30-40% carbon dioxide-this gas mixture is referred to as the 

biogas (Greenanswers, 2011). The biogas can be combusted to generate energy for an 

engine generator or a hot water heater. 

Recycle  the  organic  waste  through  in  housed  biogas  plants  and 

consume  less  electrical  energy.  This  will cut  down  power  bills  and  the  compost 

produced as a by-product of the gas plant can be used as the manure for your kitchen 

garden  (Greendiary,  2011). The  new  plant  takes  50%  to  70%  less  time  for 

decomposing  raw  materials  stored  in  silage  for  power  generation.  That  would  mean 

more power generation in less time and increased efficiency. Even corn stalks can be 

used as the new system utilizes special enzymes to break down the cellulose in corn 

stalks before storing it in silage, thus making 100% use of all waste material with 85% 

success in power generation (Ecofriend, 2011). 

4.5.5.5  Take  food  and  vegetable  components  to  produce  bio-extract 

water and fertilizer is also rarely used in households. Bio-extract is a liquid derived 

from  the  fermentation  of  vegetables  and  fruits  with  sugar.  It  contains  vitamins, 

minerals,  hormones,  and  enzymes  (Ban  Saphangmoh-Unit  15,  2011).  Bio-extract 

helps  to  develop  soil  productivity  by  introducing  organic  matters  to  increase  soil 

substance  and  fertility  and  to  reduce  insects,  viruses  and  other  infestation.  In  the 

research study of Kanjana Sohurat (2009): production of bio-extracts using effective 

microorganisms  from  shrimp-cooking  water for  wastewater  treatment  system  of 

frozen seafood industry which has been reported that the bio-extracted without sub-

culturing gave the highest COD, BOD, TKN, TS, and SS removal efficiency around 

25.60%  to  87.80%.  This  bio-extract  water  can  help  to  use  food  and  vegetable 

components as the waste products as saving in about 12.20% to 74.40%. 

4.5.5.6    Other  practices  are  used  in biogas  from  recycled  and  waste 

products, bringing wasted food for animal feeding, and reducing use of plastic bags 

etc are at 0.44%. All other practices as well as taking food and vegetable components 

for fertilizer saves 27.00%, recycle paper, plastic, and metal from the waste products 
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saves 50.00%, and using  biogas from recycled and the waste products things saves 

85.00%, these can help to save 27.00% to 85.00% as earlier mentioned. 

  We can conclude that the percentages of all saving practices by reducing and 

recycling the waste products are: The most percents of saving is more than 10.00% up 

are  reuse,  separate,  and  sell  the  waste products  14.40%,  recycle  paper,  plastic,  and 

metal  from  the  waste  products  11.62%,  and  waste  less  food  by  reducing  consumer 

food  waste  before  bins  10.21%.  Second  practice  which  saves  1.00%  to  10.00%  are 

taking  food  and  vegetable  components  for  fertilizer  3.79%,  using  biogas  from 

rrecycling  and the waste products 2.00%, and taking food and vegetable components 

to produce bio-extract water and fertilizer 1.50%. Finally is ‘other practices’ at 0.25% 

as above recommendation. 

 

4.6  Quantity of CO2 Emission Reduction in Bangkok Households 

 

 Quantity  and  amount  of  energy  savings  in  electricity  and  fuel  energies  in 

Bangkok  households  have  been  concluded  in  earlier  summarizations.  Now,  we  can 

bring all energy consumptions and energy savings into the reduction of CO2 emissions 

from  households  in  Bangkok  area  at  the  figures  in  table  4.48-4.50,  Table  4.48 

showing the amount of CO2 emission reduction by savings in electrical energy, table 

4.49  showing  the  amount  of  CO2  emission  reduction  by  saving  in  fuel  energy,  and 

table 4.50 showing the amount of CO2 emission reduction by reducing and recycling 

in the waste products. They are all calculated and summarized in the following items. 

 

4.6.1  Amount of CO2 Emission Reduction from Electrical Energy Saving  

The  number  of  energy  savings  in  home  electricity  both  in  the  11  items  of 

technological and alternative products and the 12 items of saving practices are totaled 

in 23 practical items and they have been presented in table 4.48. These practices are 

used in Bangkok households and there are various percentage rates of saving which  

rank  from  0.08%  to  24.82%,  while  electrical  unit  saving  from  0.08  to  67.50  watts-

hour, and finally, CO2 emission units from 0.07 to 41.17 grams per hour. 

  

 



201 
 

Table 4.48  Amount of CO2 Emission Reduction and Saving Electrical Energy in 

Households 

 
Unit: Watts-Hour 

 

Types of Electrical Energy Saving 

% Rate 

of Saving 

Electrical 

Unit Saving 

(Watts-hour) 

CO2 

Emission 

Unit (Gram) 

1.Compact fluorescent light bulbs  4.23 2.00-4.00   1.22-2.44

2.Electrical saving label products 5.29 10.00-20.00  6.10-12.20

3.LED light Bulbs 3.77 27.00  16.47

4.Auto power off equipment 3.95 19.00-28.00  11.59-17.08

5.LCD & LED television 2.66 18.12-31.75  11.06-19.37

6.EER refrigerator 2.13 16.27-67.50  9.93-41.17

7.LCD & LED personal computer  2.52 5.00-61.25  3.05-37.36

8.EER air conditioner 0.43 16.27-67.50  9.93-41.17

9.Power saving unit 1.14 19.00-28.00  11.59-17.08

10.Solar energy products 0.63 201.60  1,047.98

11.Wind energy products 0.19 n/a  14.00-33.00

12.Making thicker wall 1.17 1.19-4.17  0.73-2.54

13.Insulating above ceiling 1.78 1.19-4.17  0.73-2.54

14.Growing tree around home 3.36 0.28-22.221  0.17-13.56

15.Coloring outside the house 1.38 0.28-22.221  0.17-13.56

16.Making terrace longer 3.07 0.28-22.221  0.17-13.56

17.Turning electrical equipment off  24.82 0.11-8.891  0.07-5.42

18.Adjusting air conditioner 1.04 10-144.00  6.1-69.54

19.Filling gaps on floor and others  1.41 1.19-4.17  0.73-2.54

20.Upgrading old equipments 1.14 0.33-27.67  0.20-16.27

21.Using fluorescent light bulbs 2.92 0.33-27.67  0.20-16.27

22. Using effective saving bathroom  0.38 0.08-6.44  0.05-3.93

23.Others 0.08 0.11-8.891  0.07-5.42

 

Note: 1 = Using electrical unit saving from this research study 
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    In electrical unit, savings of all types in home electricity appliances can 

be summarized as the following 17 listings, and it is noted that one kilowatt-hour of 

electricity will cause 610 grams of CO2 emission (Wikipedia, 2011c). Therefore, we 

will  use  this  electrical  unit  conversion  into  the  CO2  emission  for  calculating  the 

amount of CO2 emission reduction by using these energy savings for home electricity. 

    4.6.1.1  Compact  fluorescent  light  bulbs  or  CFLS.  These  CFLs 

consume  electricity  between  around  18  and  36  watts-hours  and  these  CFLs  have 

replaced  the  former  CFLs  that  consumed electricity  at  20  and  40  watt  per  hour,  so 

these will help to save electricity by 2-4 watts-hours and can reduce CO2 emission by 

about 1.22-2.44 grams per hour. 

4.6.1.2  Electrical saving label products or by using saving-no.5-label, 

these can help to save electricity units at around 10 and 20 watts-hours. This helps to 

reduce CO2 emission about 6.10-12.20 grams per hour. 

    4.6.1.3    LED  light  Bulbs,  a  13  watt  LED  lamp  emitting  450-650 

lumens  equivalent  to  a  standard  40 watt  incandescent  bulb.  A  standard  40  watt 

incandescent bulb has an expected lifespan of 1,000 hours while an LED can continue 

to operate and improve efficiency for more than 50,000 hours or 50 times longer than 

the incandescent bulb. That means it can reduce electricity consumption by 27 watts-

hours and can reduce CO2 emission by 16.47 grams per hour. 

    4.6.1.4  Auto  power  off  equipment,  this  is  used  to  help  to  use  less 

energy  on  desktops,  notebook  computers by  about  19-28  watts-hours  because  

normally it uses about 20-30 watts of power but in auto power off equipment will use 

1-2 watts only. So this energy saving is s about 11.59-17.08 grams per hour. 

    4.6.1.5  LCD  &  LED  television,  normally  19"  CRT  televisions  use 

between  55-90  watts  of  electricity  and 32"  LCD  televisions  use  98-156  watts  per 

hour.  Generally  using  LCD  and  LED  televisions  will  help  to  reduce  electricity  by 

around  20-30%  of  total  power  consumption.  This  can  save  power  consumption  at 

around18.12-31.75 watts-hours and reduce CO2 emission by about 11.06-19.37 grams 

per hour. 

    4.6.1.6  EER  refrigerators  Use  of refrigerators  by  compressor  and 

refrigerators will on average consume electricity at the rate of 200-700 watts and 57-

160  watts  per  hour  but  using  EER  refrigerators  can  help  to  save  electricity  around 
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15% when in comparison. . Thus, these EER refrigerators will help to reduce power 

consumption  by  16.27-67.50  watts-hour  and  reduce  CO2  emission  by  9.93-41.17 

grams per hour. 

4.6.1.7  LCD  &  LED  personal  computers,  in  general  these  personal 

computers use around 20-340 watts of electricity, such as desktop computers with 17" 

CRT  monitors  consume  150-340  watts,  desktop  computers  with  monitors  in  sleep 

mode 1-20 watts, 17" CRT monitor 90 watts, 17" LCD monitor 40 watts, and laptop 

computers 45 watts. The choice of an LED device will save about 25% of the energy 

over  the  LCD  device  so  that  this  will  help  to  reduce  power  consumption  by  about 

5.00-61.25 watts-hours. This will also reduce CO2 emission by 3.05-37.36 grams per 

hour. 

    4.6.1.8    EER  air  conditioners.  As well  as  many  EER  products  which 

consume electricity lower between 5-15%, EER air conditioners can reduce electricity 

consumption  by  5%  of  normally  uses.  Normally  air  conditioners  use  around  100-

1,440  watts  of  electricity  i.e.  window unit  AC-huge  1,440  watts,  window  unit  AC-

medium 900 watts,   tiny window unit AC 500 watts, and floor or box fan with high 

speed 100 watts-hours. Therefore, this can help  to  save  energy  at  an  average  of  15-

216 watts and the reduction of CO2 emission of 9.15-131.76 grams per hour. 

    4.6.1.9    Power  saving  unit,  this  electrical  equipment  can  use  less 

energy  than  normal  desktops  and  notebook  computers,  around  19-28  watts-hours 

because this equipment uses electricity of 1-2 watts-hours. This means that it will help 

to reduce CO2 emission by about 11.59-17.08 grams per hour. 

    4.6.1.10  Solar energy products, solar panels are at least 20 times better 

on the climate than coal because the most often cited report is by the Danish utility 

Vattenfall  from  1999  (Burkard,  2011).  Based on  that  study,  solar  PV  works  out  to 

about  50  grams  of  CO2  emission  per  kWh  compared  to  coal’s  975  grams  of  CO2 

emission per kWh, or about 20 × cleaner. A standard 224 watts solar panel  stuck  on 

your roof in an optimal location with no shadows. The panel is rated to produce 224 

watts of power in 1 hour of peak solar intensity. So if in one day the unit has 6 hours 

of  sun,  it  can  generate  6  ×  224  watts  =  1.33  kWh  with  that  one  panel.  At  the  same 

time it has to shave off about 10% for efficiency losses in inverter and wiring of the 

solar panel. 
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    That  means  we  can  save  electrical  energy  about  224  watts  ×  0.90 

efficiency  =  201.60  watts  per  hour  or  we  can  reduce  CO2  emission  around  (201.60 

watts  ×  0.61  grams  per  hour)  +  (975-50  grams)  =  1,047.98  grams  per  hour  with 

electricity generated by coal. 

    4.6.1.11  Wind  energy  products,  modern  wind  turbines  produce 

electricity  70-85%  of  the  time,  but  it  generates  different  outputs  depending  on  the 

wind  speed.  Over  the  course  of  a  year,  it  will  typically  generate  about  30%  of  the 

theoretical  maximum  output.  This  is  known  as its  load  factor.  The  load  factor  of  a 

conventional  power  station  is  on  average  50%  (The  Voice  of  Wind  and  Marine 

Energy,  2011).  The  normalized  CO2  emission,  in  tones  of  CO2  per  GTECH,  ranges 

from 14 to 33 for the wind systems, 974 for coal, and 10 and 34 for nuclear fission 

using  gas  centrifuge  and  gaseous  diffusion  enriched  uranium,  respectively  (White, 

2006:  271).  If  these  comparative  costs  are  applied  in  conjunction  with  the  need  for 

continuous fossil-fuelled back-up and its associated CO2 emission, the cost of using 

wind  turbines  as  a  method  of  CO2  avoidance  is  very  high  (White,  2004)  as  well  as 

many researchers have reported like this. 

    With limitations in uses of wind energy when compared to others we 

can calculate roughly saving electrical energy as such one day this wind turbine can 

produce average at 77.5% of the time and generate  about  30%  of  maximum  output. 

For example, a 1 MW turbine with a capacity factor of 50% will produce 2,628 MHz 

(1  MW  ×  (24  Hours  ×  0.30  factor)  ×  365  Days),  or  average  0.30  MHz.  This  power 

consumption is depended on power sources of home electricity supply if in one watt-

hour it can reduce CO2 emission about 14-33 gram per hour.  

    4.6.1.12  Makingthicker  walls,  insulating  above  ceilings,  and  filling 

gaps  around  floors  and  others  are  practices  for  reducing  energy  consumption  and 

reducing  CO2  emission.  These  three  practices  can  help  to  reduce  electricity 

consumption  by  1.19-4.17  watts  and  reduce  CO2  emission  by  0.73-2.54  grams  per 

hour. 

    4.6.1.13  Making  terraces  longer,  growing  trees  around  the  home,  and 

coloring the outside the house are practices for saving electrical energy and reducing 

CO2 emission. Since this research has electricity monthly payments varying from 100-

8,000  baht.  These  three  practices  can  be calculated  for  energy  saving  at  25%  of 
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monthly electrical bills, so that this saving of energy will be 0.28-22.22 watts per day 

((25% saving × 100-8,000 baht) ÷ 30 days ÷ 3.00 baht per unit) and it can reduce CO2 

emissions about 0.17-13.56 grams per day. 

    4.6.1.14  Turning  electrical  equipment  off and  other  practices  such  as 

using automatic electrical power off units and using solar cell in some small electrical 

power  units.  These  practices  can  help  to  reduce  electricity  use  and  reduce CO2 

emissions at the same time. If we turn off electrical appliances in 10% of all uses as 

indicated in item 13 we can reduce electricity consumption by 0.11-8.89 watts per day 

and it can reduce CO2 emission by around 0.07-5.42 grams per day. 

4.6.1.15  Adjusting air conditioners, this is used for reducing electrical 

energy by up to 10 percent of normal uses at 100-1,440 watts or saving 10-144 watts 

so that this will help to reduce CO2 emission by about 6.1-69.54 grams per hour. 

4.6.1.16  Changing,  upgrading,  and  using fluorescent  light  bulbs  can 

save money and electrical energy and also reduce carbon dioxide emission. These are 

used to save energy by 20%-40% of normally use. Therefore, this can help to reduce 

energy by 0.33-27.67 watts per day and reduce CO2 emission about 0.20-16.27 grams 

per day. 

4.6.1.17  Using  effective  bathroom  savings,  this  practice  will  save 

energy about 7.25%, so this helps to save electrical energy by around 0.08-6.44 watts 

or reduce CO2 emission by about 0.05-3.93 grams. 

 

4.6.2 Amount of CO2 Emission Reductions from Fuel Energy Saving 

Number of energy savings in home vehicle fuels, are 4 items of fuel types for 

vehicle  and  15  items  of  saving  practices  or  total  19  practical  items  as  have  been 

presented  in  table  4.49.  These  practices  are  used  in  Bangkok  households  and  are  in 

various  percentage  rates  of  saving  which  are  ranking  from  0.12%  to  68.00%,  while 

fuel unit saving is raking from 0-1.00 liters, and finally CO2 emission unit are from 

5.33 to 2,663.91 grams per liter. 
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Table 4.49  Amount of CO2 Emission Reduction and Saving Fuel Energy in 

Households 

 
 

 

Types of Fuel Energy Saving 

% Rate 

of 

Saving 

Fuel  Unit 

Saving 

 (L, Kg) 

Reduce 

CO2 Emission 

(Gram/L, Kg) 

1.Fuels for Passenger Car  

       Gasohol 91 or 95 15.16 0.10-0.20  232.15-464.31

       LPG for vehicle 3.68 0.20/0.40  821.54/1163.91

       NGV or CNG 5.30 0/0.40  580.39/665.98

2.Fuels for Pickup Car    

       Gasohol 91 or 95 2.20 0.10-0.20  232.15-464.31

       Biodiesel 1.07 0.05/1.00  133.20/2663.91  

       LPG for vehicle 0.51 0.20/0.40  821.54/1163.91

3.Fuels for Motorcycle    

       Gasohol 91 or 95 17.23 0.10-0.20  232.15-464.31

4.Fuels for Others     

       NGV or CNG 31.00 0/0.40  580.39/665.98

5.Maintain vehicle properly 2.11 0.01-0.40  5.33-1065.56

6.Change to a small vehicle 1.19 0.25-0.50  580.39-1160.77

7.Change to a hybrid vehicle 0.50 0.35-0.60  812.54-1392.93

8.Change to a CNG or NGV vehicle  1.64 0/0.40  580.39/665.98

9.Change to a LPG vehicle 1.14 0.20/0.40  821.54/1163.91

10.Change to a gasohol vehicle  1.42 0.10-0.20  232.15-464.31

11.Change to a biodiesel vehicle  0.85 0.05/1.00  133.20/2663.91

12.Use public transport 16.31 1.00  1500-2663.91

13.Use car pooling 7.60 1.00  1500-2663.91

14.Use a bicycle or walk 13.64 1.00  1500-2663.91

15.Work from home 5.26 1.00  1500-2663.91

16.Shopping near home 12.48 1.00  1500-2663.91

17.Schooling near home 6.20 1.00  1500-2663.91

18.Reduce travel and trips 2.71 0.33-0.50 145.15-1769.031

19.Others 0.12 0.50  750-1331.95

 

Note: 1 = calculating only travel and trip by air plane  

  

 One of the primary determinants of CO2 emissions from mobile sources is the 

amount  of  carbon  in  the  fuel.  Carbon  content  varies,  but  typically  we  use  average 
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carbon content value to estimate CO2 emissions. As the Intergovernmental Panel on 

Climate Change or IPCC guidelines for calculating emissions inventories require that 

an oxidation factor be applied to the carbon content to account for a small portion of 

the fuel that is not oxidized into CO2. For all oil and oil products, the oxidation factor 

is 0.99 (99% of the carbon in the fuel is eventually oxidized, while 1% remains un-

oxidized  (U.S.  Environmental  Protection  Agency,  2005).  To  calculate  the  CO2 

emission from a gallon of fuel, the carbon emissions are multiplied by the ratio of the 

molecular  weight  of  CO2  (m.w.44)  to  the  molecular  weight  of  carbon  (m.w.12): 

44/12.  The  following  calculation  of  fuel  types is  listed  and  noted  that  as  one  U.S. 

gallon equals to 3.78541178 liters. 

4.6.2.1  Gasoline and gasohol 91 or 95, CO2 emissions from a gallon of 

gasoline  =  2,421  grams  ×  0.99  ×  (44/12)  =  8,788  grams  or  8.8  kg/gallon  =  19.4 

pounds/gallon. In gasohol 91 or 95, this gasoline is mixed with 10% ethanol and 90% 

gasoline but in gasohol 95 is in E10, E15, and E20. This gasohol 91 or 95 can help to 

save  fossil  fuel  consumption  by  around  10%  to  20%  of  normal  petroleum  products 

and reduce CO2 emissions about 232.15-464.31 grams per liter ((8,788 grams/gallon ÷ 

3.78541178 liters) × 0.10% to 20%) because one liter of gasoline produces 2.32 kg of 

CO2 for a greenhouse gas. 

4.6.2.2  Diesel and biodiesel, CO2 emissions from a gallon of diesel = 

2,778 grams × 0.99 × (44/12) = 10,084 grams or 10.1 kg/gallon = 22.2 pounds/gallon. 

In  biodiesel,  this  diesel  is  mixed  with biofuels  and  has  two  types:  B100  is  100% 

biofuels  and  B5  is  5%  biofuels.  This biodiesel  can  help  to  save  fossil  fuel 

consumption by around 5% and 100% of normal petroleum products and reduce CO2 

emissions about 133.20-2,663.91 grams per liter ((10,084 grams/gallon ÷ 3.78541178 

liters)  ×  0.05%  and  100%),  one  liter of  diesel  produces  2.66  kg  of  CO2 for  a 

greenhouse gas. 

4.6.2.3  LPG, the Australian Greenhouse Office states that the mass of 

CO2 gas released of the exhaust pipe by the burning of one liter of fuel is 2.3 kg for 

petrol  while  LPG  is  1.5  kg  (NRMA  Motoring  Blog,  2007).  LPG  vehicle  users  can 

save  around  40%  on  fuel  costs  compared  with  petrol,  and  over  20%  compared  with 

the  equivalent  diesel  (Drivelpg,  2011). LPG  engine  vehicle  consumes  about  29.4 

MPG (mile per gallon) while gasoline engine 38.6 MPG and diesel engine 49.5 MPG. 
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If  we  use  LPG  fuel  to  replace  gasoline  we  will  reduce  CO2  emission  by  0.8-1.16 

grams per liter or 35.39% and 43.69% from gasoline and diesel. So that LPG fuel can 

reduce CO2 emission by 821.54 gram from gasoline engines and 1,163.91 grams for 

diesel engines. 

4.6.2.4  CNG  or  NGV,  the  U.S.  Environmental  Protection  Agency  or 

EPA calculated the potential benefits of CNG versus gasoline and diesel based it on 

the  inherently  cleaner-burning  characteristics  of  natural  gas  as  summarized  in  clean 

alternative  fuels:  compressed  natural  gas.  CNG  can  reduce  CO2  emission  by  25% 

from both gasoline and diesel fuels depending on the source of the natural gas (U.S. 

Department  of  Energy,  2011).  It  can  also  reduce  other  gas  emissions  i.e.  carbon 

monoxide,  nitrogen  oxide,  non-methane  hydrocarbon,  particulate  matter,  and  fewer 

toxic and carcinogenic pollutants. Therefore, CNG can help to reduce CO2 emissions 

around 580.39 and 665.98 grams per liter versus gasoline and diesel. 

     Fuel  efficiency  of  CNG  fuel  in  car  mileage  is  21  Km  per  Kg  while 

petrol  fuel  is  15  Km  per  liter  (Jain,  2008). This  amount  of  CNG  can  be  helped  to 

reduce fossil fuel by around 40% of normal uses in gasoline (21-15 Km/liter or Kg = 

6 Km/Kg, 6 Km/15 Km × 100 = 40%). When CNG fuel is compared to diesel with 

buses, mileage shows the same fuel efficiency or around 3.5 Km per liter or Kg.  

4.6.2.5  Maintain vehicle properly, this practice will help to save fuel 

energy by around 1-40% of normally use and consumption. This will help to save fuel 

energy  for  vehicles  by  0.01-0.40  liters  and  reduce  CO2  emission  at  23.22-928.62 

grams  per  liter  in  gasoline  engine, 26.64-1,065.56  grams  for  diesel  engines,  9.29-

371.45 grams of LPG for gasoline engines and 5.33-213.11 grams of LPG for diesel 

engines,  and  5.81-232.15  grams  of  CNG or  NGV  for  gasoline  engines  and  6.66-

266.39 grams of CNG or NGV for diesel engines. 

4.6.2.6    Change  to  a  small  vehicle,  this  practice  will  help  to  save 

energy at around 25-50% for standard cars especially in passenger cars and gasoline 

engines.  This  can  help  to  save  fuel  energy  at  0.25-0.50  liters  and  to  reduce  CO2 

emission by about 580.39-1,160.77 grams per liter. 

4.6.2.7  Change  to  a  hybrid  vehicle,  this  practice  will  help  to  save 

energy at around 35-60% for general cars, especially in passenger cars and gasoline 
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engines.  This  can  help  to  save  fuel  energy  by  around  0.35-0.60  liters  and  to  reduce 

CO2 emission at 812.54-1,392.93 grams per liter. 

4.6.2.8    Change  to  a  CNG  or  NGV, LPG,  gasohol,  or  biodiesel 

vehicles,  these  as  well  as  the  aforementioned  can  save  energy  consumptions  and 

reduced in CO2 emissions in the same ways. 

4.6.2.9  No.12  thru  no.19  are  the  saving practices  in  fuel  energy 

consumptions.  These  practices  are  using public  transport,  car  pooling,  cycling  or 

walking,  working  from  home,  shopping  near  home,  and  schooling  near  home.  They 

are mostly activities that can help to save fuel energy by not using vehicles at home 

but use public transport instead. These practices will help to save fuel energy at nearly 

100% and can reduce CO2 emissions in amounts of normal uses. That means it will 

save fuel energy at 1 liter of all kinds and reduce CO2 emission depending up on type 

of  fossil  fuel  energy.  For  examples,  one  liter  of  diesel  is  about  2,663.91  grams, 

gasoline  2,321.54  grams,  LPG  1.50  Kg,  CNG  or  NGV  around  1741.16-1,997.93 

grams, respectively. 

4.6.2.10  Other practices such as reducing travel and trips  per year, not 

using  their  own  vehicle  or  parking  but  using    public  transport  instead,  getting  free 

public buses for transport, and mixed uses of their own and public transport in some 

events are used for reducing costs of transportation and they can save fuel energy and 

reduce CO2 emissions too. 

By reducing trips to once a year can help to save fuel energy by 33.33-

50.00%. If an  airplane trip, different emissions factors are used for each flight length: 

short flight (250 miles) is 0.64 lbs/mile, medium flight (800 miles) is 0.45 lbs/mile, 

long flight (2,500 miles) is 0.39 lbs/mile, and extended flight (5,000) is 0.39 lbs/mile 

(Energy Information Administration, 2009b). That means all flights will emit CO2, as 

all  flight  times  with  emission  factors: short  flight  160  lbs  or  72.58  grams,  medium 

flight  360  lbs  or  163.29  grams,  long  flight  975  lbs  or  442.26  grams,  and  extended 

flight 1,950 lbs or 884.51 grams (1,000 grams = 2.2046 pound or lb). This can help to 

save fuel energy by 0.33-0.50% for one liter and reduce CO2 emissions from airplane 

round trip from short flight and extended flight at 145.15 and 1,769.03 grams. 

Finally,  not  using  their  own  vehicle  or  parking  but  using  in  public 

transport instead, getting free public buses for transport, and mixed uses of own and 

http://www.eia.doe.gov/oiaf/1605/coefficients.html�


210 
 

public transport in some events are assumed that they are used  day by day or about 

50% of normally use of fuel energy consumptions. These will help to save fuel energy 

roughly by 0.50 liters and reduce CO2 emissions for around half of all types of fuel 

energy. Thus, this can reduce CO2 emissions 750-1,331.95 grams per liter. 

  

4.6.3  Amount  of  CO2  Emission  Reduction  from Reducing  and  Recycling   

           in the Waste Products 

Number  of  energy  saving  in  home’s  reducing  and  recycling  from  the  waste 

products  are  7  items  of  saving  practices  which  have  been  presented  in  table  4.50. 

These  practices  are  used  in  Bangkok  households  and  there  are  various  percentage 

rates of saving which ranking from 0.25% to 14.40% while fuel or power unit savings 

are  ranking  from  0.12  to  0.90  liter,  Kg,  and/or  watts-hours,  and  finally,  the  CO2 

emission unit is reduced between 0.17 to 360 grams per day. 

   4.6.3.1 Waste less food by reducing consumer food waste before bins, 

this practice can help to save money and energy at around 25% to 40%. Every tonne 

of  food  we  throw  away  results  in  3.8  tonnes  of  carbon  emissions.  According  to  the 

report the average household generates 210 Kg of avoidable food and drink waste per 

year which equates to 87.5 Kb per person (Srivastava, 2011). This results in emissions 

of 87.5 Kg × 3.8 Kg CO2 = 332.5 Kg CO2 in one year or = 0.9 Kg CO2 saved each 

day.   If we can cut food waste by only 25% we can save nearly 230 grams of CO2 

emission. 

 4.6.3.2  Take  food  and  vegetable  components  for  fertilizer  and  to 

produce  bio-extract  water  and  fertilizer  replace to  in  the  bin.  This  will  help  to  save 

energy  as  about  27%  of  all  foods  we  bring  into  the  house  end  up  in  the  trash.  That 

means we can reduce CO2 emission by about 240 grams per day. 

  4.6.3.3 Reuse, separate, and sell the waste products are focused on the 

three  main  factors  when  thinking  about  more  sustainable  methods  of  waste 

management:  reduce,  reuse  and  recycle.  It  has  been  reported  that  Denmark  now 

recycles, reuses, or converts to energy 25-90% of its solid waste. For every pound of 

waste you eliminate or recycle, you save energy and reduce emissions of CO2 by at 

least  1  pound.  Cutting  down  your  garbage  by  half  of  one  large  trash  bag  per  week 

saves at least 1,100 pounds or 498.96 grams of CO2 per year (Powerscorecard, 2011). 
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This will help to reduce CO2 emissions by around 124.74-449.06 grams per year of 

25-90% or 0.34-1.23 grams per day. 

 

Table 4.50  Amount of CO2 Emission Reduction from Saving Energy by the Waste 

Products in Households 

 

Types of Energy Saving in the 

Waste Products 

% Rate 

of 

Saving 

Fuel/Power 

Unit Saving 

(L, Kg, Watt) 

Reduce 

CO2 Emission 

(Gram/Day) 

1.Waste less food by reducing 

consumer food waste before bins  

10.21 0.25-0.40  230-360

2.Take food and vegetable 

components for fertilizer 

3.79 0.27 240

3.Recycle paper, plastic, and metal 

from the waste products 

11.62 0.30-0.90  0.41-1.23

4.Reuse, separate, and sell the waste 

products 

14.40 0.25-0.90  0.34-1.23

5.Use biogas from recycle and the 

waste products 

2.00 0.85 1.57

6.Tage food and vegetable 

components to produce bio-extract 

water and fertilizer 

1.50 0.12-0.74  0.17-1.02

7.Others 0.25 0.27-0.85  0.37-1.16

 

    4.6.3.4  Use  biogas  from  recycling  and  the  waste  products  is  able  to 

convert  organic  waste  to  produce  energy. This  will  produce  a  gas  composed  of  60-

70%  methane  and  30-40%  carbon  dioxide. Recycle  the  organic  waste  through  in 

housed biogas plants and consume less electrical energy. Thus, making 100% use of 

all  waste  material  is  used  to  produce  energy  at  around  85%.  This  can  help  to  save 

energy of 0.85 units and to reduce CO2 emissions by 275.67 grams per year (normally 

reduces  emitted  424.11  grams  -  148.44  grams  (424.11  grams  ×  0.35%  of  CO2 

composed biogas)) and 1.57 grams per days (1.16 + 0.41 grams). 
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4.6.3.5  Take  food  and  vegetable  components  to  produce  bio-extract 

water  and  fertilizer,  which  can  help  to use  food  and  vegetable  components  as  the 

waste  products  for  saving  energy  at  around  12.20-74.40%.  This  can  help  to  reduce 

CO2 emission by 60.87-371.22 grams per year or 0.17-1.02 grams per day. 

4.6.3.6  Other  practices  are  used  in  biogas  from  recycle  and  waste 

products, bringing wasted food for animal feeding, and reducing use of plastic bags, 

and etc. These practices: take food and vegetable components for fertilizer can save 

27%,  recycle  paper,  plastic,  and  metal  from  the  waste  products  can  save  50%,  and 

using  biogas  from  recycle  and  the  waste  products  can  save  85%.  These  can  help  to 

save energy at 27-85%. So these also help to reduce CO2 emissions between 134.72-

424.11 grams per year or 0.37-1.16 grams per day. 

 



 
 

 

CHAPTER 5 

 

HYPOTHESIS TESTING RESULTS       

  

In this research study, the twenty research hypothesis models have been tested 

and  interpreted.  These  hypotheses  were  formulated  from  the  research  problems  and 

literature reviews that involved in urban residential contributing factors to changes in 

energy  consumption,  energy  saving,  and  the  amount  of  CO2  emissions  as  well  as 

urban  energy  management  in  city  for  the  Bangkok  Metropolitan  Administration 

(BMA). They were also used to guideline the data collection and analysis, to reveal 

the  answers  to  the  problems,  to  predict a  conceptual  framework  model  for  making 

use, and to test the evidence of a relationship between or among the certain variables. 

Therefore,  this  chapter  describes  and gives  the  comprehensive  of  the  entire 

research hypothesis testing in this study of appropriate urban energy management in 

the Bangkok metropolitan area for reducing carbon dioxide emissions. The following 

explanations are in the scope of inferential statistics: statistical measurement, analysis, 

and interpretation. 

 

5.1  Dependent and Independent Variables 

 

All  dependent  and  independent  variables  of  the  twenty  hypothesis  models 

were tested with univariate, bivariate, and multivariate analyses and also in the mean, 

correlation,  and  multiple  regression  analysis  (MRA).  Four  dependent  variables  and 

five major factors as of twenty three independent variables were tested in namely. 

 

5.1.1  Dependent Variables 

Four dependent variables of all twenty hypothesis models were tested on the 

quantity  of  energy  use  in  households  and transportation  as  shown  in  A1  and  A2. 

Energy  saving  practices  in  households  and transportation  are  shown  in  B1  and  B2. 

The following offers brief details on the four dependent variables in this study. 
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  5.1.1.1  The  Quantity  of  Energy  Use in  Households  (A1).  This 

dependent variable is the total home energy monthly expenses in baht for all surveyed 

households and different kinds of energy used and consumed, such as electricity, LPG 

for cooking, charcoal, batteries, fuels, etc. 

    5.1.1.2  The  Quantity  of  Energy  Use  in  Transportation  (A2).  This 

dependent variable comes from all energy used and consumed in transportation for all 

surveyed  households  (in  monthly  expenses)  such  as  vehicle’s  fuel  energy,  public 

transport, and travelling both provincial and aboard trips. 

    5.1.1.3    Energy  Saving  Practices in  the  Household  (B1).  This 

dependent  variable  is  total  number  of  all  households’  practices  in  energy  saving  in 

home energy uses and consumptions, particularly home electricity. 

    5.1.1.4  Energy  Saving  Practices  in  Transportation  (B2).  This 

dependent  variable  is  the  total  number of  households’  energy  saving  practices  in 

transportation. 

 

5.1.2  Independent Variables 

Five major factors of all twenty hypothesis models comprise of twenty three 

independent variables as X1-X23. It has been shown in the conceptual framework for 

the study in chapter three and it has been listed below. 

  5.1.2.1  The  Physical  and  Structural  Factor.  This  includes  six 

independent variables i.e. house type (X1), location (X2), number of the household’s 

member (X3), mode of travel (X4), commuting time or distance (X5), and household 

utilities (X6). 

  5.1.2.2  The  Social  and  Cultural  Factor. There  are  three  independent 

variables  i.e.  years  of household’s  education  (X7),  income  per  household  (X8),  and 

number of holiday time (X9). 

  5.1.2.3  The  Economic  Factor.  These  are  comprised  of  three 

independent variables such as household expenditures (X10), number of vehicle (X11), 

and energy conservation investment (X12). 

    5.1.2.4  The  Communication  and  Information  Factor.  This  includes 

seven  independent  variables  i.e.  industry  source  (X13),  government  source  (X14), 
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professional  source  (X15),  interpersonal  source  (X16),  law  and  regularity  (X17), 

government support (X18), and public information or public relation or PR (X19). 

    5.1.2.5  The  Psychological  Factor.  This  involves  four  independent 

variables such as attitudes (X20), knowledge (X21), beliefs (X22), and motives (X23). 

 

5.2  Accepting Hypothesis Tests 

 

All statistical hypothesis testing was analyzed and calculated using the MRA 

method.  Five  hypothesis  models  are  proven  in  significance  level  at  p-value  .05,  but 

the  other  fifteen  hypothesis  models  are  not  proved.  Five  acceptable  hypotheses  are 

verified  as  statistical  determination  as p  <  .05  of f  test  and  R  square  or R2  >  .30  or 

30% up. Research hypothesis and statistical hypothesis of all twenty hypotheses are 

stated  and  determined  as  null  hypothesis  (H0)  and  alternative  hypothesis  (H1)  in  the 

following statements. 

 

5.2.1  Statement of Research Hypothesis Model  

From the above four dependent variables and five major independent variables 

are brief statements of all the twenty hypothesis models as the research hypothesis as 

follows: 

H0: Each of all five major factors has not positively impacted to the quantity of 

energy  use  in  the  household  (A1),  the  quantity  of  energy  use  in  the  traveling  and 

transportation (A2), energy saving practices in the household (B1), and energy saving 

practices in the traveling and transportation (B2). 

H1:  Each  of  all  five  major  factors  has positively  impacted  to  the  quantity  of 

energy  use  in  the  household  (A1),  the  quantity  of  energy  use  in  the  traveling  and 

transportation (A2), energy saving practices in the household (B1), and energy saving 

practices in the traveling and transportation (B2). 

From  the  above  research  hypothesis  model  statement,  we  can  set  it  at 

statistical  hypothesis  for  all  variables  in  the  tests  of  statistical  significance  about 

populations as one tail of distribution here: 
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H0: µ ≥ p .05 & R
2 ≤ 0.3 

H1: µ < p .05 & R
2 > 0.3 

 

µ is the means of the population of scores under various conditions in the five 

major factors and the four dependent variables. Making a decision depends upon on 

whether the test statistic falls in the critical region: reject H0 in favor of H1 and if the 

test  statistic  does  not  fall  in  the  critical  region,  concluding  that  there  is  not  enough 

evidence to reject H0. 

 

5.2.2  Proved and Rejected Hypothesis Model 

Tests  of  all  hypothesis  models  are  proved  and  show  that  the  supported 

hypothesis models are hypothesis models 1, 2, 3, 4 and 5, and the rejected hypothesis 

models  are  the  rest  of  the  twenty  hypotheses.  The  first  through  the  fifth  supported 

hypothesis models are: 

 5.2.2.1  Model 1, The Physical and Structure Factor and the Quantity 

of Energy Use in Households (A1). Which can impact or has positive influence to the 

quantity of energy use in the household (A1) at p < .01 and R2 = .715, so that rejected 

H0 but supported H1. 

5.2.2.2  Model 2, The Physical and Structure Factor and the Quantity 

of  Energy  Use  in  the  Traveling  and  Transportation  (A2).  Which  can  impact  to  the 

quantity  of  energy  use  in  the  traveling  and  transportation  (A2)  at p  <  .01  and R2  = 

.896, as well as model 1 so that rejected H0 but supported H1. 

5.2.2.3  Model  3,  The  Social  and  Cultural  Factor  and  the  Quantity  of 

Energy Use in the Household (A1). Which can impact to the quantity of energy use in 

the household (A1) at p < .01 and R2 = .502, as well as model 1-2 that means rejecting 

H0 but proving H1. 

5.2.2.4  Model  4,  The  Social  and  Cultural  Factor  and  the  Quantity  of 

Energy  Use  in  the  Traveling  and  Transportation  (A2).  Which  can  impact  to  the 

quantity  of  energy  use  in  the  traveling  and  transportation  (A2)  at p  <  .01  and R2  = 

.400, as well as model 1 to 3 that we rejected H0 but supported H1. 

5.2.2.5    Model  5,  The  Economic  Factor  and  the  Quantity  of  Energy 

Use  in  the  Household  (A1).  This  can  impact  to  the  quantity  of  energy  use  in  the 
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household (A1) at p < .01 and R2 = .552, as well as model 1-2 that we rejected H0 but 

supported H1. 

 

5.3  Test and Analysis of Hypothesis Models 

 

The  twenty  hypotheses  were  analyzed  and  tested  using  the  MRA  method 

which  runs  on  the  SPSS  program.  Tests  and  analyses  of  these  hypotheses  were 

univariat,  bivariate,  and  multivariate  analyses  as  well  as  descriptive  and  inferential 

statistical analyses. 

 

 5.3.1  Testing Hypothesis Model 1 

Statistical  hypothesis  test  in  model  1  is  comprised  of  the  physical  and 

structural  factor,  and  it  has  four  major independent  variables:  house  type,  location, 

number  of  household’s  members,  and  household  appliances.  These  independent 

variables have a positive impact on the quantity of energy use in the household (A1) 

at the adjusted R-square equals to .715 or 71.5% and this is accepted in significance 

beyond the .01 level of f test (rejected H0: µ ≥ p .05 & R
2 ≤ 0.3 but supported H1: µ < 

p .05 & R2 > 0.3). 

  5.3.1.1  Univariate  Analysis  of  Hypothesis  Model  1.  On  the  data 

analysis of this hypothesis testing, descriptive statistical analyses as well as measures 

of  central  tendency  and  dispersion  in  the  one  dependent  variable  and  the  four 

independent variables of this hypothesis were presented in table 5.1-5.4. 

The  dependent  variable in  this  hypothesis  model  was  the  quantity  of 

energy  use  in  the  household  (A1),  that  is  the  total  home  monthly  energy  expenses 

while  the  other  four  independent  variables  were  total  space  of  the  household, 

population  density,  number  of  the  household’s  members,  and  total  number  of  the 

household  appliances.  Mean  and  standard  deviation  of  both  dependent  and 

independent  variables  were  835.54  and  683.285  baht  per  month,  75.05  and  53.192 

Sq.M., 8,722.34 and 7,002.479 persons/Sq.Km., 2.93 and 1.614 members/household, 

and 13.14 and 7.433 items/household, respectively. 
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Table 5.1  Mean and Correlation of Variables in Model 1 

 

Variable  Mean  S.D.  1/  2/  3/  4/  5/ 

1/ 835.54  683.285 1.000  .593***  -.068**  .472***  .833*** 

2/ 75.05  53.192 .593  1.000  -.042  .500***  .568*** 

3/ 8,722.34  7,002.479 -.068  -.042  1.000  -.118***  -.117*** 

4/ 2.93  1.614 .472  .500  -.118  1.000  .511*** 

5/ 13.14  7.433 .833  .568  -.117  .511  1.000 

 

Notes: N=1,150, **p<.01, ***p<.00 

1/Total Home Energy Expense, 2/Total Space of the Household, 3/Population 

Density,  4/No.  of  Household  Member,  and  5/Total  No.  of  Household 

Appliance 

 

5.3.1.2  Bivariate  Analysis  of  Hypothesis  Model  1.  The  association 

measurement  of  five  variables  both  dependent  and  independent  variables  were 

organized in table 5.1 on the basis of two or more than two variables in the analysis of 

statistical testing. The data of Pearson corrections or correlation coefficient of rho (ρ) 

between  them  can  be  concluded  that  the  total  home  monthly  energy  expenses  are 

associated with the total number of household appliances in the positive correlation at 

the most degree as .833, then associated with the total space of the household as .593 

or  above  the  moderate  degree,  finally  associated  with  the  number  of  household’s 

members  as  .472  or  below  the  moderate degree  but  negatively  associated  with 

population density as -.068 or a little degree. 

Correlations between total space of the household and other variables 

were positively associated at a moderate degree with the total home monthly energy 

expenses,  the  total  number  of  household  appliances,  and  the  number  of  household’s 

members  as  .593,  .568,  and  .500,  respectively  but  negatively  associated  with 

population density as -.042 or as a little degree. 

Correlations between population density and others were all negatively 

associated  with  the  total  home  monthly  energy  expenses  as  -.068,  the  total  space  of 

the  household  as  -.042,  the  number  of  household’s  members  as  -.118,  and  the  total 
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number  of  household  appliances  as  -.117  at  a  less  degree.  The  last  one  correlation 

from  the  number  of  household’s  members  and  the  total  number  of  household 

appliances was in .511 or as a moderate degree. All variables have associated at the p-

value beyond .01 levels of significance except variable no. 2 associated with variable 

no.3 at p-value > .05 level. 

5.3.1.3 Multivariate Analysis of Hypothesis Model 1. The analysis of 

more  than  two  variables  is  used  to  present  the  association  or  relationship  between 

variables as cause-and-effect in a dependent variable and other independent variables. 

In this study, MRA was used in inferential statistics for calculating the collected data 

in  ratio  scale.  It  results  as  a  set  of  variables  in  this  hypothesis  model  1  and  can  be 

explained  with  a  measurement  of  R-square  or R2  and  measurement  of  the  direction 

and size of the effect in each variable on dependent variable as given in a numerical 

value as the following tables. 

 

Table 5.2  Model Summary of MRA in Hypothesis Model 1 

 

Model Summaryb 

Model R R Square Adjusted R Square

Std. Error of the 

Estimate 

1 .846a .716 .715 364.969

 

Notes: a. Predictors: (Constant), Total No. of the Household Appliance, Population  

Density, No. of the Household’s Member, Total Space of the Household 

b. Dependent Variable: Total Home Energy Expense by Monthly 

 

The  coefficient  of  determination  in  the  hypothesis  model  1,  table  5.2 

shows the MRA of this hypothesis model testing for prediction and explanation in the 

coefficient of determination as adjusted R square is .715 or 71.5%. The effect size, as 

estimated  by  adjusted R2,  following  Cohen’s  classification,  is  a  large  effect.  Its 

impacts  of  independent  variables  can  be  predicted  as  having  a  large  effect  on 

dependent  variables.  Because  of  effect  size  in  regression  is  given  by  the  square  of 
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Pearson  correlation r2,  statistics  are  shown  as  the  coefficient  of  determination  (CD) 

(Kinnear and Gray, 2009: 441). 

 

  CD = r2 = SS regression 

            SS y 

  

The  SS  =  Sum  of  squares,  effect  size  (R2)  <0.01  (<1%)  the  size  of 

effect  is  equaled  to  small,  0.01  to  0.10 (1-10%)  is  equaled  to  medium,  and  >0.10 

(>10%) is equal to large size of effect. That means the value of the regression model 

fits well in the test of a multiple linear relationship between the variables, and it can 

be used for the prediction and explanation in the model 1 as highly significant as p-

value  <  .01  level  in  the  value  of F  in  ANOVA  table  5.3,  as  expected,  has  positive 

impacts on the quantity of energy use in the household (A1). 

 

Table 5.3  ANOVA of MRA in Hypothesis Model 1 

 

ANOVAb 

Model  Sum of Squares  Df  Mean Square  F  Sig. 

1  Regression  3.839E8 4 9.598E7 720.567  .000a

Residual 1.525E8 1145 133,202.729    

Total 5.364E8 1149     

 

Notes: a. Predictors: (Constant), Total No. of the Household Appliance, Population  

Density, No. of the Household’s Member, Total Space of the Household 

b. Dependent Variable: Total Home Energy Expense by Monthly (A1) 

  

The regression equation of the hypothesis model 1, table 5.4 presented 

the  regression  analysis  in the  regression  equation.  The values  of  the  regression 

coefficient  and  constant  are  given  in column  B  of  the  table.  From  the  values  of  the 

intercept and slope given in the same table, the multiple linear regression equation of 

the hypothesis model 1 is. 
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A1 = -253.968+0.172X1+0.026X2+0.016X3+0.73X6 ………………………(1) 

 

Where  A1 = Total Home Energy Expenses by Monthly 

   X1 = Total Space of the Household 

   X2 = Population Density 

 X3 = No. of the Household’s Member 

    X6 = Total No. of the Household Appliance 

 

Table 5.4  Coefficient of MRA in Hypothesis Model 1 

 

Coefficientsa 

 

Model 

 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

 

t 

 

Sig. 

B  Std. Error  Beta 

1  (Constant) -253.968 29.722   -8.545  .000

Total Space of the 

Household 

2.212 .258 .172  8.579  .000

Population Density  .003 .002 .026  1.653  .099

No. of the 

Household’s Member 

6.693 8.156 .016  .821  .412

Total No. of the 

Household Appliance 

67.102 1.863 .730  36.023  .000

 

Note: a. Dependent Variable: Total Home Energy Expense by Month 

 

The total home monthly energy expenses (A1) was the predicted value 

of  all  four  predictors  which  are  X1-X3 and  X6.  The  most  standardized  coefficient  of 

Beta in all predictors of the model 1 is the total number of household appliances (X6). 

Its beta coefficient is higher than the others which can estimate an average change in 

the dependent variable of about .73 or 73% of all four independent variables, and it 

would be produced by positive increment of one standard deviation in the independent 
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variables. Then, the p-value of t statistic tests is significant beyond the 0.01 level for 

the variables of A1, X1, and X6 while X2 and X3 are in 0.10 and 0.40 levels. 

Finally,  we  proved  this  model  as the  physical  and  structure  factor 

impacts to the quantity of energy use in the household (A1); it has p < .01 and R2 = 

.715 from the testing. 

 

  5.3.2  Testing Hypothesis Model 2. 

This statistical hypothesis is comprised of the physical and structural factors, 

the  same  as  model  1,  but  they  are  different  in  some  independent  variables.  These 

independent  variables  were  house  type,  location,  number  of  household’s  members, 

mode of travel, and commuting time and distance. These independent variables have a 

positive impact on the quantity of energy use in transportation (A2) as the adjusted R 

square  equals  to  .896  and  is  highly  significant  beyond  the  .01  level  of  the F  test 

(rejected H0: µ ≥ p .05 & R
2 ≤ 0.3; supported H1: µ < p .05 & R

2 > 0.3). 

5.3.2.1  Univariate  Analysis  of  Hypothesis  Model  2.  These  tests  and 

data  were  presented  in  descriptive  statistics  of  all  variables,  both  one  dependent 

variable  and  five  independent  variables  as  in  table  5.5.  The  dependent  variable  was 

the quantity of energy use in transportation (A2) or all transport and travel expenses in 

total while the other five independent variables were the total space of the household, 

population density, the number of household’s members, mode of travel and transport 

expenses  for  their  own  vehicles  and  for  their  public  transports,  total  expenses  for 

provincial trips, total commuting time and distance such as total distance and distance 

time between home and work. 

The mean and standard deviation of all variables: for all transport and 

travel expenses was 6,577.46 and 4,493.833 baht/month, total space of the household 

82.38 and 56.643 Sq.M., population density 7,783.59 and 5,872.045 persons/Sq.Km., 

the  number  of  household’s  members  3.23  and 1.639 members/household,  total 

distance  between  home  and  work  21.97  and  19.823  Km.,  total  distance  time  from 

home  to  work  66.44  and  59.812 minutes,  total  expenses  for  their  own  vehicles 

2,467.59  and  2,118.797  baht/month,  total  expenses  for  public  transportation  660.57 

and  538.432  baht/month,  and  total  expenses  for  provincial  trips  4,423.57  and 

3,702.365 baht/year, respectively. 
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  5.3.2.2  Bivariate  Analysis  of  Hypothesis  Model  2.  The  association 

measurements of these nine variables were organized in table 5.5 on the basis of two 

or  more  variables  in  the  analysis  of  statistical  testing.  The  data  of  correlation 

coefficient  of  rho  (ρ)  between  the  two  variables  of  all  nine  variables  both  one 

dependent  variable  and  five  independent variables  were  conclusively  that  total 

expense  in  all  transport  and  travel  expense  has  associated  with  total  expense  for 

provincial trips in the positive correlation at the most degree as .917, then associated 

with  others  as  a  little  degree  i.e.  number  of  the  household’s  member  .250,    total 

distance  between  home  and  job  place  .247, total  space  of  the  household  .209,  total 

distance  time  from  home  and  job  place  .184, and,  total  expense  for  their  public 

transports  .138,  and  total  expense  for  their  own  vehicles  .103.  Finally,  it  negatively 

associated with population density -.010 as a little degree. 

Correlations between total space of the household and other variables 

were in below positive moderate degree except number of the household’s member as 

.437, total distance time from home and job place .255, total distance between home 

and job place as .207, total expense for provincial trips as .050, population density as -

.042, total expense for their public transports as .019, and total expense for their own 

vehicles as .001. 

Correlations  between  population  density  and  others  were  negative 

associated  number  of  the  household’s  member  -.089,  total  expense  for  their  public 

transports -.064, and total distance between home and job place -.033 while positive 

associated  total  distance  time  from  home and  job  place  .087,  total  expense  for  their 

own  vehicles  .029,  and  total  expense  for  provincial  trips  .025.  Number  of  the 

household’s member was positively associated with total distance and time between 

home  and  job  place  and  total  distance  time  from  home  and  job  place  as  below 

moderate degree or .399 and .402, with total expense for their public transports and 

total expense for provincial trips as a little degree or .036 and .126, and it negatively 

associated with total expense for their own vehicles -.010. 



 
 

Table 5.5  Mean and Correlation of Variables in Model 2 

 

Variable Mean S.D. 1 2 3 4 5 6 7 8 9 

1.All Transport and Travel 

Expenses 

6,577.46  4,493.833  1.000  .209  -.010***  .250***  .247**  .184*  .107**  .138***  .917 

2.Total Space of the Household 82.38  56.643  .209  1.000  .042  .437***  .207***  .255***  .001  .019  .050 

3.Population Density 7,783.59  5,872.045  -.010  .042  1.000  -.089  -.033  .087  .029  -.064  .025 

4.No. of the Household’s Members 3.23  1.639  .250  .437  -.089  1.000  .399***  .402***  -.010  .036  .126* 

5.Total Distance between Home & 

work 

21.97  19.823  .247  .207  -.033  .399  1.000  .685***  .014  .129*  .080 

6.Total Distance Time from Home 

& work 

66.44  59.812  .184  .255  .087  .402  .685  1.000  -.054  .053  .019 

7.Total Expenses for Their Own 

Vehicle 

2,467.59  2,118.797  .107  .001  .029  -.010  .014  -.054  1.000  .081  .087 

8.Total Expenses for Their Public 

Transportation 

660.57  538.432  .138  .019  -.064  .036  .129  .053  .081  1.000  .042 

9.Total Expenses for Provincial 

Trips 

4,423.57  3,702.365  .917  .050  .025  .126  .080  .019  .087  .042  1.000 

 

Notes: N=280, * p<.05, **p<.01, ***p<.00 
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Total  distance  between  home  and  work  and  total  distance  time  from 

home and work were positively associated .685 while the total expenses for their own 

vehicles,  total  expenses  for  public  transportation,  and  total  expenses  for  provincial 

trips  as  .014,  .129,  and  .080.  The  total  distance  time  from  home  and  work  was 

positively associated with the total expenses for their own vehicles, total expenses for 

public transportation, and total expenses for provincial trips as -.054, .053, and .019. 

The  total  expenses  for  their  own  vehicles were  positively  associated  with  the  total 

expenses  for  public  transportation  and  total  expenses  for  provincial  trips  .081  and 

.087.  Finally,  the  total  expenses  for  public transportation  and  total  expenses  for 

provincial trips were negatively associated .042. 

5.3.2.3    Multivariate  Analysis  of  Hypothesis  Model  2.  Analysis  of 

more than two variables was presented in table 5.6-5.8. Its results as a set of variables 

in  this  hypothesis  can  be  explained with  a  measurement  of  R-square  (R2)  or  the 

coefficient of determination and measurement of the direction and size of the effect in 

each variable on dependent variable as in equation of regression. 

 

Table 5.6  Model Summary of MRA in Hypothesis Model 2 

 

Model Summaryb 

Model  R  R Square  Adjusted R Square  Std. Error of the 

Estimate 

2 .948a  .899 .896 1,451.360

 

Notes:  a. Predictors: (Constant), Total Space of the Household, Population Density, 

No. of Household’s Members, Total Distance between Home and Work, 

Total Distance Time from Home and Work, Total Expenses for Their Own  

Vehicles, Total Expenses for Public Transportation, Total Expenses for 

Provincial Trips  

  b. Dependent Variable: All Transport and Travel Expense 

 

The  coefficient  of  determination  in  hypothesis  model  2,  table  5.6 

presented  the  MRA  in  this  hypothesis model  testing  as  the  coefficient  of 
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determination. The adjusted R square is .896 or 89.6%. The effect size as estimated by 

adjusted R2 is a large effect. Its impacts of independent variables can be predicted as 

the  large  size  effect  on  the  dependent  variable  as  well  as  by  the  square  of  Pearson 

correlation r2. That means that the value of the regression model fits well with the test 

of  multiple  linear  relationships  between  the  variables,  and  it  can  be  used  for  the 

predicting and explaining model 2 as highly significant as p-value < .01 level of F test 

in ANOVA table in 5.7. It also has a positive impact on the quantity of energy usage 

in transportation (A2). 

 

Table 5.7  ANOVA of MRA in Hypothesis Model 2 

 

ANOVAb 

Model  Sum of 

Squares 

df  Mean Square  F  Sig. 

2  Regression 5.063E9 8 6.329E8 300.472  .000a

Residual 5.708E8 271 210,6447.203   

Total 5.634E9 279    

 

Notes: a. Predictors: (Constant), Total Space of the Household, Population Density, 

No. of Household’s Members, Total Distance between Home and Work, 

Total Distance Time from Home and Work, Total Expenses for Their Own  

Vehicles, Total Expenses for Public Transportation, Total Expenses for 

Provincial Trips  

  b. Dependent Variable: All Transport and Travel Expense 

 

The regression equation of the hypothesis model 2, table 5.8 presented 

the  regression  analysis  in  the  regression  equation.  The  values  of  the  regression 

coefficient  and  constant  are  given  in column  B  of  the  table.  From  the  values  of  the 

intercept and slope given in the same table, the multiple linear regression equation of 

the hypothesis model 2 is. 
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Table 5.8  Coefficient of MRA in Hypothesis Model 2 

 

Coefficientsa 

 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 
 

t 

 

Sig. 
B Std. 

Error 

Beta 

2 (Constant) -302.421 283.972  -1.065  .288
Total Space of the 

Household 

9.683 1.719 .122  5.632  .000

Population Density -.028 .015 -.036  -1.827  .069

No. of Household’s 

Members 

43.591 64.578 .016  .675  .500

Total Distance between 

Home & Work 

18.324 6.230 .081  2.941  .004

Total Distance Time from 

Home & Work 

5.609 2.084 .075  2.692  .008

Total Expenses for Their 

Own Vehicles 

.056 .041 .027  1.360  .175

Total Expenses for Public 

Transportation 

.653 .164 .078  3.989  .000

Total Expenses for 

Provincial Trips 

1.088 .024 .896  45.609  .000

 

Note: a. Dependent Variable: All Transport and Travel Expense 

 

A2 = -302.421+0.122X1-0.036X2+0.016X3+0.027x41 

+0.078X42+0.896X43+0.075X51+0.081X52 ……………………………(2) 

 

  A2 = Total Monthly Energy Expenses for Transportation 

  X1 = Total Space of the Household 

   X2 = Population Density 

   X3 = No. of Household’s Members 
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X4  =  Mode  of  Travel  (x41  =  Total  Expenses  for  Their  Own  Vehicles, 

X42 = Total Expenses for Public Transportation, X43 = Total Expenses for Provincial 

Trips) 

X5  =  Commuting  Time  or  Distance  (X51 = Total Distance Time from 

Home and Work and X52 = Total Distance between Home and Work) 

 

Total  monthly  energy  expenses  for  transportation  (A2)  are  the 

predicted  value  of  all  five  predictors  which  are  X1-X5.  The  most  standardized 

coefficient  of  Beta  in  all  predictors  of  the  model  2  is  X43  or  total  expenses  for 

provincial trips. Its beta coefficient is higher than the others which can be estimated 

average  change  in  the  dependent  variable  .896  or  89.6%  of  all  five  independent 

variables, and it would be produced by positive increments of one standard deviation 

in the independent variables. Then, the p-value of t statistic tests is significant beyond 

0.01 for the variables of X1, X42, and X43 while X2 and X3 are p-value < .05, and others 

are in p-value > .05. 

Finally, we also proved this model as well as the second model which 

the  physical  and  structure  factor  impacts  to  the  quantity  of  energy  use  in 

transportation (A2) at p < .01 and r2 = .896 from the testing. 

 

  5.3.3  Testing Hypothesis Model 3 

Test  of  statistical  hypothesis  model  3 comprises  of  the  social  and  cultural 

factor which is in two independent variables i.e. years of household’s education and 

total incomes per household. These independent variables have positively impacts on 

the quantity of energy use in the household (A1) as adjusted to R squared, equaling 

.502 (rejected H0: µ ≥ p .05 & R
2 ≤ 0.3 but supported H1: µ < p .05 & R

2 > 0.3). 

  5.3.3.1  Univariate  Analysis  of  Hypothesis  Model  3.  This  hypothesis 

testing  and  data  were  presented  in  descriptive  statistics  of  all  variables  both  one 

dependent  variable  and  two  independent variables  as  in  table  5.9.  The  dependent 

variable in this hypothesis is the quantity of energy uses in the household (A1) or the 

total  monthly  home  energy  expenses  while the  two  independent  variables  were  the 

total income/household and total education years in the household. Mean and standard 
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deviation of all variables no.1-3 were 835.54 and 683.285 baht/month, 30,658.43 and 

28,142.409 baht/household, and 31.58 and 16.888 years. 

5.3.3.2  Bivariate  Analysis  of  Hypothesis  Model  3.  The  association 

measurements  of  these  three  variables,  both  dependent  and  independent,  were 

organized  in  table  5.9  on  the  basis  of  two or  more  variables  in  the  analysis  of 

statistical  testing.  The  data  of correlation  coefficient  of  rho  (ρ)  between  the  two 

variables  of  three  variables  was  conclusively  that  the  total  monthly  home  energy 

expenses  has  been  associated  with  both  total  income/household  and  total  education 

years in the household as having a positive correlation and has more than a moderate 

degree or .693 and .519. Total income/household also associated positively with the 

total  education  years  in  the  household  at  more  than  the  moderate  degree  as  well  or 

.574. Finally, all variables were associated with the significance levels at .01. 

 

Table 5.9  Mean and Correlation of Variables in Model 3 

 

Variable Mean  S.D.  1  2  3 

1. Total Monthly Home 

Energy Expenses 

835.54 683.285 1.000 .693***  .519***

2.Total Income/Household  30,658.43 28,142.409 .693 1.000  .574***

3.Total Education Years in 

the Household 

31.58 16.888 .519 .574  1.000

 

Notes: N=1,150, ***p<.00 

 

5.3.3.3 Multivariate Analysis of Hypothesis Model 3. The analysis of 

more  than  two  variables  was  presented  in  table  5.10-5.12.  Its  results  as  a  set  of 

variables in this hypothesis can be explained with a measurement of R-square (R2) or 

the  coefficient  of  determination  and  measurement  of  the  direction  and  size  of  the 

effect in each variable on dependent variable as in equation of regression. 

The  coefficient  of  determination  in  hypothesis  model  3,  table  5.10, 

shows the MRA in this hypothesis as testing as the coefficient of determination. The 

adjusted  R  square  is  .502  or  50.2%.  The effect  size  is  estimated  by  adjusted R2 and 
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has a large effect. Its impacts of independent variables can be predicted as the large 

size of effect on dependent variable as well as by the square of Pearson correlation r2.  

That means the value of the regression model fits well in the test of a multiple linear 

relationship  between  the  variables,  and  it  can  be  used  for  predicting  and  explaining 

the  model  3  as  highly  significant  p-value  at  .01  level  of F  test  in  ANOVA  table  in 

5.11. It also has a positive impact on the quantity of energy usage in the household 

(A1). 

 

Table 5.10  Model Summary of MRA in Hypothesis Model 3 

 

Model Summaryb 

Model  R  R Square  Adjusted R 

Square 

Std. Error of the 

Estimate 

3  .709a  .502 .502 482.366

 

Notes: a. Predictors: (Constant), Total Education Years in the Household, Total  

    Income per Household  

b. Dependent Variable: Total Monthly Home Energy Expenses 

 

Table 5.11  ANOVA of MRA in Hypothesis Model 3 

 

ANOVAb 

Model Sum of 

Squares 

df  Mean Square  F  Sig. 

3  Regression  2.696E8 2 1.348E8 579.262  .000a

Residual  2.669E8 1147 232,677.302    

Total 5.364E8 1149     

 

Notes:  a.  Predictors:  (Constant),  Total  Education  Years  in  the  Household,  Total 

Income per Household 

   b. Dependent Variable: Total Home Energy Expense by Monthly 
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The  regression  equation  of  the  hypothesis  model  3,  table  5.12 

presented  the  regression  analysis  in  the regression  equation.  The  values  of  the 

regression  coefficient  and  constant  are  given  in column  B  of  the  table.  From  the 

values of the intercept and slope given in the same table, the multiple linear regression 

equation of the hypothesis model 3 is 

 

A1 = 166.243+0.180X7+0.591X8……………………………………………(3) 

            

Where A1 = Total Monthly Home Energy Expenses 

X7 = Total Education Years in the Household 

     X8 = Total Income per Household 

 

Table 5.12  Coefficient of MRA in Hypothesis Model 3 

 

Coefficientsa 

 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

  

t 

  

Sig. 
B  Std. Error  Beta 

3  (Constant) 166.243 30.178   5.509  .000

Total Income/Household  .014 .001 .590  23.209  .000

Total Education Years in 

the Household 

7.283 1.029 .180  7.080  .000

 

Note: a. Dependent Variable: Total Monthly Home Energy Expenses 

 

The total monthly home energy expenses (A1) are the predicted value 

of all the two predictors which are X7-X8. The most standardized coefficient of Beta 

in  the  two  predictors  of  model  3  is  in  X8  or  total  income/household.  Its  beta 

coefficient  is  higher  than  the  others  which  can  be  estimated  average  change  in  the 

dependent  variable  .590  or  59%  of  the  two independent  variables,  and  it  would  be 

produced  by  positive  increment  of  one  standard  deviation  in  the  independent 
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variables. Then, the p-value of t statistic tests is significant beyond the 0.01 level for 

all variables of X1 and X8 and also dependent variable. 

Finally,  we  proved  this  model  as  the  third  model  in  which  the  social 

and cultural factor can impact the quantity of energy use in the household (A1) at p < 

.01 and R2 = .502 from the testing. 

 

5.3.4  Testing Hypothesis Model 4 

Tests for this statistical hypothesis model is comprised of social and cultural 

factors, and it has three independent variables such as years of household’s education, 

total  income/household,  and  holiday  time.  These  independent  variables  have 

positively impact the quantity of energy use in transportation (A2) as the adjusted R 

square equal to .400 (rejected H0: µ ≥ p .05 & R
2 ≤ 0.3 but supported H1: µ < p .05 & 

R2 > 0.3). 

5.3.4.1  Univariate  Analysis  of  Hypothesis  Model  4.  This  hypothesis 

testing  and  the  data  were  presented  in  descriptive  statistics  of  variables  both  one 

dependent  variable  and  three  independent variables  as  in  table  5.13.  The  dependent 

variable  in  this  hypothesis  was  the  quantity of  energy  use  in  transportation  (A2)  or 

total  transport  and  travel  expenses  while the  three  independent  variables  were  total 

income/household,  total  education  years  in  the  household  and  total  number  of 

provincial  and  aboard  trips.  Mean  and  standard  deviation  of  all  variables  as  no.1-4 

were  6,583.35  and  4,681.630 baht/month,  33.25  and  17.242  years,  32,897.01  and 

29,378.742 baht/household, and 9.30 and 8.766 times/year. 

5.3.4.2  Bivariate  Analysis  of  Hypothesis  Model  4.  The  association 

measurements  of  these  four  variables,  both  dependent  and  independent,  were 

organized  in  table  5.13  on  the basis  of  two  or  more  variables  in  the  analysis  of 

statistical  testing.  The  data  of correlation  coefficient  of  rho  (ρ)  between  the  two 

variables of all four variables were conclusively that all transport and travel expense 

has  associated  with  the  three  independent variables  as  below  the  moderate  degree 

such  as  positively  associated  with  total  education  years  in  the  household,  total 

income/household, and total number of provincial and aboard trips at .374, .459, and 

.433.  The  total  education  years  in  the  household  is  positively  associated  with  total 

income/household at the moderate degree as .578 while associated with total number 
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of  provincial  and  aboard  trip  at the  low  degree  or .004.  Finally,  total 

income/household and total number of provincial and aboard trips has also positively 

associated in the low degree at .046. All variables were significance levels at beyond 

0.01 except no. 2 and 3 to no. 4. 

 

Table 5.13  Mean and Correlation of Variables in Model 4 

 

Variable  Mean  S.D.  1  2  3  4 

1.All Transport and 

Travel Expenses 

6,583.35 4,681.630 1.000 .374***  .459***  .434***

2.Total Education Years 

in the Household 

33.25 17.242 .374 1.000 .578*** .004

3.Total Income/ 

Household 

32,897.01 29,378.742 .459 .578  1.000  .046

4.Total No. of Provincial 

& Aboard Trip 

9.30 8.766 .434 .004  .046  1.000

 

Notes: N=674, ***p<.00,  

 

5.3.4.3 Multivariate Analysis of Hypothesis Model 4. The analysis of 

more  than  two  variables  was  presented  in  tables  5.14-5.16.  Its  results  as  a  set  of 

variables in this hypothesis model 4 which can be explained with a measurement of 

R-square  (R2)  or  the  coefficient  of  determination  and  measurement  of  the  direction 

and  size  of  the  effect  in  each  variable on  dependent  variable  as  in  equation  of 

regression. 

The  coefficient  of  determination  in  hypothesis  model  4,  table  5.14 

presented  the  MRA  in  this  hypothesis model  testing  as  the  coefficient  of 

determination.  The  adjusted  R  square  is  .4 or  40%.  The  effect  size,  as  estimated  by 

adjusted R2, has a large effect. Its impacts on independent variables can be predicted 

as  the  large  size  of  effect  on  dependent  variable  as  well  as  by  the  square  of  the 

Pearson correlation r2. That means that the value of the regression model fits well in 

the test on multiple linear relationships between the variables, and it can be used for 
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predicting and explaining model 4 as highly significant at p-value .01 level of F test in 

ANOVA  table  5.15.  It  also  has  a  positive  impact  on  the  quantity  of  energy  use  in 

transportation (A2). 

 

Table 5.14  Model Summary of MRA in Hypothesis Model 4 

 

Model Summaryb 

Model  R  R Square  Adjusted R Square  Std. Error of the 

Estimate 

4 .635a  .403 .400 3,626.399

 

Notes: a. Predictors: (Constant), Total Number of Provincial and Aboard Trips, Total 

Education Years in the Household, Total Income per Household 

  b. Dependent Variable: All Transport and Travel Expenses 

 

Table 5.15  ANOVA of MRA in Hypothesis Model 4 

 

ANOVAb 

Model  Sum of Squares  df  Mean Square  F  Sig. 

4  Regression 5.940E9 3 1.980E9 150.551  .000a

Residual 8.811E9 670 1.315E7   

Total 1.475E10 673    

 

Notes: a. Predictors: (Constant), Total Number of Provincial and Aboard Trip, Total 

Education Years in the Household, Total Income per Household 

  b. Dependent Variable: All Transport and Travel Expense 

 

The  regression  equation  of  the  hypothesis  model  4,  table  5.16 

presented  the  regression  analysis  in  the regression  equation.  The  values  of  the 

regression  coefficient  and  constant  are  given  in column  B  of  the  table.  From  the 

values of the intercept and slope given in the same table, the multiple linear regression 

equation of the hypothesis model 4 is. 
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A2 = 1133.140+0.178X7+0.336X8+0.418X9…………………...……………(4) 

 

           Where A2 = All Transport and Travel Expenses 

  X7 = Total Education Years in the Household 

  X8 = Total Income per Household 

X9 = Total Number of Holiday Time 

 

Table 5.16  Coefficient of MRA in Hypothesis Model 4 

 

Coefficientsa 

 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

 

t 

 

Sig. 
B  Std. Error  Beta 

4  (Constant) 1,133.140 337.508  3.357  .001

Total Education Years 

in the Household 

48.430 9.936 .178  4.874  .000

Total Income/ 

Household 

.054 .006 .336  9.186  .000

Total No. of Provincial 

and Aboard Trip 

223.177 15.971 .418  13.974  .000

 

Note: a. Dependent Variable: All Transport and Travel Expenses 

 

All transport and travel expenses (A2) are the predicted value of all the 

two  predictors  which  are  X7-X9.  The  most  standardized  coefficients  of  Beta  in  the 

three  predictors  of  model  4  are,  X8  and  X9 but  not  in  the  higher  degree  in  X7,  total 

education years in the household. Its beta coefficient is higher than the others which 

can be estimated average change in the dependent variable .336-.418 or 33.6-41.8% of 

these two independent variables, and it would be produced by positive increment of 

one standard deviation in the independent variables except X7, total education years in 

the  household.  Then,  the  p-value  of t  statistic  tests  is  significant  beyond  the  0.01 

levels of all X7-X9 and the dependent variable. 
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Finally, we proved this model as the forth model as well as model 1 to 

3  that  the  social  and  cultural  factors impact  the  quantity  of  energy  use  in 

transportation (A2) at p < .01 and R2 = .400 from the testing. 

 

5.3.5  Testing Hypothesis Model 5 

Statistical  hypothesis  model  5  is  the  economic  factor  with  one  independent 

variable of household expenditures. It positively impacts the quantity of energy use in 

the household (A1) as the adjusted R square equals to .552 (rejected H0: µ ≥ p .05 & 

R2 ≤ 0.3 but supported H1: µ < p .05 & R
2 > 0.3). 

    5.3.5.1  Univariate  Analysis  of  Hypothesis  Model  5.  This  hypothesis 

testing and the data were presented in descriptive statistics of the two variables, one 

dependent variable and one independent variable of this hypothesis as table 5.17. The 

dependent variable in this hypothesis was the quantity of energy use in the household 

(A1)  or  the  total  monthly  home  energy  expenses,  and  the  independent  variable  was 

the total expenses in the household. Mean and standard deviation of the two variables 

as no.1-2 was 835.54 and 683.285 baht/month and no. 2 was 14,863.72 and 7,618.119 

baht/month. 

 

Table 5.17  Mean and Correlation of Variables in Model 5 

 

Variable Mean  S.D.  1  2 

1.Total Monthly Home Energy 

Expenses 

835.54 683.285 1.000  .743***

2.Total Expense in the Households  14,863.72 7,618.119 .743  1.000

 

Notes: N=1,150, ***p < .00 

 

5.3.5.2  Bivariate  Analysis  of  Hypothesis  Model  5.  The  association 

measurements  of  these  two  variables,  both  dependent  and  independent,  were 

organized  on  table  5.17  on  the  basis  of  two  variables  in  the  analysis  of  statistical 

testing. The data of correlation coefficient of rho (ρ) between the two variables were 

conclusively  that  the  total  monthly  home energy  expenses  are  positively  associated 
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with the total expenses in the household at the high degree or .743 with significance 

level beyond .01. 

5.3.5.3  Multivariate Analysis of Hypothesis Model 5. The analysis of 

two variables was presented in table 5.18-5.21. Its results as a set of variables in this 

hypothesis model 5 which can be explained with a measurement of R-square (R2) or 

the  coefficient  of  determination  and  measurement  of  the  direction  and  size  of  the 

effect in each variable on dependent variable as in the equation of regression. 

 

Table 5.18  Model Summary of MRA in Hypothesis Model 5 

 

Model Summaryb 

Model  R  R Square  Adjusted R Square  Std. Error of 

the Estimate 

5  .743a  .552 .552 457.489

 

Notes: a. Predictors: (Constant), Total Expense in the Households 

  b. Dependent Variable: Total Monthly Home Energy Expenses 

 

Table 5.19  ANOVA of MRA in Hypothesis Model 5 

 

ANOVAb 

Model Sum of 

Squares 

df  Mean 

Square 

F  Sig. 

5  Regression  2.962E8 1 2.962E8 1,415.086  .000a

Residual  2.403E8 1,148 209,295.790    

Total 5.364E8 1,149     

 

Notes: a. Predictors: (Constant), Total Expense in the Households 

  b. Dependent Variable: Total Monthly Home Energy Expenses 

 

The  coefficient  of  determination  in  hypothesis  model  5,  table  5.18 

presented  the  MRA  in  this  hypothesis model  testing  as  the  coefficient  of 
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determination. The adjusted R square is .552 or 55.2%. The effect size as estimated by 

adjusted R2 has a large effect. Its impacts of independent variable can be predicted as 

the  large  size  effect  on  the  dependent  variable  as  well  as  by  the  square  of  Pearson 

correlation r2. That means that the value of the regression model fits well in the test 

on  multiple  linear  relationships  between  the  variables,  and  it  can  be  used  for 

predicting and explaining model 5 as highly significant as p-value .01 level of F test 

in ANOVA table 5.19. It also has a positive impact on the quantity of energy use in 

the household (A1). 

The  regression  equation  of  hypothesis  model  5,  table  5.20  presented 

the  regression  analysis  in the  regression  equation.  The values  of  the  regression 

coefficient  and  constant  are  given  in column  B  of  the  table.  From  the  values  of  the 

intercept and slope given on the same table, the multiple linear regression equation of 

the hypothesis model 5 is: 

 

A1 = -155.046+0.743X10….………………………….……...………………(5) 

 

           Where A1 = Total Monthly Home Energy Expenses 

  X10 = Total Expenses in the Household  

 

Table 5.20  Coefficient of MRA in Hypothesis Model 5 

 

Coefficientsa 

 

Model 

 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

 

t 

 

Sig. 

B  Std. Error  Beta 

5  (Constant)  -155.046 29.588   -5.240  .000

Total Expenses in 

the Household 

.067 .002 .743  37.618  .000

 

Note: a. Dependent Variable: Total Monthly Home Energy Expenses 
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The total expenses in the household (A1) are the predicted value of the 

one predictor which is X10. The most standardized coefficient of Beta in this predictor 

of the model 5 is in X10 only in the higher degree. Its beta coefficient is high, and its 

estimated  change  is  in  the  dependent  variable  at  .743  or  74.3%.  It  would  produce  a 

positive increment of one standard deviation in the independent variable. Then, the p-

value of t statistic tests is significantly beyond 0.01 both of two variables. 

Finally,  we  proved  this  model  as  the  final  model  as  economic  factor 

can impact to the quantity of energy  use  in  the  household  (A1)  at p < .01 and R2  = 

.552, as well as model 1-2 from the testing. 

 

5.3.6  Testing Hypothesis Model 6 

The  statistical  hypothesis  model  6  comprises  the  economic  factor  of  the  two 

independent variables such as household expenditures and number of vehicles. It does 

not positively impact the quantity of energy use in transportation (A2) as the adjusted 

R square equals to .280 (supported H0: µ ≥ p .05 & R
2 ≤ 0.3 and rejected H1: µ < p .05 

& R2 > 0.3). 

5.3.6.1  Univariate  Analysis  of  Hypothesis  Model  6.  This  hypothesis 

testing  and  the  data  were  presented  in  descriptive  statistics  of  the  one  dependent 

variable and two independent variables as the hypothesis model 6 in table 5.21. The 

dependent variable in this hypothesis was the quantity of energy use in transportation 

(A2)  or  the  total  transport  and  travel  expenses  while  the  two  independent  variables 

were  in  the  total  expenses  in  the  household  and  the  total  number  of  household 

vehicles.  Mean  and  standard  deviation  of  the  three  variables  as  no.1-3  were  at 

6,460.15 and 15,321.702 baht per month, no.2 was at 14,863.72 and 7,618.119 baht 

per month, and no.3 was at .97 and 1.011 unit per the household. 

5.3.6.2  Bivariate  Analysis  of  Hypothesis  Model  6.  The  association 

measurements  of  these  three  variables,  both  dependent  and  independent,  were 

organized  on  table  5.21  on  the  basis  of  two  and  more  than  two  variables  in  the 

analysis  of  statistical  testing.  The  data  of  correlation  coefficient  of  rho  (ρ)  between 

three  variables  were  conclusive  with  the  total  transport  and  travel  expenses  having 

positive association with the total expenses in the household and the total number of 

household vehicles at the same degree as below moderate or .458; the total expenses 
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in  the  household  and  the  total  number  of  household  vehicles  are  also  associated  in 

same degree or .488. All variables were correlated beyond .01 levels of significance. 

 

Table 5.21  Mean and Correlation of Variables in Model 6 

 

Variable  Mean  S.D.   1  2  3 

1.All Transport & 

Travel Expenses 

4,489.68 4,394.744 1.000 .458***  .458***

2.Total Expense in the 

Households 

14,508.99 6,808.483 .458 1.000  .488***

3.Total Number of the 

Household's Vehicles 

.90 .875 .458 .488  1.000

 

Notes: N=1,088, ***p<.00 

 

Table 5.22  Model Summary of MRA in Hypothesis Model 6 

 

Model Summaryb 

 

Model 

 

R 

 

R Square 

 

Adjusted R Square 

Std. Error of the 

Estimate 

6 .531a  .282 .280 3,728.036

 

Notes: a. Predictors: (Constant), Total No. of the Household's Vehicles, Total 

Expenses in the Household 

  b. Dependent Variable: All Transport and Travel Expenses 

 

5.3.6.3 Multivariate Analysis of Hypothesis Model 6. The analysis of 

two and more than two variables was presented in table 5.22-5.24. Its results as a set 

of  variables  in  this  hypothesis  model  can  be  explained  with  a  measurement  of  R-

square (R2) or the coefficient of determination and measurement of the direction and 

size  of  the  effect  in  each  variable  on dependent  variable  as  in  the  equation  of 

regression. 
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The  coefficient  of  determination  in  hypothesis  model  6,  table  5.22 

presented  the  MRA  in  this  hypothesis model  testing  as  the  coefficient  of 

determination. The adjusted R square is in .28 or 28%. The effect size, as estimated 

by  adjusted R2,  has  a  large  effect.  Its  impacts  of  all  independent  variables  can  be 

predicted as the medium size of effect on dependent variable as well as by the square 

of Pearson correlation r2. That means that the value of the regression model fits well 

in the test on multiple linear relationships between the variables, and it can be used for 

predicting and explaining model 6 as highly significant as p-value .01 level of F test 

in ANOVA table 5.23. It also has a positive impact on the quantity of energy use in 

transportation (A2). 

 

Table 5.23  ANOVA of MRA in Hypothesis Model 6 

 

ANOVAb 

Model  Sum of Squares  df  Mean Square  F  Sig. 

6  Regression 5.914E9 2 2.957E9 212.778  .000a

Residual 1.508E10 1,085 1.390E7   

Total 2.099E10 1,087    

 

Notes: a. Predictors: (Constant), Total No. of the Household's Vehicles, Total 

Expenses in the Household 

  b. Dependent Variable: All Transport and Travel Expenses 

 

The  regression  equation  of  the  hypothesis  model  6,  as  table  5.24 

presented  the  regression  analysis  in  the regression  equation.  The  values  of  the 

regression  coefficient  and  constant  are  given  in column  B  of  the  table.  From  the 

values of the intercept and slope given in the same table, the multiple linear regression 

equation of the hypothesis model 6 is. 

 

A2 = 214.787+0.307X10+0.308X11………………………………………(6) 

 

         Where     A2 = All Transport and Travel Expenses 
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  X10 = Total Expenses in the Household 

  X11 = Total Number of the Household’s Vehicles 

 

Table 5.24  Coefficient of MRA in Hypothesis Model 6 

 

Coefficientsa 

 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

t  Sig. 

B  Std. Error  Beta   

6  (Constant) 214.787 266.156  .807  .420

Total Expense in the 

Household 

.198 .019 .307  10.425  .000

Total No. of the 

Household's Vehicle 

1,547.415 148.119 .308  10.447  .000

 

Note: a. Dependent Variable: All Transport and Travel Expenses 

 

The quantity of energy use in transportation (A2) or all transport and 

travel expenses in the household is the predicted value of the two predictors which are 

X10  and  X11.  The  most  standardized  coefficient  of  Beta  in  these  predictors  of  the 

model 6 is in the medium degree. Its beta coefficient of both are estimated change in 

the dependent variable .307-.308 or 30.7.30.8%, and it would be produced by positive 

increments  on  two  standard  deviations  in  the  independent  variables.  Finally,  the  p-

value of t statistic tests is significant beyond 0.01 levels of both two variables, but it is 

not in dependent variable or at .42. 

  

5.3.7  Testing Hypothesis Model 7 

The  statistical  hypothesis  model  7  is  the  communication  and  information 

factor  which  comprises  of  seven  independent  variables  i.e.  industry  source, 

government  source,  professional,  interpersonal,  law  and  regularity,  government 

support,  and  public  information.  They  have  no  positive  impacts  on  the  quantity  of 
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energy use in the household (A1) or the adjusted R square equals to .022 (supported 

H0: µ ≥ p .03 & R
2 ≤ 0.5 and rejected H1: µ < p .05 & R

2 > 0.3). 

5.3.7.1  Univariate  Analysis  of  Hypothesis  Model  7.  This  hypothesis 

testing  and  the  data  were  presented  in  descriptive  statistics  of  the  eight  variables  as 

one dependent variable and seven independent variables in this hypothesis model as 

shown  on  table  5.25.  The  dependent  variable  in  this  hypothesis  was  the  quantity  of 

energy  use  in  the  household  (A1)  or  the total  monthly  home  energy  expenses  while 

independent  variables  were  information  sources  of  product  and  manufacturer, 

government  organization,  academics, neighborhood  and  colleague,  law  and 

regulation, government support, and mass communication or PR. 

Mean and standard deviation of the eight variables of no.1-8 were no.1 

835.54  and  683.285  baht/month,  no.2  3.62  and  1.008  points,  no.3  3.29  and  1.080 

points, no.4 in 3.06 and 1.183 points, no.5 3.42 and 1.119 points, no.6 3.07 and 1.172 

points, no.7 3.11 and 1.141 points, and no.8 3.71 and 1.070 points, respectively. 

5.3.7.2  Bivariate  Analysis  of  Hypothesis  Model  7.  The  association 

measurements  of  these  eight  variables both  one  dependent  and  seven  independent 

variables  of  this  hypothesis  model  were organized  in  table  5.25  on  the  basis  of  two 

and more than two variables in the analysis of statistical testing. 

The  data  of  correlation  coefficient  of  rho  (ρ)  between  eight  variables 

were  conclusive  that  the  total  monthly  home  energy  expenses  are  negatively 

associated with all independent variables at a little degree or -.052 to -.099. Product 

and  manufacturer  are  positively  associated with  other  six  independent  variables  at 

below moderate degree or .188 to .425. Government organization and academics have 

positively associated at below moderate degree with three independent variables such 

as no.2, 5, and 8 or .425 and .404, .378 and .459, and .204 and .213 while at above 

moderate degree with three independent variables such as no.3 or 4, 6, and 7 or .634, 

.555 and .641, and .563 and .582, respectively. 



 
 

Table 5.25  Mean and Correlation of Variables in Model 7 

 

Variable  Mean  S.D.  1  2  3  4  5  6  7  8 

1.Total Monthly Home 

Energy Expenses 

835.54 683.285 1.000 -.052* -.099***  -.099*** -.068** -.090** -.090** .073**

2.Product and Manufacturer  3.62 1.008 -.052 1.000 .425***  .404*** .378*** .405*** .370*** .188***

3.Government Organization  3.29 1.080 -.099 .425 1.000  .634*** .378*** .555*** .563*** .204***

4.Academics 3.06 1.183 -.099 .404 .634  1.000 .459*** .641*** .582*** .213***

5.Neighborhood and Colleague  3.42 1.119 -.068 .378 .378  .459 1.000 .514*** .427*** .267***

6.Law and Regulation 3.07 1.172 -.090 .405 .555  .641 .514 1.000 .665*** .266***

7.Government Support 3.11 1.141 -.090 .370 .563  .582 .427 .665 1.000 .426***

8. Mass Communication or PR  3.71 1.070 .073 .188 .204  .213 .267 .266 .426 1.000

 

Notes: N=1,150, *p<.05, **p<.01, ***p<.00 
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    Neighborhood  and  colleague  are  positively  associated  at  below 

moderate  degree  with  no.2-4  and  no.7-8  or  between  .267-.459  and  at  the  moderate 

degree with no.6 or .514. Law and regulation are associated at below moderate degree 

with no.2 and no.8 or .405 and .266 while at above moderate degree with no.3-5 and 

no.7 as .514-.665. Government support and mass communication or PR are positively 

associated  together  at  below  moderate  degree  .426.  All  variables  were  correlated 

beyond .01 levels of significance except only no.1 and no.2 which was in .038 level of 

confident. 

5.3.7.3 Multivariate Analysis of Hypothesis Model 7. The analysis of 

two and more than two variables was presented in table 5.26-5.28. Its results as a set 

of variables in this hypothesis model which can be explained with a measurement of 

R-square  (R2)  or  the  coefficient  of  determination  and  measurement  of  the  direction 

and  size  of  the  effect  in  each  variable  on  dependent  variable  as  in  the  equation  of 

regression. 

 

Table 5.26  Model Summary of MRA in Hypothesis Model 7 

 

Model Summaryb 

 

Model 

 

R 

 

R Square 

 

Adjusted R Square 

Std. Error of the 

Estimate 

7  .167a  .028 .022 675.719

 

Notes: a. Predictors: (Constant), Product and Manufacturer, Academics, 

Neighborhood and colleague, Government Organization, Government 

Support, Law and Regulation, Mass Communication and PR 

b. Dependent Variable: Total Monthly Home Energy Expenses 

 

The  coefficient  of  determination  in  hypothesis  model  7,  table  5.26 

presented  the  MRA  in  this  hypothesis model  testing  as  the  coefficient  of 

determination. The adjusted R square is .022 or 2.2%. The effect size as estimated by 

adjusted R2 has a medium effect (1.0-10.0%). Its impacts on all independent variables 

can  be  predicted  as  the  medium  size  effect  on  dependent  variable  as  well  as  by  the 
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square  of  Pearson  correlation r2.  That  means  that  the  value  of  the  regression  model 

fits well in the tests on multiple linear relationships between the variables, and it can 

be used for predicting and explaining model 7 as highly significant as p-value at the 

.01  level  of F  test  in  ANOVA  table  in  5.27.  It also  has  a  positive  impact  on  the 

quantity of energy use in the household (A1). 

 

Table 5.27  ANOVA of MRA in Hypothesis Model 7 

 

ANOVAb 

Model Sum of 

Squares 

df  Mean Square  F  Sig. 

7  Regression  1.501E7 7 2144315.211  4.696  .000a

Residual 5.214E8 1142 456596.301     

Total 5.364E8 1149     

 

Notes: a. Predictors: (Constant), Product and Manufacturer, Academics, 

Neighborhood and colleague, Government Organization, Government 

Support, Law and Regulation, Mass Communication and PR 

b. Dependent Variable: Total Monthly Home Energy Expenses 

 

The  regression  equation  of  the  hypothesis  model  7,  table  5.28 

presented  the  regression  analysis  in  the regression  equation.  The  values  of  the 

regression  coefficient  and  constant  are  given  in column  B  of  the  table.  From  the 

values of the intercept and slope given in the same table, the multiple linear regression 

equation of the hypothesis model 7 is. 

 

A1 = 899.463-0.041X14-0.030X15-0.034X16-0.009X17-0.088X18+0.137X19…(7) 

 

           Where  A1 = Total Monthly Home Energy Expenses 

  X14 = Government Organization 

X15 = Academics or Professional Source 

X16 = Neighborhood and Colleague 
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X17 = Law and Regulation 

X18 = Government Support 

X19 = Mass Communication or Public Information (PR) 

 

Table 5.28  Coefficient of MRA in Hypothesis Model 7 

 

Coefficientsa 

 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

 

t 

 

Sig. 
B  Std. Error  Beta 

7  (Constant) 899.463 99.242   9.063  .000

Product & Manufacturer  -.011 22.945 .000  .000  1.000

Government Organization  -25.925 25.748 -.041  -1.007  .314

Academics -17.188 25.045 -.030  -.686  .493

Neighborhood & 

Colleague 

-20.497 21.764 -.034  -.942  .347

Law and Regulation  -5.001 26.190 -.009  -.191  .849

Government Support  -52.711 26.567 -.088  -1.984  .047

Mass Communication/PR  87.165 20.814 .137  4.188  .000

 

Note: a. Dependent Variable: Total Monthly Home Energy Expenses 

 

The quantity of energy use in the household (A1) or the total monthly 

home  energy  expenses  are  the  predicted value  of  the  six  predictors  except  X13, 

product and manufacturer, the Beta is .000. The other six independent variables which 

are X14-X19 have the standardized coefficient of Beta in these predictors of the model 

7 is at the medium degree and in negative values between -.009 to -.088 or -0.9% to -

8.8%  except  X19,  mass  communication  or  PR  which  is  .137  or  13.7%  of  its  beta 

coefficient. 

That  means  it  can  be  estimated  change  in  the  dependent  variable  as 

well  as  earlier  mentioned,  and  it  would  be  produced  by  both  negative  and  positive 

increments of all standard deviations in the independent variables. Finally, the p-value 
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of t statistic tests is significant beyond 0.01 level just only one independent variable 

X19, mass communication or PR, and dependent variable but others are more than .05 

up levels of significance. 

 

5.3.8  Testing Hypothesis Model 8 

Statistical  hypothesis  model  8  is  also  in  the  communication  and  information 

factor which has seven independent variables i.e. industry source, government source, 

professional,  interpersonal,  law  and  regularity,  government  support,  and  public 

information.  They  have  no  positive  impacts  on  the  quantity  of  energy  use  in 

transportation (A2) as the adjusted R square as .016 (supported H0: µ ≥ p .05 & R
2 ≤ 

0.3 and rejected H1: µ < p .05 & R
2 > 0.3). 

5.3.8.1  Univariate  Analysis  of  Hypothesis  Model  8.  This  hypothesis 

testing  and  the  data  were  presented  in  descriptive  statistics  of  the  eight  variables  as 

one dependent variable and seven independent variables of thin model 8 as table 5.29. 

The  dependent  variable  in  this  hypothesis  was  the  quantity  of  energy  use  in 

transportation  (A2)  or  all  transport  and travel  expenses  while  the  independent 

variables  were  product  and  manufacturer,  government  organization,  academics, 

neighborhood  and  colleague,  law  and  regulation,  government  support,  and  mass 

communication or PR. 

The mean and standard deviation of eight variables as no.1-8 were no.1 

4,615.95  and  4,534.177  baht/month,  no.2  3.62  and  .992  points,  no.3  3.29  and  1.074 

points,  no.4  3.06  and  1.179  points,  no.5 3.43  and  1.111  points, no.6  3.08  and  1.171 

points, no.7 3.12 and 1.135 points, and no.8 3.71 and 1.063 points, respectively. 

5.3.8.2  Bivariate  Analysis  of  Hypothesis  Model  8.  The  association 

measurements  of  these  eight  variables,  both  dependent  and  independent,  were 

organized in table 5.29 on the basis of two and more than two variables in the analysis 

of statistical testing. The data of correlation coefficient of rho (ρ) between the eight 

variables  were  conclusively  that  all  transport  and  travel  expense  has  negatively 

associated  with  six  independent  variables  except  no.8  at  a  little  degree  or  -.050  to  -

.102 while independent variable no. 8 was .058. 

 



 
 

Table 5.29  Mean and Correlation of Variables in Model 8 

 

Variable  Mean  S.D.  1  2  3  4  5  6  7  8 

1. All Transport and Travel 

Expenses 

4,615.95  4,534.177  1.000  -.062*  -.057*  -.102***  -.079**  -.095**  -.050*  .058* 

2.Product and Manufacturer 3.62  .992  -.062  1.000  .427***  .398***  .356***  .396***  .358***  .169*** 

3.Government Organization 3.29  1.074  -.057  .427  1.000  .639***  .381***  .552***  .558***  .203*** 

4.Academics 3.06  1.179  -.102  .398  .639  1.000  .453***  .642***  .582***  .221*** 

5.Neighborhood and 

Colleague 

3.43  1.111  -.079  .356  .381  .453  1.000  .511***  .420***  .256*** 

6.Law and Regulation 3.08  1.171  -.095  .396  .552  .642  .511  1.000  .656***  .260*** 

7.Government Support 3.12  1.135  -.050  .358  .558  .582  .420  .656  1.000  .426*** 

8. Mass Communication or 

PR 

3.71  1.063  .058  .169  .203  .221  .256  .260  .426  1.000 

 

Notes: N=1,107, *p<.05, **p<.01, ***p<.00 
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Products  and  manufacturers  are  positively  associated  with  other  six 

independent  variables  at  a  below  moderate  degree  or  .169  to  .427.  Government 

organization  and  academics,  law  and regulation,  and  government  support  are 

positively  associated  at  a  moderate degree  as  .639,  .552,  and  .558  while  other  two 

independent variables such as no. 5 and 8 as .381 and .203 or below moderate degree. 

Academics are positively associated at a above moderate degree in no.6 and 7 as .642 

and .582 while associated at a below moderate degree in no.5 and as .453 and .221. 

Neighborhoods  and  colleagues  are  positively  associated  at  a  below 

moderate degree with no.7-8 or .420 and .256 and at the moderate degree with no.6 or 

.511. Law and regulation are associated at a below moderate degree with no.8 at .260 

while  at  a  above  moderate  degree  with  no.7  as  .656.  Government  support  and  mass 

communication  or  PR  are  positively  associated  together  at  below  moderate  degree 

.426.  All  variables  were  correlated  at  beyond  .01  levels  of  significance  except  only 

no.1 and no.2, 3, 7 and 8 as p < .05 and no. 5 and 6 as p < .01. 

5.3.8.3 Multivariate Analysis of Hypothesis Model 8. The analysis of 

two and more than two variables was presented on table 5.30-5.32. Its results as a set 

of variables in this hypothesis model which can be explained with a measurement of 

R-square  (R2)  or  the  coefficient  of  determination  and  measurement  of  the  direction 

and  size  of  the  effect  in  each  variable  on dependent  variable  as  in  the  equation  of 

regression. 

 

Table 5.30  Model Summary of MRA in Hypothesis Model 8 

 

Model Summaryb 

Model  R  R Square  Adjusted R Square  Std. Error of the 

Estimate 

8 .149a .022 .016 4,497.770

 

Notes: a. Predictors: (Constant), Product and Manufacturer, Academics, 

Neighborhood and colleague, Government Organization, Government 

Support, Law and Regulation, Mass Communication and PR 

  b. Dependent Variable: All Transport and Travel Expense 
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The  coefficient  of  determination  in  hypothesis  model  8,  table  5.30 

presented  the  MRA  in  this  hypothesis model  testing  as  the  coefficient  of 

determination. The adjusted R square is .016 or 1.6%. The effect size as estimated by 

adjusted R2 this is a small effect (0-1.0%). Its impacts of all independent variables can 

be  predicted  as  the  small  size  of  effect on  the  dependent  variable  as  well  as  by  the 

square  of  Pearson  correlation r2.  That  means  that  the  value  of  the  regression  model 

fits well in the test on multiple linear relationships between the variables, and it can be 

used for predicting and explaining model 8 as statistically significant as p-value .01 

level of F test in ANOVA table in 5.31. It also has a positive impact on the quantity of 

energy use in transportation (A2) as a lesser effect. 

 

Table 5.31  ANOVA of MRA in Hypothesis Model 8 

 

ANOVAb 

Model  Sum of Squares  df  Mean Square  F  Sig. 

8  Regression 5.053E8 7 7.218E7  3.568  .001a

Residual 2.223E10 1099 2.023E7   

Total 2.274E10 1106    

 

Notes: a. Predictors: (Constant), Product and Manufacturer, Academics, 

Neighborhood and colleague, Government Organization, Government 

Support, Law and Regulation, Mass Communication and PR 

  b. Dependent Variable: All Transport and Travel Expenses 

 

The  regression  equation  of  the  hypothesis  model  8,  table  5.32 

presented  the  regression  analysis  in  the regression  equation.  The  values  of  the 

regression  coefficient  and  constant  are  given  in column  B  of  the  table.  From  the 

values of the intercept and slope given in the same table, the multiple linear regression 

equation of the hypothesis model 8 is. 

 

A2 = 5209.785-0.022X13+0.03X14-0.77X15-0.044X16 

                     -0.056X17-0.001X18+0.099X19………………………………...……….(8) 
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  Where  A1 = All Transport and Travel Expense 

  X13 = Product and Manufacturer 

X14 = Government Organization 

X15 = Academics or Professional Source 

X16 = Neighborhood and Colleague 

X17 = Law and Regularity 

X18 = Government Support 

X19 = Mass Communication or Public Information (PR) 

 

Table 5.32  Coefficient of MRA in Hypothesis Model 8 

 

Coefficientsa 

 

Model 

 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

 

t 

 

Sig. 

B  Std. Error  Beta 

8  (Constant) 5,209.785 685.135  7.604  .000

Product & 

Manufacturer 

-102.063 156.977 -.022  -.650  .516

Government 

Organization 

125.480 176.297 .030  .712  .477

Academics -297.846 171.201 -.077  -1.740  .082

Neighborhood & 

Colleague 

-179.856 147.433 -.044  -1.220  .223

Law and regulation -215.973 176.604 -.056  -1.223  .222

Government support -4.947 179.312 -.001  -.028  .978

Mass communication 

& PR 

423.298 141.878 .099  2.984  .003

 

Note: a. Dependent Variable: All Transport and Travel Expenses 

 

The quantity of energy use in transportation (A2) or monthly transport 

and travel expenses are the predicted value of the seven predictors which are X13-X19, 
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and they have the standardized coefficient of Beta in these predictors as this model at 

the small degree both in positive and negative values between .030 to .099 and -.001 

to  -.077  or  .3%  to  9.9%  and  -0.01%  to  -7.7%. Its  beta  coefficient  of  this  model  is 

estimated change in the dependent variable as a little effect and, it would be produced 

by both negative and positive increment of all standard deviations in the independent 

variables. Finally, the p-value of t statistic tests is significance at p-value > 0.05 level 

of confidence except X19 and dependent variable are p < .01. 

 

5.3.9  Testing Hypothesis Model 9 

Statistical  hypothesis  model  9  comprises of  the  psychological  factor  in  four 

independent  variables  of  attitudes,  knowledge,  beliefs,  and  motives.  They  have  no 

positive impacts on the quantity of energy use in the household (A1) as the adjusted R 

square is .049 (supported H0: µ ≥ p .05 & R
2 ≤ 0.3 and rejected H1: µ < p .05 & R

2 > 

0.3). 

5.3.9.1  Univariate  Analysis  of  Hypothesis  Model  9.  This  hypothesis 

testing and the data were presented in descriptive statistics of the five variables as one 

dependent variable and four independent variables of this hypothesis model as shown 

in table 5.33. The dependent variable in this hypothesis was the quantity of energy use 

in the household (A1) or the total monthly home energy expenses while independent 

variables  were  the  total  score  of  the  household’s  attitudes,  knowledge,  beliefs,  and 

motives.  Mean  and  standard  deviation  of  five  variables  as  no.1-5  were  no.1  835.54 

and  683.285  baht/month,  no.2  8.07  and  1.560 points,  no.3  40.63  and  8.658  points, 

no.4 33.97 and 6.093 points, and no.5 48.70 and 5.067 points, respectively. 

5.3.9.2  Bivariate  Analysis  of  Hypothesis  Model  9.  The  association 

measurements  of  these  five  variables,  both  dependent  and  independent,  were 

organized in table 5.33 on the basis of two and more than two variables in the analysis 

of  statistical  testing.  The  data  of  correlation  coefficient  of  rho  (ρ)  between  five 

variables  were  conclusively  that  total  monthly  home  energy  expenses  are  positively 

associated  with  all  independent  variables  at  a  little  degree  or  .017  to  .207.  Score  of 

household’s  attitudes  has  positively  associated  with  two  independent  variables  as 

score  of  household’s  knowledge  and  beliefs  at  low  degree  or  .176  and  .222  while 

negatively associated with score of household’s motives a little degree or -.046. 
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The score of household’s knowledge is positively associated with score 

of household’s beliefs and motives at a little degree or .171 and .196. Finally, scores 

of household’s beliefs and motives are negatively associated at a little degree or -.014. 

All variables were correlated beyond p < .00 levels of significance in no.1 to no.2 and 

3, no.2 to no.3 and 4, and no.3 to no.4 and 5. At p < .01 was no.1 to no.5 while others 

were p > .05. 

 

Table 5.33  Mean and Correlation of Variables in Model 9 

 

Variable  Mean  S.D.  1  2  3  4  5 

1.Total Monthly 

Home Energy 

Expenses 

835.54 683.285 1.000 .108*** .207*** .017 .087**

2.Household's 

Attitudes 

8.07 1.560 .108 1.000 .176***  .222*** -.046

3.Household's 

Knowledge 

40.63 8.658 .207 .176 1.000  .171***  .196***

4.Household's 

Beliefs 

33.97 6.093 .017 .222 .171 1.000 -.014

5.Household's 

Motives 

48.70 5.067 .087 -.046 .196  -.014 1.000

 

Notes: N=1,150, **p<.01, ***p<.00 

  

5.3.9.3 Multivariate Analysis of Hypothesis Model 9. The analysis of 

two and more than two variables was presented in table 5.34-5.36. Its results as a set 

of  variables  in  this  hypothesis  model  can  be  explained  with  a  measurement  of  R-

square (R2) or the coefficient of determination and measurement of the direction and 

size  of  the  effect  in  each  variable  on dependent  variable  as  in  the  equation  of 

regression. 
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Table 5.34  Model Summary of MRA in Hypothesis Model 9 

 

Model Summaryb 

Model  R  R Square  Adjusted R Square  Std. Error of the 

Estimate 

9  .229a  .052 .049 666.361

 

Notes: a. Predictors: (Constant), Total Score of the Household's Motives, Total Score 

of the Household's Beliefs, Total Scores of Household's Attitudes, Total 

Score of the Household's Knowledge 

  b. Dependent Variable: Total Monthly Home Energy Expenses 

 

Table 5.35  ANOVA of MRA in Hypothesis Model 9 

 

ANOVAb 

Model  Sum of Squares  df  Mean Square  F  Sig. 

9  Regression 2.802E7 4 7005304.048 15.776  .000a

Residual 5.084E8 1145 444036.651    

Total 5.364E8 1149     

 

Notes: a. Predictors: (Constant), Total Score of the Household's Motives, Total Score 

of the Household's Beliefs, Total Scores of Household's Attitudes, Total 

Score of the Household's Knowledge 

  b. Dependent Variable: Total Monthly Home Energy Expenses 

 

The  coefficient  of  determination  in  hypothesis  model  9,  table  5.34 

presented  the  MRA  in  this  hypothesis  model  testing  as  the  coefficient  of 

determination. The adjusted R square is .049 or 4.9%. The effect size, as estimated by 

adjusted R2, has a medium effect (1.0-10.0%). Its impacts on all independent variables 

can be predicted as a medium size effect on the dependent variable as well as by the 

square  of  Pearson  correlation r2.  That  means  that  the  value  of  the  regression  model 

fits well in the test on multiple linear relationships between the variables, and it can be 
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used for predicting and explaining model 9 as highly significant as p-value .01 level 

of F  test  in  ANOVA  table  in  5.35. It  also  has  a  positive  impact  on  the  quantity  of 

energy use in the household (A1). 

 

Table 5.36  Coefficients of MRA in Hypothesis Model 9 

 

Coefficientsa 

 

Model 

 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

 

t 

 

Sig. 

B  Std. Error  Beta 

9  (Constant) -294.492 238.694   -1.234  .218

Score of Household's 

Attitudes 

37.324 13.091 .085  2.851  .004

Score of Household's 

Knowledge 

14.797 2.382 .187  6.212  .000

Score of Household's 

Beliefs 

-3.704 3.342 -.033  -1.108  .268

Score of Household's 

Motives 

7.258 3.973 .054  1.827  .068

 

Note: a. Dependent Variable: Total Monthly Home Energy Expenses 

 

The  regression  equation  of  the  hypothesis  model  9,  table  5.36 

presented  the  regression  analysis  in  the regression  equation.  The  values  of  the 

regression  coefficient  and  constant  are  given  in column  B  of  the  table.  From  the 

values of the intercept and slope given in the same table, the multiple linear regression 

equation of the hypothesis model 9 is. 

 

A1 = -294.492+0.085X20+0.187X21-.033X22+0.054X23………………….…(9) 

 

Where  A1 = Total Monthly Home Energy Expenses 

 X20 = Score of the Household's Attitudes 
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     X21 = Score of the Household's Knowledge 

 X22 = Score of the Household's Beliefs 

      X23 = Score of the Household's Motives 

 

The quantity of energy use in the household (A1) or the total monthly 

home energy expenses are the predicted value of the four predictors. The standardized 

coefficient of Beta in these four predictors of model 9 is the large degree and both in 

positive and negative values between -.033 to .187 or -3.3% to 18.7%. That means it 

has a estimated change on the dependent variable as well as earlier mentioned, and it 

would be produced by both negative and positive increment of all standard deviations 

in  the  independent  variables.  Finally,  the  p-value  of t  statistic  tests  is  significance 

beyond 0.01 levels of confidence just only two independent variables, X20 and X21 or 

the household's attitudes and knowledge. Others are p > .05 levels of significance. 

 

5.3.10  Testing Hypothesis Model 10 

Statistical hypothesis model 10 is also the psychological factor which has four 

independent  variables  of  attitudes,  knowledge,  beliefs,  and  motives,  and  they  also 

have no positive impacts on the quantity of energy use in transportation (A2) at the 

adjusted R square equals to .036 (supported H0: µ ≥ p .05 & R
2 ≤ 0.3 and rejected H1: 

µ < p .05 & R2 > 0.3). 

5.3.10.1 Univariate Analysis of Hypothesis Model 10. This hypothesis 

testing  and  the  data  were  presented  in  descriptive  statistics  of  five  variables  as  one 

dependent variable and four independent variables of this hypothesis model as shown 

in table 5.46. The dependent variable in this hypothesis was the quantity of energy use 

in  transportation  (A2)  or  monthly  transport  and  travel expenses  while  independent 

variables  were  the  total  score  of  the  household’s  attitudes,  knowledge,  beliefs,  and 

motives. 

Mean and standard deviation of the five variables in item no.1-5 were 

that no.1 was in 6,460.15 and 15,321.702 baht per month, no.2 was in 8.07 and 1.560 

point scores, no.3 was in 40.63 and 8.658 point scores, no.4 was in 33.97 and 6.093 

point scores, and no.5 was in 48.70 and 5.067 point scores, respectively. 
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5.3.10.2  Bivariate  Analysis  of  Hypothesis  Model  10.  The  association 

measurements  of  these  five  variables,  both  dependent  and  independent,  were 

organized in table 5.37 on the basis of two and more than two variables in the analysis 

of statistical testing. 

 

Table 5.37  Mean and Correlation of Variables in Model 10 

 

Variable  Mean  S.D.  1  2  3  4  5 

1. All Transport & 

Travel Expenses 

4,615.95  4,534.177 1.000 .135*** .165*** .057*  .032

2.Household's 

Attitudes 

8.07  1.554 .135 1.000 .175***  .219*** -.039

3.Household's 

Knowledge 

40.59  8.647 .165 .175 1.000 .171***  .188***

4.Household's 

Beliefs 

34.03  6.064 .057 .219 .171  1.000  -.018

5.Household's 

Motives 

48.73  5.033 .032 -.039 .188  -.018  1.000

 

Notes: N=1,107, *p<.05, ***p<.00 

 

The  data  of  correlation  coefficient  of  rho  (ρ)  between  the  eight 

variables  were  conclusively  that  all  transport  and  travel  expenses  are  positively 

associated with all four independent variables at a little degree or .032 to .135. Total 

score  of  the  household’s  attitudes  are  positively  associated  with  two  independent 

variables  as  score  of  household’s  knowledge  and  beliefs at  low  degree  or  .175  and 

.219 while negatively associated with score of household’s motives a little degree or -

.039.  Score  of  household’s  knowledge  is  positively  associated  with  score  of 

household’s beliefs and motives at a little degree or .171 and .188. Finally, score of 

household’s beliefs and motives are negatively associated a little degree or -.018. All 

variables were correlated beyond p < .01 levels of significance in no.1 to no.2 and 3, 
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no.2 to no.3 and 4, and no.3 to no.4 and 5. At p < .05 was no.1 to no.4 while p > .05 

was others. 

5.3.10.3  Multivariate  Analysis  of  Hypothesis  Model  10.  The  analysis 

of two and more than two variables was presented in table 5.38-5.40. Its results as a 

set of variables in this hypothesis model which can be explained with a measurement 

of R-square (R2) or the coefficient of determination and measurement of the direction 

and  size  of  the  effect  in  each  variable  on dependent  variable  as  in  the  equation  of 

regression. 

 

Table 5.38  Model Summary of MRA in Hypothesis Model 10 

 

Model Summaryb 

  

Model 

 

R 

 

R Square 

 

Adjusted R Square 

Std. Error of the 

Estimate 

10 .198a  .039 .036 4,452.897

 

Notes: a. Predictors: (Constant), Total Score of the Household's Motives, Total Score 

of the Household's Beliefs, Total Score of the Household's Attitudes, Total 

Score of the Household's Knowledge 

  b. Dependent Variable: All Transport and Travel Expenses 

 

The  coefficient  of  determination  in  hypothesis  model  10,  table  5.38 

presented  the  MRA  in  this  hypothesis  model  testing  as  the  coefficient  of 

determination. The adjusted R square is .036 or 3.6%. The effect size as estimated by 

adjusted R2  this  is  a  medium  effect  (1.0-10.0%).  Its  impacts  of  all  independent 

variables can be predicted as the medium size of effect on dependent variable as well 

as by the square of Pearson correlation r2. That means that the value of the regression 

model fits well in the test on multiple linear relationships between the variables, and it 

can  be  used  for  predicting  and  explaining model  10  as  highly  significant  as  p-value 

.01 level of F test in ANOVA table 5.39. It also has a positive impact on the quantity 

of energy use in transportation (A2). 
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Table 5.39  ANOVA of MRA in Hypothesis Model 10 

 

ANOVAb 

Model Sum of Squares  df  Mean Square  F  Sig. 

10  Regression 8.872E8 4 2.218E8  11.186  .000a

Residual 2.185E10 1102 1.983E7   

Total 2.274E10 1106    

 

Notes: a. Predictors: (Constant), Total Score of the Household's Motives, Total Score 

of the Household's Beliefs, Total Score of the Household's Attitudes, Total 

Score of the Household's Knowledge 

  b. Dependent Variable: All Transport and Travel Expenses 

 

The  regression  equation  of  the  hypothesis  model  10,  table  5.40 

presented  the  regression  analysis  in  the regression  equation.  The  values  of  the 

regression  coefficient  and  constant  are  given  in column  B  of  the  table.  From  the 

values of the intercept and slope given in the same table, the multiple linear regression 

equation of the hypothesis model 10 is. 

 

A2 = -1641.248+0.109X20+0.142X21+0.009X22+0.01X23………………….(10) 

 

           Where  A1 = Total Monthly Home Energy Expenses 

  X20 = Score of the Household's Attitudes 

       X21 = Score of the Household's Knowledge 

  X22 = Score of the Household's Beliefs 

        X23 = Score of the Household's Motives 
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Table 5.40  Coefficient of MRA in Hypothesis Model 10 

 

Coefficientsa 

 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

 

t 

 

Sig. 
B  Std. Error  Beta 

10 (Constant) -1,641.248 1,636.439  -1.003  .316

Score of the 

Household's Attitudes 

318.337 89.445 .109  3.559  .000

Score of the 

Household's 

Knowledge 

74.593 16.212 .142  4.601  .000

Score of the 

Household's Beliefs 

6.461 22.865 .009  .283  .778

Score of the 

Household's Motives 

9.074 27.186 .010  .334  .739

 

Note: a. Dependent Variable: All Transport and Travel Expenses 

 

The quantity of energy use in transportation (A2) or all transport and 

travel  expenses  is  the  predicted  value  of  the  four  predictors.  The  standardized 

coefficient of Beta in these four predictors of the model 10 is the medium and large 

degree at positive values .01 to .142 or 1.0% to 14.2%. That means it can be estimated 

change  in  the  dependent  variable  as well  as  earlier  mentioned,  and  it  would  be 

produced  by  positive  increments  of  all  standard  deviations  in  the  independent 

variables. Finally, the p-value of t statistic tests is significance beyond 0.01 levels of 

confidence in two independent variables or X20 and X21, the household's attitudes and 

knowledge while others are p > .05 levels of significance. 

 

5.3.11  Testing Hypothesis Model 11 

Physical and structural factor as the hypothesis model 11 has four independent 

variables  in  house  type,  location,  number  of  household’s  members  and  household 
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appliances  as  the  main  independent  variables.  They  have  no  positive  impacts  on 

energy saving practices in the household (B1) as the adjusted R square equals to .144 

(supported H0: µ ≥ p .05 & R
2 ≤ 0.3 and rejected H1: µ < p .05 & R

2 > 0.3). 

5.3.11.1  Univariate  Analysis  of  Hypothesis  Model  11.  On  the  data 

analysis of this hypothesis testing as model 11, descriptive statistical analyses as well 

as  measures  of  central  tendency  and  dispersion  in  one  dependent  variable  and  four 

independent  variables  were  presented  in  table  5.41-5.44.  The  dependent  variable  in 

this hypothesis model was the energy saving practices in the household (B1) or total 

activities for reducing electricity energy while other four independent variables were 

the total space of the household, population density, number of household members, 

and  total  number  of  the  household  appliances  as  shown  in  table  5.41.  Mean  and 

standard deviation of all variables as no. 1-5 were 3.41 and 2.045 practices, 75.05 and 

53.192  Sq.M,  8,722.34  and  7,002.479  persons/Sq.Km,  2.93  and  1.614 

members/household, and 13.14 and 7.433 items/household, respectively. 

5.3.11.2  Bivariate  Analysis  of  Hypothesis  Model  11.  The  association 

measurements  of  these  five  variables, both  dependent  and  independent,  were  also 

organized in table 5.41 on the basis of two or more variables at the same time in the 

analysis of statistical testing. 

The  data  of  Pearson  corrections  or  correlation  coefficient  of  rho  (ρ) 

between  two  variables  of  five  variables  both  one  dependent  variable  and  four 

independent  variables  were  conclusive  that  total  activities  for  reducing  electricity 

energy  is  positively  associated  with  the  total  space  of  the  household,  number  of 

household members, and total number of household facilities at .282, .271, and .364 

or below moderate degree and negatively associated with population density -.076 or 

a little degree. 

Correlations between total space of the household and other variables 

are positively associated with the number of household members and the total number 

of  household  appliances  at  moderate degree  or  .500  and  .568  while  negatively 

associated  with  population  density  a  little  degree  or  -.042.  Correlations  between 

population density and others were the number of household members -.118 and total 

number  of  household  appliances  -.117  at  a  little  degree.  Finally,  the  number  of 

household  members  and  total  number  of  household  appliances  were  .511  at  a 
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moderate  degree.  All  variables  have  associated  at  p-value  beyond  .01  levels  of 

significance except no.2 to no.3 at p > .05. 

 

Table 5.41  Mean and Correlation of Variables in Hypothesis Model 11 

 

 Variable  Mean  S.D.  1  2  3  4  5 

1. Activities for 

Reducing 

Electricity Energy 

3.41 2.045 1.000 .282*** -.076** .271***  .364***

2.Space of 

Household 

75.05 53.192 .282 1.000 -.042 .500***  .568***

3.Population 

Density 

8,722.

34

7,002.4

79

-.076 -.042 1.000 -.118***  -.117***

4.No. of Household 

Members 

2.93 1.614 .271 .500 -.118  1.000 .511***

5.No. of Household 

Appliances 

13.14 7.433 .364 .568 -.117  .511  1.000

 

Notes: N=1,150, **p<.01, ***p<.00 

 

5.3.11.3  Multivariate Analysis of Hypothesis Model 11. The analysis 

of more than two variables is used to present the association or relationship between 

variables as cause-and-effect in a dependent variable and other independent variables. 

The  MRA  was  used  as  inferential  statistics  as  calculation.  Its  results  as  a  set  of 

variables in this hypothesis model can be explained with a measurement of R-square 

(R2)  and  measurement  of  the  direction  and  size  of  the  effect  in  each  variable  on 

dependent variable as given in table 5.42-5.44. 

The  coefficient  of  determination  in  hypothesis  model  11,  table  5.42 

showing MRA of this hypothesis model testing for prediction and explanation in the 

coefficient of determination as adjusted R square is .144 or 14.4%. The effect size as 

estimated  by  adjusted R2,  this  is  a  large  effect.  Its  impacts  of  independent  variables 

can  be  predicted  as  the  large  size  effect on  the  dependent  variable.  That  means  the 



264 
 

value  of  the  regression  model  fits  well  in  the  test  on  multiple  linear  relationships 

between the variables, and it can be used for predicting and explaining model 11 as 

highly significant as p-value .01 level of F test in ANOVA table 5.42; as expected, it 

has a positive impact on the energy saving practices in the household (B1). 

 

Table 5.42  Model Summary of MRA in Hypothesis Model 11 

 

Model Summaryb 

Model  R  R Square  Adjusted R Square  Std. Error of the 

Estimate 

11  .384a  .147 .144 1.892

 

Notes: a. Predictors: (Constant), Total No. of the Household Appliances, Population 

Density, No. of the Household’s Members, Total Space of the Household 

 b. Dependent Variable: Total Activities for Reducing Electricity Energy 

 

The  Regression  Equation  of  the Hypothesis  Model  11,  table  5.43 

presented  the  regression  analysis  in  the regression  equation.  The  values  of  the 

regression  coefficient  and  constant  are  given  in column  B  of  the  table.  From  the 

values  of  the  intercept  and  slope  given in  table  5.44,  the  multiple  linear  regression 

equation of the hypothesis model 11 is. 

 

B1  = 1.951+0.086X1-0.031X2+0.089X3+0.266X6 ……….………………..(11) 

 

Where  B1 = Total Activities for Reducing Electricity Energy 

   X1 = Total Space of the Household 

   X2 = Population Density 

 X3 = No. of the Household’s Members 

    X6 = Total No. of the Household Appliances 
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Table 5.43  ANOVA of MRA in Hypothesis Model 11 

 

ANOVAb 

Model Sum of Squares  df  Mean Square  F  Sig. 

11  Regression  707.139 4 176.785 49.409  .000a

Residual 4096.774 1145 3.578    

Total 4803.913 1149     

 

Notes: a. Predictors: (Constant), Total No. of the Household Appliances, Population 

Density, No. of the Household’s Members, Total Space of the Household 

 b. Dependent Variable: Total Activities for Reducing Electricity Energy 

 

Table 5.44  Coefficient of MRA in Hypothesis Model 11 

 

Coefficientsa 

 

Model 

 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

 

t 

 

Sig. 

B  Std. Error  Beta 

11 (Constant) 1.951 .154   12.667  .000

Total Space of 

Household 

.003 .001 .086  2.461  .014

Population Density  -9.056E-6 .000 -.031  -1.124  .261

No. of Household 

Member 

.112 .042 .089  2.653  .008

No. of Household 

Appliance 

.073 .010 .266  7.581  .000

 

Note: a. Dependent Variable: Total Activities for Reducing Electricity Energy 

 

Total  activities  for  reducing  electricity  energy  (B1)  are  the  predicted 

value  of  all  the  four  predictors  which  are  X1-X3 and  X6.  The  most  standardized 

coefficient  of  Beta  in  all  predictors  of  model  11  is  the  total  number  of  household 
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appliances  (X6).  Its  beta  coefficient  is  higher  than  others  which  can  be  estimated 

average change in the dependent variable .266 or 26.6% of all variables, and it would 

be  produced  by  positive  increments  of  one standard  deviation  in  the  independent 

variables. Finally, the p-value of t statistic tests is significant beyond 0.01 levels for 

the variables of B1, X3 and X6 while X1 at p < .05 and X2 at p > .05 level. 

 

5.3.12  Testing Hypothesis Model 12 

This physical and structural factor as same as hypothesis model 11 which has 

five  independent  variables  i.e.  house  type,  location,  number  of  household  members, 

mode of travel, and commuting time and distance. They have no positive impacts on 

energy  saving  practices  in  transportation (B2)  as  the  adjusted  R  square  as  .111 

(supported H0: µ ≥ p .05 & R
2 ≤ 0.3 and rejected H1: µ < p .05 & R

2 > 0.3). 

5.3.12.1 Univariate Analysis of Hypothesis Model 12. This hypothesis 

testing and the data were presented in descriptive statistics of all variables both one 

dependent  variable  and  five  independent  variables  as  table  5.45.  The  dependent 

variable in this hypothesis was energy saving practices in transportation (B2) or total 

activities  for  reducing  transport  energy  while  the  other  five  independent  variables 

were total space of the household, population density, number of household members, 

mode of travel and transport; total expenses for their own vehicles; total expenses for 

public  transportation;  total  expenses  for  all  provincial  and  foreign  trips,  total 

commuting time and distance such as total distance and distance time between home 

and work. 

Mean  and  standard  deviation  of  all  variables  were  that  activities  for 

reducing transport energy 3.21 and 1.951 practices, total space of the household 82.38 and 

56.643  Sq.M,  population  density  7,783.59  and  5,872.045  persons/Sq.Km,  no.  of 

household members 3.23 and 1.639 members/household, total distance between home and 

work 21.97 and 19.823 Km,  total distance time from home and work 66.44 and 59.812 

minutes,  total  expenses  for  their  own  vehicle 2,467.59  and  2,118.797  baht/month,  total 

expenses for public transportation 660.57 and 538.432 baht/month, and total expenses for 

provincial trips 4,423.57 and 3,702.365 baht/year, respectively. 



 
 

Table 5.45  Mean and Correlation of Variables in Model 12 

 

Variable Mean S.D. 1 2 3 4 5 6 7 8 9 

1.Activities for Reducing 

Transport Energy 

3.21  1.951  1.000  .208***  -

.103* 

.293***  .124  .080  .074  -.104*  .139* 

2.Total Space of the Household 82.38  56.643  .208  1.000  .042  .437***  .207***  .255***  .001  .019  .050 

3.Population Density 7,783.59  5,872.045  -.103  .042  1.000  -.089  -.033  .087  .029  -.064  .025 

4.No. of the Household’s Members 3.23  1.639  .293  .437  -.089  1.000  .399***  .402***  -.010  .036  .126* 

5.Total Distance between Home & 

work  

21.97  19.823  .124  .207  -.033  .399  1.000  .685***  .014  .129  .080 

6.Total Distance Time from Home 

& work  

66.44  59.812  .080  .255  .087  .402  .685  1.000  -.054  .053  .019 

7.Total Expenses for Their Own 

Vehicle  

2,467.59  2,118.797  .074  .001  .029  -.010  .014  -.054  1.000  .081  .087 

8.Total Expenses for Their Public 

Transportation 

660.57  538.432  -.104  .019  -.064  .036  .129*  .053  .081  1.000  .042 

9.Total Expenses for Provincial 

Trips 

4,423.57  3,702.365  .139  .050  .025  .126  .080  .019  .087  .042  1.000 

 

Notes: N=280, * p<.05, ***p<.00 
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    5.3.12.2  Bivariate  Analysis  of  Hypothesis  Model  12.  The  association 

measurements  of  these  nine  variables,  both  dependent  and  independent,  were 

organized  in  table  5.45  on  the basis  of  two  or  more  variables  in  the  analysis  of 

statistical  testing.  The  data  of correlation  coefficient  of  rho  (ρ)  between  the  two 

variables  of  nine  variables  were  conclusive  that  the  total  activities  for  reducing 

transport energy is positively associated at a lesser degree with the total space of the 

household, the number of household members, the total distance between home and 

work,  the  total  distance  time  from  home  and  work,    total  expenses  for  their  own 

vehicles,  and  total  expenses  for  provincial  trips  as  between  .074  to  .293  while 

negative  associated  with  population  density  and  total  expenses  for  their  public 

transports -.103 and -.104. 

    Correlations  between  the  total  space  of  the  household  and  other 

variables  were  below  positive  moderate  degree  to  all  variables  .001  to  .437. 

Correlations between population density and others were some positive and negative 

associated  at  a  lesser  degree  or  .025 to  .087  and  -.033  to  -.103.  The  number  of 

household  members  is  positively  associated with  total  distance  and  time  between 

home  and  work  and  total  expenses  for  public  transportation  and  total  expenses  for 

provincial  trips  as  below  moderate  degree  or  .036  to  .402  except  total  expenses  for 

their own vehicles was negative associated at -.010.  

The total distance between home and work and total distance time from 

home and work are positively associated above the moderate degree or .685 while the 

total  expenses  for  their  own  vehicles,  total  expenses  for  public  transportation,  and 

total  expenses  for  provincial  trips  as  a  little  degree  or  .014,  .129,  and  .080.  Total 

distance  time  from  home  and  work  is  positively  and  negatively  associated  with  the 

total  expenses  for  their  own  vehicles,  total  expenses  for  public  transportation,  and 

total expenses for all provincial and foreign trips as a little degree or -.054, .053, and 

.019. The total expenses for their own vehicles is positively associated with the total 

expenses for public transportation and total expenses for provincial trips a little degree 

as  .081  and  .087.  Finally,  the  total  expenses  for  public  transportation  and  total 

expenses for provincial trips are positive associated a little degree or .042. 

5.3.12.3  Multivariate  Analysis  of  Hypothesis  Model  12.  The  analysis 

of  more  than  two  variables  was  presented in  table  5.46-5.48.  Its  results  as  a  set  of 
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variables in this hypothesis model can be explained with a measurement of R-square 

(R2) or the coefficient of determination and measurement of the direction and size of 

the effect in each variable on dependent variable as in equation of regression. 

 

Table 5.46  Model Summary of MRA in Hypothesis Model 12 

 

Model Summaryb 

Model  R  R Square  Adjusted R Square  Std. Error of the 

Estimate 

12 .370a  .137 .111 1.839

 

Notes: a. Predictors: (Constant), Total Space of the Household, Population Density, 

No. of the Household’s Members, Total Distance between Home and Work, 

Total Distance Time from Home and Work, Total Expenses for Their Own 

Vehicles, Total Expense for Their Public Transportation, Total Expenses for  

Provincial Trips  

  b. Dependent Variable: Total Activities for Reducing Transport Energy 

 

Table 5.47  ANOVA of MRA in Hypothesis Model 12 

 

ANOVAb 

Model Sum of Squares  df  Mean Square  F  Sig. 

12  Regression 145.162 8 18.145  5.363  .000a

Residual 916.824 271 3.383   

Total 1061.986 279    

 

Notes: a. Predictors: (Constant), Total Space of the Household, Population Density, 

No. of the Household’s Members, Total Distance between Home and Work, 

Total Distance Time from Home and Work, Total Expenses for Their Own 

Vehicles, Total Expense for Their Public Transportation, Total Expenses for  

Provincial Trips  

  b. Dependent Variable: Total Activities for Reducing Transport Energy 
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The  coefficient  of  determination  in  hypothesis  model  12,  table  5.46 

presented  the  MRA  in  this  hypothesis model  testing  as  the  coefficient  of 

determination. The adjusted R square is .111 or 11.1%. The effect size as estimated by 

adjusted R2, has a large effect. Its impacts of independent variables can be predicted 

as  the  large  size  of  effect  on  the  dependent  variable  as  well  as  by  the  square  of 

Pearson correlation r2. That means that the value of the regression model fits well in 

the test on multiple linear relationships between the variables, and it can be used for 

predicting and explaining model 12 as highly significant as p-value at the .01 level of 

F  test  in  ANOVA  table  in  5.47.  It  also  has  a  positive  impact  on  energy  saving 

practices in transportation (B2). 

The  regression  equation  of  the  hypothesis  model  12,  table  5.48 

presented  the  regression  analysis  in  the regression  equation.  The  values  of  the 

regression  coefficient  and  constant  are  given  in column  B  of  the  table.  From  the 

values of the intercept and slope given in the same table, the multiple linear regression 

equation of the hypothesis model 12 is: 

 

B2 = 2.163+0.113X1-0.093X2+0.231X3+0.057x41 

        -0.063X42+0.077X43-0.135X51+0.102X52 ……………………….……(12) 

 

Where B2 = Total Activities for Reducing Transport Energy 

  X1 = Total Space of the Household 

  X2 = Population Density 

X3 = No. of the Household’s Members 

X4  =  Mode  of  Travel  (x41  =  Total  Expenses  for  Their  Own  Vehicles, 

X42 = Total Expenses for Public Transportation, X43 = Total Expenses for Provincial 

Trips) 

X5  =  Commuting  Time  or  Distance  (X51 = Total Distance Time from 

Home and Work and X52 = Total Distance between Home and Work) 

 

Energy  saving  practices  in  traveling  and  transportation  (B2)  are  the 

predicted value of all five predictors which are X1-X5. The standardized coefficient of 

Beta  in  all  predictors  of  the  model  12  is  -0.063  to  .231.  Its  beta  coefficient  is  not 
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higher  than  any  others  which  can  be  estimated  average  change  in  the  dependent 

variable .231 or 23.1% as of only the number of household members, and it would be 

produced  by  positive  increments  of  one  standard  deviation  in  the  independent 

variables. Finally, the p-value of t statistic tests is significant beyond the 0.01 level for 

the variables of dependent variable and X3 while X42 is p < .05 and others are p > .05 

levels. 

 

Table 5.48  Coefficient of MRA in Hypothesis Model 12 

 

Coefficientsa 

 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

 

t 

 

Sig. 
B  Std. Error  Beta 

12 (Constant) 2.163 .360  6.010  .000

Total Space of Household .004 .002 .113  1.787  .075

Population Density -3.094E-5 .000 -.093  -1.609  .109

No. of Household 

Members 

.275 .082 .231  3.354  .001

Total Distance between 

Home & Work 

.006 .008 .057  .711  .478

Total Distance Time 

from Home & \Work 

-.002 .003 -.063  -.782  .435

Total Expenses for Their 

Own Vehicles 

7.085E-5 .000 .077  1.348  .179

Total Expenses for 

Public Transportation 

.000 .000 -.135  -2.351  .019

Total Expenses in  

Provincial Trips 

5.391E-5 .000 .102  1.784  .076

 

Note: a. Dependent Variable: Total Activities for Reducing Transport Energy 
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5.3.13  Testing Hypothesis Model 13 

Statistical hypothesis model 13 comprises of social and cultural factor which 

has two independent variables such as years of household’s education and income per 

household.  It  has  no  positive  impacts  on  energy  saving  practices  in  the  household 

(B1) as the adjusted R square is equaled to .089 or 8.9% (supported H0: µ ≥ p .05 & 

R2 ≤ 0.3 and rejected H1: µ < p .05 & R
2 > 0.3). 

5.3.13.1 Univariate Analysis of Hypothesis Model 13. This hypothesis 

testing and the data were presented in descriptive statistics of all variables both one 

dependent  variable  and  two  independent  variables  as  of  the  hypothesis  model  13  in 

table 5.49. The dependent variable in this hypothesis was the energy saving practices 

in the household (B1) or total activities for reducing electricity energy while the two 

independent  variables  were  total  income/household  and  total  education  years  in  the 

household. Mean and standard deviation of all variables as no.1-3 were no.1 3.41 and 

2.045 practices, no.2 30,658.43 and 28,142.409 baht/household, and no. 3 31.58 and 

16.888 years. 

 

Table 5.49  Mean and Correlation of Variables in Hypothesis Model 13 

 

Variable Mean  S.D.  1  2  3 

1. Activities for Reducing 

Electricity Energy 

3.41 2.045 1.000 .245***  .283***

2.Total Income/Household  30,658.43 28,142.409 .245 1.000  .574***

3.Total Education Years in 

the Household 

31.58 16.888 .283 .574  1.000

 

Notes: N=1,150, ***p<.00 

 

5.3.13.2  Bivariate  Analysis  of  Hypothesis  Model  13.  The  association 

measurements of these three variables both in dependent and independent variables of 

hypothesis  model  3  were  also  organized  in  table  5.49  on  the  basis  of  two  or  more 

variables in the analysis of statistical testing. The data of correlation coefficient of rho 

(ρ)  between  the  two  variables  of  all  three  variables  were  conclusively  that  total 
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activities  for  reducing  electricity  energy  has  associated  with  both  total 

income/household  and  total  education  years  in  the  household  at  the  positive 

correlation  in  below  moderate  degree or .245 and .283. Total income/household has 

positive associated total education years in the household above moderate degree or 

.574. Finally, all variables were associated at the significance levels p < .01. 

 

Table 5.50  Model Summary of MRA in Hypothesis Model 13 

 

Model Summaryb 

Model  R  R Square  Adjusted R Square  Std. Error of the 

Estimate 

13  .300a  .090 .089 1.952

 

Notes: a. Predictors: (Constant), Total Education Years in the Household, Total 

Income per Household 

  b. Dependent Variable: Total Activity for Reducing Electricity Energy 

 

5.3.13.3  Multivariate  Analysis  of  Hypothesis  Model  13.  The  analysis 

of  more  than  two  variables  was  presented in  table  5.50-5.52.  Its  results  as  a  set  of 

variables in this hypothesis model can be explained with a measurement of R-square 

(R2) or the coefficient of determination and measurement of the direction and size of 

the effect in each variable on dependent variable as in equation of regression. 

The  coefficient  of  determination  in  hypothesis  model  13,  table  5.50 

presented  the  MRA  in  this  hypothesis  model  testing  as  the  coefficient  of 

determination. The adjusted R square is .089 or 8.9%. The effect size as estimated by 

adjusted R2,  has  a  medium  effect.  Its  impacts  on  independent  variables  can  be 

predicted as the medium size effect on the dependent variable as well as by the square 

of Pearson correlation r2. That means that the value of the regression model fits well 

in the test on multiple linear relationships between the variables, and it can be used for 

predicting and explaining model 13 as highly significant as p-value at .01 level of F 

test in ANOVA table 5.51. It also has a positive impact on the energy saving practices 

in the household (B1). 
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Table 5.51  ANOVA of MRA in Hypothesis Model 13 

 

ANOVAb 

Model Sum of Squares  df  Mean Square  F  Sig. 

13  Regression  432.912 2 216.456 56.801  .000a

Residual 4371.001 1147 3.811    

Total 4803.913 1149     

 

Notes: a. Predictors: (Constant), Total Education Years in the Household, Total 

Income per Household 

  b. Dependent Variable: Total Activity for Reducing Electricity Energy 

 

Table 5.52  Coefficient of MRA in Hypothesis Model 13 

 

Coefficientsa 

 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

 

t 

 

Sig. 
B  Std. Error  Beta 

13 (Constant) 2.323 .122   19.020  .000

Total Income/ 

Household 

8.918E-6 .000 .123  3.570  .000

Total Education Years 

in the Household 

.026 .004 .212  6.179  .000

 

Note: a. Dependent Variable: Total Activities for Reducing Electricity Energy 

 

The  regression  equation  of  the  hypothesis  model  13,  table  5.52 

presented  the  regression  analysis  in  the regression  equation.  The  values  of  the 

regression  coefficient  and  constant  are  given  in column  B  of  the  table.  From  the 

values of the intercept and slope given in the same table, the multiple linear regression 

equation of the hypothesis model 13 is. 
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B1 = 2.323+0.212X7+0.123X8……………………...…………………….  (13) 

           

   Where B1 = Total Activity for Reducing Electricity Energy 

   X7 = Total Education Years in the Household 

   X8 = Total Income per Household 

 

Total  activities  for  reducing  electricity  energy  (B1)  are  the  predicted 

value  of  the  two  predictors  which  are  X7-X8.  The  most  standardized  coefficient  of 

Beta in the two predictors of model 13 is X7 and X8. Its beta coefficient is not higher 

than itself, which can be estimated average change in the dependent variable .123 and 

.212 or 12.3% and 21.2% of two independent variables, and it would be produced by 

positive increment of one standard deviation in the independent variables. Finally, the 

p-value of t statistic tests is significant beyond the 0.01 level of all variables. 

   

5.3.14  Testing Hypothesis Model 14 

Test  of  statistical  hypothesis  model  14  comprises  of  the  social  and  cultural 

factor which has three independent variables i.e. years of household’s education, total 

income/household,  and  total  holiday  time.  These  independent  variables  have  no 

positive impacts on energy saving practices in traveling and transportation (B2) as the 

adjusted R square equals to .064 or 6.4% and p > .05 (supported H0: µ ≥ p .05 & R
2 ≤ 

0.3 and rejected H1: µ < p .05 & R
2 > 0.3). 

    5.3.14.1 Univariate Analysis of Hypothesis Model 14. This hypothesis 

testing and the data were presented in descriptive statistics of all variables both one 

dependent variable and three independent variables as of the hypothesis model given 

in table 5.53. The dependent variable in this hypothesis was energy saving practices in 

traveling and transportation (B2) or total activities for reducing transport energy while 

the three independent variables were the total education years in the household, total 

income/household,  and  total  number  of  provincial  and  aboard  trips.  Mean  and 

standard deviation of all variables as no.1-4 were no.1 3.15 and 1.995 practices, no.2 

33.64  and  17.437  years,  no.3  34,533.32  and 32,994.597  baht/household,  and  no.  4 

9.87 and 9.663 times/year. 
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5.3.14.2  Bivariate  Analysis  of  Hypothesis  Model  14.  The  association 

measurements  of  these  four  variables,  both  dependent  and  independent,  were 

organized  in  table  5.53  on  the basis  of  two  or  more  variables  in  the  analysis  of 

statistical  testing.  The  data  of correlation  coefficient  of  rho  (ρ)  between  the  two 

variables of all variables were conclusively that total activities for reducing transport 

energy are positively associated with the three independent variables as below degree 

i.e. total education years in the household .259, total income/household .167, and total 

number of provincial and aboard trips .040. 

 

Table 5.53  Mean and Correlation of Variables in Hypothesis Model 14 

 

Variable  Mean  S.D.  1  2  3  4 

1. Activities for 

Reducing Transport 

Energy 

3.15 1.995 1.000 .259*** .167*** .040

2.Total Education Years 

in the Household 

33.64 17.437 .259 1.000  .573*** .036

3.Total Income/ 

Household 

34,533.32 32,994.597 .167 .573  1.000  .118** 

4.Total No. of Provincial 

& Aboard Trips 

9.87 9.663 .040 .036  .118  1.000

 

Notes: N=693, ***p<.00, **p<.01 

 

Total  education  years  in  the  household  are  positively  associated  with 

the  total  income/household  at  a  moderate  degree  or  .573  while  associated  with  total 

number  of  provincial  and  aboard  trips  at  below  or  .036.  Finally,  the  total 

income/household  and  total  number  of  provincial  and  aboard  trips  are  positively 

associated  in  a  little  degree  or  .118.  All  variables  were  significance  at  beyond  0.01 

except no 1 and 2 to no. 4 were p > .05. 

5.3.14.3  Multivariate  Analysis  of  Hypothesis  Model  14.  The  analysis 

of  more  than  two  variables  was  presented in  table  5.54-5.56.  Its  results  as  a  set  of 
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variables in this hypothesis model can be explained with a measurement of R-square 

(R2) or the coefficient of determination and measurement of the direction and size of 

the effect in each variable on dependent variable as in equation of regression. 

 

Table 5.54  Model Summary of MRA in Hypothesis Model 14 

 

Model Summaryb 

Model  R  R Square  Adjusted R Square  Std. Error of the 

Estimate 

14 .262a  .069 .064 1.930

 

Notes: a. Predictors: (Constant), Total Number of Provincial and Aboard Trips, Total 

Education Years in the Household, Total Income per Household 

  b. Dependent Variable: Total Activities for Reducing Transport Energy 

 

Table 5.55  ANOVA of MRA in Hypothesis Model 14 

 

ANOVAb 

Model  Sum of Squares  df  Mean Square  F  Sig. 

14 Regression 188.820 3 62.940 16.904  .000a

Residual 2565.460 689 3.723   

Total 2754.280 692    

 

Notes: a. Predictors: (Constant), Total Number of Provincial and Aboard Trips, Total 

Education Years in the Household, Total Income per Household 

  b. Dependent Variable: Total Activities for Reducing Transport Energy 

 

The  coefficient  of  determination  in  hypothesis  model  14,  table  5.54 

presented  the  MRA  in  this  hypothesis  model  testing  as  the  coefficient  of 

determination. The adjusted R square is .064 or 6.4%. The effect size as estimated by 

adjusted R2 has a medium effect. Its impacts of independent variables can be predicted 

as  the  medium  size  of  effect  on  the  dependent  variable  as  well  as  by  the  square  of 
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Pearson correlation r2. That means that the value of the regression model fits well in 

the test on multiple linear relationships between the variables, and it can be used for 

predicting and explaining model 14 as highly significant as p-value at .01 level of F 

test in ANOVA table 5.55. It also has a positive impact on the energy saving practices 

in traveling and transportation (B2). 

 

Table 5.56  Coefficient of MRA in Hypothesis Model 14 

 

Coefficientsa 

 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

 

t 

 

Sig. 
B  Std. Error  Beta 

14 (Constant) 2.096 .175  12.011  .000

Total Education Years 

in the Household 

.028 .005 .245  5.463  .000

Total Income/Household 1.376E-6 .000 .023  .504  .615

Total No. of Provincial 

and Aboard Trips 

.006 .008 .029  .770  .441

 

Note: a. Dependent Variable: Total Activities for Reducing Transport Energy 

 

The  regression  equation  of  the  hypothesis  model  14,  table  5.56 

presented  the  regression  analysis  in  the regression  equation.  The  values  of  the 

regression  coefficient  and  constant  are  given  in column  B  of  the  table.  From  the 

values of the intercept and slope given in the same table, the multiple linear regression 

equation of the hypothesis model 14 is. 

 

B2 = 2.096+0.245X7+0.023X8+0.029X9………………………………..…(14)        

  

Where B2 = Total Activities for Reducing Transport Energy 

  X7 = Total Education Years in the Household 

  X8 = Total Incomes per Household 
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X9 = Total Number of Holiday Time 

 

Total  activities  for  reducing  transport  energy  (B2)  are  the  predicted 

value of three predictors or X7 to X9. The most standardized coefficient of Beta in the 

three predictors of model 14 is X1 only but not in higher degree. Its beta coefficient 

which  can  be  estimated  average  change  in  the  dependent  variable  .023-.245  or  2.9-

24.57%, and it would be produced by positive increments of one standard deviation in 

the independent variables except X8 and X9, total income/household and total number 

of  provincial  and  aboard  trips.  Finally,  the  p-value  of t  statistic  tests  is  significant 

beyond 0.01 levels just dependent variable and X7 but others is p > .05. 

 

5.3.15  Testing Hypothesis Model 15 

Statistical  hypothesis  model  15  comprises  of  the  economic  factor  as  two 

independent variables i.e. household expenditures and energy conservation investment 

especially in the household; they have no positive impacts on energy saving practices 

in the household (B1) as the adjusted R square is equaled to .292 (supported H0: µ ≥ p 

.05 & R2 ≤ 0.3 and rejected H1: µ < p .05 & R
2 > 0.3). 

5.3.15.1 Univariate Analysis of Hypothesis Model 15. This hypothesis 

testing  and  the  data  were  presented  in  descriptive  statistics  of  the  three  variables  as 

one  dependent  variable  and  two  independent  variables  were  in  table  5.57.  The 

dependent variable in this hypothesis was the energy saving practices in the household 

(B1)  or  total  activity  for  reducing  electricity  energy  while  the  independent  variable 

was total expenses in the household and total technology and energy saving electrical 

appliances.  Mean  and  standard  deviation  of  the  three  variables as  no.1-3  were  that 

no.1  3.41  and  2.045  activities,  no.2  14,863.72  and  7,618.119  baht/month,  and  no.3 

2.77 and 1.780 products. 

5.3.15.2  Bivariate  Analysis  of  Hypothesis  Model  15.  The  association 

measurements  of  these  three  variables  both  dependent  and  independent  variables  of 

this hypothesis model were organized in table 5.57 on the basis of two variables in the 

analysis of statistical testing. The data of correlation coefficient of rho (ρ) between the 

two variables were conclusively that the total activity for reducing electricity energy 

is  positively  associated  with  the  total  expenses  in  the  household  at  a  low  degree  or 
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.299  and  total  technology  and  energy  saving  electrical  appliances  at  the  moderate 

degree  or  .530.  Total  expenses  in  the  household  and  total  technology  and  saving 

electrical  products  are  positively  associated  together  at  a  low  degree  or  .374.  All 

variables were association in the significance of p < .01 levels. 

 

Table 5.57  Mean and Correlation of Variables in Hypothesis Model 15 

 

Variable Mean  S.D.  1  2  3 

1.Activities for Reducing 

Electricity Energy 

3.41 2.045 1.000 .299  .530

2.Total Expenses in the 

Household 

14,863.7

2

7,618.11

9

.299

.530

1.000 

.374 

.374

1.000

3.Total Technology & Energy 

Saving Electrical Appliances 

2.77 1.780  

 

Notes: N=1,150, ***p < .00 

 

5.3.15.3  Multivariate Analysis of Hypothesis Model 15. The analysis 

of two and more than two variables was presented in table 5.58-5.60. Its results as a 

set of variables in this hypothesis model which can be explained with a measurement 

of R-square (R2) or the coefficient of determination and measurement of the direction 

and  size  of  the  effect  in  each  variable  on dependent  variable  as  in  the  equation  of 

regression. 

The  coefficient  of  determination  in  hypothesis  model  15,  table  5.58 

presented  the  MRA  in  this  hypothesis  model  testing  as  the  coefficient  of 

determination. The adjusted R square is in .292 or 29.2%. The effect size as estimated 

by  adjusted R2  has  a  large  effect.  Its  impacts  on  the  independent  variable  can  be 

predicted as the large size effect on the dependent variable as well as by the square of 

Pearson correlation r2. That means that the value of the regression model fits well in 

the test on multiple linear relationships between the variables, and it can be used for 

predicting and explaining model 15 as highly significant as p-value .01 level of F test 
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in ANOVA table 5.59. It also has a positive impact on energy saving practices in the 

household (B1). 

 

Table 5.58  Model Summary of MRA in Hypothesis Model 15 

 

Model Summaryb 

Model  R  R Square  Adjusted R Square  Std. Error of the 

Estimate 

15  .541a  .293 .292 1.721

 

Notes: a. Predictors: (Constant), Total Expenses in the Household, Total Technology 

& Energy Saving Electrical Appliances 

  b. Dependent Variable: Total Activities for Reducing Electricity Energy 

 

Table 5.59  ANOVA of MRA in Hypothesis Model 15 

 

ANOVAb 

Model  Sum of 

Squares 

df  Mean 

Square 

F  Sig. 

1

5 

Regression  1408.421 2 704.210 237.883  .000a

Residual  3395.492 1147 2.960    

Total 4803.913 1149     

 

Notes: a. Predictors: (Constant), Total Expenses in the Household, Total Technology 

& Energy Saving Electrical Appliances 

  b. Dependent Variable: Total Activities for Reducing Electricity Energy 

 

The  regression  equation  of  the  hypothesis  model  15,  table  5.60 

presented  the  regression  analysis  in  the regression  equation.  The  values  of  the 

regression  coefficient  and  constant  are  given  in column  B  of  the  table.  From  the 

values of the intercept and slope given in the same table, the multiple linear regression 

equation of the hypothesis model 15 is. 
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B1 = 1.390+0.117X10+0.487X121…………………....……………………(15) 

 

          Where    B1  = Total Activities for Reducing Electricity Energy 

  X10  = Total Expenses in the Household 

              X121 = Total Technology & Energy Saving Electrical Appliances (X12 

= Energy Conservation Investment; X121 = Total Technology & Saving Electrical 

Products; X122 = in Traveling) 

 

Energy saving practices in the household (B1) are the predicted value 

of the two predictors which is X10 and X121. The most standardized coefficient of Beta 

in this predictor of the model 15 is in X121 only and having in the higher degree. Its 

beta coefficient is average and it can be estimated change in the dependent variable 

.487  or  48.7%,  and  it  would  be  produced  by  positive  increment  of  one  standard 

deviation  in  the  independent  variable.  Finally,  the  p-value  of t  statistic  tests  is 

significantly beyond 0.01 levels of all variables. 

 

Table 5.60  Coefficient of MRA in Hypothesis Model 15 

 

Coefficientsa 

 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

 

t 

 

Sig. 
B  Std. Error  Beta 

15 (Constant) 1.390 .120   11.566  .000

Total Expense in 

the Household 

Technology & 

Energy Saving 

Electrical Appliances 

3.153E-5

.559

.000

.031

.117 

 

.487 

 

4.389 

 

18.180 

.000

.000

 

Note: a. Dependent Variable: Total Activities for Reducing Electricity Energy 
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5.3.16  Testing Hypothesis Model 16 

Statistical  hypothesis  model  16  comprises  of  the  economic  factor  as  three 

independent  variables  in  household  expenditure,  number  of  vehicles,  and  energy 

conservation  investment-in  traveling.  They  also  have  no  positive  impacts  on  energy 

saving  practices  in  traveling  and  transportation  (B2)  as  the  adjusted  R  square  is  in 

.247 (supported H0: µ ≥ p .05 & R
2 ≤ 0.3 and rejected H1: µ < p .05 & R

2 > 0.3). 

5.3.16.1 Univariate Analysis of Hypothesis Model 16. This hypothesis 

testing and the data were presented in descriptive statistics of one dependent variable 

and three independent variables as given in table 5.61. The dependent variable in this 

hypothesis  was  the  energy  saving practices  in  traveling  and  transportation  (B2)  or 

total  activities  for  reducing  transport  energy  while  three  independent  variables  were 

total  expenses  in  the  household,  total number  of  household  vehicles,  and  energy 

conservation investment-in traveling. Mean and standard deviation of three variables 

as  no.1-3  were  that  no.1  2.76  and 1.923  activities, no.2  14,568.63  and  7,075.962 

baht/month, no.3 .90 and .879 cars/household, and no. 4 2.95 and 1.840 points. 

 

Table 5.61  Mean and Correlation of Variables in Hypothesis Model 16 

 

Variable  Mean  S.D.   1  2  3  4 

1.Activities for 

Reducing Transport 

Energy 

2.76 1.923 1.000 .291*** .413*** .399*** 

2.Total Expenses of  

Household 

14,568.63 7,075.962 .291 1.000  .500*** .380*** 

3.Total No. of 

Household's Vehicles 

.90 .879 .458 .488  1.000  .329*** 

4.Energy Conservation 

Investment 

2.95 1.840 .399 .380  .329  1.000

 

Notes: N=1,126, ***p<.00 
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5.3.16.2  Bivariate  Analysis  of  Hypothesis  Model  16.  The  association 

measurements of four variables, both dependent and independent, were organized in 

table 5.61 on the basis of two and more than two variables in the analysis of statistical 

testing.  The  data  of  correlation  coefficient  of  rho  (ρ)  between  three  variables  were 

conclusively  that  total  activities  for  reducing  transport  energy  has  positively 

associated with all variables at below moderate degree or .291, .413, and .399. Total 

expenses in the household are positively associated at a low to moderate degree with 

total  number  of  household  vehicles  and  energy  conservation  investment-in  traveling 

.500  and  .38.  Finally,  total  number  of  household  vehicles  and energy  conservation 

investment-in traveling are associated together at a low degree or .329. All variables 

were correlated beyond .01 levels of significance. 

5.3.16.3  Multivariate Analysis of Hypothesis Model 16. The analysis 

of two and more than two variables was presented in table 5.62-5.64. Its results as a 

set of variables in this hypothesis model can be explained with a measurement of R-

square (R2) or the coefficient of determination and measurement of the direction and 

size  of  the  effect  in  each  variable  on dependent  variable  as  in  the  equation  of 

regression. 

 

Table 5.62  Model Summary of MRA in Hypothesis Model 16 

 

Model Summaryb 

Model  R  R Square  Adjusted R Square  Std. Error of the 

Estimate 

16 .499a  .249 .247 1.669

 

Notes: a. Predictors: (Constant), Total Expenses in the Household, Total Number of 

the Household's Vehicles, Energy Conservation Investment-In Traveling 

  b. Dependent Variable: Total Activities for Reducing Transport Energy 

 

The  coefficient  of  determination  in  hypothesis  model  16,  table  5.62 

presented  the  MRA  in  this  hypothesis  model  testing  as  the  coefficient  of 

determination. The adjusted R square is .247 or 24.7%. The effect size as estimated by 
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adjusted R2 has a large effect. Its impacts of all independent variables can be predicted 

as the large size effect on the dependent variable as well as by the square of Pearson 

correlation r2. That means that the value of the regression model fits well in the test 

on  multiple  linear  relationships  between  the  variables,  and  it  can  be  used  for 

predicting and explaining model 16 as highly significant as p-value .01 level of F test 

in  ANOVA  table  5.63.  It  also  has  a  positive impact  on  energy  saving  practices  in 

traveling and transportation (B2). 

 

Table 5.63  ANOVA of MRA in Hypothesis Model 16 

 

ANOVAb 

Model  Sum of Squares df  Mean Square  F  Sig. 

16 Regression 1,035.602 3 345.201  123.977  .000a

Residual 3,124.086 1,122 2.784   

Total 4,159.688 1,125    

 

Notes: a. Predictors: (Constant), Total Expenses in the Household, Total Number of 

the Household's Vehicles, Energy Conservation Investment-In Traveling 

  b. Dependent Variable: Total Activities for Reducing Transport Energy 

 

The  regression  equation  of  the  hypothesis  model  16,  table  5.64 

presented  the  regression  analysis  in  the regression  equation.  The  values  of  the 

regression  coefficient  and  constant  are  given  in column  B  of  the  table.  From  the 

values of the intercept and slope given in the same table, the multiple linear regression 

equation of the hypothesis model 16 is. 

 

B2 = 1.162+0.030X10+0.304X11+0.287X122………….……………….……(16) 

 

         Where    B2   = Total Activities for Reducing Transport Energy 

  X10  = Total Expenses in the Household 

  X11  = Total Number of the Household’s Vehicles 
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              X122 = Energy Conservation Investment- in Traveling (X12 = Energy 

Conservation Investment; X121 = Total Technology & Saving Electrical Products; 

X122 = in Traveling)  

 

Table 5.64  Coefficient of MRA in Hypothesis Model 16 

 

Coefficientsa 

 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

 

t 

 

Sig. 
B  Std. Error  Beta 

16  (Constant) 1.162 .122  9.493  .000

Total Expenses in the 

Household 

8.248E-6 .000 .030  .980  .327

Total Number of the 

Household's Vehicles 

.664 .066 .304  10.013  .000

 Energy Conservation 

Investment- in Traveling 

.300 .030 .287  10.113  .000

 

Note: a. Dependent Variable: Total Activities for Reducing Transport Energy 

 

Energy  saving  practices  in  traveling and  transportation  (B2)  or  total 

activities for reducing transport energy are the predicted value of the three predictors 

which are X10 - X122. The most standardized coefficient of Beta in these predictors of 

model  16  is  at  a  medium  to  large  degree. Its  beta  coefficient  of  both  are  estimated 

change in the dependent variable .030-.304 or 3.0-30.4%, and it would be produced 

by  positive  increments  of  three  standard  deviations  in  the  independent  variables. 

Finally, the p-value of t statistic tests is significance beyond 0.01 levels in both one 

dependent variable and two variables (X11 and X122) but X10 is p > .05. 

 

5.3.17  Testing Hypothesis Model 17 

Statistical hypothesis model 17 is on the industry source, government source, 

professional,  interpersonal,  law  and  regularity,  government  support,  and  public 
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information;  these  are  the  communication and  information  factors,  which  have  no 

positive impacts on energy saving practices in the household (B1) as the adjusted R 

square is .034 (supported H0: µ ≥ p .05 & R
2 ≤ 0.3 and rejected H1: µ < p .05 & R

2 > 

0.3). 

5.3.17.1 Univariate Analysis of Hypothesis Model 17. This hypothesis 

testing  and  the  data  were  presented  in  descriptive  statistics  of  the  eight  variables  as 

one dependent variable and seven independent variables in table 5.65. The dependent 

variable in this hypothesis was energy saving practices in the household (B1) or the 

total  activities  for  reducing  electricity  energy  while  independent  variables  were 

product  and  manufacturer,  government  organization,  academics,  neighborhood  and 

colleague, law and regulation, government support, and mass communication or PR. 

Mean  and  standard  deviation  of  eight  variables  as no.1-8  were  that 

no.1 3.41 and 2.045 activities, no.2 3.62 and 1.008 points, no.3 3.29 and 1.080 points, 

no.4  3.06  and  1.183  points,  no.5  3.42  and  1.119  points,  no.6  3.07  and  1.172  points, 

no.7 3.11 and 1.141 points, and no.8 3.71 and 1.070 points, respectively. 

  5.3.17.2  Bivariate  Analysis  of  Hypothesis  Model  17.  The  association 

measurements  of  these  eight  variables,  both  dependent  and  independent,  were 

organized in table 5.65 on the basis of two and more than two variables in the analysis 

of  statistical  testing.  The  data  of  correlation  coefficient  of  rho  (ρ)  between  eight 

variables  were  conclusively  that  total activities  for  reducing  electricity  energy  is 

negatively associated with five independent variables at a less degree or -.077 to -.141 

while positively associated with product and manufacturer and mass communication 

or PR at the same degree or .020 and .039. 

Product  and  manufacturer  are  positively  associated  with  six 

independent  variables  at  a  below  moderate  degree  or  188-.425.  Government 

organization and academics are positively associated at a below moderate degree with 

three  variables  such  as  no.5  and  8  at  .378  and  .188,  .378  and  .204  while  at  above 

moderate degree with three and two variables such as no.4-6/ and no.6-7 or .634, .555 

and .563 and .641 and .582. 

 



 
 
Table 5.65  Mean and Correlation of Variables in Model 17 

 

Variable  Mean S.D.  1  2  3  4  5  6  7  8 

1.Activities for Reducing 

Electricity Energy 

3.41 2.045 1.000 .020* -.084*** -.137*** -.080** -.141** -.077** .039** 

2.Product and Manufacturer  3.62 1.008 .020 1.000 .425*** .404*** .378*** .405*** .370*** .188*** 

3.Government Organization  3.29 1.080 -.084 .425 1.000  .634*** .378*** .555*** .563*** .204*** 

4.Academics 3.06 1.183 -.137 .404 .634  1.000 .459*** .641*** .582*** .213*** 

5.Neighborhood and 

Colleague 

3.42 1.119 -.080 .378 .378  .459 1.000 .514*** .427*** .267*** 

6.Law and Regulation  3.07 1.172 -.141 .405 .555  .641 .514 1.000 .665*** .266*** 

7.Government Support  3.11 1.141 -.077 .370 .563  .582 .427 .665 1.000 .426*** 

8. Mass Communication or 

PR 

3.71 1.070 .039 .188 .204  .213 .267 .266 .426 1.000

 

Notes: N=1,150, *p<.05, **p<.01, ***p<.00 
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Neighborhood  and  colleague  are  positively  associated  at  a  low  to 

moderate degree with no.7-8 or .427 and .267 and moderate degree with no.6 or .514. 

Law and regulation are associated at an above moderate degree with no.7 as .665 and 

a less degree with no. 8 or .266. Government support and mass communication or PR 

are  positively  associated  together  at  a  below  moderate  degree  or  .426.  All  variables 

were correlated beyond .01 levels of significance except only no.1 to no.2 which was 

p < .05. 

5.3.17.3  Multivariate  Analysis  of  Hypothesis  Model  17.  The  analysis 

of two and more than two variables was presented in table 5.66-5.68. Its results as a 

set of variables in this hypothesis model can be explained with a measurement of R-

square (R2) or the coefficient of determination and measurement of the direction and 

size  of  the  effect  in  each  variable  on dependent  variable  as  in  the  equation  of 

regression. 

 

Table 5.66  Model Summary of MRA in Hypothesis Model 17 

 

Model Summaryb 

Model  R  R Square  Adjusted R Square  Std. Error of the 

Estimate 

17  .199a  .040 .034 2.010

 

Notes: a. Predictors: (Constant), Product and Manufacturer, Academics, 

Neighborhood and Colleague, Government Organization, Government      

Support, Law and Regulation, Mass Communication and PR 

  b. Dependent Variable: Total Activity for Reducing Electricity Energy 

 

The  coefficient  of  determination  in  hypothesis  model  17,  table  5.66 

presented  the  MRA  in  this  hypothesis model  testing  as  the  coefficient  of 

determination. The adjusted R square is in .034 or 3.4%. The effect size as estimated 

by  adjusted R2  has  a  medium  effect  (1.0-10.0%).  Its  impacts  of  all  independent 

variables can be predicted as the medium size effect on the dependent variable as well 

as by the square of Pearson correlation r2. That means that the value of the regression 
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model fits well in the test on multiple linear relationships between the variables, and it 

can  be  used  for  predicting  and  explaining model  17  as  highly  significant  as  p-value 

.01  level  of F  test  in  ANOVA  table  5.67.  It  also  has  a  positive  impact  on  energy 

saving practices in the household (B1). 

 

Table 5.67 ANOVA of MRA in Hypothesis Model 17 

 

ANOVAb 

Model  Sum of Squares df  Mean Square  F  Sig. 

17  Regression  190.729 7 27.247  6.745  .000a

Residual 4613.184 1142 4.040     

Total 4803.913 1149      

 

Notes: a. Predictors: (Constant), Product and Manufacturer, Academics, 

Neighborhood and Colleague, Government Organization, Government      

Support, Law and Regulation, Mass Communication and PR 

  b. Dependent Variable: Total Activities for Reducing Electricity Energy 

 

The  regression  equation  of  the  hypothesis  model  17,  table  5.68 

presented  the  regression  analysis  in  the regression  equation.  The  values  of  the 

regression  coefficient  and  constant  are  given  in column  B  of  the  table.  From  the 

values of the intercept and slope given in the same table, the multiple linear regression 

equation of the hypothesis model 17 is. 

 

B1 = 3.443+0.109X13-0.001X14-0.107X15-0.031X16 

        -0.127X17+0.009X18+0.079X19………………………………………..(17) 

 

           Where B1  = Total Activities for Reducing Electricity Energy 

  X13 = Product and Manufacturer 

  X14 = Government Organization 

X15 = Academics or Professional 

  X16 = Neighborhood and Colleague 
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  X17 = Law and Regulation 

  X18 = Government Support 

  X19 = Mass Communication or Public Information (PR) 

 

Table 5.68  Coefficient of MRA in Hypothesis Model 17 

 

Coefficientsa 

 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

 

t 

 

Sig. 
B  Std. Error  Beta 

17  (Constant) 3.443 .295   11.665  .000

Product & 

Manufacturer 

.220 .068 .109  3.229  .001

Government 

Organization 

-.003 .077 -.001  -.034  .973

Academics -.184 .074 -.107  -2.477  .013

Neighborhood & 

Colleague 

-.057 .065 -.031  -.879  .379

Law and Regulation  -.222 .078 -.127  -2.848  .004

Government Support  .017 .079 .009  .212  .832

Mass Communication 

or PR 

.152 .062 .079  2.452  .014

 

Note: a. Dependent Variable: Total Activities for Reducing Electricity Energy 

 

The energy saving practices in the household (B1) or total activities for 

reducing  electricity  energy  is  the  predicted  value  of  the  seven  predictors,  X13-X19 

which  are  having  the  standardized  coefficient of  Beta  in  these  predictors  as  of  the 

model  17  is  the  medium  degree  and  both  in  positive  and  negative  values  between  -

.031  to  .109  or  -3.1%  to  10.9%.  That  means  it  can  be  estimated  change  in  the 

dependent  variable  as  well  as  earlier  mentioned,  and  it  would  be  produced  by  both 

negative  and  positive  increments  for  all  standard  deviations  in  the  independent 
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variables.  Finally,  the  p-value  of t  statistic  tests  is  significance  at  p  <  0.01  is 

dependent  variable  and  two  independent  variables  (X13 and  X17),  p  <  .05  is  X15 and 

X19, and others are p > .05 of significance levels. 

 

  5.3.18  Testing Hypothesis Model 18 

Communication and information factor of the statistical hypothesis model 18 

comprises of seven independent variables as same as model 17. They were industry, 

government, professional, interpersonal, law and regularity, government support, and 

public information sources. They have no positive impacts on energy saving practices 

in traveling and transportation (B2) as the adjusted R square is .033 (supported H0: µ 

≥ p .05 & R2 ≤ 0.3 and rejected H1: µ < p .05 & R
2 > 0.3). 

5.3.18.1 Univariate Analysis of Hypothesis Model 18. This hypothesis 

testing  and  the  data  were  presented  in  descriptive  statistics  of  the  eight  variables  as 

one dependent variable and seven independent variables of this hypothesis model as 

shown  in  table  5.69.  The  dependent  variable  in  this  hypothesis  was  energy  saving 

practices in traveling and transportation (B2) or total activities for reducing transport 

energy while the independent variables were product and manufacturer, government 

organization,  academics,  neighborhood  and  colleague,  law  and  regulation, 

government support, and mass communication or PR. 

Mean and standard deviation of eight variables as no.1-8 were that no.1 

2.79 and 1.932 practices, no.2 3.62 and 1.008 points, no.3 3.29 and 1.080 points, no.4 

3.06  and  1.183  points,  no.5  3.42 and  1.119  points,  no.6  3.07 and  1.172  points,  no.7 

3.11 and 1.141 points, and no.8 3.71 and 1.070 points, respectively. 

5.3.18.2  Bivariate  Analysis  of  Hypothesis  Model  18.  The  association 

measurements  of  these  eight  variables,  both  dependent  and  independent,  were 

organized in table 5.69 on the basis of two and more than two variables in the analysis 

of statistical testing. The  data  of  correlation coefficient of rho (ρ) between the eight 

variables  were  conclusively  that  total  activities  for  reducing  transport  energy  are 

negatively associated with six independent variables at a little degree or -.029 to -.158 

from no.2-7 except no.8 has been positively associated a little degree as .046. 



 
 
Table 5.69  Mean and Correlation of Variables in Hypothesis Model 18 

 

Variable  Mean  S.D.  1  2  3  4  5  6  7  8 

1.Activities for Reducing 

Transport Energy 

2.79 1.932 1.000 -.029 -.096  -.143 -.066 -.158 -.101 .046

2.Product and Manufacturer  3.62 1.008 -.029 1.000 .425*** .404*** .378*** .405*** .370*** .188*** 

3.Government Organization  3.29 1.080 -.096 .425 1.000  .634*** .378*** .555*** .563*** .204*** 

4.Academics 3.06 1.183 -.143 .404 .634  1.000 .459*** .641*** .582*** .213*** 

5.Neighborhood and 

Colleague 

3.42 1.119 -.066 .378 .378  .459 1.000 .514*** .427*** .267*** 

6.Law and Regulation  3.07 1.172 -.158 .405 .555  .641 .514 1.000 .665*** .266*** 

7.Government Support  3.11 1.141 -.101 .370 .563  .582 .427 .665 1.000 .426*** 

8. Mass Communication or 

PR 

3.71 1.070 .046 .188 .204  .213 .267 .266 .426 1.000

 

Notes: N=1,150, ***p<.00 
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Product  and  manufacturer  are  positively associated  with  the  other  six 

variables  at  below  moderate  degree  or  .188  to  .425.  Government  organization  is 

positively associated with no.4, no.6, and no.7 above moderate degree or .634, .555, 

and .563 and below moderate degree as no.5 and no.8 or .378 and .204. Academics 

are  positively  associated  with  no.6  and  no.7 at  above  moderate  degree  as  .641  and 

.582 while below moderate degree with no.4 and no.8 as .459 and .213. Neighborhood 

and colleague are positively associated at below moderate degree with no.7-8 or .427 

and .367 and at moderate degree with no.6 or .514. Law and regulation are associated 

below moderate degree no.8 or .266 while above moderate degree with no.7 as .665. 

Government  support  and  mass  communication  or  PR  are  positively  associated 

together at below moderate degree or .426. All variables were correlated beyond .01 

levels of significance except no.1 with other seven variables was p > .05. 

5.3.18.3  Multivariate  Analysis  of  Hypothesis  Model  18.  The  analysis 

of two and more than two variables was presented in table 5.70-5.72. Its results as a 

set of variables in this hypothesis model which can be explained with a measurement 

of R-square (R2) or the coefficient of determination and measurement of the direction 

and  size  of  the  effect  in  each  variable  on dependent  variable  as  in  the  equation  of 

regression. 

 

Table 5.70  Model Summary of MRA in Hypothesis Model 18 

 

Model Summaryb 

Model  R  R Square  Adjusted R Square  Std. Error of the 

Estimate 

18  .198a  .039 .033 1.900

 

Notes: a. Predictors: (Constant), Product and Manufacturer, Academics, 

Neighborhood and Colleague, Government Organization, Government     

Support, Law and Regulation, Mass Communication and PR 

  b. Dependent Variable: Total Activities for Reducing Transport Energy 
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Table 5.71  ANOVA of MRA in Hypothesis Model 18 

 

ANOVAb 

Model  Sum of Squares df  Mean Square  F  Sig. 

18  Regression  167.492 7 23.927 6.630  .000a

Residual 4121.252 1142 3.609    

Total 4288.744 1149     

 

Notes: a. Predictors: (Constant), Product and Manufacturer, Academics, 

Neighborhood and Colleague, Government Organization, Government    

Support, Law and Regulation, Mass Communication and PR 

  b. Dependent Variable: Total Activities for Reducing Transport Energy 

 

The  coefficient  of  determination  in  hypothesis  model  18,  table  5.70 

presented  the  MRA  in  this  hypothesis  model  testing  as  the  coefficient  of 

determination. The adjusted R square is .033 or 3.3%. The effect size, as estimated by 

adjusted R2,  has  a  medium  effect.  Its  impacts  of  all  independent  variables  can  be 

predicted as the medium size effect on the dependent variable as well as by the square 

of Pearson correlation r2. That means that the value of the regression model fits well 

in the test on multiple linear relationships between the variables, and it can be used for 

predicting and explaining model 18 as lowly significant as p-value .01 level of F test 

in  ANOVA  table  5.71.  It  also  has  a  positive impact  on  energy  saving  practices  in 

traveling and transportation (B2) at a medium effect. 

The  regression  equation  of  the  hypothesis  model  18,  table  5.72 

presented  the  regression  analysis  in  the regression  equation.  The  values  of  the 

regression  coefficient  and  constant  are  given  in column  B  of  the  table.  From  the 

values of the intercept and slope given in the same table, the multiple linear regression 

equation of the hypothesis model 18 is. 

 

B2 = 2.981+0.047X13+0.007X14-0.088X15+0.010X16 

         -0.139X17-.025X18+0.099X19………………………………..………..(18) 
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          Where  B2  = Total Activities for Reducing Transport Energy 

  X13 = Product and Manufacturer 

  X14 = Government Organization 

  X15 = Academics or Professional 

  X16 = Neighborhood and Colleague 

  X17 = Law and Regularity 

  X18 = Government Support 

  X19 = Mass Communication or Public Information (PR) 

 

Table 5.72  Coefficient of MRA in Hypothesis Model 18 

 

Coefficientsa 

 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

 

t 

 

Sig. 
B  Std. Error  Beta 

18  (Constant) 2.981 .279   10.684  .000

Product & 

Manufacturer 

.089 .065 .047  1.384  .167

Government 

Organization 

.013 .072 .007  .184  .854

Academics -.144 .070 -.088  -2.049  .041

Neighborhood & 

Colleague 

.017 .061 .010  .275  .784

Law and regulation  -.229 .074 -.139  -3.117  .002

Government support  -.043 .075 -.025  -.574  .566

Mass communication 

& PR 

.179 .059 .099  3.067  .002

 

Note: a. Dependent Variable: Total Activities for Reducing Transport Energy 

 

The energy saving practices in traveling and transportation (B2) or the 

total  activities  for  reducing  transport  energy  is  the  predicted  value  of  the  seven 
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predictors  which  are  X13-X19,  and  they  have  the  standardized  coefficient  of  Beta  in 

these predictors as model 18 is the small degree both in positive and negative values 

between .007 to .099 and -.025 to -.139 or .7% to 9.9% and -2.5% to -13.9%. Its beta 

coefficient  of  this  model  is  estimated  change  in  the  dependent  variable  as  a  lesser 

effect,  and  it  would  be  produced  by  both negative  and  positive  increments  of  all 

standard deviations in the independent variables. Finally, the p-value of t statistic tests 

is significance at p < .01 as dependent variable, X17, and X19 while p < 0.05 is X15, 

and p > .05 is all the rest variables. 

 

  5.3.19  Testing Hypothesis Model 19 

Attitudes, knowledge, beliefs, and motives are the psychological factor which 

has  no  positive  impacts  on  energy  saving  practices  in  the  household  (B1)  as  the 

adjusted R square is equaled to .092 (supported H0: µ ≥ p .05 & R
2 ≤ 0.3 and rejected 

H1: µ < p .05 & R
2 > 0.3). 

5.3.19.1 Univariate Analysis of Hypothesis Model 19. This hypothesis 

testing and the data were presented in descriptive statistics of the five variables as one 

dependent variable and four independent variables of this hypothesis model as shown 

in  table  5.73.  The  dependent  variable  in  this  hypothesis  was the  energy  saving 

practices in the household (B1) or total activities for reducing electricity energy while 

the  independent  variables  were  the  total  score  of  the  household’s  attitudes, 

knowledge, beliefs, and motives. Mean and standard deviation of the five variables as 

no.1-5 were that no.1 3.41 and 2.045 practices, no.2 8.07 and 1.560 points, no.3 40.63 

and  8.658  points,  no.4  33.97  and  6.093  points,  and  no.5  48.70  and  5.067  points, 

respectively. 

5.3.19.2  Bivariate Analysis of Hypothesis Model 19. The association 

measurements  of  these  five  variables,  both  dependent  and  independent,  were 

organized in table 5.73 on the basis of two and more than two variables in the analysis 

of statistical testing. 

The  data  of  correlation  coefficient  of  rho  (ρ)  between  five  variables 

was  conclusive  that  the  total  activities  for  reducing  electricity energy  is  positively 

associated with all independent variables at a lesser degree or .020 to .276. Total score 

of the household’s attitudes is positively associated with two variables as such score 
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of knowledge and beliefs at a low degree or .176 and .222 while negatively associated 

with the score of motives at a lesser degree or -.046. Score of knowledge is positively 

associated  with  score  of beliefs  and  motives  at  a  lesser  degree  or  .171  and  .196. 

Finally, the score of beliefs and motives are negatively associated together at a lesser 

degree -.014. All variables were correlated beyond p-value .01 levels of significance 

in  no.1  to  no.2-no.4,  no.2  to  no.3-no.4,  and  no.3  to  no.4-no.5  except  others  are  p  > 

.05. 

 

Table 5.73  Mean and Correlation of Variables in Hypothesis Model 19 

 

Variable  Mean  S.D.  1  2  3  4  5 

1.Activities for  

Reducing Electricity 

Energy 

3.41 2.045 1.000 .177*** .276*** .100*** .020

2.Household's 

Attitudes 

8.07 1.560 .177 1.000 .176*** .222*** -.046

3.Household's 

Knowledge 

40.63 8.658 .276 .176 1.000  .171*** .196*

** 

4.Household's Beliefs  33.97 6.093 .100 .222 .171  1.000  -.014

5.Household's 

Motives 

48.70 5.067 .020 -.046 .196  -.014  1.000

 

Notes: N=1,150, ***p<.00 

 

5.3.19.3  Multivariate  Analysis  of  Hypothesis  Model  19.  The  analysis 

of two and more than two variables was presented in table 5.74-5.76. Its results as a 

set of variables in this hypothesis model can be explained with a measurement of R-

square (R2) or the coefficient of determination and measurement of the direction and 

size  of  the  effect  in  each variable  on  the  dependent  variable  as  in  the  equation  of 

regression. 

The  coefficient  of  determination  in  hypothesis  model  19,  table  5.74 

presented  the  MRA  in  this  hypothesis model  testing  as  the  coefficient  of 
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determination. The adjusted R square is in .092 or 9.2%. The effect size, as estimated 

by  adjusted R2,  has  a  medium  effect  (1.0-10.0%).  Its  impacts  of  all  independent 

variables can be predicted as the medium size effect on the dependent variable as well 

as by the square of Pearson correlation r2. That means that the value of the regression 

model fits well in the test on multiple linear relationships between the variables, and it 

can be used for predicting and explaining model 19 as highly significant as p-value at 

.01 level of F test in ANOVA table 5.75. It also has a positive impact on the energy 

saving practices in the household (B1). 

 

Table 5.74  Model Summary of MRA in Hypothesis Model 19 

 

Model Summaryb 

Model  R  R Square  Adjusted R Square  Std. Error of the 

Estimate 

19  .308a  .095 .092 1.949

 

Notes: a. Predictors: (Constant), Total Score of the Household's Motives, Total Score 

of the Household's Beliefs, Total Score of Household's Attitudes, Total 

Score of the Household's Knowledge 

  b. Dependent Variable: Total Activities for Reducing Electricity Energy 

 

The  regression  equation  of  the  hypothesis  model  19,  table  5.76 

presented  the  regression  analysis  in  the regression  equation.  The  values  of  the 

regression  coefficient  and  constant  are  given  in column  B  of  the  table.  From  the 

values of the intercept and slope given in the same table, the multiple linear regression 

equation of the hypothesis model 19 is. 

 

B1 = -0.218+0.125X20+0.254X21-0.028X22-0.023X23…………………...…(19) 

 

           Where  B1 = Total Activities for Reducing Electricity Energy 

  X20 = Score of the Household's Attitudes 

  X21 = Score of the Household's Knowledge 
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  X22 = Score of the Household's Beliefs 

  X23 = Score of the Household's Motives 

 

Table 5.75  ANOVA of MRA in Hypothesis Model 19 

 

ANOVAb 

 

Model 

Sum of Squares  

df 

Mean Square   

F 

 

Sig. 

19  Regression  455.331 4 113.833  29.973  .000a

Residual 4348.582 1145 3.798     

Total 4803.913 1149     

 

Notes: a. Predictors: (Constant), Total Score of the Household's Motives, Total Score 

of the Household's Beliefs, Total Score of Household's Attitudes, Total 

Score of the Household's Knowledge 

  b. Dependent Variable: Total Activities for Reducing Electricity Energy 

 

The energy saving practices in the household (B1) or total activities for 

reducing  electricity  energy  are  the  predicted  value  of  the  four  predictors.  The 

standardized  coefficient  of  Beta  in  these  four  predictors  of  the  model  19  is  the 

medium  to  large  degree  and  both  in  positive  and  negative  values  between  -.023  to 

.254  or  -2.3%  to  25.4%.  That  means  it  can  be  estimated  change  in  the  dependent 

variable as well as earlier mentioned, and it would be produced by both negative and 

positive increment of all standard deviations in the independent variables. Finally, the 

p-value  of t  statistic  tests  is  significance  beyond  0.01  levels  of  confidence  in  two 

independent variables, X20 and X21 or the household's attitudes and knowledge. Others 

are p > .05. 
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Table 5.76  Coefficient of MRA in Hypothesis Model 19 

 

Coefficientsa 

 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

t  Sig. 

B  Std. Error  Beta 

19  (Constant) -.218 .698   -.312  .755

Score of the 

Household's Attitudes 

.164 .038 .125  4.290  .000

Score of the 

Household's 

Knowledge 

.060 .007 .254  8.618  .000

Score of the 

Household's Beliefs 

.009 .010 .028  .958  .339

Score of the 

Household's Motives 

-.009 .012 -.023  -.805  .421

 

Note: a. Dependent Variable: Total Activities for Reducing Electricity Energy 

 

5.3.20  Testing Hypothesis Model 20 

Attitudes,  knowledge,  beliefs,  and  motives  of  psychological  factor  have  a 

positive impact on energy saving practices in traveling and transportation (B2) as the 

adjusted R square equals to .083 (supported H0: µ ≥ p .05 & R
2 ≤ 0.3 and rejected H1: 

µ < p .05 & R2 > 0.3). 

5.3.20.1 Univariate Analysis of Hypothesis Model 20. This hypothesis 

testing  and  the  data  were  presented  in  descriptive  statistics  of  five  variables  as  one 

dependent  variable  and  four independent  variables  of  this  hypothesis  model  were  in 

table 5.77. The dependent variable in this hypothesis was the energy saving practices 

in  traveling  and  transportation  (B2)  or  total  activities for  reducing  transport  energy 

while  independent  variables  were  the  total  score  of  the  household’s  attitudes, 

knowledge,  beliefs,  and  motives. Mean  and  standard  deviation  of  five  variables  as 

no.1-5 were that no.1 2.79 and 1.932 activities, no.2 8.07 and 1.560 points, no.3 40.63 
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and  8.658  points,  no.4  33.97  and  6.093  points,  and  no.5  48.70  and  5.067  points, 

respectively. 

5.3.20.2  Bivariate  Analysis  of  Hypothesis  Model  20.  The  association 

measurements  of  these  five  variables,  both  dependent  and  independent,  were 

organized in table 5.77 on the basis of two and more than two variables in the analysis 

of  statistical  testing.  The  data  of  correlation  coefficient  of  rho  (ρ)  between  five 

variables  were  conclusively  that  total  activities  for  reducing  transport  energy  are 

positively  associated  with  all  four  independent  variables  at  a  lesser  degree  or  about 

.015 to .249. 

 

Table 5.77  Mean and Correlation of Variables in Hypothesis Model 20 

 

Variable  Mean  S.D.  1  2  3  4  5 

1.Activities for 

Reducing 

Transport Energy 

2.79  1.932 1.000 .193 .249*** .103*** .015*** 

2.Household's 

Attitudes 

8.07  1.560 .193 1.000 .176*** .222*** -.046

3.Household's 

Knowledge 

40.63  8.658 .249 .176 1.000 .171*** .196*** 

4.Household's 

Beliefs 

33.97  6.093 .103 .222 .171 1.000  -.014

5.Household's 

Motives 

48.70  5.067 .015 -.046 .196 -.014  1.000

 

Notes: N=1,150, ***p<.00 

 

 Total  score  of  the  household’s  attitudes  is  positively  associated  with 

two  independent  variables  in  score  of knowledge  and  beliefs  at  low  degree  or  .176 

and  .222  and  negatively  associated  with  score  of  motives  at  a  lesser  degree  -.046. 

Score  of  knowledge  is  positively  associated with  score  of  beliefs  and  motives  at  a 

lesser  degree  or  .171  and  .196.  Finally,  score of  beliefs  and  motives  are  negatively 
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associated together at a lesser degree or -.014. All variables were correlated beyond p-

value .01 levels of significance at no.1 to no.3-5, and no.2 to no.3-4 and no.3 to no.4-5 

while the others were p > .05. 

5.3.20.3  Multivariate  Analysis  of  Hypothesis  Model  20.  The  analysis 

of two and more than two variables was presented in table 5.78-5.80. Its results as a 

set of variables in this hypothesis model can be explained with a measurement of R-

square (R2) or the coefficient of determination and measurement of the direction and 

size  of  the  effect  in  each variable  on  the  dependent  variable  as  in  the  equation  of 

regression. 

 The  coefficient  of  determination  in  hypothesis  model  20,  table  5.78 

presented  the  MRA  in  this  hypothesis  model  testing  as  the  coefficient  of 

determination. The adjusted R square is .083 or 8.3%. The effect size as estimated by 

adjusted R2 has a medium effect (1.0-10.0%). Its impacts of all independent variables 

can be predicted as the medium size of effect on the dependent variable as well as by 

the square of Pearson correlation r2. That means that the value of the regression model 

fits well in the test on multiple linear relationships between the variables, and it can be 

used for predicting and explaining model 20 as highly significant as p-value .01 level 

of F  test  in  ANOVA  table  5.79.  It  also  has a  positive  impact  on  the  energy  saving 

practices in traveling and transportation (B2). 

 

Table 5.78  Model Summary of MRA in Hypothesis Model 20 

 

Model Summaryb 

Model  R  R Square  Adjusted R Square  Std. Error of the 

Estimate 

20  .294a  .086 .083 1.850

 

Notes: a. Predictors: (Constant), Total Score of the Household's Motives, Total Score 

of the Household's Beliefs, Total Score of the Household's Attitudes, Total 

Score of the Household's Knowledge 

  b. Dependent Variable: Total Activities for Reducing Transport Energy  
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Table 5.79  ANOVA of MRA in Hypothesis Model 20 

 

ANOVAb 

Model Sum of Squares df  Mean Square  F  Sig. 

20  Regression  370.611 4 92.653  27.076  .000a

Residual 3918.133 1145 3.422     

Total 4288.744 1149     

 

Notes: a. Predictors: (Constant), Total Score of the Household's Motives, Total Score 

of the Household's Beliefs, Total Score of the Household's Attitudes, Total 

Score of the Household's Knowledge 

  b. Dependent Variable: Total Activities for Reducing Transport Energy  

 

Table 5.80  Coefficient of MRA in Hypothesis Model 20 

 

Coefficientsa 

Model Unstandardized 

Coefficients 

Standardized 

Coefficients 

t  Sig. 

B  Std. Error  Beta 

20  (Constant) -.623 .663   -.940  .347

Score of the 

Household's Attitudes 

.181 .036 .146  4.981  .000

Score of the 

Household's 

Knowledge 

.050 .007 .222  7.488  .000

Score of the 

Household's Beliefs 

.010 .009 .032  1.089  .277

Score of the 

Household's Motives 

-.008 .011 -.022  -.744  .457

 

Note: a. Dependent Variable: Total Activities for Reducing Transport Energy 
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The  regression  equation  of  hypothesis  model  20,  table  5.80  presented 

the  regression  analysis  in the  regression  equation.  The values  of  the  regression 

coefficient  and  constant  are  given  in column  B  of  the  table.  From  the  values  of  the 

intercept and slope given in the same table, the multiple linear regression equation of 

the hypothesis model 20 is. 

 

B2 = -0.623+0.146X20+0.222X21+0.032X22-0.744X23………………..……(20) 

 

           Where  B2  = Total Activities for Reducing Transport Energy 

  X20 = Score of the Household's Attitudes 

       X21 = Score of the Household's Knowledge 

  X22 = Score of the Household's Beliefs 

        X23 = Score of the Household's Motives 

 

    The energy saving practices in the traveling and transportation (B2) or 

total activities for reducing transport energy are the predicted value of four predictors. 

The  standardized  coefficient  of  Beta  in these  four  predictors  of  model  20  is  the 

medium and large degree at positive and negative values between -.744 to .222 or -

74.4% to 22.2%. That means it can be estimated change in the dependent variable as 

well  as  earlier  mentioned,  and  it  would  be  produced  by  positive  increment  of  all 

standard deviations in the independent variables. Finally, the p-value of t statistic tests 

is significance beyond 0.01 levels of confidence just two independent variables (X20 

and X21), and others are p > .05 levels of significance. 

 

5.4  Hierarchically Ranking of All Verified Hypotheses 

 

  We can conclusively rank all hypothesis models with the highest degree to the 

lowest  degree  of  effect  size  in  hierarchically  order.  It  can  be  categorized  into  four 

groups  for  statistical  hypothesis  for  testing one  out  of  the  five  that  has  verified 

hypotheses that has the largest size effect. The second is four rejected hypotheses with 

the larger size of effect. The third is eleven rejected hypotheses with the medium size 



306 
 

of effect. The fourth is rejected hypothesis with the lowest size of effect. The detail is 

the following items: 

 

5.4.1  Five Verified Hypotheses with the Larger Size  of Effect 

  These  five  hypotheses  which  were  proved  by  inferential  statistics  and  the 

statement  of  assumption  criteria  as  the  size  of  effect  more  than  30%,  and  the 

hypothesis models 1-5 that rank in the highest to the lowest size of effects are below: 

  1)  Model 2 has the highest degree in size of effect as the adjusted R2 

equals to .896 or 89.6% and highly significant beyond .01 level of the F test and its 

supported hypothesis. 

  2)  Model 1 is the second in the degree of the size of effect or as the 

adjusted R2  =  .715  or  71.5%  and  significantly  beyond  .01  level  of f  test  and  its 

supported hypothesis. 

  3)  Model 5 is the third because size of effect or the adjusted R2 = .552 

or 55.2% and significantly .01 level of f test and its supported or verified hypothesis. 

  4)    Model  3  is  the  forth  in  size  of  effect  as the adjusted R2 = .502 or 

50.2% and highly significant at .01 level of confident and its supported hypothesis. 

  5)  Model 4 is the fifth, size of effect as the adjusted R2 equals to .400 

or 40.0% and highly significant at .01 level of confident and its verified hypothesis. 

 

5.4.2  Five Rejected Hypotheses with the Larger Size of Effect 

   These five hypotheses were rejected in case of the effect size is not more than 

30% or around 10-30% so that these hypotheses were proved as model 6, 11, 12, 15, 

and 16.  

    1)  Model 15 is the sixth which the adjusted R square equals to .292 or 

29.2% of the size of effect and significantly at .01 of confident level. 

    2)  Model 16 has the adjusted R square .247 or 24.7% of the effect size 

and significantly at .01 of confident level so that it ranking in the seventh hypothesis. 

3)  Model 11 is the eighth that has the adjusted R square equals to .144 

or 14.4% in the size of effect and significant .01 level of confidence. 
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4)  Model 6 is in the adjusted R2 = .280 or 28.0% of the medium size of 

effect  and  highly  significant at  .01  level  of  confidence,  and  it  is  the  ninth  of 

hierarchically ranking. 

    5) Model 12 is the tenth, the adjusted R square equals to .111 or 11.1% 

or as the larger size of effect and highly significant at .01 level of confidence. 

 

5.4.3  Nine Rejected Hypotheses with the Medium Size of Effect 

  These  nine  rejected  hypotheses  that  cannot  be  proved  as  the  size  of  effect 

below  or  less  than  30%,  it  is  between  0-10%  or  the  medium  size  and  they  were  in 

model 7, 9, 10, 13, 14, 17, 18, 19 and 20. 

  1)  Model 19 is in the eleventh as the adjusted R square equals to .092 

or 9.2% in the medium size of effect and highly significant at .01 level of confidence. 

  2)  Model 13 is the adjusted R square equals to .089 or 8.9% or as the 

medium size of effect and highly significant at .01 level of confidence so this is the 

twelfth hypothesis. 

  4)  Model 20 is the adjusted R square equals to .083 or 8.3% or as the 

medium  size  of  effect  and  highly  significant  at .01  level  of  confidence,  it  is  the 

thirteenth. 

  5)  Model 14 is the fourteenth, the adjusted R2 = .064 or 6.4% of the 

medium size of effect and highly significant at .01 level of confidence. 

  6)  Model 9 is the adjusted R2 = .049 or 4.9% of the medium size of 

effect and highly significant at .01 level of confidence. 

  7)  Model 10 is in sixteenth as the adjusted R2 = .036 or 3.6% of the 

medium size of effect and highly significant at .01 level of confidence. 

  8) Model 17 is the adjusted R2 = .034 or 3.4% of the medium size of 

effect and highly significant at .01 level of confidence, and it is the seventeenth. 

   9)  Model 18 is in the adjusted R2 = .033 or 3.3% of the medium size of 

effect and highly significant at .01 level of confidence, and ranking in eighteenth. 

  10)  Model 7 is the adjusted R2 = .022 or 2.2% of the medium size of 

effect and highly significant at .01 level of confidence. 
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5.4.4  One Rejected Hypothesis with the Least Size of Effect 

  Finally, one rejected hypothesis which was the size of effect around 1% and p 

>.05  level  of  confidence,  and  it  is  the last  hypothesis  or  model  8.  The  adjusted R2 

equals to .016 or 1.6% and has the lowest significance level at p > .05 or .12. 

 



 
 

 

CHAPTER 6 

 

CONCLUSIONS, DISCUSSIONS, AND RECOMMENDATIONS 

 

  In this research study, the objectives were to investigate energy consumption 

in  the  residential  sector  including  the  amount  of  CO2  emissions  in  the  Bangkok 

metropolitan area, to examine significant factors contributing to energy consumption 

and energy saving practices in the residential sectors across the Bangkok metropolitan 

area, and to suggest policies for urban energy management in Bangkok. 

  Therefore,  this  chapter  describes  research  conclusions,  research  discussions, 

and  research  recommendations  for  comprehension  in  the  study  of  factors  affecting 

households’  energy  consumptions  in  the  Bangkok  metropolitan  area  for  reducing 

carbon dioxide (CO2) emissions through explanations of the research objectives and 

the conceptual framework of the study. 

 

6.1  Research Conclusions 

 

  According  to  the  research  objectives and  the  conceptual  framework  in  this 

study,  we  can  conclude  the  research  study  in  the  scope  of  the  objectives  into  the 

amount of energy consumption, energy saving, and CO2 emissions in the residential 

sectors, examine contributing factors in energy consumption and energy saving efforts 

in the residential sectors, and suggest energy policies for urban energy management in 

the Bangkok metropolitan area. 

 

6.1.1  Amount  of  Energy  Consumption,  Energy  Saving,  and  CO2 

Emissions  in  the  Residential  Sectors  of  the  Bangkok  Metropolitan 

Area 

  As  of  the  first  research  objective,  the  amount  of  energy  consumption  is 

depended  on  characteristics  and  energy  consumptions  from  home  electricity  and 



310 
 

vehicle  fuel  energies  in  residential  sector  of  Bangkok  city  as  totally  1,150  collected 

households and their contributing factors. 

6.1.1.1  Characteristics  of  Bangkok  households  total  to  3,364  people, 

1,643  men,  and  1,721  women.  The  average  number  of  household  members  is  2.93 

persons/household, average education years is 10.80 years or high school graduation, 

total education years of the household is 31.58 years; the most common occupation in 

the  household  is  student,  wage  and  private  company,  total  income  is  30,658.43 

baht/month;  the  most  common  modes  of transportation  are  walking,  public  bus, 

motorcycle and passenger car, total distance between home and work is 0-30 Kms and 

0-90  minutes;  most  common  housing  type is  single  house,  total  income  is  10,000-

30,000 baht/month, and total expenditure is 10,000-20,000 baht/month. 

    6.1.1.2 Energy consumptions of Bangkok households are divided into 

two  kinds  of  energy  use  and  consumption: home  electricity  energy  and  vehicle  fuel 

energy. 

1)  Home  electricity  energy  comprises  of  home  appliances, 

home  energy  use,  and  a  number  of  technological  and  alternative  products  for  home 

energy  saving.  Number  of  household’s  appliances  is  6-11  items,  total  home  energy 

expenses  are  835.54  baht/month;  the  most  common  form  of  home  energy  use  is 

electricity  760.30  baht/month  and  LPG  for  cooking  95.52  baht/month;  total 

technological  and  alternative  energy  products  for  saving  home  energy  are  electrical 

saving  label  products  or  number-5-labels  23.50%,  compact  fluorescent  light  bulbs 

21.15%,  EER  refrigerators  14.20%,  LCD  & LED  televisions  and  LCD  &  LED 

personal computers 10.65% and 10.09%. 

2) Vehicle fuel energy is comprised of the number of household 

vehicles,  fuel  type,  fuel  quantity,  fuel expenses,  public  transport  expenses,  and 

provincial and aboard traveling. Most of the household’s vehicle units are between 1-

8 units or 62.70% i.e. motorcycle, passenger car, pickup car and bicycle and 37.30% 

is have none or the ratio of have and not have equals to 3:2. The most common fuel 

types  used  for  home  vehicles  are  gasohol  91  or  95  and  benzene  91  or  95  for 

motorcycle (57.42% and 42.58%) and passenger car (50.52% and 33.42%), diesel and 

gasohol 91 or 95 for pickup car (74.87% and 14.66%), and diesel and CNG or NGV 

for  others  (both  of  50%).  Most  of  fuel  quantity  used  monthly  is  CNG  on  NGV  for 
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passenger car 278.79 Kg, fuels for others 166.67 L, LPG for passenger car 132.50 Kg, 

and fuels for pickup car 74.11 L. 

Most  of  fuel  expenses is  passenger  car  2,764.42,  others 

2,764.42, pickup car 2,242.58, and motorcycle 1,019.48 baht/month. Total of public 

transport expenses are 501.19 baht/month, van 902.78, taxi 674.36, bus 610.90, MRT 

531.67,  and  BTS  522.44  baht/month.  Number  of  provincial  and  aboard  trips  is 

59.83%,  never  traveling  40.17%  or  the  ratio  of  3:2.  Average  time  and  days  of 

traveling  is  2.68/year  and  3.93/trips.  Expenses  for  each  provincial  trip  and  total 

expenses per year are 1,831.10 baht and 5,015.77 baht. Average time for air travel is 

1.87 times and expenses around 5,266.67 baht/trip. 

      Finally,  all  monthly  transport  expenses  for  their  own  vehicles 

are 1,526.20 baht, for public transport 501.19 baht, total transport expenses 2,026.37 

baht, total expenses for provincial trips 5,015.77 baht, total expenses for all provincial 

and foreign trips 7,357.65 baht, and all transport and travel expenses 6,591.99 baht, 

respectively. 

    6.1.1.3  Energy  saving  of  Bangkok  households  comes  from  the  main 

two  types  of  the  reduction  in  energy  use  and  consumption  of  home  electricity  and 

vehicle  fuel.  The  first  one  is  electricity  energy  reductions  by  technological  and 

alternative energy products, saving practice of home electricity, and saving practices 

in the household. The last one is fuel energy reductions by fuel types of vehicle uses 

and saving practice of fuel energy. 

1)  Home electricity energy reduction in home energy can come 

from three ways: 11 items of technological and alternative energy products, 12 items 

of  electricity  reduction  practices,  and  7 items  of  recycling  and  reducing  household 

waste. These items can reduce home electricity use and consumption around 5-100% 

or 0.019-24.82 watts-hour. 

(1)    Technological  and  alternative  energy  products  can 

reduce  electricity  in  households  5%  to  100%,  and  it  can  reduce  and  save  electricity 

energy 0.019-5.29 watts-hour. 

(2)  Saving practices of home electricity energy can help to 

reduce  and  save  electricity  in  the  household  as  7.25%  to  100.00%  or  0.08-24.82 

watts-hour. 
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(3)  Energy saving by reducing and recycling waste can be 

help to save home electricity 12.20% to 90.00%, and it can reduce an electricity unit 

as 0.25-14.40 watts-hour. 

2) Vehicle fuel energy reduction from home vehicle energy can 

be  used  in  two  ways:  4  items  of  fuel energy  types  for  vehicle  use  and  15  saving 

practices of fuel energy. These all items can reduce and save fuel energy at around 1-

100% or about 0.12-31.00 liters or kilograms. 

(1)  Type of fuel energy used in vehicles come from 6 types 

of  fuel  i.e.  benzene,  gasohol,  diesel, biodiesel,  CNG  or  NGV,  and  LPG.  Benzene 

cannot be reduced or saving in fuel energy, but others can help to reduce fuel energy 

when in use. For examples, gasohol 91 or 95 can save energy 10-20%, diesel 20-40%, 

biodiesel 23.51-44.54%, CNG or NGV 56-68.00%, and LPG 41-57.00%. Therefore, it 

can save around 10-68% and it can reduce fuel energy 0.51-31.00 L or Kg. 

(2) Fuel energy saving practices is also used to reduce fuel 

energy use and consumption. The 15 practices can help to reduce and save fuel energy 

for home vehicles at around 1% to 100% and at saving rate 0.12% to 16.31% of a liter 

or kilogram. 

6.1.1.4 CO2 Emissions  of  Bangkok  households  come  from  the  above 

information.  We  can  conclude  that  all  energy  saving  practices,  both  from  home 

electricity  and  vehicle  fuel  can  be  used  for  conversion  into  the  amount  of  CO2 

emissions reductions in the following items: 

   1) CO2  emissions  reductions  from  home  electricity  energy 

which have three kinds of energy saving, but now it is divided into the two types of 

source: electricity use and recycling waste. 

            (1) Technological and alternative appliances and electricity 

saving  practices  as  one  come  from  saving electricity  via  electrical  appliances  and 

equipments and another one is how to save electricity by use of saving practices in the 

household.  There  are  23  items  in  all,  and  they  can  help  to  save  electricity  energy 

around  0.08-24.82%,  by  electrical  unit  saving  0.11-201.60  watts-hour,  and  reduce 

CO2 emissions at about 0.05-1,047.98 grams. 
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            (2)    Energy  saving  by  reducing  and  recycling  waste  are  7 

items,  and  they  can  reduce  electricity  energy  around  0.25-14.40%,  0.12-0.90  watts-

hour, and reduce CO2 emissions at about 0.17-240 grams. 

2) CO2 emissions reductions from vehicle fuel can come from 

the two kinds of energy saving practices in home’s vehicle energy, totaling 19 items. 

Percentage rate of fuel energy saving is 0.12-31.00%, fuel unit saving is 0-1.0 liter or 

kilogram, and reduce CO2 emissions at about 5.33-2,663.91 grams. 

 

6.1.2    Examination  of  the  Contributing  Factors  in  Energy  Consumption 

and  Energy  Saving  Practices  in  the  Residential  Sector  of  the 

Bangkok Metropolitan Area 

  Twenty  research  hypothesis  models  were  tested,  and  they  are  comprised  of 

five  major  contributing  factors  and  four  energy  use  and  energy  saving  factors. 

Physical  and  structural  (X1-X6),  social  and  cultural  (X7-X9),  economic  (X10-X12), 

communication  and  information  (X13-X19),  and  psychological  (X20-X23)  factors  are 

independent  variables  whereas  energy  use in  household  (A1)  and  in  traveling  and 

transportation  (A2)  and  energy  saving  in  household  (B1)  and  in  traveling  and 

transportation (B2) are dependent variables. 

  The following figures are twenty models summarized and examined with the 

theoretical framework of urban energy management and the conceptual framework of 

the study which are cause-to-effect of energy consumption, energy saving, and energy 

efficiency in the residential areas of the Bangkok metropolis. 

 

 

 

 

 

 

R2= .715 
p < .01 

Quantity of 
Energy Use 
in Household 
(A1) 

Physical and Structural Factor 
House Type (X1) + .172 
Location (X2) + .026 
Number of Household’s Members (X3) + .016 
Household Appliances (X6) + .730 

 

Figure 6.1  Physical and Structural Factors Impact on the Quantity of Energy Use in 

Household 

 



314 
 

6.1.2.1  Physical and Structural Factors and Quantity of Energy Use in 

Household, these factors positively impact the quantity of energy use in the household 

(A1).  It  is  comprised  of  four  independent variables  and  standardized  coefficients  of 

Beta:  house  type  (X1)  +  .172,  location  (X2)  +  .026,  number  of  household  members 

(X3) + .016, and household appliances (X6) + .730. All variables positively impact the 

quantity of energy use in household as the adjusted R-square equals to .715 or 71.5% 

and it is proved at significant beyond .01 level of f test, so that it is rejected H0: µ ≥ p 

.05 and R2 ≤ 0.3 but supported H1: µ < p .05 and R
2 > 0.3. 

6.1.2.2  Physical and Structural Factors and Quantity of Energy Use in 

Transportation, these factors positively impact the quantity of energy use in traveling 

and  transportation  (A2).  It  is  comprised  of  five  independent  variables  and 

standardized coefficients of Beta: house type (X1) + .122, location (X2) - .036, number 

of household members (X3) + .016, mode of travel (X4) + .896, and commuting time 

and distance (X4) + .078. All variables positively impact the quantity of energy use in 

traveling  and  transportation  at  the  adjusted  R-square  equals  to  .896  and  it  is 

significant beyond the .01 level of the F test, now we rejected H0: µ ≥ p .05 and R
2 ≤ 

0.3 but supported H1: µ < p .05 and R
2 > 0.3. 

 

 

 

 

 

 

Physical and Structural Factor 
House Type (X1) + .122 
Location (X2) - .036 
Number of Household’s Members (X3) + .016 
Mode of Travel (X4) + .896 
Commuting Time and Distance (X5) + .078 

Quantity of 
Energy Use in 
Traveling and 
Transportation 
(A2) 

R2 = .896 
p < .01 

 

Figure 6.2  Physical and Structural Factors Impact on the Quantity of Energy Use in 

Traveling and Transportation 

 

6.1.2.3  Social  and  Cultural  Factors and  Quantity  of  Energy  Use  in 

Household,  these  factors  positively  impact the  quantity  of  energy  use  in  household 

(A1).  It  is  comprised  of  two  independent  variables  and  standardized  coefficients  of 

Beta: household’s education (X7) + .590 and total income/household (X8) + .180. All 

variables positively impact the quantity of energy use in the household as the adjusted 
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R-square  equals  to  .502  and  it  is significant  at  p  <  .01  level  of  the F  test,  then  we 

rejected H0: µ ≥ p .05 and R
2 ≤ 0.3 but supported H1: µ < p .05 and R

2 > 0.3). 

 

 

 

 

 

 

Figure 6.3  Social and Cultural Factors Impact on the Quantity of Energy Use in 

Household 

 

 

 

 

 

 

Social and Cultural Factor 
Years of Household’s Education (X7) + .590 
Income per Household (X8) + .180 

Quantity of 
Energy Use 
in Household 
(A1) 

R2= .502 
p< .01 

Social and Cultural Factor 

R2= .400 
Quantity of 
Energy Use in 
Traveling and 
Transportation 
(A2) 

p < .01 

Years of Household’s Education (X7) + .178 
Income per Household (X8) + .336 
Total No. of Holiday Time (X9) + .418 

 

Figure 6.4  Social and Cultural Factors Impact on the Quantity of Energy Use in 

Traveling and Transportation 

 

6.1.2.4  Social  and  Cultural  Factors and  Quantity  of  Energy  Use  in 

Traveling  and  Transportation,  these  factors  positively  impact  the  quantity  of  energy 

use in traveling and transportation (A2). It is comprised of three independent variables 

and  standardized  coefficients  of  Beta:  household’s  education  (X7)  +  .178,  total 

income/household (X8) + .336 and total number of holidays (X9) + .418. All variables 

positively  impact  the  quantity  of  energy  use in  traveling  and  transportation  as  the 

adjusted R square equals to .400 and it is significant at p < .01 level of the F test, so 

we rejected H0: µ ≥ p .05 and R
2 ≤ 0.3 but supported H1: µ < p .05 and R

2 > 0.3. 

6.1.2.5  Economic  Factor  and  Quantity of  Energy  Use  in  Household, 

economic factor positively impacts the quantity of energy use in household (A1). This 

factor has only one independent variable of household expenditure and standardized 

coefficients  of  Beta:  household  expenditure  (X10)  +  .743.  This  variable  positively 
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impacts the quantity of energy use in the household at the adjusted R-square equals to 

.552 and it is significant at p < .01 level of the F test, now we rejected H0: µ ≥ p .05 

and R2 ≤ 0.3 but supported H1: µ < p .05 and R
2 > 0.3. 

 

 

 

 

 

 

Figure 6.5  Economic Factor Impacts on the Quantity of Energy Use in Household 

 

 

 

 

 

 

Economic Factor 
Household Expenditures (X10) + .743 

Quantity of 
Energy Use 
in Household 
(A1) 

R2= .552 
p< .01

Economic Factor 
Household Expenditures (X10) + .307 
Number of Vehicles (X11) + .308 

Quantity of 
Energy Use in 
Traveling and 
Transportation 
(A2) 

R2= .280 
p < .01 

Figure 6.6  Economic Factor Impacts on the Quantity of Energy Use in Traveling and 

Transportation 

 

6.1.2.6  Economic Factor and Quantity of Energy Use in Traveling and 

Transportation, this economic has no impact on the quantity of energy use in traveling 

and  transportation  (A2).  It  has  two  independent  variables  and  standardized 

coefficients of Beta: household expenditure (X10) + .307 and number of vehicles (X11) 

+ .308. All variables do not positively impact the quantity of energy use in traveling 

and transportation at the adjusted R-square equals to .280 and it is significant at p < 

.01 level of the F test, so we supported H0: µ ≥ p .05 and R
2 ≤ 0.3 but rejected H1: µ < 

p .05 and R2 > 0.5. 

6.1.2.7  Communication  and  Information  Factors  and  Quantity  of 

Energy Use in Household, these factors have no impact on the quantity of energy use 

in household (A1). It has seven independent variables and standardized coefficients of 

Beta: industry source (X13) .000, government source (X14) - .041, professional (X15) - 

.030, interpersonal (X16) - .034, law and regularity (X17) - .009, government support 
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(X18)  -  .088,  and  public  information  (X19)  +  .137.  All  variables  do  not  positively 

impact  the  quantity  of  energy  use  in  the  household  at  the  adjusted  R-square  equals 

.022 it is significant at p = .01 level of the F test, so we accept H0: µ ≥ p .05 and R
2 ≤ 

0.5 and reject H1: µ < p .05 and R
2 > 0.5. 

 

 

 

 

 

 

 

 

 

Figure 6.7  Communication and Information Factors Impact on the Quantity of 

Energy Use in Household 

 

 

 

 

 

 

 

 

Communication and Information Factor 
Industry Source (X13) .000 
Government Source (X14) - .041 
Professional (X15) - .030 
Interpersonal (X16) - .034 
Law and Regularity (X17) - .009 
Government Support (X18) - .088 
Public Information (X19) + .137 

Quantity of 
Energy Use 
in Household 
(A1) 

R2= .022 
p < .01 

Communication and Information Factor 

Quantity of 
Energy Use in 
Traveling and 
Transportation 
(A2) 

R2= .016 
p < .01 

Industry Source (X13) - .022 
Government Source (X14) + .030 
Professional (X15) - .077 
Interpersonal (X16) - .044 
Law and Regularity (X17) - .056 
Government Support (X18) - .001 
Public Information (X19) + .099 

 

Figure 6.8  Communication and Information Factors Impact on the Quantity of 

Energy Use in Traveling and Transportation 

 

6.1.2.8  Communication  and  Information  Factors  and  Quantity  of 

Energy Use in Traveling and Transportation, these factors have no positive impact on 

the  quantity  of  energy  use  in  travelling  and  transportation  (A2).  It  has  seven 

independent  variables  and  standardized coefficients  of  Beta:  industry  source  (X13)  - 

.022, government source (X14) + .030, professional (X15) - .077, interpersonal (X16) - 
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.044,  law  and  regularity  (X17)  -  .056,  government  support  (X18)  -  .001,  and  public 

information (X19) + .099. All variables do not positively impact the quantity of energy 

use in traveling and transportation at the adjusted R-square equals .016 it is significant 

at p < .01 level of the F test, .004, supporting H0: µ ≥ p .05 and R
2 ≤ 0.3 and rejecting 

H1: µ < p .05 and R
2 > 0.3. 

 

 

 

 

 

 

Quantity of 
Energy Use 
in Household 
(A1) 

R2= .049 
p < .01 

Psychological Factor 
Attitudes (X20) + .085 
Knowledge (X21) + .187 
Beliefs (X22) - .033 
Motives (X23) + .054 

 

Figure 6.9  Psychological Factors Impact on the Quantity of Energy Use in 

Household 

 

6.1.2.9  Psychological  Factor  and  Quantity  of  Energy  Use  in 

Household, psychological factor has no positive impact on the quantity of energy use 

in household (A1). It has four independent variables and standardized coefficients of 

Beta: attitudes (X20) + .085, knowledge (X21) + .187, beliefs (X22) - .033, and motives 

(X23) + .054. All variables do not positively impact the quantity of energy use in the 

household at the adjusted R-square equals .049 and it is significant at p < .01 level of 

the F test, so we supported H0: µ ≥ p .05 and R
2 ≤ 0.3 and rejected H1: µ < p .05 and 

R2 > 0.3. 

6.1.2.10 Psychological Factor and Quantity of Energy Use in Traveling 

and Transportation, this factor has no positive impact on the quantity of energy use in 

traveling and transportation (A2). It has four independent variables and standardized 

coefficients  of  Beta:  attitudes  (X20)  +  .109,  knowledge  (X21)  +  .142,  beliefs  (X22)  - 

.009, and motives (X23) + .010. All variables do not positively impact the quantity of 

energy use in the traveling and transportation at the adjusted R-square equals .036, it 

is significant at p < .01 level of the F test, so we accept H0: µ ≥ p .05 and R
2 ≤ 0.3 and 

reject H1: µ < p .05 and R
2 > 0.3. 
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Figure 6.10  Psychological Factors Impact on the Quantity of Energy Use in 

Traveling and Transportation 

 

 

 

 

 

 

 

Figure 6.11  Physical and Structural Factors Impact on Energy Saving Practices in 

Household 

 

 

 

 

 

 

 

Psychological Factor 
Attitudes (X20) + .109 
Knowledge (X21) + .142 
Beliefs (X22) - .009 
Motives (X23) + .010 

Quantity of 
Energy Use in 
Traveling and 
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R2= .036 
p < .01 

Physical and Structural Factor 
House Type (X1) + .086 
Location (X2) - .031 
Number of Household’s Members (X3) + .089 
Household Utilities (X6) + .266 

Energy 
Saving 
Practices in 
Household  
(B1)

R2= .144 
p < .01 

Physical and Structural Factor 
House Type (X1) + .113 
Location (X2) - .093 
Number of Household’s Member (X3) + .082 
Mode of Travel (X4) - .058 
Commuting Time and Distance (X5) + .005 

Energy Saving 
Practices in 
Traveling and 
Transportation 

(B2) 

r2 = .111 
p < .01 

 

Figure 6.12  Physical and Structural Factors Impact on Energy Saving Practices in 

Traveling and Transportation 

 

6.1.2.11  Physical and Structural Factors and Energy Saving Practices 

in  Household,  these  factors  have  no  positive  impact  on  saving  practices  in  the 

household  (B1).  It  is  comprised  of  four independent  variables  and  standardized 

coefficients  of  Beta:  house  type  (X1)  +  .086,  location  (X2)  -  .031,  number  of 
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household members (X3) + .089, and household appliances (X6) + .266. All variables 

do  not  positively  impact  saving  practices  in the  household  at  the  adjusted  R-square 

equals to .144 or 14.4% and it is supported in significant at .01 level of f test, so that it 

is accepted H0: µ ≥ p .05 and R
2 ≤ 0.3 but rejected H1: µ < p .05 and R

2 > 0.3. 

6.1.2.12  Physical  and  Structural  Factors  and  Energy  Saving  Practices 

in  Traveling  and  Transportation, these  factors  have  no  positive  impact  on  energy 

saving  practices  in  traveling  and  transportation  (B2).  It  is  comprised  of  five 

independent variables and standardized coefficients of Beta: house type (X1) + .113, 

location (X2) - .093, number of household members (X3) + .082, mode of travel (X4) - 

.058,  and  commuting  time  and  distance  (X4)  +  .005.  All  variables  do  not  positively 

impact energy saving practices in traveling and transportation at the adjusted R-square 

equals to .111 and it is significant at .01 level of the F test, now we supported H0: µ ≥ 

p .05 and R2 ≤ 0.3 but rejected H1: µ < p .05 and R
2 > 0.3. 

6.1.2.13  Social  and  Cultural  Factors and  Energy  Saving  Practices  in 

Household, these  factors  have  no  positive  impact  on  energy  saving  practices  in 

household  (B1).  It  is  comprised  of  two independent  variables  and  standardized 

coefficients  of  Beta:  household’s  education  (X7)  +  .212  and  total  income  per 

household  (X8)  +  .123.  These  variables  do  not  positively  impact  energy  saving 

practices in household at the adjusted R-square equals to .089 and it is significant at p 

<  .01  level  of  the F  test,  then  we  now  supported H0:  µ ≥  p  .05  and R
2  ≤  0.3  and 

rejected H1: µ < p .05 and R
2 > 0.3). 

 

 

 

 

 

 

Energy 
Saving 
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Household  
(B1) 

R2= .089 
p < .01 

Social and Cultural Factor 
Years of Household’s Education (X7) + .212 
Income per Household (X8) + .123 

Figure 6.13  Social and Cultural Factors Impact on Energy Saving Practices in 

Household 

 

6.1.2.14  Social  and  Cultural  Factors and  Energy  Saving  Practices  in 

Traveling and Transportation, these factors have no positive impact on energy saving 
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practices  in  traveling  and  transportation  (B2).  It  is  comprised  of  three  independent 

variables  and  standardized  coefficients  of  Beta:  household’s  education  (X7)  +  .245, 

total  income/household  (X8)  +  .023,  and  total  number  of  holidays  (X9)  +  .029.  All 

variables  do  not  positively  impact  energy saving  practices  in  the  traveling  and 

transportation as the adjusted R square equals to .064 and it is significant at p < .01 

level of the F test, so we supported H0: µ ≥ p .05 and R
2 ≤ 0.3 and rejected H1: µ < p 

.05 and R2 > 0.3. 

 

 

 

 

 

 

 

Figure 6.14  Social and Cultural Factors Impact on Energy Saving Practices in 

Traveling and Transportation 

 

6.1.2.15 Economic Factor and Energy Saving Practices in Household, 

economic factor has no positive impact on energy saving practices in household (B1). 

It  has  only  two  independent  variables  of  household  expenditure  and  energy 

conservation  investment  with  standardized  coefficients  of  Beta:  household 

expenditures  (X10)  +  .117  and  energy  conservation  investment  (X12)  +  .487.  All 

variables  do  not  positively  impact  energy  saving  practices  in  the  household  at  the 

adjusted R-square equals to .292 and it is significant at p < .01 level of the F test, now 

we supported H0: µ ≥ p .05 and R
2 ≤ 0.3 but rejected H1: µ < p .05 and R

2 > 0.3. 
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Income per Household (X8) + .023 
Total No. of Holidays  (X9) + .029 

Energy Saving 
Practices in 
Traveling and 
Transportation 

(B2) 

R2= .064 
p < .01 

Economic Factor 
Household Expenditures (X10) + .117 

Energy 
Saving 
Practices in 
Household  
(B1) 

R2= .292 
p < .01 

Energy Investment (X12) + .487 

 

Figure 6.15  Economic Factors Impact on Energy Saving Practices in Household 
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Figure 6.16  Economic Factors Impact on Energy Saving Practices in Traveling and 

Transportation 

 

6.1.2.16  Economic  Factor  and  Energy  Saving  Practices  in  Traveling 

and  Transportation, this  factor  has  no  positive  impact  on  energy  saving  practices  in 

traveling and transportation (B2). It has three independent variables and standardized 

coefficients of Beta: household expenditures (X10) + .030, number of vehicles (X11) + 

.304, and energy conservation investment-in traveling (X122) + .287. All variables do 

not  positively  impact  energy  saving  practices in  traveling  and  transportation  at  the 

adjusted R-square equal to .247 and it is significant at p < .01 level of the F test, so 

we supported H0: µ ≥ p .05 and R
2 ≤ 0.3 but rejected H1: µ < p .05 and R

2 > 0.3. 
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Government Support (X18) + .009 
Public Information (X19) + .079 

 

 

Figure 6.17  Communication and Information Factors Impact on Energy Saving 

Practices in Household 
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6.1.2.17  Communication and Information Factors and Energy Saving 

Practices  in  Household, these  factors  have  no  positive  impact  on  energy  saving 

practices  in  household  (B1).  It  has  seven independent  variables  and  standardized 

coefficients  of  Beta:  industry  source  (X13)  .109,  government  source  (X14)  -  .001, 

professional (X15) - .107, interpersonal (X16) - .031, law and regularity (X17) - .127, 

government support (X18) + .009, and public information (X19) + .079. All variables 

do not positively impact energy saving practices in the household at the adjusted R-

square equals .034 and  it is significant at p < .01 level of the F test, so we supported 

H0: µ ≥ p .05 and R
2 ≤ 0.3 and rejected H1: µ < p .05 and R

2 > 0.3. 
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Public Information (X19) + .099 

 

Figure 6.18  Communication and Information Factors Impact on Energy Saving 

Practices in Traveling and Transportation 

 

6.1.2.18  Communication and Information Factors and Energy Saving 

Practices  in  Traveling  and  Transportation,  these  factors  have  no  positive  impact  on 

energy saving practices in travelling and transportation (B2). It has seven independent 

variables  and  standardized  coefficients  of  Beta:  industry  source  (X13)  +  .047, 

government source (X14) + .007, professional (X15) - .088, interpersonal (X16) + .010, 

law  and  regularity  (X17)  -  .139,  government  support  (X18)  -  .025,  and  public 

information  (X19)  +  .099.  All  variables  do  not  positively  impact  energy  saving 

practices  in  the  traveling  and  transportation  at  the  adjusted  R-square  equals  to  .033 

and it is significant at p < .01 level of the F test, supporting H0: µ ≥ p .05 and R
2 ≤ 0.3 

and rejecting H1: µ < p .05 and R
2 > 0.3. 
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6.1.2.19  Psychological  Factor  and Energy  Saving  Practices  in 

Household, this  factor  has  not  positive  impact energy  saving  practices  in  household 

(B1). This factor has four independent variables and standardized coefficients of Beta: 

attitudes (X20) + .125, knowledge (X21) + .254, beliefs (X22) - .028, and motives (X23) 

-  .023.  All  variables  have  no  positive  impact  on  energy  saving  practices  in  the 

household at the adjusted R-square equals to .092 and it is significant at p < .01 level 

of the F test, so we supported H0: µ ≥ p .05 and R
2 ≤ 0.3 and rejected H1: µ < p .05 

and R2 > 0.3. 

 

 

 

 

 

 

Energy 
Saving 
Practices in 
Household  
(B1)

R2= .092 
p < .01 Psychological Factor 

Attitudes (X20) + .125 
Knowledge (X21) + .254 
Beliefs (X22) - .028 
Motives (X23) - .023 

 

Figure 6.19  Psychological Factors Impact on Energy Saving Practices in Household 
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Figure 6.20  Psychological Factors Impact on Energy Saving Practices in Traveling 

and Transportation 

 

6.1.2.20  Psychological  Factor  and Energy  Saving  Practices  in 

Traveling and Transportation, this has no positive impact on energy saving practices 

in  traveling  and  transportation  (B2).  It  has  four  independent  variables  and 

standardized  coefficients  of  Beta:  attitudes  (X20)  +  .146,  knowledge  (X21)  +  .222, 

beliefs (X22) + .032, and motives (X23) - .774. All variables do not positively impact 

energy  saving  practices  in  travelling  and  transportation  at  the  adjusted  R-square 
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equals to .083 and it is significant at p < .01 level of the F test, so we supported H0: µ 

≥ p .05 and R2 ≤ 0.3 and rejected H1: µ < p .05 and R
2 > 0.3. 

6.1.2.21  Potential  Factors  of  Energy  Consumption,  as  the  above 

investigation and examination shows, now we can conclude all contributing factors of 

urban residential area into the potential factors of energy consumption in Bangkok as 

figure 6.21. All hypotheses are five verified hypotheses that can be potential factors 

because  they  all  positively  impact  the quantity  of  energy  use  and  energy  saving 

practices  both  in  household  and  transportation  of  Bangkok.  These  five  potential 

factors  are  listed  as  the  follows  while  other  fifteen  proved  hypotheses  are  not 

considered. 

     1)  Physical and Structural Factors and Quantity of Energy Use 

in Traveling and Transportation or model 2 has been the most highest potential factor 

which has the highest degree of effect as shown in the adjusted R2 at .896 or 89.6% of 

the predictive factor. It has been a positive impact factor on the quantity of energy use 

in  traveling  and  transportation  for  Bangkok households  and  is  highly  significant 

beyond .01 level of the F test and is also verified in hypothesis testing of this study. 

    2)  Physical and Structural Factors and Quantity of Energy Use 

in  Household  or  model  1  have  been  the second  highest  potential factor  which  has  a 

positive impact on the quantity of energy use in Bangkok households. It has a degree 

size,  as  the  adjusted R2  equaling  .715  or  71.5%  of  the  predictive  factor  and  is 

significantly  at  .01  level  of f  test.  It  has  been  supported in  hypothesis  testing  of  the 

study. 

    3)  Economic Factor and Quantity of Energy Use in Household, 

as the proved hypothesis model 5 and it has been the third highest potential factor that 

has a positive impact to quantity of energy use in Bangkok households. It has the size 

of effect at the adjusted R2 = .552 or 55.2% of the predictive factor and is significant 

at .01 level of f test. 

4)  Social and Cultural Factors and Quantity of Energy Use in 

Household, it is the fourth highest potential factor as well as hypothesis model 3. It 

has the size of effect as the adjusted R2 = .502 or 50.2% of the predictive factor and it 

has significant confidence at .01 level of F test. Thus, it is supported in the hypothesis 

testing. 
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Figure 6.21  All Potential Contributing Factors of Energy Consumption in the 

Residential Areas of Bangkok Metropolis 

 

    5)  Social and Cultural Factors and Quantity of Energy Use in 

Traveling  and  Transportation  or  model  4  is  the  fifth  and  final  verified  hypothesis 

model that has the size of effect as the adjusted R2 equals to .400 or 40.0% and highly 

significant at .01 level of confident and is also supported in hypothesis testing. 

  It  can  be  concluded  that  all  potential  contributing  factors  of  energy 

consumption  in  Bangkok  city  and  households  have  various  impacts  for  energy 

consumption,  energy  saving,  and  the  reduction  of  CO2  emissions.  The  first  of  all 

contributing  factors  which  has  been  the  most  positive  influence  factor  is  Bangkok 
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household’s physical and structural. Its factors impact both quantity of energy use in 

household  and  traveling  and  transportation the  most  at  71.5%  and  89.6%  while  its 

impacts on energy saving practices in household and traveling and transportation are 

around 14.4% and 11.1%.  

  The  second  potential  contributing  factor  is  Bangkok  household’s 

economic. Its factor impacts more size effects especially in the quantity of energy use 

in  household  at  55.2%  while  its  impacts  to quantity  of  energy  use  in  traveling  and 

transportation  at  28.0.  This  factor  is  also the  most  impact  factor  for  energy  saving 

practices in household and traveling and transportation about 29.2% and 24.4%. 

    Third potential contributing factor is Bangkok household’s social and 

cultural  factors.  Its  factors  impact  both the  quantity  of  energy  use  in  household  and 

traveling and transportation at 50.2% and 40.0% whiles its impacts to energy saving 

practices in household and traveling and transportation at 8.9% and 6.4% as the third 

potential contributing factor in these types. 

    Forth  potential  contributing  factor  is  Bangkok  household’s 

psychological  factor.  It  impacts  all  quantities  of  energy  use  and  energy  saving 

practices in household and traveling and transportation at the medium size of effects 

at 4.9, 3.6, 9.2, and 8.3%, respectively. 

    Finally, Bangkok household’s communication and information factors 

are the last factors which can influence all quantities of energy use and energy saving 

practices  in  household  and  traveling and  transportation  at  2.2,  1.6,  3.4  and  3.3%, 

respectively. 

 

6.1.3  Suggestion of Energy Policies for Urban Energy Management in the 

Bangkok Metropolitan Area. 

As  per  the  results  of  the  study,  we  know  the  major  urban  residential 

contributing factors for energy consumption, energy saving, and the reduction of CO2 

emissions  are  in  five  major  categories of  Bangkok  households.  Presently,  all  five 

potential  factors  are  finally  concluded,  and  suggestions  of  energy  policies  for  urban 

energy management in the Bangkok area can be produced. 

Energy  policies  for  urban  energy  management  such  as  for  energy 

consumption,  energy  saving,  and  reduction  of  CO2  emissions  are:  social,  economic, 
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environmental,  and  technological  policies. These  four  policies  will  help  the  city 

administration in a sustainable development way. They are all derived from the study 

and can be deployed into city development in the Bangkok area as follows: 

6.1.3.1  Economic  Policy.  The  economic  approach  to  sustainability  in 

urban energy management is considered and emphasized on energy efficiency, energy 

equity,  and  other  economic  considerations.  Energy  saving  can  create  maximum 

benefit from efficient energy use in operation of housing structures, sources of energy, 

integrative energy, and others that can lessen their impacts on the earth’s atmosphere. 

Energy  efficiency  come  from  technology,  planning,  and  management 

of energy systems that they will facilitate efficient use of energy for human activity 

including its non-use. Energy efficiency is simply getting more energy by using fewer 

resources  and  producing  fewer  emissions.  This  idea  can  be  applied  to  home 

appliances  weathering  to  cleaner  fuels  and  energy  sources.  Adopting  energy 

efficiency  standards  and  practices  in  households  and  transportation  can  help  reduce 

energy consumption by one third so that energy efficiency will be used as economic 

policies as listed: 

1)    Use  public  policy  in  regards  to  home  appliance  standards 

and to promote energy efficiency in urban residential areas will help the national per 

capita energy consumptions stay at a flat rate instead of a growing rate. 

  2)  Use  public  campaign  in  the  saving-no.5-label  electrical 

products,  EER  products,  servicing  and  upgrading  old  home  electrical  appliances  in 

urban  residential  sectors  will  help  to  reduce  energy  consumptions  and  carbon 

emissions as well. 

  3)    Promote  new  alternative and  renewable  energy  with  home 

electrical appliances into residential areas for households. 

  4)  Promote low carbon dioxide fuel energy and low fossil fuel 

energy  consumptions  for  home’s  vehicles  by  supporting  to  eco  cars,  CNG  or  NGV, 

electric car, and others. 

Energy  equity  is  also  economic policy,  and  it  is  the  appropriate 

financial  mechanism  for  all  kinds  of  finite  and  alternative  energy  forms  and  their 

equitable  distribution  for  all  human  kinds.  The  followings  are  economic  policies  in 

energy equity of urban energy management: 
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1)  Popularized  the  idea  of  negawatts  can  be  understood  as 

electricity not generated due to achieved efficiencies or implementation of incentives 

to discourage energy use during peak load times. The goal of energy efficiency is to 

maintain the level of economic activities and economic growth, while not increasing 

energy use at the same proportion as economic activity. 

2)    Plan  to  upgrade  district  energy  systems  of  five  small-and 

medium-sized  cities  (100,000-500,000  population)  in  some  areas (Hammer  S.  A., 

2009). This can help to supply electricity which are produced by local plants and used 

by local people. 

      3)  Do  not  use  subsidy  policy  into  all  kinds  of  petroleum 

products  i.e.  gasoline,  diesel,  LPG,  and others  but  use  market  price  mechanism 

instead. This will help the people use fuel energy in an efficient way and save energy.  

     Other  economic  considerations  in  energy  saving  and  efficiency 

measures  for  the  reduction  of  CO2  emissions  are  environmental  damage  and 

environmental  expenditure,  taxation  and  subsidies,  and  real  energy  prices  per  fuel 

type. Environmental  damage,  pollution  damage,  and  environmental  expenditure  are 

related to energy production and consumption for certain types of pollutants and total 

expenditure  on  pollution  prevention  and/or  clean-up,  abatement  versus  clean 

technology,  public  versus  private  and  environmentally-related  research  and 

development expenditures. 

This  environmental  and  pollution  damage  can  use  economic 

instruments for control by using emission charges and taxes, product charges, taxes, 

and tax differentiation including fuel taxes (AEA Technology, 2000). Other economic 

instruments and measures are emission trading, subsidies and other forms of financial 

assistance i.e. market incentives, voluntary agreements, and management schemes. 

6.1.3.2  Social  Policy. This  social  approach  of  sustainability 

development  for  urban  energy  management  seeks  to  maintain  the  stability  of  social 

and  culture  systems,  including  the  reduction  of  destructive  conflicts.  Both  intra-

generational equity and inter-generation equity are important aspects of this approach. 

Modern  society  needs  to  encourage  empowerment  and  participation  into  a  more 

effective  decision  making  framework  for  socially  sustainable  development.  Social 

policy for urban energy management is listed: 
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1)  The energy user and energy producer linkage helps to access 

material and component of products which are produced by the community, urban and 

vicinity. It means to facilitate product exchanges and reuses, to access all people and 

users in any area, to manage urban and suburban areas, and to do so in energy systems 

principles. 

2)    Community  integration  based approach  is  the  best  way  to 

address  energy  end-use  and  reduce  greenhouse  gases  and  air  pollutant  emissions  by 

building  a  network  of  citizens  from  the  energy  industry,  environmental  groups, 

governments,  academia  and  consulting  communities  (Uepinst,  2011).  This  network 

will  help  to  advise  Bangkok  communities  and  approach  new  energy  saving  and 

efficiency practices into households. 

3)  Use public policy in regards to private vehicles which will be 

banned  from  the  center  city  or  inner  zone and set a program to reward owners who 

take their old cars to the scrap yard. It will help to limit vehicles going to the inner 

city and reduce the numbers of older vehicles in use. 

4)  Building up local food stores and managing these stores by 

community  people.  This  approach  will  help  to  either  limit  or  intensify  the  negative 

economic and environmental impacts of fossil fuel dependence. This also will help to 

improve  quality  of  life  and city  economic  and  management  preparedness  which  are 

likely to fare well in the face of an uncertain future. 

      5)  Use the gas locally or on-site; this is the most simple, cost-

effective option and involves cleaning the medium-Btu gas to contain a minimum of 

35% methane. This gas is then sent via a pipeline to power nearby boilers, engines, 

and  other  equipments.  This  option  should  be  examined  if  a  suitable  customer  is 

nearby and willing to purchase the gas. 

      6)  Use  regulatory  measures  for  social  control  in  urban 

households by reducing environmental impacts with measures of air quality standards, 

target  loads  or  deposition  standards,  fuel  quality  standards,  emission  standards  and 

emission limit values, licensing of potentially polluting activities, product regulations, 

and other regulation measures. 
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      7)  Use  public  information  campaigns  for  recognition  and 

awareness of home energy saving and efficiency with carbon dioxide emissions from 

electricity and fuel petroleum products in home’s electricity and vehicles.   

      8)  Promote sustainable energy and transport systems in human 

settlements.  It  calls  for  efforts  in  saving  energy,  as  a  basis  for  living  systems  and 

opportunity  for  all  human  activity  i.e.  promoting  renewable  energy  techniques  and 

technologies in general and the use of energy efficient building materials. 

      9)  Promote  the  reduction  of  food  waste  generation  and  its 

utilization  by  using  a  more  effective  policy  and  involving  citizen  participation.  It  is 

also to increase the operation rate of incineration plants with other cities like Tokyo 

and Seoul. 

    6.1.3.3  Environmental  Policy.  This  approach  for  sustainable 

development of urban energy management focuses on the stability of biological and 

physical  systems.  Furthermore,  natural  systems  may  be  interpreted  to  include  all 

aspects of the biosphere and manmade environments like cities. This emphasis is on 

preserving  the  resilience  and  dynamic  ability of  such  systems  to  adapt  to  change 

rather  than  conservation  of  some  ideal static  state.  Therefore,  environmental 

significance  is  energy  efficiency  and  helps with  environmental  impacts.  It  measures 

energy  resources,  air,  water,  land,  waste  pollutions  and  safety.  There  are  six 

environmental policies for urban energy management: 

1)  City  transportation  is  one of  the  most  important  energy 

issues  in  an  urban  environment.  Large  cities  like  Bangkok  suffer  pollution  from 

automobiles,  trucks,  waterway  shipping,  and  airplanes.  The  high  density  allows  for 

extensive  use  of  public  transportation  systems  to  cut  down  on  pollution  and 

congestion.  This  policy  allows  for  major  decreases  in  the  number  of  people  driving 

within  the  city  by  using  mass  rapid  transit  systems  such  as  sky  train,  subway,  bus 

rapid transit, fast track bus and train as well as flying out of the city for holidays. 

      2)  Reinventing  the  city by  developing  and  managing  urban 

infrastructures.  This  is  used  to  reduce environmental  destruction,  primary  source  of 

ecological  rejuvenation  and  sustainability  since  80%  carbon  dioxide  emissions  are 

produced in urban cities (Uepinst, 2011). It should plan to extend parks in the city and 
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making Bangkok like a city in the park, with the urban parts aspiring to be as green as 

their surroundings. 

      3)  Improvement of cycling and walking in urban city areas by 

providing  separated  paths  from  motorized  transport,  then  use  large  benefits  with  by 

use  physical  activity  benefits  also.  Improving  the  urban  environment  by  measures 

such  as  traffic  calming  and  promoting  workability  can  help  foster  a  sense  of 

community (Frumkin, 2003). 

      4)  Low  car  dependency  areas  and  car-free  development  by 

reducing  potential  for  accidents  and  injury,  noise,  and  improving  the  quality  of  life 

benefits on local community amenity. It is also including area bans, no-drive days and 

zones permit entry, license plate bans, and parking restrictions in central or inner city 

areas. 

      5)  Speed  limit  controls:  by  reducing  speed  along  urban 

highways, it can improve the reduction in emissions from traffic flows and reduction 

in noise. It may use road pricing in some urban areas and highways and can help in 

the reduction of traffic depending on certain levels. 

     6) Promote public awareness and use of campaigns to stimulate 

all urban households growing trees around the home and the city. 

6.1.3.4  Technological  Policy.  Technological  application  can  consume 

much energy and many resources, but some new technology can help to save energy 

consumptions  and  reduce  emissions.  These  results  have  occurred  in  various 

environmental  issues.  To  realize  cleaner  environment,  technologies  controlling 

environmental  pollutants  and  preventing  their  diffusion  into  the  environment, 

technologies purifying environmental pollutants, and technologies for environmental 

assessment as well as evaluation of energy utilization and environmental technologies 

shall  be  developed.  Energy  and  resource  saving  technologies  that  can  suppress  the 

emission  of  pollutants  into  the  environment,  as  well  as  purify  and/or  remediate 

contaminated  environments  on  air,  water,  soils  and  ocean.  Therefore,  technological 

policies are as follows: 

      1)    Use  distributed  generation  or  DG;  this  DG  refers  to  small 

scale  generation  located  at  or  near  home user  load.  This  DG  includes  rooftop  solar 

installations, on-site diesel generators, and small scale wind turbines. For households, 
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the benefit of DG is in lower utility bills, with the added bonus of the ability to sell 

excess power back into the grid. 

      2)  Build  partnerships  with  global  cities  to  focus  on  the 

application of information communication  technology  or  ICT  to  promote  innovative 

practices for reducing carbon emissions while fostering economic growth. Intelligent 

use  of  networking  architectures  can  transform  society  by  not  only  helping  to  boost 

productivity  and  spurring  economic  growth,  but  also  to  support  environmental 

sustainability and enhancing the quality of life in urban environments.  

      3)  Use  measures  related  to  emissions  control  technology  such 

as  technology  requirements in  legislation  and  regulations,  control  technology 

requirements for stationary sources, and control technology requirements for mobile 

sources. 

      4)  Establishing  environmental  health  impact  assessments  or 

HIA  procedures  for  the  planning  and  development  of  new  industries  and  energy 

facilities by incorporating appropriate health risk analysis in all national programs for 

pollution control and management (GDRC, 2011). It promotes environmentally sound 

technologies within the industry and energy sectors. 

5)  Making Bangkok a center of innovation and advanced clean 

energy  systems,  sustainable  transportation,  waste  management  and  spatial 

development strategies to reduce greenhouse gases. In this approach, local authorities 

can  work  with  local  stakeholders  to  design  and  implement  effective  adaptation 

strategies. 

      6) Promote Thai wisdom into energy saving practices and how-

to-use lifestyles with Thai culture and climate environment. 

    These  four  policies  for  city  sustainable  development  in  urban  energy 

management should be considered; with the rapidly increasing demand for energy use 

and consumption in electricity and fossil fuels of urban residents, the corresponding 

increases  in  investment  requirements  and the  needs  for  a  comprehensive  integrated 

city planning by analysis, decision making, and implementing is evident. 

Sustainable  energy  options  may  be  identified by using integrated city 

planning that takes into account multiple factors, multiple criteria, multilevel decision 

making,  and  many  impediments  and  constraints.  However,  any  city  planning  within 
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which  to  define  sustainable  urban  energy  options  would  be  incomplete  without  a 

delineation of the environmental and social implications of energy use. They can be 

broadly categorized into national, transnational, and global issues. 

 

6.2  Research Discussions 

 

  From the theoretical framework of urban energy management, we can discuss 

issue  of  the  study  through  the  urban  residential  contributing  factors,  urban  energy 

policies, and energy systems. 

  

 6.2.1  Urban Residential Contributing Factors 

  All  five  urban  residential  contributing factors  are  divided  into  two  kinds  of 

factors: potential factors and non-potential factors. 

6.2.1.1 Potential factors, 3 factors have the potential in controlling the 

amount of energy consumption but not energy saving practices and CO2 emissions in 

Bangkok i.e. physical and structure, social and cultural, and economic factors. These 

factors  we  cannot  reduce  or  limit  its  households’  physical,  structural,  and  economic 

factors into small scale when economic growth, higher education background, higher 

salary,  and  the  number  of  cars  and  electrical  appliances  in  their  living  conditions. 

These  variables  are  increasing  more  in  their  needs  and  wants  presently  and  in  the 

future. These factors are difficult to help in energy saving and reduce CO2 emissions 

while energy consumption will be continuously increased in the number of uses. 

6.2.1.2  Non-potential  factors,  these  2  factors are  information  and 

communication,  and  psychological  factors,  which  are  not  impacted  to  energy 

consumption,  energy  saving,  and  CO2  emissions.  On  the  contrary,  these  factors  can 

help to reduce energy consumption and CO2 emissions while increase energy saving 

practices  in  behaviors  and  habits.  This  energy  saving’s  information  sources  come 

from neighborhood, academic, government, and households’ motivation, beliefs, and 

knowledge.  The  city  area  must  add  public information  via  media  channels  in 

broadcast, print, and electronic media.  
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 6.2.2  Urban Energy Policy 

Energy  policies  are  used  and  implemented  for  urban  energy  management  in 

city  administration  and  development.  Four  energy  policies  are  suggested;  some 

policies can be implemented in Bangkok now, but some policies may be implemented 

in  the  near  future.  Two  groups  of  these urban  energy  policies  can  be  discussed  as 

follows: 

  6.2.2.1  Short-Term  Policies:  many  policies  can  be  implemented  for 

urban energy management in Bangkok. These policies are: 

1)  Economic policy: use public policy and public campaign for 

home  appliance  standards  and  the  saving-no.5-label  products,  promote  low  carbon 

dioxide fuel energy and low fossil fuel energy consumptions for home’s vehicles, and 

do not use subsidy policy into all kinds of petroleum products. 

    2)  Social  policy:  community  integration  based  approach,  use 

public policy towards private vehicles which will be banned from the city center, use 

regulatory  measures  for  social  control,  use  public  information  campaigns  for 

recognition and awareness of home energy saving and efficiency, promote sustainable 

energy and transport system in human settlements, and promote the reduction of food 

waste and its utilization by using more effective policy and citizen participation. 

    3)  Environmental  policy:  city  transportation,  reinventing  the 

city by developing and managing urban infrastructures, low car dependency areas and 

car-free  development,  speed  limit  controls,  and  promote  public  awareness  and  use 

campaigns to stimulate all urban households into growing trees around the home and 

surrounding areas. 

    4) Technological policy: using measurement technology related 

to emission control, establishing HIA procedures for the planning and development of 

new industries and energy facilities, and promoting Thai wisdom into energy saving 

practices and how-to-use lifestyles with Thai culture and climate environment. 

  6.2.2.2 Long-Term Policies; many policies cannot be implemented for 

urban energy management in Bangkok city now but may be implemented in the near 

future. These policies are: 
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  1)  Economic  policy:  promote new  alternative  and  renewable 

energy with home electrical appliances, popularized the idea of negawatts, and plan to 

upgrade the district energy systems of five small-and medium-sized cities. 

      2)  Social policy: the energy user and energy producer linkage 

helps  to  access  materials  and  components of  products  produced  by  the  community, 

building up local food stores and managing these stores with community people, and 

use the gas locally or on-site. 

  3)  Environmental policy: improvement of cycling and walking 

in urban city areas by providing separated paths from motorized transport. 

    4) Technological policy: use DG, build partnerships with global 

cities to focus on the application of ICT, and making Bangkok a center of innovation 

and advance clean energy system. 

 

6.2.3  Energy Systems 

When  energy  policies  are  used  and  implemented  for  urban  energy 

management  in  city  administration  and  development,  it  can  be  measured  by  energy 

systems.  Energy  systems  are  comprised  of energy  efficiency,  energy  sustainability, 

and  energy  equity.  It  can  help  to  increase energy  saving  and  the  reduction  of  fossil 

fuel usage while decreasing energy consumption.  

6.2.3.1  Sustainability. How  much  and  at  what  rates  are  energy 

consumed,  and  its  effects  on  long  term  sustainability:  the  quality  and  quantity  of 

available alternative or renewable forms of energy, and the effect of existing energy 

use on the city, national, region and the global environment as a whole. 

Energy  systems  cannot  help  in urban  energy  management  in 

sustainability because of the number of energy consumption both in home electricity 

and vehicle fuel energies are still raising in quantity of use and consumption but not 

raising in quality of uses in these energies. Bangkok households should participate in 

urban energy management and policies for city planning and be active in the BMA. 

6.2.3.2  Efficiency. Efficiency  comes  from  technology,  planning  and 

management  of  energy  systems  that  they  will  facilitate  efficient  use  of  energy  for 

human activity including its non-use. 
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Energy systems will be efficient when the city administration uses and 

implements  technology  that  can  be  used for  recording,  controlling,  monitoring,  and 

reducing  emissions  in  the  city  area  especially  in  residential areas  both  in  home 

electricity  and  vehicle  fuel  energies.  If  the  BMA  cannot  acquire  these  technological 

equipments  for  urban  energy  management,  then  it  will  not  be  efficient  in  energy 

systems. 

6.2.3.3  Equity.  Equity  is  the  appropriate  financial  mechanism  for 

research,  development,  use  of  finite,  alternative  energy  forms,  and  their  equitable 

distribution for all humankind. 

Necessity  to  raise  capital  and  increase  Bangkok  city  fiscally  by 

focusing on research and development or R&D both in home electricity and vehicle 

fuel energies in the residential areas is the urban energy management and policy and 

energy  systems.  If  the  BMA  cannot  discover  new  technologies  and  new  alternative 

energy  forms  for  use  and  consumption, then  the  carbon  dioxide  emissions  will 

continue increasing until there cannot be sustainable development in Bangkok. 

There  is  a  clear  need  to  break  down  the  energy  systems  into  smaller 

and  more  tangible  components  for  proper  implementation.  The  move  towards 

reduction in use of fossil fuels goes hand-in-hand with the following: 

1)  Exploring alternative energy sources. 

2)  Linking energy with city, national, regional, and the global 

environmental issues i.e. greenhouse effect or the global warming by the amount of 

CO2 emissions. 

3)  Co-relating  environmental  management  efficiency  with 

energy efficiency. 

4)  Changes  in  lifestyles and  increasing  community 

involvement. 

5)  Energy  saving  and  efficiency.  This  approach  can  create 

maximum  benefit  from  efficient  energy  use  in  operation  of  building  and  housing 

structures,  sources  of  energy,  integrative energy,  and  others  that  can  lessen  the 

impacts on the earth’s atmosphere. 

6)  User  and  producer linkage.  This  linkage  helps  to  access 

materials and components of products which are produced by community, urban, and 



338 
 

vicinity. It means to facilitate for product exchanges and reuses, to access all people 

and users in any area, to manage urban and suburban areas, and to do so using energy 

systems principles. 

 

6.3  Research Recommendations 

 

  In this part, research recommendations are concluded in the present study and 

offers  recommendations  from  the  study  of  factors  affecting  households’  energy 

consumption in Bangkok metropolitan area. The research recommendations are made 

on the basis findings and corresponding discussions of this study. Therefore, research 

suggestions  are  recommended  with  descriptions  of  the  main  research  problems, 

research findings, research designs and procedures, and further research study as the 

following details: 

 

6.3.1  Recommendations for Statement of Research Problems 

  Research statement and background of the research problems are still waiting 

to  be  solved  because  energy  consumption  in  urban  cities  like  Bangkok  are  rising  in 

both  electricity  and  fuel  energy  consumption.  Due  to  Thailand’s  economic  growth, 

this  will  increase  with  the  household’s  income,  education,  appliances  and  vehicles 

while  energy  conservation  equipments  are not  increased  so  that  the  numerous  CO2 

emissions are difficult to decease in the amount of metric tons. 

  Therefore,  research  questions  are  still  belong  to  the  study  even  a  significant 

factor  contributing  to  changes  in  energy  consumption  and  CO2  emissions  in 

Bangkok’s urban residential areas are known. At the same time, potential factors of 

energy consumption, energy saving, and the reduction of CO2 emissions in the same 

contributing  factors  to  the  policies  of  urban  energy  management  and  environmental 

management are formulated and offered to the BMA. 

   This suggests for further studies as the research questions ask how to reduce 

CO2 emissions in Bangkok’s urban residential areas with urban energy management 

with deeper studies of energy systems and urban energy policies which will have been 

implemented  in  the  city  planning  and  administration,  and  how  certain  urban  energy 

policies cannot be implemented presently and why. 
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 6.3.2  Recommendations for Research Findings  

Recommendations  for  the  research  findings  are  in  several  urban  energy 

management  and  policies  to  the  BMA  as  Bangkok  households’  characteristics  with 

energy  consumption,  energy  saving practices,  and  the  reduction  of CO2  emissions. 

They  are  all  having  positive  influences  on  the  quantity  of  energy  use  and 

consumptions  and  the  energy  saving  practices  both  in  home  electricity  and  vehicle 

fuel  energies,  but  they  are  at  different  degrees  in  size  of  effect.  These  will  help  to 

know Bangkok urban behavioral patterns for city administration. 

1)  Households types or housing spaces of urban peoples have impact 

on energy use and consumption and energy saving practices in home electricity and 

fuel  energies  at  medium  and  large  size effects  as  well  as  household  size  or  the 

numbers of household members. 

Household  size  impacts  energy  use  and  energy  saving  especially 

energy  saving  in  vehicle  fuel  around  a  quarter  while  other  home  electricity,  fuel 

consumptions,  and  home  electricity  saving  are  around  1-10%.  If  we  can  reduce 

household size and housing space as urban energy policy, it can help to reduce energy 

consumption and CO2 emissions at the same time. 

2)    Households  located  in  high density  population  areas  useless  of 

electricity energy while fuel energy consumption and other energy saving are opposite 

in sizes of effect, and they seem to help in reduce consumption on a small to medium 

scale. That means high density population locations use less energy than low density 

population areas. 

It  is  because  in  high  density  areas,  house  types  are  smaller,  such  as 

small-sized  house,  condominium,  townhouse,  higher  household  size,  and  having 

fewer  home  appliances  and  vehicles  while  low  density  areas  have  household  types 

like  a  single  house,  townhouse,  larger household  size,  and  having  more  home 

appliances and vehicles. 

Home and work factors are different both in high and low density areas 

like  Pom  Prap  Sattru  Phai  and  Lad  Krabang  districts  which  differ  in  household 

physical  and  structural  contributing  factors.  Commuting  time  and  distance  between 

home and work consumes less fuel energy in high density areas or 3.30% and helps to 
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save energy around 11.70%. Thus, it can also help to reduce energy consumption and 

CO2 emissions as well. 

We  can  use  these  home  locations  and  work  places  to  promote  urban 

energy policies by making city zoning and using public transportation into household 

areas for reducing transport time; this can help to reduce traffic congestions, energy 

consumptions, and also CO2 emissions.  

3)  Household appliances impact home electricity consumptions more 

than  three-fourth  (the  most),  but  using energy  saving  appliances  in  home  electricity 

can lower this to just one-fourth. That means they use more home electricity but they 

do  not  reduce  electricity  in  monthly  use  and payment  at  the  rate  of  their  uses  and 

consumptions, or they are saving less than a half of electricity bill while doubling the 

number of CO2 emissions. 

In this variable, we can use energy sufficiency policies and standardize 

technological and alternative products to promote into the household market as well 

as financial supports to change new electrical appliances and equipments. 

4)    Modes  of  travel  impact  energy consumptions  the  most  in  vehicle 

fuel energy especially number of provincial and aboard trips, number of vehicles, and 

others  which  can  impact  energy  consumptions  in  fuel  energy  nearly  100%;  Energy 

saving  practices  can  lower  this  only  a  few  percentages.  That  means  households 

located far from public transportation or outer city areas consume higher fuel energy 

and use their own vehicles more than households in inner city areas. 

Reducing  the  number  of  household vehicles  and  increasing  mass 

public transportation in all areas of Bangkok is key; if this urban energy policy and 

urban environmental policy in transports is matched, it will help to reduce number of 

passenger cars, fuel energy consumptions, and emissions problems at the same time. 

    5)  Total  years  of  education  in  household  can  impact  energy 

consumptions in electricity more than a half while fuel energy is minus (-7.60%); that 

means they use technological energy products for saving in vehicle fuels like CNG or 

NGV,  LPG,  and  hybrid  cars.  At  the  same  time,  they  help  to  save  energy  both  in 

electricity and fuel consumptions nearly to one-fourth or 21.20%-25.70%. 

Whereas  high  income  households,  particularly  in  high  expenditure 

households, consume more energy in electricity and fuel energy, they save less energy 
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than  their  consumptions  or  just  a  fewer to  a  half  in  the  same  energy.  It  may  be 

recommended  that  if  we  want  to  access  new  technological  products,  it  is  needed  to 

have  money  and  knowledge  but  at  the  same  time  how  to  promote  environmental 

awareness  in  energy  consumptions  and  CO2  emissions  to  help  them  decreasing  in 

these problems. 

    6)  Although the current market has renewable power technologies for 

home and automobile markets, it seems that the urban population does not respond to 

these products at all. Some high income households do not care about global warming 

and  CO2  emissions  while  some  low  income households  cannot  afford  to  buy  these 

products.  That  means  these  making  these product  consumed  electricity  and  fuel 

energy around one-fourth up to a half. 

    Government  and  city  administration  organizations  need  to  boost  and 

campaign  these  new  technological  power products  into  household  sectors  and 

possibly support financial installation. Then energy consumption and CO2 emissions 

will decrease in the amount of metric tons. 

    7)  Information  and  communication  from  industry,  government, 

professional,  interpersonal,  law  and regulation,  government  support,  and  public 

information  sources  is  one  of  five contribution  factors  that  impact  Bangkok 

households  in  energy  consumptions  on  a  small  size  and  just  in  industry  and  public 

information while others are minus impacted. 

We  could  use  public  information sources  in  urban  households  and 

improve  information  and  communication sources  by  sending  information  via  mass 

communication like TV, radio, internet, and bill boards around city intersections and 

roads.  This  will  help  households’  awareness  and  perception  in  energy  consumption, 

energy saving, and how to consume without emitting more CO2 emissions. 

8)  Psychological factor i.e. household’s attitudes, knowledge, beliefs, 

and motives are need to change in their household behavioral patterns in energy uses 

and  consumptions  of  electricity  and  fuel energies.  It  means  that  it  must  go  hand-in-

hand  with  the  information  and  communication  factor,  and  it  may  use  in  children 

education by putting in environmental awareness into educational curriculums. 

9)    In  case  of  household’s  potential  producing  in  electricity  quantity 

from solar cell and interconnection, this power can sell to the local electric grid. This 
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case  is  difficult  to  implement  with  households  in  Bangkok  and  city  administration 

presently.  If  it  can  be  implemented,  it will  be  good  enough  to  promote  renewable 

energy in household sectors around the city. 

    10)  Planning new power plants in Bangkok is becoming increasingly 

difficult,  since  communities  react  poorly  to the  prospect  of  power  plants  in  their 

neighborhoods.  Likewise,  bringing  power  into  these  more  energy  demanding  cities 

through  new  or  expanded  transmission  lines  causes  additional  problems.  These 

involve  not  simply  community  concern  but  also  regulatory,  environmental,  and 

economic considerations. 

11)  There  is  clear  potential  within  landfills,  and  resources  remain 

unexploited. The lack of any clear articulated Bangkok city policy on what to do with 

landfill  gas  projects  appears  to  be  the  biggest  impediment  to  progress.  As  the 

economic  viability  of  landfill  gas-to-electricity  declines  each  year,  the  city 

administration  must  be  proactive  in  pushing  through  the  projects  in  order  to  tap  the 

economic and electricity potential of landfill gas. 

 

6.3.3  Recommendations for Research Designs and Procedures 

  This research is designed for collecting data from the field survey as Bangkok 

urban  household  area,  and  the  data  were  analyzed  with  the  multiple  regression 

method.  The  following  recommendations  are  listed  accordingly  to  research  designs 

and procedures of this study: 

    1)    Research  design  in  this study  produced  from  research  problems, 

literature  reviews,  and  on  various  channels  of  archives  i.e.  research  reports  and 

academic writings, internet archives, books, and magazines. It means that in this field 

of research, this type of study has not been done in Thailand before, in case of urban 

households’ energy consumption in electricity and fuel energies. However, this study 

is  new  for  environmental  and  social  development  research  in  the  scope  of  urban 

energy management in city. It can be studied and done next time with deeper studies 

into the urban energy policies and environmental management for cities like Bangkok. 

      2)  Data and information, which came from collecting and analysis, are 

based on Bangkok households, and it is more important to study how much data were 

collected  and  how  much  analyses  is  necessary  and  sufficient  for  urban  energy 



343 
 

policies. Therefore, it should adopt some strategic approaches into the next research 

study. 

    3) Limitation of field data collection is many, especially in households’ 

home  and  location  for  interview  and  questionnaire  collection.  It  requires  time  and 

resources for each questionnaire. All 1,150 collected data consumed two months, and 

twenty research assistants. This required more use of resources in money, time, and 

field officers. When on field data collection, there are many problems in getting the 

household’s  representatives  to  respond;  problems  such  as  they  do  not  have  time  to 

answer the questionnaire, do not remember some things in the household, and refusal 

to respond to some questions. These face to face questionnaires are regarded the most 

effective to use in field survey research. 

    Nowadays,  mostly  young  people  in households  use  the  internet.  This 

channel can be used and applied for an internet questionnaire by sending them via e-

mail  and  then  follow  up  in  questionnaire  collection.  This  can  help  to  save  time  and 

resources in collecting. 

    4)  Data cleaning and data entry also need time to do double checking 

and  inputting  information  into  the  computer  for  use  in  data  analysis.  All  the  data  is 

needed for use in data analysis and interpretation, but some data may not useful for 

statistical analysis such as household occupation, age of each household member, and 

some data is too complex for interpretation using the SPSS program. 

    5)    Data  interpretation  is  easy  to  use  with  this  program,  especially  in 

basic  and  inferential  statistical  methods  such  as  frequency,  percentage,  measure  of 

central  tendency,  measure  of  dispersion,  and  multiple  regression  analysis.  But  with 

some  of  the  data,  the  program  cannot  process  certain  kinds  of  complex  data  and 

statistical  methods  like  age,  education,  occupation,  and  modes  of  transport  for  each 

household member. 

   Despite these limitations, this analysis nonetheless represents one of the most 

comprehensive  studies  ever  undertaken  looking  at  the  major  contributing  factors  to 

changes  in  energy  consumption  and  energy  saving  in  urban  residential  area  of 

Bangkok. In particular, this report breaks new ground through its use of urban energy 

management  for  reducing  carbon  dioxide in  the  Bangkok  metropolitan  area.  These 

urban energy policies are the key contribution to urban and city policymaking efforts, 
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because they represent the BMA on which future targets for use in renewable power 

system as well as energy systems can be deployed. These will help target groups such 

as urban households prepare for what can actually be achieved locally in Bangkok. 

Deployment  of  any  of  these  technological  products  could  significantly 

increase in the total amount of renewable power available in Bangkok. Research for 

this  report  was  undertaken  within  a  very  limited  timeframe  of  field  study,  between 

January  and  May  2011.  While  numerous  data and  information  were  performed  with 

Bangkok  urban  households  and  national  energy  experts,  this  analysis  also  relied  on 

some  previous  studies  examining  the potential  factor  for  changes  in  energy 

consumption,  energy  saving,  and  the  reduction  of  CO2  emissions  appropriate  for 

urban energy management in reducing CO2 emissions in Bangkok. 

 

 6.3.4  Recommendations for Further Research 

  Another  issue  that  must  be  addressed  in  how  to  fund  these  urban  energy 

policies,  projects,  recognizing  that  the BMA  must  balance  potential  projects  in 

Bangkok with other projects under consideration around the city area. BMA may lack 

the  capital  funds  to  undertake  these  urban energy  policies  and  projects  in  a  timely 

manner.  As  with  this  recommendation  for  further  research,  the  BMA  and  other 

organizations  could  have  a  formal  contract  to  work  together  on  these  policies  and 

projects by doing research and development in this field of study. 

Therefore, if the BMA does not have the resources, and if there is no incentive 

for  rapid  deployment  of  these  kinds  of  urban  energy  policies  and  projects  at  any  of 

these renewable energy, new alternative energy, and others, the BMA should consider 

engaging  with  third  parties  who  are  interested  in  these  policies  and  projects.  An 

aggressive approach is necessary if Bangkok is to fully capitalize on this opportunity. 

  Finally, further research and developments for these policies on urban energy 

management  in  the  Bangkok  city  area  need a  bottom-up  approach  to  meet  specific 

local  or  urban  household  needs.  This  research  report  should  be  valuable  and 

comprehensive at least for urban energy policy makers at this time and the future. If 

not, this research report will do nothing for the reduction of CO2 emissions by energy 

consumption and energy saving from urban households. 
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แบบสอบถาม 
 

เลขที่.............. 
 

งานวิ จัยเรื่อง “จจัยที่ สงผลกระทบตอการใชพลังงานของครัวเรือนในเขต
กรุงเทพมหานคร” 

 
คําชี้แจงในการตอบแบบสอบถาม 

1. แบบสอบถามงานวิจัยนี้สรางขึ้นเพื่อใชเปนเครื่องมือในการรวบรวมขอมูลการ
ใชพลังงานของครัวเรือนในเขตกรุงเทพมหานคร 

2. การศึกษาวิจัยครั้งนี้เปนสวนหนึ่งของการศึกษาระดับปริญญาเอก สาขาวิชา
พัฒนาสงัคมและการจัดการสิ่งแวดลอม คณะพัฒนาสงัคมและสิ่งแวดลอม สถาบั น
บัณฑติพัฒนบรหิารศาสตร โดยมีวัตถุประสงคการวิจัยเพื่อศึกษาลักษณะและปริมาณ
การใชพลังงาน รวมไปถึงปจจัยที่เกี่ยวของกับการบริโภคพลังงาน การประหยัดพลังงาน 
และการปลอยกาซคารบอนไดออกไซด (CO2) ของครัวเรือนในเขตกรุงเทพมหานคร 
เพื่อจะนําไปสการจัดทํานโยบายสําหรับการจัดการพลังงานเมืองของกรุงเทพฯ ใหเกิด
ความยั่งยืนตอไป 

3. แบบสอบถามงานวิจัยมี ท้ังหมด 5 สวนคือ 

สวนที่ 1 ขอมูลพื้นฐานทั่วไปของครัวเรือน 

สวนที่ 2 การใชพลังงานภายในครัวเรือน 

สวนที่ 3 การใชพลังงานสําหรับการเดินทาง 

สวนที่ 4 การประหยัดพลังงานและปจจัยที่เกี่ยวของ 

สวนที่ 5 ขอเสนอแนะ 

กรุณาอานคําชี้แจงในการตอบแบบสอบถามงานวิจัยในแตละสวน และตอบ
แบบสอบถามทุกขอตามความเปนจริง เพื่อความสมบูรณและความถูกตองของขอมูลที่
จะนําไปใชในการวิเคราะห แปลผล และนําเสนอขอมูลงานวิ จัยเพื่อประโยชนอการ
พัฒนาและการจดัการพลังงานเมืองในปจจุ บันและอนาคต ท้ังนี้จะไมมีการเปดเผยขอมูล
ของทานเป คคลแตจะเสนอผลการศึกษาในภาพรวมเทานั้น 

ขอขอบคุณในความรวมมือของทานเปนอยางสูง 

 

นายพัฒนา ศิริโชติบัณฑ ติ 

นักศึกษาปริญญาเอก 

สถาบันบัณฑติพัฒนบรหิารศาสตร 
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คําชี้แจง กรุณาทาํเครื่องหมาย  √ ลงใน  (    ) หรือเติมขอความในชองวางใหตรงกับ
ความเปนจริงใหมากที่ สุด 
 

ส ี่ 1 ขอมูลพื้นฐานทั่วไปของครัวเรือน 

1. ช่ือผตอบซึ่งเปนสมาชิกในครัวเรือน (ตัวแทนสมาชิกในครัวเรือนที่ มีอายุ 18 ขึ้นไป
เปนผตอบ) 

ช่ือ-นามสกุล...................................อายุ......  โทรศัพท ................................ 

2. สถานที่อยอาศัย เลขที่...........หม าน.....................ซอย............................
ถนน..............................แขวง............................เขต............................ กทม. 

3. จํานวนสมาชิกในครัวเรือนมีจํานวนรวม.........คน (เพศ อายุ การศึกษา อาชี พ รายได
อคน ระยะทาง และระยะเวลาจากที่านไปยังที่ ทํางานหรือสถานศึกษาของสมาชิกใน
ครัวเรือนแตละคนมี ดังนี้) 

คนที่ 1 2 3 4 5 6 7 8 9 10 หมายเหตุ 

3.1 เพศ           ชาย/หญิง 

3.2 อายุ           ป 

3.3 การศึกษา           รวมจํานวนป (นับจาก
ประถมศึกษา 1) 

3.4 อาชี พ           ระบุ… 

อาชี พ 

3.5 รายได/คน           บาท 

ตอเดือน 

3.6 รูปแบบการ
เดินทางไป
ทํางานหรื อ
สถานศึกษา 

          ระบุ..1) รถยนตเก 
       2) รถยนตคอั พ 
       3) รถยนตบัจาง 
       4 )  รถจักรยานยนต  
5) รถจักรยานยนตบัจาง 
6) รถบัสโดยสาร 
7) รถไฟฟBTS 
8) รถไฟใต นิ MRT 
9) รถจักรยาน 
10) เดิน 
11) อื่นๆ (ระบุ).......... 

3.7 ระยะทาง
จากที่อยอาศัย
ไปยังที่ ทํางาน
หรือสถานศึกษา 

          กิโลเมตร 

3.8 ระยะเวลา
เดินทางจากที่
อยอาศัยไปยังที่
ทํางานหรื อ
สถานศึกษา 

          นาที 
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4. ประเภทบานเรือนที่อาศัย 

ประเภทบาน จํานวนชั้น พ้ืนที่ใชสอย 

 (ตารางเมตร) 

(  ) านเดี่ยว   

(  ) ตึกแถว/อาคารพาณิชย   

(  ) ทาวเฮาส   

(  ) คอนโด/อพารทเมนท   

(  ) านเช   

(  ) อ่ืนๆ (ระบุ).............................   

5. าใชายในครัวเรือนรวม (รวมคาใชายทุกอยาง) อเดือนประมาณ.......บาท/เดือน 
 
ส ี่ 2 การใชพลังงานภายในครัวเรือน 

6. สิ่งอํานวยสะดวกหรือเครื่องใชไฟฟาในครัวเรือนมีอะไรบาง 

  (  ) โทรทัศน       จํานวน..เครื่อง  (  ) วิทยุ/เครื่องเสียง         จํานวน..เครื่อง 

  (  ) เย็น                   จํานวน..       (  ) เครื่องเลนซี ดี/ดีวีดี       จํานวน..เครื่อง 

  (  ) หมอหุงขาวไฟฟ   จํานวน..ลูก      (  ) เตาไมโครเว็ป             จํานวน..เครื่อง 

  (  ) เครื่องซักผาไฟฟ  จํานวน..เครื่อง  (  ) หม/กระติกตมน้ํารอน จํานวน..ลูก 

  (  ) กะทะไฟฟ       จํานวน..ลูก       (  ) เครื่องดูดฝ              จํานวน..เครื่อง 

  (  ) เครื่องคอมพิวเตอร  จํานวน..เครื่อง  (  ) เครื่องปรับอากาศ        จํานวน..เครื่อง 

  (  ) มน้ําไฟฟ           จํานวน..เครื่อง  (  ) พัดลมไฟฟ              จํานวน..เครื่อง 

  (  ) เตารีดไฟฟ           จํานวน..เครื่อง  (  ) เครื่องทําน้ําอน          จํานวน..เครื่อง 

  (  ) อ่ืนๆ (ระบุ).............จํานวน..เครื่อง 
7. าใชจายสําหรับการใชพลังงานไฟฟาภายในบานเรือนโดยเฉลี่ย….............บาท/
เดือน หรือประมาณ.............หนวยไฟฟ/เดือน 
8. าใชายสําหรับการใชพลังงานอื่นๆ ในบานเรือนโดยเฉลี่ยตอเดือน (ไมรวม
าใชายในการเดินทาง) 

  (  ) าซหุงต..............บาท/เดือน      (  ) าน/ฟ....................บาท/เดือน 

  (  ) แบตเตอรี่...............บาท/เดือน      (  ) นํ้ามันเชื้อเพลิง............บาท/เดือน 

  (  ) อ่ืนๆ (ระบุ) .............บาท/เดือน 
9. าใช พลังงานไฟฟาและการใชพลังงานอื่นๆ ภายในบาน (ไมรวมคาใชจาย
ในการเดินทาง) โดยประมาณคิดเปน.................บาท/เดือน หรื อ.....% ของรายจาย
โดยรวมตอเดือน 
10. การใชพลังงานทางเลือกอื่นๆ ภายในบาน (ตอบไดมากกว 1 ข) 

     (  ) เซลแสงอาทิตย      (  ) พลังงานลม    (  ) พลังงานน้ํา 

(  ) าซชีวภาพ    (  ) อ่ืนๆ (ระบุ) .................  (  ) ไมมี 
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11. มีการเลือกใชผลิตภัณฑหรืออุปกรณเทคโนโลยีเพื่อการประหยัดไฟฟาภายในบาน 
อะไรบาง (ตอบไดมากกว 1 ข) 

  (  ) หลอดผอมประหยัดไฟ           (  ) อุปกรณหรือเครื่องใชประหยัดไฟเบอร 5 

  (  ) หลอดไฟแบบ LCD และ LED        (  ) อุปกรณไฟฟาปด-เปดอัตโนมั ติ 

  (  ) โทรทัศนจอแบน LCD และ LED      (  ) เย็นแบบประหยัดพลังงาน 

  (  ) คอมพิวเตอรจอแบน LCD และ LED  (  ) เครื่องปรับอากาศประหยัดพลังงาน 

  (  ) อุปกรณดตั้งเพื่อการลดการใชไฟฟ(  ) อุปกรณ ี่ใชพลังงานแสงอาทิตย 

  (  ) อุปกรณ ี่ใชพลังงานลม          (  ) อ่ืนๆ (ระบุ) ......................... 
 

ส ี่ 3 การใชพลังงานสําหรับการเดินทาง 

12. ชนิดของยานพาหนะที่ใชประจําบาน ปริมาณเชื้อเพลิงที่ใช และคาใชจาย 

ปริมาณ
เชื้อเพลิงที่
ใชอเดือน
(ลิตร) 

ชนิดของ
นํ้ามัน
เชื้อเพลิง

ชนิดยานพาหนะ ขนาด ระยะทางที่
ว่ิง/คัน/
เดือน(กม.)

(ซีซี)

าน้ํามัน
เชื้อเพลิง
อเดือน 
(บาท) 

(  ) รถเก จํานวน........คัน 

คันที่ 1 

คันที่ 2 

คันที่ 3 

     

(  ) รถปคอั พ จํานวน.........คัน 

คันที่ 1 

คันที่ 2 

คันที่ 3 

     

(  ) รถจักรยานยนต จํานวน...
คัน 

คันที่ 1 

คันที่ 2 

คันที่ 3 

     

(  ) จักรยาน จํานวน......คัน - - - - - 

(  ) อื่นๆ (ระบุ).... จํานวน.....
คัน 

     

คันที่ 1…………….. 

คันที่ 2…………….. 

คันที่ 3…………….. 

ชนิดของน้ํามันเชื้อเพลิง 1) เบนซิน 2) ดีเซล 3) แกสโซฮอล 4) ไบโอดีเซล 5)  LPG 
         6) NGV    7) อ่ืนๆ ระบุ................................................. 
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13. าเดินทางดวยวิธีการอื่นๆ (ระบุ เช าโดยสารรถเมล าแท็กซี่ าโดยสาร
รถไฟฟ) .................................................ประมาณ..................บาท/เดือน 

14. าใชายในการเดินทางโดยประมาณคิดเป…… % ของรายจายโดยรวมตอเดือน 

15. ครัวเรือนของทานมีแนวคิดที่จะเปลี่ยนแปลงรูปแบบการเดินทางบางหรือไม 

  (  ) ไม  ีเพราะเหตุใด.......................................................................... 
(  ) มี เพราะเหตุใด.............................................................................. 
โดยจะเปลี่ยนรูปแบบการเดินทางเป....................................................... 

16. ในแตละปครัวเรือนทานมีการทองเที่ยวไปพักผอนตางจังหวัดและตางประเทศ
อยางไรบาง 

  (  ) ไมเคยเลย 

  (  ) ไปตางจังหวัด ละ.........ครั้งๆ ละ...............วัน 

(  ) ไปโดยรถยนตวนตัวหรือรถโดยสาร มาใชจาย...บาท/ครั้ง หรื อ....บาท/ 

(  ) ไปโดยทางเครื่องบิน มาใชาย............บาท/ครั้ง หรื อ.........บาท/ 

(  ) ไปตางประเทศ ละ.........ครั้งๆ ละ...............วัน โดยคาใชายการ
เดินทางประมาณ...................บาท/ครั้ง หรื อ.................บาท/ 

 
ส ี่ 4 การประหยัดพลังงานและปจจัยที่เกี่ยวของ 

17. ในปจจุ บันครัวเรือนของทานมีการดําเนินการเพื่อลดการใชพลังงานไฟฟาภายใน
านอยางไรบาง (ตอบไดมากกว 1 ข) 

  (  ) จัดทําผนังบานเรือนใหหนาขึ้นหรือใชสดุและฉนวนปองกันความรอน 

  (  ) เสริมฝาเพดานหรือใชสดุและฉนวนเพื่อลดความรอนจากแสงแดดลง 

  (  ) ปลูกตนไมานรอบๆ านปองกันแสงแดดและลดความรอนจากภายนอกบานเรือน   

  (  ) ทาส านใหอนลงเพื่อลดการดูดซับแสงแดดสะสมไวบตัวบานเรือน 

  (  ) จัดทํามาน กันสาด และเฉลี่ยงใหื่นออกจากตัวบานเพื่อลดแสงอาทิตยสาดสอง 

  (  ) ดอุปกรณใชไฟฟาภายในบานเมื่อไมองการใชงาน 

  (  ) เปดเครื่องปรับอากาศที่ อุณหภ มูิประมาณ 25 องศาเซลเซียสหรือสูงกว 

  (  ) ตรวจสอบรูรั่วหรืออุดผนังบริเวณหองทองใชเครื่องปรับอากาศลดการสูญเสี ย 

        ความเย็น 

  (  ) เปลี่ยนเครื่องใชไฟฟารนเกาๆ มาเนนที่เครื่องใชไฟฟารนประหยัดไฟฟามากขึ้น 

  (  ) เปลี่ยนมาใชหลอดไฟฟาแบบฟลูออเร็สเซ็นทหรือหลอดประหยัดไฟมากขึ้น 

  (  ) ใชปกรณวยประหยัดหรือติดตั้งฝกบัวหรือเปลี่ยนชักโครกที่ประหยัดการใช้ํา 

        มากขึ้น 

  (  ) อ่ืนๆ (ระบุ)............................................. 
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18. ในปจจุ บันครัวเรือนของทานมีการลดการใชพลังงานเชื้อเพลิงรถยนตอยางไรบาง 
(ตอบไดมากกว 1 ข) 

  (  ) บํารุงรักษารถยนตใหสีภาพสมบูรณอยเสมอโดยตรวจลมยางและปรับแต 

        เครื่องยนต 

  (  ) เปลี่ยนมาใช ขนาดเล็กซึ่งสิ้นเปลืองน้ํามันเชื้อเพลิงนอยลง 

  (  ) เปลี่ยนมาใช  Hybrid หรือใชเครื่องยนตสองระบบ เช ไฟฟาและเชื้อเพลิง    

  (  ) เปลี่ยนมาใช ท่ีติดตั้งอุปกรณเพื่อสามารถใชาซธรรมชาติได (CNG/NGV) 

  (  ) เปลี่ยนมาใช ท่ีติดตั้งอุปกรณเพื่อสามารถใชาซปโตรเลียมเหลวได (LPG)    

  (  ) เปลี่ยนมาเติมน้ํามันเชื้อเพลิงชนิดแก็สโซฮอล 91 หรื อ 95 

  (  ) เปลี่ยนมาเติมน้ํามันเชื้อเพลิงชนิดไบโอดีเซล 

  (  ) เดินทางโดยการขนส ึ้น เช รถไฟฟ รถประจําทาง หรือเรือ 

       โดยสาร 

  (  ) เดินทางไปกลับรวมกับเพื่อนบานหรือผ ี่ทํางานอยในเสนทางเดียวกัน 

  (  ) เดินทางโดยรถจักรยานหรือเดินดวยเทาไปในสถานที่ใกล านใหมากขึ้น 

  (  ) เปลี่ยนมาทํางานใกลานหรือทํางานทานแทนการไปทํางานที่ ทํางาน 

  (  ) จับจายซื้อของภายในชุมชน 

  (  ) สงบุตรหลานไปโรงเรียนใกลาน 

  (  ) ลดการเดินทางทองเที่ยวตางในจังหว  

  (  ) อ่ืนๆ (ระบุ)...................................................... 

19. ในปจจุบันครัวเรือนของทานมีการลดปริมาณขยะหรือการนําของเหลือใชในครัวเรือน
กลับมาใชประโยชนอยางไรบาง (ตอบไดมากกว 1 ข) 

  (  ) ลดปริมาณเศษอาหารเหลือกอนทิ้ง 

  (  ) นําเศษวัสดุการประกอบอาหารและสวนประกอบตางๆ ของพืชไปเปนปยใหนไม 

  (  ) นําวัสดุหรือภาชนะที่เปนกระดาษ พลาสติ ก และโลหะกลับไปใชใหม 

  (  ) คัดแยกขยะเพื่อนําไปขายหรือหมุนเวียนใชใหม 

  (  ) ใชาซชีวภาพจากการหมักเศษอาหารหรือมูลสัตว 

  (  ) นําเศษอาหาร ผัก ผลไม ไปหมักเปนน้ําหมักชีวภาพหรือปยน้ําชีวภาพ   

  (  ) อ่ืนๆ (ระบุ)...................................................... 
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20. เหตุผลที่ ทานและสมาชิกในครัวเรือนมีการลดการใชพลังงานไฟฟาภายในบานและ
พลังงานเชื้อเพลิงสําหรับเดินทาง และขจัดของเหลือใชอนทิ้งใหปีระสิทธิภาพ คือขอ
ใด (กรุณาใหระดับความสําคัญของเหตุผลจากมากไปนอย โดยใชตัวเลข 1, 2, 3, 4, 
5... จนครบทุกข) 

  (  ) ความชอบสวนบุคคล         (  ) สรางคานิยม/บรรทัดฐานแกสมาชิกในครัวเรือน 

  (  ) ลดคาใชายในครัวเรือนลง  (  ) ชวยลดปญหาภาวะโลกรอน 

  (  ) ชวยรักษาสิ่งแวดลอม       (  ) อ่ืนๆ (ระบุ)........................... 

21. ครอบครัวของทานไดรับขอมูลขาวสารในการเลือกใชอุปกรณและเทคโนโลยีการ
ประหยัดพลังงานไฟฟาภายในบานและพลังงานเชื้อเพลิงจากแหลงขอมูลตอไปนี้มาก
นอยเพียงใด 

  มากที่ สุด-มาก-ปานกลาง-นอย-นอยมาก 

ตัวผลิตภัณฑ/ผผลิต             (  )      (  )      (  )      (  )     (  ) 

หนวยงานภาครัฐ              (  )      (  )      (  )      (  )     (  ) 

นักวิชาการ               (  )      (  )      (  )      (  )     (  ) 

เพื่อนรวมงาน/เพื่อนบาน           (  )      (  )      (  )      (  )     (  ) 

กฎหมายและขอบังคับ            (  )      (  )      (  )      (  )     (  ) 

การสนับสนุนจากรัฐบาล            (  )      (  )      (  )      (  )     (  ) 

สื่อมวลชน/การประชาสัมพันธ          (  )      (  )      (  )      (  )     (  ) 

แหลงอื่นๆ (ระบุ)..........................        (  )      (  )      (  )      (  )     (  ) 

22. ทานเห็นวาปญหาภาวะโลกรอนสงผลกระทบตอสิ่งแวดลอมและมนุษยมากนอย
เพียงใด  

  (  ) มากที่ สุด   (  ) มาก     (  ) ปานกลาง  (  ) นอย   (  ) นอยมาก 

23. ทานคิดวามนุษยสามารถจะแก อนที่เกิดขึ้นไดมากนอยเพียงใด 

  (  ) มากที่ สุด    (  ) มาก     (  ) ปานกลาง  (  ) นอย   (  ) นอยมาก 
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24. ความรความเขาใจเกี่ยวกับปญหาภาวะโลกรอนและสาเหตุของปญหาที่เกิดขึ้ น 
(Alpha = .600) 

 

คําถาม 

คําตอบ ความมั่นใจในคําตอบ 

ถูก 
(√) 

ผิด 
(X) 

มาก ปาน
กลาง 

นอย 

การใชาซ CNG หรื อ NGV ทําใหเกิดการปลอยกาซ
คารบอนไดออกไซดอยกวาการใชามันเบนซีน (r=.595) 

     

การใชาซ LPG ทําใหเกิดการปลอยกาซคารบอนไดออก 
ไซดมากกวาการใชาซ CNG หรื อ NGV            (r=.606) 

     

การใชไฟฟาจํานวนมากขึ้นทําใหเกิดการปลอยกาซ 
คารบอนไดออกไซดมากขึ้น                            (r=.599) 

     

การใชามันแก็สโซฮอล 91 หรื อ 95 ไมไดวยลดการ
ปลอยกาซคารบอนไดออกไซดเลย                   (r=.624) 

     

การใชเซลแสงอาทิตย าใหเกิดการปลอยกาซ 
คารบอนไดออกไซดาํนวนมาก                       (r=.574) 

     

การใชรถโดยสารสาธารณะชวยลดการปลอยกาซเรือน
กระจกที่ ทําใหเกิดภาวะโลกรอนได                       (r=.574) 

     

คนที่อาศัยอยในชุมชนเมืองมีสวนทําใหเกิดภาวะโลกรอน
มากกวาคนที่อาศัยอยในชนบท                          (r=.569) 

     

กาซที่ ทําใหเกิดภาวะโลกรอนมากที่ สุดคือ กาซ
คารบอนไดออกไซด                                         (r=.563)

     

การสะสมกาซเรือนกระจกในชั้นบรรยากาศทําใหเกิดภาวะ
โลกรอน                                                    (r=.559) 

     

ภาวะโลกรอนทําใหเกิดน้ําทวมหรือฝนแลงได (r=.548)      

การแกญหาภาวะโลกร าซเรือนกระจกจะตองเพิ่ม
จํานวนการปลอยกาซคารบอนไดออกไซดมากขึ้น (r=.587) 

     

ปญหาภาวะโลกรอนที่เกิดขึ้นสามารถจะแกไขไดวยตัวเรา
ทุกๆ คน                                                          (r=.543)   

     

25. ทานเห็นดวยกับการเปลี่ยนพฤติกรรมตางๆ ของสมาชิกในครัวเรือนตอไปนี้มากนอย
เพียงใด 
            มากที่ สุด-มาก-ปานกลาง-อย-อยมาก 
ประหยัดไฟฟาเพื่อลดการปลอยกาซคารบอนไดออกไซด (  )    (  )     (  )     (  )     (  ) 
ใชเซลแสงอาทิตยเพื่อผลิตไฟฟาใชบางสวนในครัวเรือน  (  )    (  )     (  )     (  )     (  ) 

ใชาซ CNG หรื อ NGV แทนน้ํามันเบนซีนในรถยนต (  )    (  )     (  )     (  )     (  ) 

ใชามันแกสโซฮอล 91/95 แทนน้ํามันเบนซีนในรถยนต  (  )    (  )     (  )     (  )     (  ) 

ใชาซ LPG แทนน้ํามันเบนซีนในรถยนต               (  )     (  )     (  )     (  )     (  ) 

ใช้ํามันไบโอดีเซลแทนน้ํามันดีเซลในรถยนต         (  )     (  )     (  )     (  )     (  ) 
เดินทางรถโดยสารสาธารณะเพื่อลดการใชรถสวนตัว       (  )     (  )     (  )     (  )     (  ) 

เดินหรือใชจักรยานเมื่อมีการเดินทางในระยะใกล  (  )     (  )     (  )     (  )     (  ) 
เดินทางไปทํางานรวมกับเพื่อนบานหรือผวมงาน  (  )     (  )     (  )     (  )     (  ) 
วิธีการอื่นๆ (ระบุ).......................... ….    (  )     (  )     (  )     (  )     (  ) 
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ส ี่ 5 ขอเสนอแนะ 

26. ขอเสนอแนะเกี่ยวกับการลดการใชพลังงานไฟฟ การใชพลังงานเชื้อเพลิง และการ
ปลอยกาซคารบอนไดออกไซดในปจจุบันและอนาคตคือ 
  1) านการใชพลังงานไฟฟาในครัวเรือน 

--------------------------------------------------------------------------------------- 
--------------------------------------------------------------------------------------- 
--------------------------------------------------------------------------------------- 
 
2) านการใชพลังงานสําหรับยานพาหนะในการเดินทาง 
--------------------------------------------------------------------------------------- 
--------------------------------------------------------------------------------------- 
--------------------------------------------------------------------------------------- 
 
3) ขอเสนอแนะสําหรับรัฐบาลและหนวยงานภาครัฐ 
--------------------------------------------------------------------------------------- 
--------------------------------------------------------------------------------------- 
-------------------------------------------------------------------------------------- 
 
4) ขอคิดเห็นและขอเสนอแนะอื่น 
--------------------------------------------------------------------------------------- 
--------------------------------------------------------------------------------------- 
--------------------------------------------------------------------------------------- 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

“ขอขอบคุณทานเปนอยางสูงที่ใหความรวมมือในการตอบแบบสอบถามในครั้งนี้” 
 
 
 



APPENDIX B 

  

ENGLISH QUESTIONNAIRE 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

QUESTIONNAIRE 

No. __________ 

Research  Title  “Factors  Affecting  Households’  Energy  Consumption  in  Bangkok 

Metropolitan Area” 

 

Instructions for Questionnaire Respondents 

  1.  This  research  questionnaire  was  constructed  and  is  the  instrument  for  the 

data collection of urban energy consumption and saving in Bangkok’s residential area. 

2. This research study is a partial of the Ph.D. degree in Social Development 

and Environmental Management, School of Social and Environmental Development, 

National Institute of Development Administration or NIDA. The research objectives 

are  to  investigate  and  to  examine  energy  consumption  and  saving  in  the  Bangkok’s 

households, and to suggest policy for urban energy management. 

3. Questionnaire content and structure is divided into five sections:  

Section 1 Basic and general information of the household 

Section 2 Energy consumption in the household 

Section 3 Energy consumption in transportation and traveling 

Section 4 Energy conservation and saving Factor 

Section 5 Suggestion 

 

Please  read  instructions  and  questions  in  all  sections  of  the  questionnaire 

carefully  and  then  answer  the  questions as  you  perceive  it  with  completely  and 

accuracy  of  the  data  collection.  All  collected  data  will  be  processing,  analyzing, 

interpreting,  and  presenting  for  the  purposes  of  urban  energy  management  and  city 

development in the present and the near future. 

Many thanks for your cooperative. 

 

Pattana Sirichotpundit 
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Instructions: The survey items refer to your household’s information as you perceive 

it.  Judge  and  Mark √  onto (  )  and  fill  them  in each  question  and  statement  that  fits 

your scale. 

Section 1 Basic and General Information of the Household 

1. Names of the members of the household (Only those above 18) 

Full name _________Age ____ Years and Phone No. ________ 

2. Physical address or location of the household 

Postal address________________________________________ 

3. Number of members in your household is _____ persons (gender, age, education, 

occupation, income per person, mode of transport, and distances by area and time) 

Person No. 1 2 3 4 5 6 7 8 9 10 Remark 

3.1 Gender           Male/Female 

3.2 Age           Years 

3.3 Education           Total Years 

3.4 Occupation           Specify.. 

3.5 Income/Person           Baht/Month 

3.6 Mode of Transports 

which household used for 

daily transport from home 

to office 

          Specify… 

1) Car 

2) Pickup 

3) Taxi 

4) Motorcycle 

5) Taxi Motorcycle 

6) Public bus 

7) Sky Train 

8) Subway Train  

9) Bicycling 

10) Walking 

11) Others 

3.7 Distance between 

home and workplace 

          Kilometer 

3.8 Distance between home 

and workplace by time 

          Minute 
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4. What type of your housing is? 

Type of Housing No. of Storey Space in 

Square Meter 

(  ) Single house   

(  ) Building   

(  ) Town house   

(  ) Condo/Apartment   

(  ) Rental house   

(  ) Other (specify)_____   

5. Total expenditure of your household in each month is ____Baht 

 

Section 2 Energy Consumption in the Household 

6. Which are the types and numbers of your home facility and electric appliances in 

the household? 

  (  ) Television ____________ unit(s)  (  ) Radio _____________  unit(s) 

  (  ) Refrigerator __________  unit(s) (  ) CD/DVD Player_____  unit(s) 

  (  ) Rice cooking _________  unit(s)    (  ) Microwave _________ unit(s) 

  (  ) Washing machine ______ unit(s)    (  ) Water boiler ________ unit(s) 

  (  ) Electric pan ___________unit(s)  (  ) Vacuum machine_____ unit(s) 

  (  ) Computer _____________unit(s)    (  ) Air conditioner_______ unit(s) 

  (  ) Electric water pump _____unit(s)    (  ) Iron _______________ unit(s)    

  (  ) Electric Fan ___________ unit(s)    (  ) Electric shower _______unit(s) 

7.  Average  monthly  electrical  bill  of  the  household  is  ____Baht/month  or  about 

__________ electrical units/month 

8. Average monthly payments for other energies in the household 

  (  ) LPG for cooking _____baht    (  ) Charcoal/firewood__baht 

  (  ) Battery ____________ baht    (  ) Fuels ____________ baht 

  (  ) Other, specify _______baht 

9. Conclusively that the monthly home electrical expenses and other energies (exclude 

transport expenses) is about _____ Baht or ______% of the total monthly expenses 
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10. Any alternative energy and energy technology which has been used and consumed 

in your household (Can be answered more than 1) 

  (  ) Solar energy  (  ) Wind energy    (  ) Water energy  

  (  ) Biogas    (  ) other, specify___     (  ) Non 

11.  Any  one  which  you  have  chosen  for  saving  electrical  energy  in  your  household 

(Can be answered more than 1) 

  (  ) Compact fluorescent light bulbs   (  ) Electrical saving label products  

  (  ) LCD & LED Light Bulbs     (  ) Auto-power-off equipment   

  (  ) LCD & LED Television       (  ) EFR Refrigerator 

  (  ) LCD & LED Personal Computer   (  ) EFR Air conditioner     

  (  ) Power Saving Unit           (  ) Solar energy products 

  (  ) Wind energy products        (  ) Other, specify____ 

 
Section 3 Energy consumption in transportation and traveling 

12. Types of vehicle, quantity of fuel consumption, and expense 

 

Types of Vehicle 

 

Engine 

(cc) 

 

Distance/ 

Month (Kms) 

 

Fuel 

Type 

Fuel 

Consumed/

Month 

(Liter) 

Fuel 

Expense/ 

Month 

(Baht) 

(  ) Car_Units 

No. 1 

No. 2 

No. 3 

     

(  ) Pickup_Units 

No. 1 

No. 2 

No. 3 

     

(  ) Motorcycle_Units 

No. 1 

No. 2 

No. 3 

     

(  ) Bicycle_ Units - - - - - 
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Types of Vehicle 

 

Engine 

(cc) 

 

Distance/ 

Month (Kms) 

 

Fuel 

Type 

Fuel 

Consumed/

Month 

(Liter) 

Fuel 

Expense/ 

Month 

(Baht) 

(  ) Other __ Units 

No. 1 ____ 

No. 2 ____ 

No. 3 ____ 

     

Types of Fuel 1) Benzene 2) Diesel 3) Gasohol 4) Biodiesel 5) LPG 6) CNG or NGV  

 7) Other, specify ______ 

 

13. Any other transport expenses (specify _ Bus, Taxi, BTS) is_______ in amount of 

______baht/month 

14. Conclusively that the monthly transport expenses is about ____ Baht or ____% of 

the total monthly expenses 

15.  Have  you  planed  to  change  transport  mode  for  your  daily  transport  in  the  near 

future or not 

  (  ) No nothing, reasons ____________________________ 

(  ) Yes we have, reasons ___________________________ 

And change to be ___________________________________ 

16. What kind of your household’s holiday or traveling in each year is? 

  (  ) Never 

  (  ) Traveling in provinces about ___time(s) and each time was in____ days 

  (  ) By passenger car/bus ______baht per trip 

  (  ) By air plane ______baht per trip or ______baht per year  

( ) Traveling aboard about ____time (s), each time was in____ days, by air 

plane ________baht per trip or ______baht per year 
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Section 4 Energy Conservation and Saving Factor 

17.  What  kinds  of  your  action  for  reducing  electricity  consumptions  in  your 

household? (Can be answered more than 1) 

(  ) Insulate cavity walls thicker with insulation or any material 

(  ) Fitting loft insulation or any material above ceiling 

(  ) Grow trees around the house for shading and protecting heat coming into the   

       house 

(  ) Color house with soft and light shade to reduce absorbing sunshine and heat  

      addition 

(  ) Make terrace and balcony longer or curtain for shading the sunshine coming into  

     the house 

(  ) Turn electric appliances off or standby when not in use 

(  ) Turn down the thermostat of air conditioners to 25 co or above 

(  ) Fill gaps around floor, wall, and door of air conditioned rooms to protect air  

      leakage 

(  ) Change or upgrade the old appliances to be an energy saving appliances 

( ) Change or upgrade the old light bulb to be an energy saving light bulb 

( ) Have a saving shower and use efficient faucets and showerheads instead of a bath 

( ) Other, specify_____ 
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18. What kinds of your action for reducing fuel energy consumptions and the carbon 

dioxide  emissions  by  improving  the  energy  efficiency  of  vehicle  fuels?  (Can  be 

answered more than 1) 

(  ) Maintain vehicle properly: use oil grade, all tires inflated, and keep engine tuned  

(  ) Change to economic car by fuel consumption at 20 kilometer per liter or above 

(  ) Change to hybrid car with two-system-engine i.e. electrical and fuel engine  

(  ) Change to less carbon dioxide emission car like LPG engine 

(  ) Change to less carbon dioxide emission car like CNG or NGV engine 

(  ) Change to less carbon dioxide emission fuel i.e. gasohol 91/95 

(  ) Change to less carbon dioxide emission fuel like biodiesel 

(  ) Use public transports i.e. metro bus, sky and subway train, taxi, and motorcycle  

      taxi 

(  ) Car pool with family, neighbor, and colleague  

(  ) Transport by bicycling or walking around home and nearby 

(  ) Change the job to be done at home and around nearby areas 

(  ) Buy food and some things in the community or around home and nearby area 

(  ) Schooling all children around home and nearby areas 

(  ) Reduce traveling in local and aboard once less trip per year 

(  ) Other, specify_____ 

19. What kinds of your action for reducing by improving the recycle and less waste 

things in the household? (Can be answered more than 1) 

(  ) Waste less food by reducing consumer food waste before bins   

( ) Bring food and vegetable components into trees and vegetation plots 

( ) Recycle papers, glasses and bottles, and metals from the waste less things 

( ) Reuse, separate, and sell the less waste things by the kinds of recycle before bins 

( ) Use biogas from recycle and the less waste things 

( ) Bring food and vegetable components to produce bio-extract water and fertilizer 

( ) Other, specify_____ 
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20.  Reasons  of  you  and  your  household  members  have  to  reduce  energies  in  home 

electricity, vehicle fuels, and recycle the less waste things are: (Please ranking number 

1, 2, 3, 4, 5 _ for the most important at first and until the end) 

(  ) Its personal preferences    (  ) Build the values and norms 

(  ) Reduce the expenses         (  ) Help to reduce global warming 

(  ) Conserve the environment   (  ) Other, specify_____ 

21.  What  is  the  rating  of  household’s  main  source  of  information  for  energy  saving 

and technological products in electrical and fuel energy? 

                  Most  More Moderate Less  Least 

Product/Manufacturer             (  )       (  )        (  )       (  )     (  ) 

Government Source          (  )       (  )        (  )       (  )     (  ) 

Professional            (  )       (  )        (  )       (  )     (  ) 

Interpersonal            (  )       (  )        (  )       (  )     (  ) 

Law and Regularity          (  )       (  )        (  )       (  )     (  ) 

Government Support         (  )       (  )        (  )       (  )     (  ) 

Mass Media or Public Relation     (  )       (  )        (  )       (  )     (  ) 

Other sources, specify_____                 (  )       (  )        (  )       (  )     (  ) 

22. How much is your awareness about the global warming issue? 

  (  ) Most   (  ) More   (  ) Moderate    (  ) less   (  ) least 

23. How much is your confidence in solving the global warming issue? 

  (  ) Most   (  ) More   (  ) Moderate     (  ) less   (  ) least 
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24. What is the rate of your answer in the questions about the global warming causes 

and effects? (Alpha=.600) 

 

Question 

Answer Answer Confidence 

Right 

(√) 

Wrong 

(X) 

 

More 

 

Average 

 

Few 

Use CNG or NGV can produce CO2 

emission less than gasoline      (r=.595)  

     

Use LPG can produce CO2 emission 

more than CNG or NGV         (r=.606) 

     

Use more electricity can produce more 

CO2 emission                           (r=.599) 

     

Use gasohol 91 or 95 does not produce 

CO2 emission                           (r=.624) 

     

Use solar cell can produce more CO2 

emission                                   (r=.574)

     

Use public transport help to reduce 

greenhouse gases and global warming 

                                                 (r=.574) 

     

Urban people mostly involve in the 

global warming more than rural people  

                                                (r=.569) 

     

CO2 can produce global warming 

more than other gases              (r=.563) 

     

The more accumulated greenhouse 

gases in atmosphere the more global 

warming                                  (r=.559) 

     

Global warming can produce floods 

and draughts                            (r=.548) 

     

Solving the global warming and 

greenhouse gases must increase the 

CO2 emission                          (r=.587) 

     

Global  warming  issue  can  be  solved 

with ourselves                          (r=.543)
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25. How  much  do  you  think  to  change  the household  members’  behavior  in  the 

following energy saving? 

                    Most   More Moderate  less   least 

Use less electricity can reduce CO2                (  )       (  )        (  )       (  )     (  ) 

Use solar cell can produce electricity   (  )       (  )        (  )       (  )     (  ) 

Use CNG or NGV replaces gasoline engine    (  )       (  )        (  )       (  )     (  ) 

Use gasohol replaces gasoline engine   (  )       (  )        (  )       (  )     (  ) 

Use LPG replaces gasoline engine    (  )       (  )        (  )       (  )     (  ) 

Use biodiesel replaces diesel engine    (  )       (  )        (  )       (  )     (  ) 

Use public transports for traveling    (  )       (  )        (  )       (  )     (  ) 

Bicycling or working in nearby areas   (  )       (  )        (  )       (  )     (  ) 

Carpool with neighbors or friends    (  )       (  )        (  )       (  )     (  ) 

Other, specify_____            (  )       (  )        (  )       (  )     (  ) 

 

Section 5 Suggestion 

26.  Suggestions  for  reducing  electricity energy,  fuel  energy,  and  the  carbon  dioxide 

emission at the present and in the future are: 

1) For home electricity energy 

_____________________________________________________________________ 

_____________________________________________________________________ 

2) For transport and traveling energy 

_____________________________________________________________________ 

_____________________________________________________________________ 

3) For government and public organization 

_____________________________________________________________________ 

_____________________________________________________________________ 

4) Opinions and other suggestions 

_____________________________________________________________________ 

_____________________________________________________________________ 

 

“Thank you for your cooperative and kindly response to this questionnaire” 
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