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CHAPTER 1 INTRODUCTION   

 

 

1.1 Rationale 
Among many oil-importing countries, Thailand has spent over one trillion baht in fossil fuel 

import, just to meet with energy demand within the countries.  Over the past five years, Fig. 

1(a) clearly illustrates the trend of energy import over the past five years, where a majority 

of the import lies in crude oil.  In particular, the recent oil crisis in 2007 has brought crude 

oil to be the most expensive imported energy prices surpassing the electricity cost, as 

shown in Fig. 1(b) [1].   

 

 

(a) 

 

(b) 

Fig. 1 Thailand energy import (a) quantity and (b) price over the past five years 

 

Over the past decade, Thailand Final Energy Consumption has been dominated by the two 

economic sectors, which are transportation and industry for about 1/3 each, as shown in Fig. 
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2(a) [1].  When considering consumption per sector GDP, transportation is the greatest, 

about 3-4 times that of industry, as shown in Fig. 2(b).  Hence, transportation sector has 

long been the target to reduce energy consumption.  Within transportation sector, it is 

dominated by ground transportation, with about ¾ fraction.  Furthermore, the transportation 

sector has consumed diesel about twice as much gasoline, as shown in Fig. 2(c).  Table 1 

shows the 2008 breakdown of vehicles in Thailand with pick-up truck, bus and truck as 

major consumption of diesel fuel [2].  Hence, diesel has been a core energy source of the 

country transportation and logistic.  Various policies have been initiated and implemented 

in order to reduce diesel consumption, partly to justify the unbalance of gasoline/diesel 

consumption in order to reduce crude oil import.  NGV and biodiesel are two main 

substitutes to diesel fuel in transportation sector with clear target projected in the National 

Alternative Energy Strategic Plan (2008-2022).  The goal is to achieve 20% of energy 

consumption from alternative sources, e.g. biomass power/heat generation, biofuel and 

NGV, as shown in Fig. 3. 

 

 

(a) 
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(b) 

 

(c) 

Fig. 2 History data of (a) final energy consumption by economic sector, (b) sector energy 
consumption per sector GDP by economic sector and (c) energy consumption in transport 

sector by type 

 

Table 1: List of vehicles in Thailand by fuel type 
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Motorcycle 16,425,262 16,417,691 - - - - - - - 7,420 151 

Passenger 
Cars  4,273,077 2,606,773 1,105,378 1,692 461,219 1,598 263 72,739 594 13 22,808 

Pick-up 
Truck 4,552,284 230,351 4,237,868 2,339 44,875 3,030 173 3,201 988 8 29,451 

Bus 134,225 6,924 113,242 622 4,493 141 4,482 3,662 390 45 224 

Truck 771,554 627 640,643 635 162 891 7,982 31 2,279 26 118,278 

Other 290,951 9,154 228,829 14,382 4,991 4 1,600 197 - 2 1,792 

ALL 26,417,353 19,271,520 6,325,960 19,670 515,740 5,664 14,500 79,830 4,251 7,514 172,704 
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(a) 

 

(b) 

Fig. 3 (a) Thailand Alternative Energy Strategic Plan for 2008-2022 with (b) detailed 
breakdown of transport fuel projection 

 

However, the higher volume target for ethanol production in 2022, which results from the 

more probable feedstock availability in the future, will further widen the unbalance between 

diesel and gasoline consumptions since ethanol is conventionally used in blending with 

gasoline in the form of gasohol E10 (ethanol: gasoline = 10:90 by volume), E20 (ethanol: 

gasoline = 20:80 by volume) and E85 ethanol: gasoline = 85:15 by volume.  While NGV and 

biodiesel have been planned as diesel substitute, their amounts are still not as large to 

lessen the diesel-gasoline unbalance.  Fortunately, bioethanol has been technically proved 

as diesel substitute in compression-ignition (CI) engine, despite the conventional 

knowledge that ethanol is usually used in spark-ignition (SI) engine due to its high octane 
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number.  Among others, Scania Company has been conducting research for using ethanol 

in CI engine for the past few decades with the current 3
rd

-generation CI ethanol engine 

commercially available, as shown in Fig. 4(a), which has been modified from the regular CI 

diesel engine, as shown in Fig. 4(b).  For instances, larger fuel injection system is required 

to match up the heating value usually obtained from fossil diesel, as well as higher 

compression ratio to both increase the thermal efficiency and cope with the high octane 

nature of ethanol.  Of course, certain gaskets and sealings, which are exposed to ethanol, 

need to be changed to the ethanol-resistant kinds.  Scania has commercialized this 

specially developed ethanol CI engine in the City Bus, as shown in Fig. 4(c).  In addition to 

Sweden, Scania ethanol buses have been tested in Brazil, China, Germany, Italy, 

Netherlands, Norway Spain and UK under EU FP-7 co-finance project BEST (BioEthanol for 

Sustainable Transport) and other initiatives, as shown in Fig. 4(d).  In addition to Scania, 

SAAB has also worked on ethanol CI passenger car, as shown in Fig. 4(e). 

 

 

(a) 

 

(b) 
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(c) 

 

(d) 

 

(e) 

Fig. 4 (a) Scania 3
rd

-generation CI ethanol engine showing (b) necessary modification from 
the regular CI diesel engine, with (c) the commercial ethanol bus currently commercially 

available in the market.  Outside Sweden, the ethanol bus has been tested under (d) BEST 
initiative with (e) SAAB as a partner for ethanol-powered diesel passenger car. 
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For sustainable promotion of ethanol utilization in transportation sector, the feedstock must 

be considered, planned and secured with supporting processing capacity.  Fig. 5 illustrates 

that Thailand is among the world leaders in both sugarcane and cassava production, which 

are ethanol feedstock [3].  Furthermore, Table 2 shows the list of all ethanol plants in 

Thailand, both actively processing and in-planning [ 4 ].  However, successful 

implementation of new technology requires reliable feasibility study.  Hence, the present 

investigation aims to assess possibility of using ethanol as diesel substitute in 

transportation sector. 

 

 

(a) 

 

(b) 

Fig. 5 2006 world (a) sugarcane and (b) cassava production 
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Table 2: Lists of ethanol plants in Thailand 

 Companies Installed 
capacity (L/d) 

Feedstock Province 

 In production (Jun 09) 2,275,000   

1 Pornwilai  International 
Group Trading

À
 

25,000 Molasses/Cassava Ayuttaya 

2 Thai Alcohol 200,000 Molasses Nakhon Pathom 

3 Thai Agro Energy 150,000 Molasses Suphanburi 

4 Thai Nguan Ethanol 130,000 (Fresh) Cassava Khon Khen 

5 Khon Khen Alcohol 150,000 Molasses Khon Khen 

6 Petrogreen 
(Chaiyabhum) 

200,000 Molasses/ 
(Sugarcane) 

Chaiyabhum 

7 Petrogreen (Kalasin) 200,000 Molasses Kalasin 

8 Thai Sugar Ethanol 100,000 Molasses Karnchanaburi 

9 K.I. Ethanol 100,000 Molasses Nakhon Ratchasima 

10 Akekarat Pattana
ÿ
 200,000 Molasses Nakhonsawon 

11 Thai Rungruang 120,000 Molasses/(Bagasse) Saraburi 

12 Ratchaburi Ethanol 150,000 Cassava Ratchaburi 

13 ES Power
§
 150,000 Cassava/Molasses Sarkaew 

14 Maesawd Clean Energy 200,000 Sugarcane Tak 

15 Sapthip
*
 200,000 Cassava Lopburi 

 Under construction 1,700,000   

1 IEC Business Partner
#
 150,000 Cassava  Rayong 

2 Farkwanthip
#
 60,000 Cassava Prachenburi 

3 TPK Ethanol 340,000 Cassava Nakhonratchasima 

4 Sima Inter Product 150,000 Cassava Chasengsao 

5 P.S.C. Starch Product 150,000 Cassava Chonburi 

6 Double A Ethanol 500,000 Cassava Sarkaew 

7 Boon Anek 350,000 Cassava Nakhonratchasima 

8 Impress Technology 200,000 Cassava Chasengsao 
À
Now producing acetic acid instead 
ÿ
Producing hydrous ethanol (95%) 

§
Produce from cassava in Oct 09 

*
No production until Oct 09 

#
IEC Business Partner and Farkwanthip had completed plant construction but not yet operating. 

 

1.2 Objectives 
In order to assess possibility of using ethanol as diesel substitute in transportation sector, 

the present investigation aims to  

1. Construct a database model for energy consumption in transportation 

2. Analyze above model for various scenarios to reflect different levels of diesel 

substitution by ethanol 

3. Assess technical-economical feasibility of using ethanol as diesel substitute in 

transportation sector 

 

1.3 Methodology 
In order to analyze energy use pattern in transportation sector with capability to predict 

energy demand, bottom-up approach, rather than top-down approach, is undertaken due to 

its capability in accounting for the flow of energy based on simple engineering relationship, 
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as detailed in Table 3 [5].  Inputs of traveling demand, fuel consumption and vehicle 

numbers from various types into the bottom-up model can yield the estimation of energy 

demand, as schematically shown in Fig. 6 [6].  Among many others, Long-range Energy 

Alternatives Planning (LEAP) system will be utilized to construct the energy demand model 

in this study.   

 

Table 3: Differences between top-down and bottom-up approach in energy model 

Top-down Bottom-up 

Use aggregated economic data Use detailed data on fuels, technologies and 
policies  

Assess costs/benefits through impact on output, 
income, GDP 

Assess costs/benefits of individual technologies 
and policies 

Implicitly capture administrative, implementation 
and other costs. 

Can explicitly include administration and 
program costs 

Assume efficient markets, and no ñefficiency 
gapò 

Do not assume efficient markets, overcoming 
market barriers can offer cost-effective energy 
savings 

Capture intersectoral feedbacks and interactions  Capture interactions among projects and 
policies 

Commonly used to assess impact of carbon 
taxes and fiscal policies 

Commonly used to assess costs and benefits of 
projects and programs 

Not well suited for examining technology-
specific policies. 

 

 

 

 

Fig. 6 Flow of bottom-up energy demand model 
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From previous study [7], relevant energy transport database framework from vehicles, 

traffic, energy usage and socio-economic data has been laid out.  Important factors for 

energy demand in transportation have been identified following ñASIFò principles, namely 

Activity (A), Mode Share (S), Fuel Intensity (I) and Fuel Choice (F) [8].  Unlike US [9] or UK 

[10] where transportation energy statistics are well documented by a single governmental 

authority, data gathering methodology from various Thai organizations must be established 

with certain assumptions if the data is not available.  Once the model is developed and well 

calibrated the past history data, Business-As-Usual (BAU) reference case will be 

constructed based on the proper choice of base year.  Various scenarios of diesel 

substitution by ethanol will be analyzed to assess economical feasibility.  Furthermore, 

technical feasibility must be assessed in term of technological supporting infrastructure.  

Detailed approach will be discussed in the next Chapter. 
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CHAPTER 2 LITERATURE REVIEW   

 

 

2.1 LEAP System 
The choice of bottom-up energy model approach in the present study is Long-range Energy 

Alternatives Planning (LEAP) system, developed by Stockholm Environment Institute (SEI) 

and freely available for non-profit organization [6].  LEAP modeling capabilities are 

highlighted as follows, with the calculation flows shown in Fig. 7. 

¶ Energy Demand 

ü Hierarchical accounting of energy demand (activity levels x energy intensities).  

ü Choice of methodologies. 

ü Optional modeling of stock turnover. 

¶ Energy Conversion 

ü Simulation of any energy conversion sector (electric generation, transmission 

and distribution, CHP, oil refining, charcoal making, coal mining, oil extraction, 

ethanol production, etc.) 

ü Electric system dispatch based on electric load-duration curves. 

ü Exogenous and endogenous modeling of capacity expansion. 

¶ Energy Resources:   

ü Tracks requirements, production, sufficiency, imports and exports. 

ü Optional land-area based accounting for biomass and renewable resources. 

¶ Costs:  

ü All system costs: capital, O&M, fuel, costs of saving energy, environmental 

externalities.  

¶ Environment 

ü All emissions and direct impacts of energy system.  

ü Non-energy sector sources and sinks.  
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Fig. 7 LEAP calculation flows 

 

In brief, LEAP system mainly deals with energy demand, energy conversion/transformation 

and energy resource, with optional analyses on cost and environment.  The model is based 

on accounting of energy flow with spreadsheet functionality, with the selected appearance 

shown in Fig. 8.   

¶ The Analysis View allows user to create data structures, enter data, and construct 

models and scenarios in all demand, transformation and resource, as shown in Fig. 8(a)-

(c). 

¶ The Results View allows user to examine the outcomes of input scenarios as charts and 

tables, as shown in Fig. 8(d). 

¶ The Diagram View allows user to track the flows of energy.  

¶ The Energy Balance View allows user to output standard table showing energy 

production/consumption in a particular year. 

¶ The Summary View allows user to output cost-benefit comparisons of scenarios and 

other customized tabular reports. 

¶ The Overviews allows user to group together multiple ñfavoriteò charts for presentation 

purposes, Fig. 8(e). 

¶ The TED View allows user to access Technology and Environmental Database complied 

with technology characteristics, costs, and environmental impacts of approximately 

1000 energy technologies. 
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¶ The Notes View allows user to document and reference own data and models. 

 

 

(a) 

 

(b) 

 

(c) 
 

(d) 

 

(e) 

 

Fig. 8 Overview of LEAP system showing (a) Analysis View, (b) Fuel data customization, (c) 
Scenarios customization, (d) Result View and (e) Overview of interested results 

 

As shown in Fig. 6 and Fig. 7, the analysis of ethanol utilization as diesel substitute can be 

divided into the following steps.   
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2.1.1 Ethanol Demand Model 

In order to quantify and predict the ethanol consumption in transportation sector, especially 

as diesel substitute, certain assumptions must be made to  

 

1. estimate the number of vehicles, 

2. estimate the distances traveled by vehicles, 

3. estimate the energy demand   

 

First, the number of vehicles can be estimated by realizing the past data and trend of vehicle 

growth in a mathematical model, often called ñVehicle Ownership Modelò, which can be 

modeled as the S-Curve logistic function of GDP per capita and population density.  An 

example of such function is [11] 

 

where  VO         =  Vehicle occupancy (number of vehicle/1,000 population) 

 S        =  Saturation level of VO (number of vehicle/1,000 population) 

 GDPpCap  =  GDP per capita (THB/person) 

 PopDen      =  Population density (person/sq. km) 

 a, b and c   =  coefficients from curve fitting with historical data 

 

Second, the distances traveled by all vehicles can be estimated from the product between 

the Vehicle Kilometer Traveled (or VKT) of each vehicle type and number of that vehicle type, 

under the assumption that vehicle of the same type but different fuel travels the similar 

average distance. 

 

  TDij  =  NVij  x  VKTj   

 

where TDij =  distances traveled by vehicle type ñjò with fuel type ñiò (km) 

 NVij = number of registered vehicle type ñjò that uses fuel type ñiò (number of 

vehicle) 

 VKTij =  average distances traveled by vehicle type ñjò (km) 

 

Last, the energy demand can be estimated from the product between the distance traveled 

by vehicle and the average fuel economy. 

 

  EDij  =  TDij  x  FEij   

 

where EDij =  energy demand of fuel type ñiò from vehicle type ñjò (liter) 

TDij =  distances traveled by vehicle type ñjò with fuel type ñiò (km) 
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 FEij = fuel economy of registered vehicle type ñjò that uses fuel type ñiò (liter/km)

  

2.1.2 Scenarios Definition 

As previously mentioned, the present study focuses on the utilization of ethanol as diesel 

substitute in transportation sector.  Underlying assumption are the fixed economic growth 

(that would reflect the vehicle growth), and the fixed population growth throughout the 

period of study.  The Busines-As-Usual reference case assumes there is no usage of 

ethanol as diesel substitute but the usage of ethanol as gasoline substitute still continues 

as previously.  For the scenarios analyses, three additional cases pursued are defined as 

follow. 

1. Existing technology case for ethanol city bus:  

ü Assume initial introduction of ethanol bus to Bangkok Mass Transit Authority 

ü Balance ethanol supply and demand while considering other diesel substitute 

like biodiesel and NGV 

ü Evaluate necessary investment vs. saving/benefit gained 

2. Emerging technology case for ethanol coach bus/pick-up truck 

ü Assume future market penetration of emerging technology in two sectors (coach 

bus/pick-up truck) 

ü Balance ethanol supply and demand while considering other diesel substitute 

like biodiesel and NGV 

ü Evaluate necessary investment vs. saving/benefit gained 

3. R&D case for funding research project to develop indigenous technology 

ü Assume budget spent on developing indigenous technology for utilizing ethanol 

as diesel substitute 

ü Balance ethanol supply and demand while considering other diesel substitute 

like biodiesel and NGV 

ü Evaluate necessary investment vs. saving/benefit gained 

Note that specific assumption for each scenarios will be discussed among experts in the 

field to obtain most probable and realistic definitions. 

2.1.3 Demand/Supply Analysis for stakeholdersô impact 

The demand analysis must be considered under the constraint of supply, especially for the 

production capacity of ethanol and the future trend.  For future production of ethanol, three 

studies of OCSB [12], OAE [3] and Sriroth et al [13] are used as a supply benchmark for 

ethanol production limit from all possible resources, namely molasses, sugarcane juice and 

cassava, as shown in Fig. 9.  Note the ethanol conversion rate from different feedstock 

shown in Table 4.    

 



 

16 

Final 
Report  

 

Fig. 9 Estimated ethanol production in Thailand  

 

Table 4: Ethanol conversion from various feedstock 

Type of feedstock Ethanol conversion rate (liter of ethanol/ton of feedstock) 

Sugarcane 70 

Molasses
À
  260 

Cassava 165 
      À

Under the assumption that 1 ton of sugarcane juice yields 45 kg. of molasses  

 

In term of related stakeholder to evaluate the fiscal impact in the scenarios analysis, four 

groups are categorized as follows. 

1. Feedstock and ethanol production stakeholder 

2. Based fuel stakeholder 

3. Automotive stakeholder 

4. Policy and planning stakeholder 

2.2 Energy Database Framework for Transportation Sector in 
Thailand 
Currently, there is no single governmental authority in Thailand that has complete 

necessary transportation energy database available despite many research efforts in this 

field [7].  Crucial data are still scattered in various authorities according to the 

responsibilities and interests of specific organizations, as shown in Table 5.  

 

Table 5: Some relevant transportation energy data in various organizations 

Governmental Authority Kind of transportation energy data 

Ministry of Transport 

Department of Land Transport 
(DLT) [2] 

Number and category of registered vehicles for the purpose 
of vehicle tax 

Office of Transport and Traffic Traffic volume, accident record, socio-economic impact, 
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Policy and Planning (OTP) [14] commodity logistics and related statistics for the purpose of 
national transportation policy planning 

Ministry of Energy 

Energy Policy and Planning Office 
(EPPO) [15] 

National energy plan and policy for all sectors including 
transportation 

Department of Alternative Energy 
Development and Efficiency 
(DEDE) [1] 

Thailand annual energy situation including all statistics for 
energy import/usage/export in all sectors 

Department of Energy Business 
(DOEB) [16] 

Fuel regulatory authority (trading and specification) in 
Thailand 

Ministry of Natural Resources and Environment 

Pollution Control Department 
(PCD) [17] 

Fuel consumption and emission information for the purpose 
of air quality control 

Ministry of Industry 

Thai Industrial Standards Institute 
(TISI) [18] 

Regulatory authority for standard of all industrial 
commodities, including vehicle emission  

 

In order to construct predictive energy model in transportation sector, all relevant energy 

database reviewed are categorized into four groups as follows. 

1. Vehicle related database, which deals with vehicle energy consumption and 

environmental impact information, such as number of vehicle, fuel economy and 

emission factor 

2. Traffic related database, which deals with travel demand management, such as vehicle 

kilometer traveled (VKT), travel mode share and vehicle occupancy rate 

3. Socio-economic related database, which deals with energy consumption pattern and 

trend, such as GDP, household income and population growth 

4. Fuel related database, which deals with fuel-specific information, such as types of 

available fuel, fuel quality and impact on utilization 

For the scope of current study, where ethanol is assessed as diesel substitute, the energy 

model can be constructed as shown in Fig. 4 with the following details. 

 

Table 6: Necessary data for construction of energy demand model 

Data Available data form Source 

For prediction of number of vehicles 

Numbers of registered vehicles Annual statistics of registered vehicles by 
classification, fuel and area 

DLT [2] 

Numbers of population and 
GRP 

Population growth and GRP history/trend  NESDB [19] 

For prediction of traveling amount  

VKT Average distances traveled of vehicles by type Chanchaona et 
al [20] 

For prediction of energy demand in transportation sector 

Fuel consumption by vehicle 
type 

Fuel consumption of various fuel types by 
classified vehicles according to DLT 

DLT [2] 

Fuel economy by vehicle type Fuel economy of various fuel types by 
classified vehicles according to DLT 

Chanchaona et 
al [20] 
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2.3 Technical specification of Scania ethanol engine 
Scania has long belief in development of ethanol-powered diesel engine for the past few 

decades since ethanol is still considered vastly available, and economically feasible as 

fossil substitute in the near future.  There exist many automotive companies that have 

continuously developed Flex-Fuel Vehicle (FFV) to allow ethanol usage as gasoline 

substitute in SI engine.  However, only Scania has focused on ethanol as diesel substitute in 

CI engine since much of the transportation and logistic still heavily relied on more powerful 

diesel engine technology.  Ethanol is considered not only for energy security for the 

foreseeing fossil fuel depletion, but also for environmental purposes, such as cleaner 

emission and CO2 neutral life cycle.  With the stringent EU emission legislation, only the 

conventional emissions (CO, HC, NOx and PM) are regulated, leaving the CO2, a major GHG, 

uncontrolled, as shown in .  With ethanol consumption as transportation fuel, CO2 emission 

will also be suppressed.  

 

            

(a) 

 

(b) 

Fig. 10 EU emission regulation for (a) NOx vs PM and (b) all regulated emissions (CO, HC, 
NOx and PM) with reference to unregulated CO2 emission  
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The first ethanol CI engine was developed with an aim for city bus in order to improve the 

air quality in the metropolitan area by firstly the more complete combustion of ethanol fuel 

and secondly less individual passenger cars to be used, as illustrated in Fig. 11.  As shown 

in Fig. 4, the ethanol CI engine was modified from the diesel engine with the technical 

specification shown in Table 7.  Note that Scania is closely collaborating with Sekab, who 

prepares additive for blending ED95 to be used with Scania ethanol engine.  The additive 

acts as cetane improver to overcome the high-octane nature of ethanol blended at 95%.  It is 

worth noted that it is hydrous ethanol (95% purity ethanol), not anhydrous ethanol (99.5% 

purity ethanol), that is used in blending ED95 fuel.  Table 8 shows the content of ED95 fuel, 

supplied by Sekab.   

Table 7: Technical specification of Scania ethanol CI engine 

Specification Details 

Model DC9 E02 270 Euro-5 EEV engne 

Fuel Ethanol ED95 

Cyliner displacement 9 liter, 5 cylinder 

Max power 270HP (198 kW) at 1,900 rpm 

Max torque 1,200 Nm at 1,100-1,400 rpm 

Fuel injection system EDC, PDE Unit Injector 

Bore x Stroke 127 mm x 140 mm 

Compression ratio 28:1 

Emission control system EGR  

Emission quality Euro 4 EEV 

 

Table 8: Technical specification of Scania ethanol CI engine 

Component Unit Amout 

Hydrous 95% ethanol % by weight 92.2 

Ignition improver % by weight 5.0 

Denature
À
  % by weight 2.8 

Corrosive inhibitor ppm 90 

Color  Red 
       

À
By Swedish law, denature substance is mainly MTBE with some Isobutanol  

 

With strong support from the City of Stockholm, all city bus operation is targeted to run on 

renewable fuel (ethanol or biogas) at the increasing fractions: 25% in 2006, 50% in 2012 and 

ultimately 100% in 2025.  Of course, necessary maintenance and period check-up are the 

key for smooth operation of city bus powered by ethanol.  Fig. 12 shows the comparisons of 

operating cost structure for 12-meter city bus that runs on ethanol and biogas with 

reference to diesel.  It is clear that ethanol bus is not much different from the diesel bus in 

terms of capital cost but has higher costs on repair, maintenance and fuel, with much 

saving on the road tax. 
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Fig. 11 Scania campaign to promote the usage of city bus as opposed to individual 
passenger cars to improve the air quality in the metropolitan 

 

 

Fig. 12 Comparison of operating cost structure for Scania ethanol, diesel and biogas 12-
meter buses 

 
In summary, all technical specifications of Scania ethanol CI engine, as well as over 20 

years of testing and economical data collection, will be taken into consideration of 

developing the energy model, with some modification to suit the environment in Thailand. 

2.4 Environmental Impact 
With introduction of bio-fuel and substitution of fossil fuel, the greenhouse gas (GHG) 

emission can be reduced by recourse to ñWell to Wheelò emission analysis.  The GHG 

emission for the transportation sector is calculated in the CO2 equivalence scale.  It is 

calculated according to the Intergovernmental Panel on Climate Change (IPCC) 

methodology [21].  The relevant emissions considered are typical exhaust gases from 






















































































































