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CHAPTER 1 INTRODUCTION   

 

 

1.1 Rationale 
In September 2007, Leaders of APEC (Asia-Pacific Economic Cooperation) accounting 

for 41%of world population [1] have convened in Sydney to discuss about economic growth, 

energy security and climate change. One of the conclusion among APEC Leaders are the 

target to improve energy efficiency by reducing energy intensity, calculated as units of energy 

per unit of GDP (Gross Domestic Product) [2], of at least 25% by 2030 (with 2005 as the base 

year). The higher the energy intensity implies high price or cost of converting energy into 

GDP. As a member of APEC, Thailand has adopted this APEC Declaration target of reducing 

energy intensity into Thailand 20-Year Energy Efficiency Development Plan or (EEDP: 2011-

2030) [3 ] by focusing on various sectors, such as industry, transportation, commercial 

building and residential. Within transportation sector, various approaches have been 

proposed, namely  

• improvement of energy efficiency on motor vehicles (including explicitly an 

introduction of electric motorcycle and eco-driving behavior),  

• shifting modes of travel and goods transport 

• travel demand management 

In addition to (EEDP: 2011-2030), Thailand, by Department of Alternative Energy 

Development and Efficiency (DEDE) of Ministry of Energy, has successfully nominated Samui 

Island in the south to be accepted as APEC Low Carbon Model Town (LCMT) Project Phase II 

in October 2011 [4], where overall feasibility study and policy review were conducted. Within 

area of 227 km2 to accommodate 50,000 local population, 100,000 immigrants and 1,000,000 

tourists/year, submarine cables from mainland were sources of electricity with 71% used in 

business/industry (hotel) sector and 24% used in household sector in 2010. In addition, 62% 

of petroleum products consumed was diesel; whereas, 17% and 12% were gasoline and fuel 

oil, respectively. The report proposed electric vehicle (EV) for more efficient public 

transportation and personal use. 

     In 2015, Ministry of Energy has revised all national energy plans as Thailand 

Integrated Energy Blueprint with the revision of (EEDP: 2011-2030) to Energy Efficiency Plan 

(EEP: 2015-2036) [5] where APEC target of energy intensity reduction was projected from 2030 

to 2036. This (EEP: 2015-2036) has extended the emphasis from electric motorcycle to electric 

personal car and electric bus with a target of 1.2 million electric vehicles (inclusive of hybrid, 

plug-in hybrid and battery electric vehicles) by 2036 [6].  

1.2 Objectives  
In order to explore possibility of EV implementation in Samui, feasibility study must 

be conducted focusing on the remaining issues as follows. 
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• Survey on potential sectors, both local authority and private sectors) with interest 

on using EV in Samui 

• Identify potential funding mechanism to start EV demonstration and 

implementation 

• Assessment on environmental and financial impact of EV introduction 

1.3 Methodology 
The following 3 approaches will be used 

• Survey and meeting with various stakeholders on potential EV implementation 

followed by questionnaires 

• Joint Crediting Mechanism (JCM) will be explored as potential funding mechanism 

• Impact assessment on EV will be evaluated from surveyed data on the following 2 

aspects 

o Environmental aspect using W2W (Well-To-Wheel) life cycle analysis (LCA) 

of internal combustion engine (ICE) vehicle compared to EV  

o Financial aspect using Total Cost of Ownership (TCO) analysis 
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CHAPTER 2 LITERATURE REVIEW   

 
 

2.1 National Plan on Energy Efficiency  
From agreement among APEC Leaders in 2007, the target to reduce Energy Intensity 

(EI), which is defined as final energy consumption divided by GDP, by 25% in 2030 compared 

to 2005 level, as shown in Figure 1. On the national context, Thailand Ministry of Energy has 

conducted an analysis of energy efficiency situation in Thailand in order to lay out master 

plan in compliance with APEC target, In 2011, Energy Efficiency Development Plan (EEDP: 

2011-2030) was approved by the government to set a target to reduce Energy Intensity 25% 

(or equivalently 30,000 ktoe) by 2030 compared to 2005, as shown in Figure 2, where each 

economic sector has been investigated to estimate the technical potential for energy savings 

toward the 30,000 ktoe goal. The transportation sector has been identified to contribute about 

45% to the target, as shown in Table 1. For the transportation sector, Table 1(b) shows 

approaches to energy efficiency improvement including the use of energy efficient vehicles, 

which is estimated to account for 77% of the efficiency improvement through improvement in 

fuel economy of both new and on-road vehicles, as shown in Table 1(c) and Table 1(d), 

respectively. For new motorcycles, much energy efficiency improvement potential is 

identified through the introduction of new electric powertrains (Table 1(c)).  

 

 

Figure 1: Evolution of Thailand Plan on Energy Efficiency 
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Figure 2: Energy Efficiency Development Plan (EEDP: 2011-2030)  

 

Table 1: (a) Share of EEDP (2011-2030) target in each economic sector with (b) specific 
approach, where energy conservation potential from fuel economy from (c) new and (d) on-

road vehicles are identified  

(a) Economic sector Technical Potential Specified 
Target 
(ktoe) 

Share 
% Heat  

(ktoe) 
Electricity 

(GWh) 
Total 
(ktoe) 

Transportation 16,250 - 16,250 13,400 44.7 

Industry 10,950 33,500 13,790 11,300 37.7 

Commercial Building & 

Residential 

     

-Large commercial building  410 27,420 2,740 2,300 7.6 

-Small commercial building & 

Residential  

1,690 23,220 3,670 3,000 10.0 

Total 29,300 84,140 36,450 30.000 100.0 

 

(b) Approach to Energy Efficiency Improvement Energy Conservation 
Potential in 2030 

(ktoe) 

Share 
(%) 

Use of higher energy-efficient vehicles and efficient use 

of vehicles 

12,470 77 

Travel and goods transport mode shift 2,770 17 

Application of Travel Demand Management (TDM) 1,010 6 

Total 16,250 100 

 

(c) Type of New Vehicle  Fuel Economy 
Current (km/l) 

Fuel Economy 
Potential 

(km/l) 

Energy Conservation 
Potential in 2030 (ktoe) 

Private car 11.4 14.3 1,357 
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(c) Type of New Vehicle  Fuel Economy 

Current (km/l) 
Fuel Economy 

Potential 
(km/l) 

Energy Conservation 
Potential in 2030 (ktoe) 

Van & Pick-up 10.9 13.6 2,399 

Fixed-Route Bus 3.2 4.0    99 

Non Fixed-Route Bus 3.6 4.5    46 

Truck 3.8 4.8 1,722 

Motorcycle 28.7 95.8 2,791 

Total 8,413 

 

(d) Type of On-road 
Vehicle  

Fuel Economy 
Current (km/l) 

Fuel Economy 
Potential 

(km/l) 

Energy Conservation 
Potential in 2030 (ktoe) 

Private car 11.52 12.80 1,229 

Van & Pick-up 11.06 12.29 1,603 

Fixed-Route Bus 3.52 3.91   104 

Non Fixed-Route Bus 4.28 4.75    28 

Truck 3.80 4.22 1,089 

Total 4,053 

 

 After (EEDP: 2011-2030), the Ministry of Energy revised the Energy Efficiency Plan 

(EEP: 2015-2036) to align with all other national energy plans with the continued target to 

reduce energy intensity (EI) by 30% in 2036, as shown in Figure 3(a), where transportation 

sector now accounts for 58% of the EI target based on a 46% reduction in transportation 

energy consumption, as shown in Figure 3(b).  

For transportation sector, Table 2 outlines ten measures together with estimated 

contribution or share towards the energy savings goal.  

 First, fuel price structure should be adjusted to reflect true costs of fuel production, 

since the price of diesel fuel, which is deemed as key transportation fuel, has been 

closely monitored and often subsidized in order to keep it at an affordable level. 

This price manipulation has then caused and unbalance of diesel fuel usage – 

which is nowadays also reflected in the high share of diesel fuelled pick-up trucks.  

 Second, the vehicle excise tax structure has been changed from an engine size 

based system to a CO2 tailpipe emission based system, which directly correlates 

with vehicle fuel economy [7], from 2016 onwards.  

 Third, vehicle tyre labelling scheme shall be introduced to help guiding the 

customer to choose suitable tyres for energy saving purposes. 

 Fourth, logistic and transportation management personal shall be systematically 

guided and trained by experts in order to help saving energy.  
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 Fifth, an eco-driving program shall be introduced to help changing the driver’s 

behaviour and to raise awareness for the issue of energy saving.  

 Sixth and seventh, financial mechanisms shall be introduced to spur investment 

in technology to improve energy efficiency.  

 Eighth, the transportation infrastructure for both passenger (rail expansion, as well 

as non-motorized mode) and fuel (pipeline) shall be expanded in order to improve 

energy efficiency.  

 Ninth, a double track train network shall be introduced nationwide to help reducing 

energy inefficiency from passing trains waiting for clearance.  

 Tenth, an electric vehicle infrastructure program shall be prepared for introduction 

in Thailand, having a target of bringing 1.2 million EVs on the road by 2036. 

 

 

(a) 
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(b) 

Figure 3: (a) Energy Efficiency Plan (EEP: 2015-2036) with (b) targeted measures and 
economic sectors  

 

Table 2: Breakdown of EEP measure and energy saving target  

No Measure with energy saving target in ktoe 2015 2021 2036 % share 

1 Adjust fuel price structure  67 456 2% 

2 Adjust vehicle excise tax structure 813 4,242 13,731 45% 

3 Introduce vehicle tyre labelling  83 469 2% 

4 Implement logistics and transportation 

management 

9 160 1,360 5% 

5 Expand ECO driving sill  22 1,491 5% 

6 Provide revolving fund for transport sector  104 588 2% 

7 Provide financial mechanism (transport) 

SOP+DSM 

 394 1,216 4% 

8 Expand transportation infrastructure 

(passenger, fuel) 

894 1,151 4,857 16% 

9 Introduce double track train infrastructure  2,040 4,922 16% 

10 Introduce electric vehicles  75 1,123 4% 

  1,716 8,338 30,213 100% 
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2.2 APEC LCMT Study 
The main purposes of LCMT Initiatives are to plan, develop and implement the 

concrete roadmap in order to lower the carbon emission from the selected town while the 

natural resources are effectively utilized and the economic growth still remains [8]. Low 

Carbon Model Town (LCMT) Initiatives were set out by APEC after the 9th APEC Energy 

Ministers Meeting (EMM9). The LCMT perspective is meant to be an effective model 

implemented to quantify how effective the local community performs and how much effect to 

the environment in terms of carbon emission as a main goal and targets in accordance with 

other indicators. LCMT initiatives will pave a way for long term sustainable development 

paralleling with the increase in economic values. Phase 1 was conducted at Yujiapu CBD in 

China; whereas, Samui Island was selected for Phase 2 at the Energy Working Group (EWG) 

42 Meeting in Kaohsiung, Chinese Taipei. 

Characteristic of Samui Island is shown in Figure 4, where [9] 

 Area of 227 km2 is composed of  

o 54% mountain and hilly area in central part & uninhabitable 

o 33% plain area; 8% beaches and 5% low land 

 Inhabitant is composed of  

o Local > 50,000: Immigration ~ 100,000: Tourists ~ 1,000,000/year  

 Climate: Tropical weather with ave temp 21 C 

 Economy  

o Rely on tourism industry  with average spending of $100/person.day 

yielding average revenue ~ $300-350 million/year 

o Hotels/resorts 7,800 rooms with floor area 124,800 m2 and average 

occupancy rate 60% 

 Infrastructure 

o Electricity supply from mainland by Provincial Electricity Authority (PEA) 

submarine cables 

o Water supply by Provincial Waterworks Authority (PWA) but shortage 

during dry season 

o Garbage ~ 100 ton/day (40% incombustible/plastic, 25% combustible, 30% 

food waste with high moisture, 5%  others) 
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Figure 4: Characteristics of Samui Island 

 

 Figure 5 shows analysis and recommendations from APEC LCMT study especially on 

the transportation sector, where EV has been identified. Recently in June 2016, Ministry of 

Energy has follow-up activities on smart transportation in Samui Island, as shown in Figure 

6. 
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Figure 5: Analysis and recommendaitons from APEC LCMT study 
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Figure 6: Recent (June 2016) activites on Samui Island toward LCMT 

 

2.3 Recent Initiatives on Electric Vehicle  
 The introduction of electric vehicles is considered another solution to help improve 

vehicle energy efficiency. In Thailand, the introduction of electric motorcycles was proposed 

in (EEDP: 2011-2030) with the target to account for 70% of all new motorcycle sales in 2030, 

as shown in Table 2(c). Figure 7 shows that electric motorcycle became less attractive in the 

Thai market as the number of new registration of electric vehicles decreased over years. This 

is partly because of inferior performance of electric motorcycles compared to gasoline 
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motorcycles of similar price, the riding behavior of Thai motorcyclists, who claim to need 

higher speeds provided by gasoline motorcycles, and the poor battery performance after  two-

year period of use [10]. As a result, the current (EEP: 2015-2036) has excluded electric 

motorcycles but put emphasize on electric passenger vehicle instead. 

 

 

Figure 7: Statistics of electric motorcycle registration 

 

 Since 2015, Thailand has been active with the promotion of electric vehicles, as shown 

in Figure 8.  

 First, the National Innovation System Promotion Committee chaired by the Prime 

Minister approved the Thailand EV Promotion Roadmap (7 August 2015), which 

identifies three EV products, namely EV buses, conversion passenger EVs and 

passenger EVs, as well as EV components, such as EV chargers, batteries and 

motors, as shown in Figure 8(a). This EV Promotion Roadmap further adopted a 

1.2 million EV target to be on the road by 2036 (EEP: 2015-2036), in order to improve 

energy efficiency in the transportation sector, as shown in one of the measures in 

Table 2.  

 Secondly in 2016, the R&D Action Plan was published to support the EV industry 

in Thailand with a particular R&D focus on battery and BMS (battery management 

system), motor and drivetrain as well as lightweight structure and assembly, as 

shown in Figure 8(b).  

 Thirdly, an EV Action Plan has been announced (Figure 8(c)), to promote EVs in 

three phases of preparation (to demonstrate existing EV technology from abroad 

and raise public awareness), intense R&D (to initiate domestic research and 

development of EV with supporting mechanism for private investor) and expansion 

(to scale up EV utilization commercially).  
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(a) 

 

(b) 
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(c) 

Figure 8: Related EV national plan: (a) Thailand EV Promotion Roadmap, (b) R&D Action 
Plan to Support EV Industry in Thailand and (c) EV Action Plan 

 

2.4 JCM 
 After Kyoto Protocol, Clean Development Mechanism (CDM) defined in Article 12 of 

the Protocol, allows a country with an emission-reduction or emission-limitation commitment 

under the Kyoto Protocol (Annex B Party) to implement an emission-reduction project in 

developing countries [11]. Such projects can earn carbon credit to be financed towards 

meeting Kyoto targets. However, since the certification system and methodology approval 

are rather lengthy and costly, the government of Japan has proposed the Joint Crediting 

Mechanism (JCM) as a means to facilitate the diffusion of leading low-carbon technologies, 

systems, and so forth in developing countries [12]. Detail of JCM is shown in Figure 9, where 

Thailand and Japan has signed the agreement since November 19, 2015. Regarding JCM 

methodology, currently proposed methodology entitled “Emission reduction by electric 

vehicles, ver. 2.0” for Lao PDR case can be followed with details shown in Figure 10.   
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Figure 9: Detail of JCM 

 

 

Figure 10: Example of JCM methodology on EV 
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CHAPTER 3 RESEARCH PLAN   

 

 

3.1 Project Schedule 
Table 3 shows the project planning schedule. All project members are scheduled to 

meet regularly to discuss the technical results performed by project research assistant, and 

directions of the project. Occasionally, the progress report will be presented to the advisors 

to further seek guidelines and comments of the results and future direction.  

 

Table 3: Project planning schedule  

Activity 

2015 2016 

Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar 

Literature review                          

Questionnaire design                         

Collect data                         

Economic analysis                         

Inception report 
submission 

30-Apr                       

Progress report 
presentation 

    24-Jun                   

Interim report presentation           9-Sep             

Interim report submission           30-Sep             

Final report presentation          9-Dec    

Roundtable 
discussion/workshop 

                  27-Jan      

Final report submission                       31-Mar 

 

3.2 Project Expenditure 
Table 4 shows the breakdown of the project expenditure including the expenses of 

secretariat’s participation and report publishing. 

 

Table 4: Project expenditure 

No. Item Unit cost 
Number 
of units Sub total 

1 Project leader & co-leader 3,000 12 36,000 

2 Research assistants’ expenses 15,000 12 180,000 

3 Expenses for project meeting 2,500 12 30,000 

4 Survey expense (flight/hotel/transportation) 176,000 1 176,000 

5 Office & computer supply 3,000 6 18,000 

6 Secretariat's participation portion 10,000 1 10,000 

7 Publishing proportion of the report book 50,000 1 50,000 

Total 500,000 
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CHAPTER 4 RESULTS 

 

4.1 Surveys 
First survey was conducted through various meetings with related stakeholders, as 

shown in Figure 11, such as 

 Local municipality in order to inform local authority of potential EV demonstration 

project through JCM  

 Potential EV operators from private sectors, such as Samui airport, Bangkok 

Airways PCL, affiliated car companies to airport and rental car, in order understand 

EV perception  

 Potential EV promoters from private sectors, such as hotel association with 

interest for eco-tourism 

These initial meetings went well since all related stakeholders are aware of benefits from EV 

technology and are positive about EV demonstration project. Some, such as airport operators, 

already have experiences with lead-acid EV; whereas, others, such as hotel association, are 

worried about charging infrastructure in terms of investment and maintenance.  

 

 

Figure 11: Initital meeting with related stakeholders in Samui Island 
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 Second survey was followed up with technical details such as  

 data collection on existing private/public vehicles (Figure 12),  

 demonstration of personal mobility (Figure 13),  

 questionnaires collection (Figure 14)  

 

 

 

Uses Engine

Max. Using 

average velocity 

(km/hr)

Using average  

 car velocity 

(km/hr)

Using average 

distance 

(km/day)

Daily using 

average 

(hr/day)

Max. 

Passenger 

(person)

Load 

capacity 

(kg)

Max. load 

capacity 

(kg)

Fuel

Fuel 

consumption 

(km/liter)

Fuel 

quantity 

(liter/day)

Car price 

(Baht/car)

Fuel rate 

(Baht/month

)

Maintenance 

(Baht/year)

1 3กย-3192 Passenger car Rental car
Gasoline engine, 

1.2 L
50 60-70 87 24 4 954 n/a Gasoline n/a n/a n/a n/a n/a

2 3กว3475 Passenger car Rental car
Gasoline engine, 

1.6 L
50 60-71 87 24 5 n/a n/a Gasoline n/a n/a n/a n/a n/a

3 3กร6941 Passenger car Rental car
Gasoline engine, 

1.5 L
50 60-72 92 24 5 n/a n/a Gasoline n/a n/a n/a n/a n/a

4 4กพ4682
SUV 

(Fortuner)
Rental car

Gasoline engine, 

2.7 L
50 60-73 26 24 6 n/a n/a Gasoline n/a n/a n/a n/a n/a

*Approximate *Approximate

Cost

No

Car 

registration 

No.

Figure Car type

Specification Energy consumption
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Figure 12: Follow-up survey on various data collection  

 

Uses Engine

Max. Using 

average velocity 

(km/hr)

Using average  

car velocity 

(km/hr)

Using average 

distance 

(km/day)

Daily using 

average 

(hr/day)

Max. 

Passenger 

(person)

Load 

capacity (kg)

Max. load 

capacity (kg)
Fuel

Fuel 

consumption 

(km/liter)

Fuel 

quantity 

(liter/day)

Car price 

(Baht/car)

Fuel rate 

(Baht/month)

Maintenance 

(Baht/year)

1 n/a Nissan March Rental car
Gasoline 

engine, 1.2 L
60 40 30 12 4 100 n/a Gasoline 12 20 n/a n/a n/a

2 n/a
Nissan 

Almera
Rental car

Gasoline 

engine, 1.2 L
60 40 30 12 4 100 n/a Gasoline 12 20 n/a n/a n/a

3 n/a Honda City Rental car
Gasoline 

engine, 1.5 L
60 40 30 12 4 150 n/a Gasoline 11 22 n/a n/a n/a

4 n/a Toyota Altis Rental car
Gasoline 

engine, 1.6 L
60 40 30 12 4 150 n/a Gasoline 10 25 n/a n/a n/a

5 n/a

Toyota 

Commuter 

(Van)

Rental car
Diesel engine, 

3.0 L
60 40 30 12 12 200 n/a Diesel 10 30 n/a n/a n/a

6 n/a
SUV 

(Fortuner)
Rental car

Diesel engine, 

3.0 L
60 40 30 12 7 200 n/a Diesel 10 30 n/a n/a n/a

Cost

No

Car 

registration 

No.

Figure Car type

Specification Energy consumption
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Figure 13: Follow-up survey with introduction of personal mobility  

 



 

21 

Final 

Report 
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Figure 14: Follow-up survey on questionnaires collection 

 

 Final survey was focused on interview with drivers of public transportation operated 

by Samui Transportation Cooperative, as shown in Figure 15.  
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24 

Final 

Report 

 

Figure 15: Finaly survey with drivers of public transportation 

 

4.2 Analysis 
 Data in Figure 12 will be used for environmental and financial assessment of EV 

impact; whereas, questionnaires data from Figure 14 and Figure 15 are analyzed below. Total 

of 30 drivers are composed of 3 committees, 5 van drivers and 22 Song-Thaew drivers, all 

belonging to Samui Transportation Cooperatives with the following characteristics.  

 Song-Thaew 

o Total number of vehicles: 80 

o On the average, each vehicle is driven 4,500 km/month 

o On the average, each vehicle is used for 15 years 

 Van 

o Total number of vehicles: 13 

o On the average, each vehicle is driven 3,000 km/month 

o On the average, each vehicle is used for 10 years 

It is clear that drivers of public transportation has less confidence in EV demonstration mainly 

because they do not have enough knowledge to answer questionnaires, neither nor the 

willingness to try. Both segments still have concern regarding maintenance, lifetime and cost 

of EVs with preference on the larger size EVs.  
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(a) 

 

(b) 

Figure 16: Questionnaires results for (a) mix participants and (b) driver of public 
transportation only 
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 As for environment and financial assessment of EV, the assumptions are shown in 

Table 5. Life cycle analysis (WTW) yields benefits of EV over ICE in term of energy 

consumption and greenhouse gas (GHG) emission, as shown in Figure 17(a). Furthermore, 

economical analysis via Total Cost of Ownership reveals about 5% benefit for EV, as shown 

in Figure 17(b). 

 

Table 5: Assumptions for environmental and financial assessment  

Parameters ICE EV 

Selected model 1Average from sub-compact car Nissan LEAF 

Capital cost 695,0001 1,100,000 

VKT 31,6682 [km, annual] 

Fuel economy 6.14 [liter/100km]1 1.75 [literGE/100km] 

(15.31 kW-hr/100km) 

Maintenance cost 20,0002 [THB/year] 22,0003 [THB/year] 

GHG emission 

factor [kgCO2/MJ] 

WTT 0.01374,5 0.12694,7 

TTW 0.06864,6 0.0000 

1Averaged from Eco-sticker data of sub-compact car (ex: Toyota Vios, Honda City) 

2Calculated from survey value in this work 

3Estimated in this work (assume maintenance cost is battery changing cost within 8 years /  battery cost is 30% of capital 

cost) 

4JSAE20169088 Saisirirat, P., Chollacoop, N, and Laoonual, Y., “Estimation of Life Cycle Energy Consumption and 

Greenhouse Gas Emission for Electric Vehicle in Thailand”, EVTec & APE 2016, Yokohama, Japan 

5Thai National Life Cycle Inventory Database 

6Intergovernmental Panel on Climate Change 

7Power Development Plan 2015-2036 

 

 

(a) 
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(b) 

Figure 17: (a) Environmental and (b) financial assessment of EV 

 

4.3 Conclusion  

Electric vehicle shows potential benefit from the aspects of environment and total cost 

of ownership. However, public awareness and knowledge dissemination of EV should be 

properly handled before EV demonstration project can be launched. In addition, government 

should invest in charging infrastructure prior to application of JCM project. 
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