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ABSTRACT 

 Diesel generators are used to generate electricity for Ko Chik village, 
Chanthaburi province. The problems are rising fuel costs, high maintenance costs and 
difficulties in transportation. Furthermore, the discharged pollution from diesel 
generators also impacts community health and environment. Thus, King Monkut’s 
University of Technology Thonburi (KMUTT) replaced this system with a hybrid 
system: 7.5 kW solar cells and 65 kW diesel generator.  

The objectives of this research were (1) to compare the environmental impacts: 
air pollution, noise pollution, and fuel oil contaminated water and soil from the 
conventional system (diesel generators) with the hybrid system, (2) to study the 
economic feasibility of the project and the financial feasibility of Rural Energy Service 
Company (RESCO) by the cost–benefit analysis with Net Present Value (NPV), Internal 
Rate of Return (IRR), and Benefit–Cost Ratio (B/C Ratio) and (3) to study community 
management of the administrative organization, RESCO, which has been set up to 
manage the hybrid system. 

The results showed that the conventional system produces higher levels of air 
pollution, noise pollution, and fuel oil contaminated water and soil than the hybrid 
system. The project is economically feasible but RESCO cannot be justified financially. 
The renewable energy technology of 20 kW solar cells and 10 kW wind turbine can 
enhance economic and financial situation. Hence, for highest advantage, the community 
electricity usage should be managed in accordance with using renewable energy. With 
financial reforms, RESCO could be the appropriate administrative organization to 
manage the hybrid. RESCO and community (users) are satisfied with the hybrid system 
implementation and management. In conclusion, this is a good pilot system for 
developing renewable energy in areas without the sources of electricity. 
 
KEY WORDS:  DIESEL GENERATOR / HYBRID SYSTEM / SOLAR CELL / 
 RESCO 
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บทคัดยอ 
 หมูบานเกาะจิก จ.จันทบุรี มีลักษณะภูมิประเทศเปนเกาะและไมสามารถปกเสาพาดสายไฟฟาได การใช

ไฟฟาแตเดิมจึงใชเครื่องยนตดีเซลผลิตไฟฟา ทําใหมีปญหาการสิ้นเปลืองคาใชจายดานน้ํามันเชื้อเพลิง ซึ่งมีราคา
สูงขึ้น การสิ้นเปลืองคาบํารุงรักษา ปญหาการขนสงน้ํามันเชื้อเพลิง และเครื่องยนตดีเซลยังกอใหเกิดมลพิษตางๆ ที่มี
ผลกระทบตอสุขภาพและสิ่งแวดลอมดวย ทางมหาวิทยาลัยเทคโนโลยีพระจอมเกลาธนบุรี จึงไดทําการติดตั้งระบบ
ผลิตไฟฟาดวยพลังงานทดแทนแบบผสมผสาน: โซลาเซลลขนาด 7.5 kW และเครื่องยนตดีเซลขนาด 65 kW   

 งานวิจัยนี้ มีวัตถุประสงคเพื่อศึกษาเปรียบเทียบผลกระทบสิ่งแวดลอมดานมลพิษทางอากาศ ทางเสียง 
การปนเปอนของคราบน้ํามันในแหลงน้ําและดิน ที่เกิดจากระบบผลิตไฟฟาแบบดั้งเดิม (เครื่องยนตดีเซล) และแบบ
ผสมผสาน และศึกษาความเปนไปไดทางเศรษฐศาสตรของโครงการ และทางการเงินขององคกรบริหารจัดการ
ระบบฯ (RESCO) โดยวิธีการวิเคราะหตนทุนและผลตอบแทนตามเกณฑ NPV, IRR และ B/C Ratio นอกจากนี้ ยัง
ไดทําการศึกษารูปแบบองคกรบริหารที่เหมาะสมในลักษณะของบริษัทบริการทางดานพลังงานสําหรับชุมชนที่
หางไกล (RESCO) เพื่อใชงานและบํารุงรักษาระบบฯ ใหมีประสิทธิภาพและยั่งยืน 

 ผลการศึกษาพบวา ระบบผลิตไฟฟาแบบดั้งเดิมกอมลพิษทางอากาศ ทางเสียง การปนเปอนของคราบ
น้ํามันในแหลงน้ําและดินมากกวาระบบผลิตไฟฟาแบบผสมผสาน การศึกษาความเปนไปไดทางเศรษฐศาสตรของ
โครงการมีความคุมคาในการลงทุน แตทางการเงินโดยการดําเนินการของ RESCO นั้น ไมมีความคุมคา แตทั้งนี้ การ
เพิ่มเขามาในระบบฯของพลังงานทดแทนไมวาจะเปนโซลาเซลล 20 kW หรือกังหันลม 10 kW มีผลทําใหความคุมคา
ทางเศรษฐศาสตรและการเงินเพิ่มมากขึ้น และเพื่อใหเกิดประโยชนสูงสุดจะตองมีการจัดการพฤติกรรมการใชไฟฟา
ของชุมชนใหสอดคลองกับการใชพลังงานทดแทนนี้ตอไป สําหรับ RESCO จะมีความสําเร็จในการดําเนินงานยิ่งขึ้น 
ถาทําการปรับปรุงแกไขสถานการณดานการเงิน อีกทั้ง RESCO และชุมชนก็มีความพึงพอใจในระบบฯ และการ
จัดการ ดังนั้น โครงการนี้จึงเปนโครงการนํารองที่ดีในการพัฒนาการใชพลังงานทดแทนเพื่อผลิตไฟฟาสําหรับพื้นที่
ที่ขาดแคลนอื่นๆ ตอไป  

156 หนา . ISBN 974-04-5957-9 
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CHAPTER I 

INTRODUCTION 
 

 

1.1 General background and problem  

 

 In the past, the Provincial Electricity Authority could not economically supply 

the electricity for off-grid rural community in the remote areas such as frontier and 

island. The diesel generator is used for solving on account of low cost and short time 

of installation. The disadvantages of this system are rising fuel costs, high 

maintenance costs and difficulties in transportation. Furthermore, the discharged 

pollution from diesel generator shall impact community health and environment. 

 Few agencies used renewable energy to generate electricity in the remote area 

such as the Department of Alternative Energy Development and Efficiency, the 

Ministry of Energy and the Department of Public Works and Town and Country 

Planning, the Ministry of Interior. They have implemented solar cell - battery energy 

storage system but there are still many obstacles. It is limited to only some direct-

current electric appliances and the lack of solar cell maintenance shortens the service 

time of solar cell. Furthermore, there are inadequate supplies and technicians (1).  

 Mini-grid for rural electrification from hybrid system has been researched and 

developed abroad but there remains restrictions in the implementation. Though the 

system has been commercially developed, the service is the main problem. There are 

insufficient not only training of local user and technician but also system manual in 

local language. Moreover, there are lack of supporting structure that encourages the 

service and the system expert (1). In order to solve these problems and develop the 

reliable hybrid electrification system, it is necessary to set up an organization such as 

Energy Service Company (ESCO) to develop, install, and finance projects for 

industries, buildings and also areas without adequate electricity. Such organization 

shall also improve the energy efficiency and maintain facilities. ESCO generally acts 
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as project developers for a wide range of tasks and assumes the technical and 

performance risk associated with the project (2).  

 King Mongkut’s University of Technology Thonburi (KMUTT) (1) has 

decided to pilot the mini-grid hybrid system for rural electrification. The site is at Ko 

Chik village, Moo 1, Bangchan sub-district, Klung district, Chanthaburi province with 

total area of 700 rai and 98 households. Ko Chik is located ajacent to Trad province in 

the Gulf of Thailand, 4 kilometers from the coast and it is not worthwhile to invest in 

distributed system from the coast to Ko Chik. Almost all of households use diesel 

generators to generate electricity and store energy in batteries. The impacts from the 

use of diesel generators are air and noise pollution, water and soil contaminated by 

diesel oil spill which cause the degradation in environment and habitants’ health.  

Furthermore, diesel oil consumption is rather high and households spend a lot of 

money on fuel and maintenance including appliance damaged by unsuitable use with 

diesel generator. Thus, the hybrid system is studied and designed to replace the 

conventional system for generating and distributing electricity in this area. The hybrid 

system of Ko Chik consists of renewable energy: 7.5 kW solar cells and 65 kW diesel 

generator. This system is designed to emphasize on user safety, adequate electricity to 

satisfy demand, efficient electrification, and full service life of the system.  

 Accordingly, this research would focus in three aspects. They are 1) 

environmental impacts: air pollution, noise pollution, and fuel oil contaminated water 

and soil from both conventional system and hybrid system, 2) the economic and 

financial feasibility of the project and Rural Energy Service Company: RESCO and 3) 

community management of the administrative organization, RESCO, which has been 

set up to manage the hybrid system. The finding should in principle fulfill the hybrid 

electrification system for environment and economy of Ko chik. Moreover, it should 

ensure the quality of service, maintenance, improvement and sustainability. Hence, 

these can be used as a model to develop infrastructure combining with environmental 

conservation in other off-grid remote area.   
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1.2 Objective 

 

 1.2.1 To compare the environmental impacts: air pollution, noise pollution, and 

fuel oil contaminated water and soil from the conventional system (diesel generators) 

with the hybrid system. 

 1.2.2 To study the economic feasibility of the project and the financial 

feasibility of RESCO by the cost – benefit analysis. 

 1.2.3 To study community management of the administrative organization, 

RESCO, which has been set up to manage the hybrid system. 

 

1.3 Expected results 

 

 1.3.1 The result from the environmental impacts study can be used for the 

hybrid system assessments before installation in other places.    

 1.3.2 The result from the cost – benefit analysis of hybrid systems 

implementation can be used for the investment guideline in other similar projects. 

 1.3.3 The appropriate administrative organization which is adapted for RESCO 

to manage and maintain the hybrid system efficiently and can be identified and applied 

to other places which have the same technology.  

 

1.4 Scope of the study 

 

 1.4.1 Scope of the concept 

 This research emphasizes on three aspects. They are: 

 1) The environmental impacts comparing of hybrid system with conventional 

diesel generators: noise pollution, air pollution, and fuel oil contaminated water and 

soil. 

 2) The financial and economic cost – benefit analysis of hybrid system 

 3) The structure, responsibilities and community management of the RESCO 

for hybrid system implementation and maintenance. 
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1.4.2 Scope of the area 

 The studied area is Ko Chik village, an island located at Moo 1, Bangchan sub-

district, Klung district, Chanthaburi province. There are about 500 inhabitants, 100 

households with total area of 700 rai (1.12 square kilometers). 

  

 
 

Figure 1-1 Geographical feature of Ko Chik 
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1.5 Conceptual framework 

 

 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 

 

Figure 1-2 Conceptual framework 

 

The measurement 
of noise and air 
pollution, and fuel 
oil contaminated 
water and soil from 
conventional diesel 
generators and 
hybrid system 
   

The financial and 
economic cost-
benefit analysis for 
the hybrid system 
implementation. 
 

The study of 
community 
management of 
the administrative 
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manage the hybrid 
system. 
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and maintenance
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hybrid system  
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hybrid system 
implementation 

The result of the 
environmental 
impact comparison 

 
The utilization of the hybrid electrification system at Ko Chik  

 

 
The appropriateness of the hybrid electrification system for Ko Chik 
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1.6 Definition of terms 

 

  1.5.1 Hybrid Electrification System means electricity generating system from 

renewable energy resources: photovoltaic (PV) co-operated with diesel generator. 

 1.5.2 Conventional diesel generators represent the scattered diesel generators 

operated in the study area. These generators mostly are 110 kw maximum electric 

power and range in 5-20 hp. 

 1.5.3 Hybrid – diesel generator represents the diesel generator operated in the 

hybrid electrification system. Its properties are 65kW (87.2 hp), 50 Hz , 380/220 V 

and 115,080 kWh/year energy generating.  

 1.5.4 Photovoltaic (PV) is the phenomenon change from solar power to 

electricity. In the hybrid systems operating, its maximum electric power and energy 

generating have respectively 7.5 kWp and 9,644 kWh/year.  

  1.5.5 Air pollution is defined as any substances in air emission from operating 

conventional and hybrid diesel generators that are harmful to fauna, flora, human 

health and well-being.  

 1.5.6 Noise pollution is defined as sound level from operating conventional 

and hybrid diesel generators that is higher than standard that may be harmful to human 

and environment both directly and indirectly. 

        1.5.7 Engine - oil contaminated water and soil defined as the fuel oil from 

operating conventional and hybrid diesel generators leaked into water and soil that 

disturbs the living things and impacts on human being and other natural resources. 

 1.5.8 Energy Service Company (ESCO) is a business that develops, installs, 

and finances projects designed to improve the energy efficiency and reduce 

maintenance costs for energy-consuming facilities over certain periods. 

 1.5.9 Rural Energy Service Company (RESCO) means the private organization 

participated from community and adapted from ESCO that managing the hybrid 

systems such as the account and financial implementation and systems maintenance 

also. 

 1.5.10 Cost – benefit analysis is defined as the calculation of all expenditure 

and revenue of the hybrid systems investment. The result of the analysis can be made 

the decision about whether the proper project investment. 
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CHAPTER II 

LITERATURE REVIEW 
 

 

 To conduct a study on “The Hybrid Electrification System for Off-Grid Rural 

Community: Ko Chik Village Pilot Project”, some references and information are 

gathered and composed of 8 relevant concepts as follows: 

 1) Diesel generator  

 2) Pollutions from the diesel generator  

 3) Hybrid electrification system technology 

 4) Energy Service Companies (ESCOs)  

 5) Production and service approach of hybrid electrification system  

 6) Cost – benefit analysis 

 7) Attitude theory  

 8) Geostatistical Analyst 

 9) Background of the studied area  

 10) Relevant research 

 

2.1 Diesel generator  

 

The principle of diesel engine is different from gasoline one. In gasoline 

engine, the compound of air and fuel is sucked up in inlet stroke and this compound is 

beaten since the piston can move nearly by top dead center. The spark plug will help 

to light up the blaze for the combustion. This compound must be uninflammable 

before or after the lighting at the spark plug or else the engine will be knocked and 

lose its power. 

On the other hands, in the ottocycle principle of diesel engine, the air is sucked 

into the cylinder without any fuel. Only air was compressed during the compression 

stroke and it also compress the piston to its top dead center, which is in high pressure 

and temperature. Then the oil will be spread. 
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The different size oil drops turn hot and are evaporated. Oil’s stream will mix 

with that compressed air inside and becomes the compound. The rate of the compound 

inside piston is different in each place and each time. The auto combustion occurs 

when temperature and the rate of compound are proper. Generally, the oil drops in all 

size spread in the cylinder and then made the combustion at uncertain places around 

the cylinder. However, there is a lot of blame in the first track of oil drops spread at 

the end of compression stroke 

In diesel engine, the temperature may come up at 540° c at the end of 

compression stroke which has the compressed rate reached at 22.5:1 and the pressure 

is at 500 pounds/inch2 (3447 kPa). This temperature can make the explosion runs in   

the cylinder. The combustion rate is controlled by spread oil rate. This makes slow 

combustion in the engine that can lengthen the time to spark up and combust by 

controls the compression inside the cylinder. The method works effectively (3).  

At the present, electricity generating system in Ko Chik is diesel generator. 

This system generally suits for small area with limited distance. It is stalled with and 

without an engine room. There are a number of set back involved such as: 

1) the engine needs to maintain frequently. 

2) transportation of the fuel is a burden. 

3) the low standard of the system especially in the working period. 

Batteries are needed to charge by the diesel generator for storing the electricity. 

They are suitable for the instruments like radio, television and other appliances that 

use low electric power. Source of electricity generating is only diesel generator and, 

thus maintenance is crucial.  

   

 

 

 

 

 

 
 

Figure 2-1 Diesel generator with engine room 
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Figure 2-2 Diesel generator without engine room 

 

2.2 Pollution from diesel generator  

 

2.2.1 Air pollution  

In diesel engine, the most quantities of polluted substances are NOx, solid 

particles (black smoke), HC and CO. There are also noise, smell and aldehyde. These 

are different from gasoline engine. The process of the combustion inside cylinder and 

the characteristic of fuel are different as well. 

2.2.1.1 Carbon monoxide (CO)  

The CO from diesel engine is similar to gasoline engine. CO can occur 

easily in the different air level. This also makes up of black smoke. The air rate is 1.2-

10 times. Therefore the amount of CO is very small comparing to gasoline engine (4).  

CO affects human health for exposure to 300 ppmv of CO(g) for one 

hour causes headache, exposure to 700 ppmv of CO(g) for one hour causes death, 

while CO(g) poisoning occurs when it dissolves in blood and replaces oxygen as an 

attachment to hemoglobin [Hb(aq)], an iron-containing compound. For the most part, 

the effects of CO(g) are reversible once exposure to CO(g) is reduced. Following acute 

exposure, however, individuals may still express neurologic or psychologic symptoms 

for weeks or months, especially if they become unconscious temporarily (5).  

2.2.1.2 Hydrocarbon (HC) 

HC is released from diesel engine with the same reason in CO. But the 

amount of HC may be added up by: 
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- If the mixture between air and fuel is too thick, it will touch the skin of 

cylinder block at low temperature. This prevents the reaction with O2 for combustion. 

- If the mixture of air and fuel is too light, combustion is not complete 

and produces a lot of HC. 

-  If the rest of oil inside cylinder block and cylinder makes incomplete 

combustion, it makes HC (4).  

HC is carcinogenic, retards plant growth and causes abnormal leaf and 

bud development (6).  

2.2.1.3 Nitrogen Oxide (NOx)  

Like in gasoline engine, it is hard to tell how much NOx comes out and 

where it occurred in the cylinder. This is because of the inverted rate of air, fuel and 

temperature complexly and rapidly. The combustion happened completely in the 

cylinder, which has a number of O2. These result in high temperature for a long period 

of time (4).  

NOx causes visible leaf damage, irritates eyes and nose, stunts plant 

growth even when not causing visible damage and creates brown haze and corrodes 

metals (6).  

2.2.1.4 Black smoke  

Black smoke at the center of the oil tube injected in the cylinder has 

spread out hardly with high density. When this center faces high temperature in the 

cylinder, the combustion runs and makes carbon spray called black smoke. This is 

because of lacking O2 in the combustion process. It includes the process that oil is 

injected to touch the cylinder, cylinder block and fuel after the oil injection. This also 

produces black smoke (4).  

Black smoke speeds chemical reactions, obscures visions, corrodes metal, 

causes grime on belongings and buildings and aggravates lung illness (6).  

 

 

 

 

 



Fac. of Grad. Studies, Mahidol Univ.                    
 

M. Sc. (Technology of Environmental Management) / 11

Table 2-1 Pollution releasing rate by type of engine  

Gasoline (%) Diesel (%)  

CO HC NOx CO HC NOx

Exhaust gas 100 55 100 100 99 100 

Blown by gas - 25 - - 1 - 

Fuel evaporated gas - 20 - - - - 

Source: พูลพร   แสงบางปลา (3)  
 

2.2.2 Noise pollution 

The noise pollution impacts human being many ways. Its harmfulness can be 

concluded as follows (7): 

2.2.2.1 Harm to human 

1) Harm to ear nerve directly: too noisy sound lead to two impacts: 

- Temporary Threshold Shift happened in a while and can recover. 

- Permanent Threshold Shift occurred by continuously loudly 

reception. This declined the hearing system. It is not obvious in the prior period but 

can indicate some symptoms: the first time disturbed by the noise for a few hours does 

not show any effect, however many times disturbing can lost the audibility 

permanently.         

2) Harm to physical and mental health 

Upper than 80 dB A volume is annoying but ordinary people can 

endure because they are accustomed to this circumstance. Nevertheless these volumes 

can cause: 

- Physical suffering – Too loud volume causes the deafness and also 

the expansion of the blood vessel, high pressure, weak muscle, declined immunity and 

the tiredness. 

- Mental suffering – This trouble has an influence on the emotion 

and causes the stress and easily nervous. Trouble level depends on these noise 

properties: 

3) Non-system loudness – intermittent and irregular noise can cause 

the trouble more than the continuous and steady noise. 
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4) Localization – The sound from the same direction makes the 

troubles less than the multi-direction one. 

2.2.2.2 Harm to work efficiency 

Loud noise has reducing the efficiency of the task or obligation and can 

be summarized as follows: 

1) Loud noise can cause error during work and accident can easily 

happen in routine work. 

2) Intermittent and high frequency of the sound has more troubles 

than connected and continuous sound like a sudden brake. This may lead to moody 

working environment. 

3) Noisy area has effect on reading ability and comprehension. 

2.2.2.3 Other harms  

Loud noise has effect on personality, sociability and environment, for 

examples: 

1) Noisy traffic disturbs household living and costs extra-expense to 

control the noise. 

2) Wild animals which can not adapt to the noisy become extinct. 

 

The air and noise pollution from the conventional diesel generators in Ko Chik 

cause the diseases of the respiratory system and the ear and mastoid process. The 

statistics of the diseases are shown as Table 2-2 

 

Table 2-2 Statistics of the diseases of the respiratory system and the ear and 

mastoid process 

Year Respiratory system Ear and mastoid process 

October, 2004 293 0 

2003 475 4 

2002 508 5 

2001 525 3 

Source: สถานีอนามัยหมูบานเกาะจิก (8)    
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 2.2.3 Contamination of engine oil  

The impacts of oil to the environment, when the leaked oil flows into the water 

sources, it originates the impacts to human being and the devastation to human 

property and natural resources as well. 

In the case of oil leaks to the water resources, it affects the environment and the 

impacts are more violent than leaking into the soil case. Whichever water resources 

usually have other natural resources and living things. Furthermore problem of the 

economic and society comes after the physical and biological loss. The impacts are as 

follow (9):  

2.2.3.1 Physical impacts 

When the oil leaks into the environment especially in water resources, 

they are changed because of the oil covering on the surface. Their physical impacts 

are: 

1) There is the reduction of oxygen in the water because the oil is a 

physical barrier between the water and air. Oxygen therefore could not dissolve into 

the water. 

2) The light could not shine through the underwater because the oil 

is the barrier. The photosynthesis of water plant thus has disturbed. 

3) The water temperature is higher because of the dark–colored oil 

such as the bunker oil, crude oil. They can absorb the heat from the sun (Heat 

Absorption) better than light–colored oil like gasoline diesel oil. 

4) The oil crust grasps and percolates into the dregs. Another part 

drowns underwater and also percolates into the water dregs. This way makes the oil 

remain for a long time. 

5) The impact to the scenery, the oil crust makes the dirty seaside 

and beaches. The magnificent sightseeing is reduced or has been gone by the floating 

oil. This also impacts the water usage in the power plant, and water distilled station. 

2.2.3.2 Biological impacts 

One substance of oil is Hydrocarbon. When it dissolves into the water, the natural 

environment has been changed. It takes a long time to revive all things. This disturbs 

living things in the water such as plankton, fish, mammals, land animals and water 

birds and so on.  
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2.3 Hybrid electrification system technology 

 

2.3.1 Hybrid power system  

Hybrid system supply cleaner, "greener," quieter AC power 24 hours a day. 

Compared to traditional stand-alone diesel generators, they burn less fuel, emit fewer 

greenhouse gases and reduce generator maintenance while supplying reliable grid-

quality power in remote and demanding environments. From the searing heat and dust 

of the Australian outback to the dense, humid jungle of the Amazon, hybrid system are 

rapidly proving themselves as the power system of choice for off-grid applications. 

Diesel generators operate most efficiently when running at between 80-90 % of their 

rated capacity and become less and less efficient as the load decreases. 

When the generator loading drops below 30% - the most common operating 

point - the number of kilowatt hours of electricity produced per liter of diesel fuel 

decreases considerably. Therefore generators sized to meet peak loads will often be 

running inefficiently for a large portion of its operating time. In addition to poor fuel 

efficiency when running at low loads, the wear and corresponding maintenance 

requirements of diesel generators also increase as the load decreases. This occurs 

because the diesel's combustion chambers do not reach operating temperatures, 

resulting in carbon build-up on the cylinder walls and increased acidity in the 

lubricating oils. This effect can easily double the maintenance requirements of the unit 

and can halve operating life. 

Hybrid system address the shortcomings of stand-alone diesel generators by 

incorporating equipment and controls that optimize generator performance while more 

effectively providing power for varying loads. At the core of a well-engineered hybrid 

system, an AES Hybrid Control Module and bi-directional inverter offer designers 

unparalleled flexibility and efficiency to meet changing, unpredictable loads while 

supplying 24-hour, grid-quality AC power (10). 
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Figure 2-3 Typical Ko Chik - Hybrid System 

 

2.3.2 Renewable energy system in hybrid system technology  

Most countries currently rely heavily on coal, oil, and natural gas for its 

energy. Fossil fuels are nonrenewable, that is, they draw on finite resources that will 

eventually dwindle, becoming too expensive or too environmentally damaging to 

retrieve. In contrast, renewable energy resources—such as wind and solar energy—are 

constantly replenished and will never run out.  

Most renewable energy comes either directly or indirectly from the sun. 

Sunlight, or solar energy, can be used directly for heating and lighting homes and 

other buildings, for generating electricity, and for hot water heating, solar cooling, and 

a variety of commercial and industrial uses.  

The sun's heat also drives the winds, whose energy is captured with wind 

turbines. Then, the winds and the sun's heat cause water to evaporate. When this water 

vapor turns into rain or snow and flows downhill into rivers or streams, its energy can 

be captured using hydroelectric power (11).  

2.3.2.1 Solar energy  

Solar radiation as a source of energy is, of course, the epitome of the 

clean, sustainable energy technology. Except for residues possibly arising out of the 

manufacture of solar components (e.g. semiconductors), solar technologies have very 

low environmental impacts. The environmental impacts of solar system in operation 

are very low and the source is, for us, inexhaustible (12).  
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There are a variety of technologies that have been developed to take 

advantage of solar energy. NREL (13) performs research to develop and advance all of 

these technologies. These include:  

1) Photovoltaic (solar cell) systems 

Solar cells convert sunlight directly into electricity. Solar cells are often 

used to power calculators and watches. They are made of semi-conducting materials 

similar to those used in computer chips. When sunlight is absorbed by these materials, 

the solar energy knocks electrons loose from their atoms, allowing the electrons to 

flow through the material to produce electricity. This process of converting light 

(photons) to electricity (voltage) is called the photovoltaic (PV) effect.  

Solar cells are typically combined into modules that hold about 40 cells; 

about 10 of these modules are mounted in PV arrays that can measure up to several 

meters on a side. These flat-plate PV arrays can be mounted at a fixed angle facing 

south, or they can be mounted on a tracking device that follows the sun, allowing them 

to capture the most sunlight over the course of a day. About 10 to 20 PV arrays can 

provide enough power for a household; for large electric utility or industrial 

applications, hundreds of arrays can be interconnected to form a single, large PV 

system. 

Thin film solar cells use layers of semiconductor materials only a few 

micrometers thick. Thin film technology has made it possible for solar cells to now 

double as rooftop shingles, roof tiles, building facades, or the glazing for skylights or 

atria. The solar cell version of items such as shingles offer the same protection and 

durability as ordinary asphalt shingles. 

The performance of a solar cell is measured in terms of its efficiency at 

turning sunlight into electricity. Only sunlight of certain energies will work efficiently 

to create electricity, and much of it is reflected or absorbed by the material that makes 

up the cell. Because of this, a typical commercial solar cell has an efficiency of 15%—

about one-sixth of the sunlight striking the cell generates electricity. Low efficiencies 

mean that larger arrays are needed, and that means higher cost.  
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2) Types of solar cell  

Silicon is a popular material in semi-conducting or industry at present. 

Transistor, IC, and LSI are mostly made of silicon. Using silicon in solar cell industry 

is convenience because of available upstream industry. 

Solar cell made from silicon including crystal solar cell. Crystal solar cell 

divided into two types (14):  

- Single Crystal Solar Cell  

The production is very complicated and needs very high temperature, 

and consequently great amount of the capital. By the way, there are a lot of research to 

reduce the complication and capital. 

- Poly Crystal Solar Cell    

It has developed to reduce the high capital of single crystal solar cell. 

Poly silicon is silicon mass which is from adding up small pieces (in micrometer to 

millimeter) of single silicon 

 

Table 2-3 Type of solar cell and material 

Type Semi–conductor material Cell efficiency Module efficiency 

Silicon crystal Single Crystal 15-24 % 10-14% 

Silicon crystal Poly Crystal 10-17% 9-12% 

Silicon 

Amorphous 

Amorphous Silicon 

Amorphous SiC 

Amorphous SiGe 

8-13% 6-9% 

Semi-conductor 

Two compound 

GaAs / lnP 

Cds / CdTe 

18-30% (GaAs) 

10-15% 
 

Semi-conductor 

Three 

compound 

CdS / CulnSe2 10-15%  

Source: มหาวิทยาลัยเทคโนโลยีพระจอมเกลาธนบุรี (14) 
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2.3.3 Hybrid system technology at study area  

2.3.3.1 Hybrid system design 

Hybrid system design comprises the following methods (1):  

1) Basic data study 

The implementation of hybrid system in Ko Chik is studied into 

two parts of basic data:  meteorology data and electrical load data. 

- Meteorology data 

Meteorology data consists of solar energy per hour, average wind 

velocity per hour and ambient temperature. There is no meteorology data that is 

collected in Ko Chik, therefore, the data is gathered from the other measurement 

stations where have similar condition to this area. These data are wind velocity at 

Klong Yai meteorology station, ambient temperature at Chanthaburi meteorology 

station and solar energy at Bang Chan sub-district, Chanthaburi province. The solar 

energy data is presented in the solar energy map of Department of Alternative Energy 

Development and Efficiency. 

-  Electrical load data    

The electrical load data of the diesel generator system that is 

surveyed at Ko Chik in 2002 is shown at Table 2-4. Maximum voltage is 30 kW and 

the total power demand is 116 kWh/day.  

For hybrid system design is shown at Table 2-5. Maximum voltage 

is 37.5 kW and the total power demand is 265 kWh/day. 
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Table 2-4 Ko Chik - electrical load in the present (2002) 

No Electrical load Total 
machines  Power (W) Hours used 

(hrs/day) 
Total power 
(kWh/day) 

1 13 W electric light 686 13 4 35.672 
2 29” television 1 200 4 0.8 
3 25” television 2 150 4 1.2 
4 21” television 6 100 4 2.4 
5 20” television 41 70 4 11.48 
6 14” television 53 50 4 10.6 
7 B/W 14” television 6 20 4 0.48 
8 Stereo 63 30 4 7.56 
9 CD player 58 35 4 8.12 
10 Fan 180 35 4 25.2 
11 Motor/pump 1 2500 4 10 
12 Washer 2 500 2 2 
13 Communication hall 1 90 4 0.36 

Total    115.872 
Maximum voltage 30 kW 

Source: มหาวิทยาลัยเทคโนโลยีพระจอมเกลาธนบุรี (1) 

Table 2-5 Hybrid system design of Ko Chik- electrical load (100 households) 

Electric 
machines 

Power 
(W) Factor* Total 

machines
Power 
(kW) 

Hours 
used 

(hrs/day)

Days 
used 

(days/ 
month) 

Total power  
(kWh/month)

21” television  100 1.08 108 10.80 6 30 1944 

Refrigerator 53 0.78 78 4.13 6 30 744.12 

Fan 35 1.75 175 6.13 6 30 1102.5 

Electric iron 1000 0.21 21 21.00 1 10 420.00 

Electric cooker 530 0.88 88 46.64 1 25 1166.00 

Microwave 1200 0.05 5 6.00 0.25 30 45.00 

Washer  305 0.21 21 6.41 2 10 128.10 

Stereo 65 0.35 35 2.28 4 30 273 

Electric boiler 650 0.05 5 3.25 1 25 81.25 

Communication 

hall  
90 0.01 1 0.09 4 30 10.80 

36 W electric 

light (4 tubes) 
184 0.75 75 13.80 4 30 1656.0 
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Table 2-5 Hybrid system design of Ko Chik- electrical load (cont.) 

Electric 

machines 

Power 

(W) 
Factor*

Total 

machines

Power 

(kW) 

Hours 

used 

(hrs/day) 

Days 

used 

(days/ 

month) 

Total power  

(kWh/month)

11 W electric 

light (2 tubes) 
32 0.75 75 2.40 8 30 864.00 

Total power demand (kWh/month) 7936.77 

Maximum voltage (kW) 37.5 

Total power demand (kWh/day) 265 

Note: * Factor is the household average electric machines  

Source: มหาวิทยาลัยเทคโนโลยีพระจอมเกลาธนบุรี (1) 

From the studied basic data, it is concluded that Ko Chik has electricity 

generating potential from solar energy that is an alternative solution for the problems: 

environmental impacts, fuel cost and the frequent maintenance.  

The electricity which is generated from only renewable energy is not 

suitable because it has the low stability and high investment cost. Therefore, the most 

suitable electricity generating system for Ko Chik is the hybrid system which consists 

of solar cell to provide energy during low load and the diesel generator to provide 

energy during high load demand. 

2) Selection of operation system 

The selection of operation system consists of system voltage and 

system operation. 

- System voltage  

For small hybrid system voltage should be 12 - 48 V. For medium 

size should be 120 - 240 V and the big size be 480 - 600 V. 

For the hybrid system of Ko Chik is the medium size, therefore, the 

system voltage is 60 V. 

-  System operation  
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The system operation must be considered the electrical load and the 

utilization. 

3) Estimation of electricity generating system  

HOMER program is the tool to estimate the electricity generating 

system. The result is the hybrid system should be composed of 7 kWp solar cell, 600 

kWh battery subsystems for energy accumulation and 50 kVA diesel generator.  

2.3.3.2 Component of hybrid system at Ko Chik 

The most suitable hybrid system for Ko Chik consists of photovoltaic 

subsystem, diesel generator and battery subsystem.  

1) Photovoltaic subsystem 

The electrical characteristic of photovoltaic array:  

- Type  Single Crystalline 

- Maximum power   7.5 kWp (10 arrays) 

- Energy generating capability   9,644 kWh/year 

 

 

Figure 2-4 Installed solar shingles at Ko Chik 

 

2) Diesel generator 

The diesel generator of the hybrid system is needed when the solar 

system is cut off or can not generate sufficient electrical load. This system is 50 kVA 

generator at 380/220 V. The energy generating capability is 115,080 kWh/year and 

diesel oil demand is 49,641 liters/year.  

3) Battery subsystem 

Mechanical characteristic of battery subsystem:  

- Type  Vented–Type Stationary Lead-Acid Battery 
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- Total power  252 kWh  

- Capacity    700 Ah 180 unit 

 

 

 

 

 

 

 

 

 

 

Figure 2-5 Diesel generator of the hybrid system at Ko Chik 

 

 

 

 

 

 

 

 

 

 

Figure 2-6 Batteries of the hybrid system at Ko Chik 

 

4) Inverter 

Three point three - kW bi-directional inverters (3 units) which 

change the direct current (DC) from batteries to 3 phase (220 V/phase) alternating 

current (AC) with 50 Hz frequency are designed to generate electrical load. 

Two - kW grid connected inverters (3 units) change the direct 

current (DC) from photovoltaic to 220 V alternating current (AC) with 50 Hz 

frequency. 
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Figure 2-7 Inverter of the hybrid system at Ko Chik 

 

5) Controller unit 

Controller unit of the hybrid system consists of the safety 

subsystem as the following components: 

- Electrical shock protectors which are structure grounding and 

fuse. 

- Battery subsystem is protected by using fuse to cut off. 

-  Photovoltaic subsystem is protected by blocking diode. 

- Lightning protection is composed of lightning induced system that 

is installed at the back of photovoltaic and battery overcharging safety device (Metal 

Oxide Varistor; MOV). 

6) Distribution system 

The distribution uses the 3 phase system that is installed thoroughly 

along the main road from the control building to other places in Ko Chik. 

 

2.4 Energy Service Companies (ESCOs)  

 

2.4.1 ESCO and its project  

According to NAESCO (National Association of Energy Service Companies, 

USA) (2), an ESCO is a business that develops, installs, and finances projects 

designed to improve the energy efficiency and reduce maintenance costs for energy-

consuming facilities over certain periods. ESCOs generally act as project developers 

for a wide range of tasks and assume the technical and performance risk associated 
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with the projects. Typically, they offer the following services: develop, design, and 

finance energy efficiency projects; install and maintain the energy efficient equipment 

involved; measure, monitor, and verify the project’s energy savings; and assume the 

risk involved in the expected amount of energy savings. These services are bundled 

into the project’s costs and are repaid by the saved money through project 

implementation.  

Comprehensive are the measures taken by ESCOs for energy savings. ESCOs 

adopt measures such as high efficiency lighting, high efficiency heating and air 

conditioning, efficient motors and variable speed drives, and centralized energy 

management systems.  

ESCOs are distinguished from other firms that offer energy efficiency 

improvement, such as consulting firms and equipment contractors, by the concept of 

performance-based contracting. Performance-based contracting implies that ESCO’s 

compensation, and often the project financing, is directly linked to the amount of 

actual energy savings. 

Figure 2-8 (15) explains the process of ESCO project. Suppose the energy cost 

of the client is 100 before the project is implemented. By the project, its energy cost 

reduces to 70. The ESCO and the client share the saved 30 at the rate in the contract. 

When the ESCO gets fully paid back by the savings from the project, the project is 

terminated. The savings afterward belong to the client. 

 

 
 

Figure 2-8 Process of ESCO project 
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2.4.2 Sectors targeted by ESCOs  

The type of sectors targeted by ESCOs varied by country. Typically, several 

sectors were targeted (Table 2-6). In only two countries did ESCOs target only one 

sector: the industrial sector in Kenya, and the municipal sector in Lithuania. These 

were the exceptions. In most countries, ESCOs targeted the commercial, industrial, 

and municipal sectors (16).  

 

Table 2-6 Sectors targeted by ESCOs 

Sector Key countries targeting this sector 

Residentiala

 

Many ESCOs did not target the residential sector. ESCOs in seven 
countries targeted at least 10% of their activity in 
this sector, including Nepal (30%) and South Africa (15%). 

Commercial 
 

Many ESCOs targeted 10–40% of their activity in this sector. 
ESCOs in India, Japan, and Mexico targeted at least 50% 
of their activity in this sector. 

Industrial 
 

The highest percentage of ESCO activity within a country was in 
this sector for many countries. For example, ESCOs 
in Bulgaria, Egypt, Kenya, Philippines, Thailand, and Ukraine 
targeted at least 70% of their activity in this sector. 

Municipal 
 

ESCOs in several countries targeted this sector. In particular, 
ESCOs in Austria, Canada, Czech Republic, Hungary, 
Italy, Lithuania, and Poland targeted at least 50% of their activity 
in this sector. 

Agricultural 
 

ESCOs in only two countries targeted this sector: Estonia, and 
South Africa. 

a Primarily, multi-family buildings comprise the target group in this sector. 

Source: Vine (16) 

 

2.4.3 Barrier removal measures for energy efficiency financing and 

promoting ESCOs  

The measures needed to remove the barriers can be integrated into a few 

actions as follows (17):  

2.4.3.1 Development of market for energy efficiency projects 

This is one of the most important tasks for a successful and sustainable 

program. It may need the following: 
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1) Government support may be crucial in the initial stages for this 

purpose. This may include opening up governmental facilities for ESCO projects, 

setting up demonstration projects to build confidence among stakeholders and 

awareness programs. Governments may also have to modify their own procurement 

and other practices, to open up their facilities for ESCO projects. Other areas for 

government intervention include setting up efficiency standards and putting up 

necessary regulatory measures in place. 

2) For SMEs, that may lack access to information on energy 

efficiency measures and finance, special efforts such as setting up information clearing 

house, energy efficiency data base, projects data base etc. may be required. 

3) Energy sector reforms, which include transparent and sound 

energy pricing policy may be most important wherever prices are distorted. Similarly 

other measures that encourage people to pay economic costs for the energy (such 

proper metering and bill collection in case of electricity) are also important. 

2.4.3.2) Development of the local financing market 

It is obvious that for a sustainable energy efficiency program, financing 

from local financial institution needs to be unlocked. The action may have to taken on 

some or all of the following, depending on current level of involvement of domestic 

financial institutions in energy efficiency activities 

1) Development of a specialized energy efficiency-financing 

window in the appropriate financial institutions, for example in commercial banks. 

This may require up-gradation of the skill of the concerned staff to appraise energy 

efficiency projects. Specialized methods for appraisal may be required that are based 

on savings model rather than cash flow. This can be standardized for small projects to 

keep the transaction costs low. In cases where small projects are still too small (e.g. 

from SME sector), a mechanism to aggregate the projects (such as a super ESCO) 

could be applied. For big projects, special financing deals may have to be structured 

that consider saving streams and performance contracting as important components in 

assessment. Thus, special financial products may have to be designed keeping in view 

the unique features of the specific energy efficiency projects.  

2) A measure similar to the energy efficiency window is 

establishment of specialized energy efficiency funds. The funds can be supported by 
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governments, multilateral agencies and donors in this area. The funds can develop 

requisite expertise to appraise the projects and finance the project or enhance the credit 

through co-financing.  

3) In some cases, financial institutions may require guarantees 

before they are comfortable with energy efficiency financing. In that case, a guarantee 

fund may have to be created for this purpose. As and when the financing market for 

energy efficiency matures, guarantee fund may be no longer necessary. Development 

of an insurance product for ESCO projects is a mechanism similar to the guarantee. 

However, insurance companies may themselves need to develop expertise to develop 

such a product. Transactions costs may be quite high unless a sizable insurance market 

can develop. 

2.4.3.3) Development of ESCOs and institutions 

ESCOs capability to design performance contract suiting to specific 

projects is key to their market expansion. Similarly, monitoring, verification and 

reporting procedures may have to be developed for different type of projects. A 

database of model contracts and such procedures, accessible to all the ESCOs, is 

important for this. ESCOs association can take up this role and disseminate it. In some 

cases, collaboration with international ESCOs can be useful. 

Government support in institution building is crucial. A reliable and 

enforceable contract system needs proper laws in place. Enforcement tends to be slow 

in many developing countries and this can discourage participation by international 

ESCOs. Appropriate arbitration procedure may have to be established, wherever the 

existing legal system is inadequate. In countries where utilities operate on sound 

commercial basis, development of utility, developing countries have potential to 

increase energy efficiency use by more—ESCOs can be explored. 

 

2.4.4 Experience with ESCOs  

ESCOs have been in operation in some developed countries such as in the 

USA and Canada. Experience is very limited in developing countries, where ESCOs 

are still in nascent stage. Experiences in the USAE and South Korea have been 

discussed (15).  
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2.4.4.1 Experience in developed countries: USA 

Experience with ESCOs in the USA ESCOs evolved from three groups; 

engineering service businesses, manufacturers of energy control systems, and formed 

by utilities or private investors to manage demand side management (DSM) programs. 

The ESCOs industry in the US was driven by the external factors such as rising energy 

prices in the early 1980s, tax incentives, and investment in utility DSM programs. 

The ESCOs had more problems in securing working capital for growth 

than access to affordable project financing in the US. The ESCOs program is focused 

on medium to large commercial and institutional customers (buildings). Governments 

in the US have actively supported the ESCO programs, and are one of their biggest 

customers. Other features of the ESCOs in the US include providing a wide range of 

services to the clients, and not just energy efficiency improvements. Successful 

ESCOs in the US integrate energy efficiency with comprehensive solutions to issues 

such as productivity, environmental compliance, indoor air quality, health/safety 

concerns, facility renovation and modernization, equipment reliability etc. The 

enlarged scope of services has led to evolution of super ESCOs in the US. The super 

ESCOs provide energy and energy-efficiency services to utility customers and either 

compete or partner with utilities.  

2.4.4.2 Experience with ESCOs in developing countries:  Korea 

Whereas most of the developing countries are still struggling to put a 

viable ESCO industry in place, South Korea case is a success story. ESCO industry 

experience in South Korea reinforced one common factor; need for government 

support to the ESCO program. As in the US and Canada, government in South Korea 

became one of the biggest customer for ESCOs. Other highlights of the program 

include innovative ways adopted to finance ESCO industry, willingness of the 

government to carry out regulatory changes and putting up a suitable institutional 

structure in place.  

2.4.4.3 Experience with ESCOs in Thailand  

Department of Alternative Energy Development and Efficiency and 

Electricity Generating Authority of Thailand have made the reliability of ESCOs by 

beginning and supporting three ESCO pilot projects. The first project which has 

Excellent Energy International company limited (EEI) to be ESCO and Bangkok 
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Produce company limited to be the client, is implementing whereas two projects are 

being approval considered. Each of the projects uses technology differently, especially 

their different insurance. To assure their network of the procedure is the main 

objective. The governmental support, in addition to the budget and loan interest should 

to assist ESCO in import tax of the energy saving instrument and income tax or the 

energy saving benefit (18).  

  This research shall investigate the appropriate administrative organization 

in form of ESCO adapted for Rural Energy Service Company (RESCO) with 

participation from rural community for efficiency and sustainable hybrid system 

implementation and maintenance. 

 

2.5 Production and service approach of hybrid electrification system 

 

The sustainable management of the hybrid electricity generating system 

installed in remote area requires a private organization which is not governmental. The 

organization responsibilities are electrical fee collection, service, maintenance, and 

financial and accounting administrative system as well.        

At the moment, such entity is unavailable in Thailand. The project which will 

be implemented as the pilot project will be the model of hybrid system management in 

rural community. 

KMUTT (1) has formed the service and management structure of hybrid 

system as follow:   

 

2.5.1 Project owner 

Project owner is the owner of the equipment and responsible for investment 

provision and ESCO selection. Project owner consists of: 

1) the representative of Tambon Administrative Organization 

2) the representative of local administrators 

3) the representative of local electrical works 

4) the representative of the villagers 

5) the representative of the project researchers and the National Energy 

Policy Office (NEPO) 
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The representatives from government, researchers and NEPO are the 

counselors of the electrical committee. When the committee can handle the related 

affairs properly, the counselors’ role will be phased out and the committee should to 

be appointed by Tambon Administrative Organization.      

 

2.5.2 Project designers and appraisers  

The project designers and appraiser include the project researchers. Their 

responsibilities are project planning which accord with hybrid system, business 

planning, system technique, training course preparation, and ESCO progress appraisal 

that lead to improvement of the management and business plan for implementation in 

other areas.        

 

2.5.3 Local participant 

The local participants consist of: 

2.5.3.1) Electricians  

Their responsibilities are to maintain the system, service the users and 

collect electrical fee. They are trained on the technical aspect of the system by the 

project designers. The village electricians can receive emolument from the electrical 

committee.     

2.5.3.2) Private organization  

The private organization and Tambon Administrative Organization have 

the task of financing the project from the operational phase onward. Besides this, they 

will be the secretary of the electrical committee.   

2.5.3.3) Contractors  

They have the task of system installation. In this project, the project 

designers and assessors shall make sure that the contractors fulfill the agreement in an 

efficient manner. The contractors can also deal with the trader to vend the equipments 

to the project.   
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2.6 Cost – benefit analysis  

 

 The cost-benefit analysis is the tool for financial and economical justification. 

It is composed of the aspects as follows (19, 20): 

 

2.6.1 Cost analysis     

2.6.1.1 Research and development cost 

When the project is started, the cost of marketing survey and consulting 

always incur. They are called Sunk Cost. Such cost should not be considered cost of 

the project. It means if the survey is worth, the project will be undertaken. If not, the 

expenses are lost. The state project never considers the expense, on the contrary, it is 

the survey expenses in private project. 

2.6.1.2 Investment cost 

Any expenses incur during the operation without any output. For 

example; ground rent, machine, the installation and its equipment cost, water supply, 

electric fee, telephone fee, expert employment cost, technical know-how expense, the 

recipe cost, production, transportation and etc. These expenses incur during the first 

step of the project. In the small project, it is only in the first year and may be extend to 

1-5 years in the bigger one. 

These expenses are the cost in both of state and private project and state 

enterprise as well. 

2.6.1.3 Operating cost 

It is the expense during the operation such as fuel cost, water supply cost, 

phone bill, wages, transportation cost, advertising cost, water polluted treatment cost, 

insurance cost, spares cost, consulting cost and so on. 

2.6.1.4 Maintenance cost 

These are expenses incurred in order to maintain the engine, equipment, 

and building during project life. This expense is sometimes overlooked and it causes 

the project life shorter than it should be. This makes the duration be shorter than usual. 

The difference between the economic and financial cost-benefit analysis can be 

summarized as followed: 
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1) In the economic analysis, tax is not the cost of the project, while in the 

financial one, tax is apart of expenses. 

2) In the economic analysis, subsidy must be taken out. While in the financial 

analysis, subsidy can be shown as either the cost reduction or extra benefit.  

  

 2.6.2 Benefits analysis 

 Benefits of the project are all outcomes of the project including any other 

outcomes that could happen because of the project. Benefits of the project are 

comprised of the direct benefits or primary benefits such as goods and service and the 

indirect benefit or secondary benefits are also the good price and service from 

connected activities or benefits outside the project. 

2.6.2.1 Direct benefits  

Direct benefits are the intended benefits of the project or the outcome 

according to the aim or purpose of the project. For example, the direct benefits of a 

dam are the electricity production or water for agriculture. 

2.6.2.2 Indirect benefits  

Indirect benefits are the goods and services gotten from the existence of 

project running. In the other words, the more goods and services from the extra 

activities are the indirect benefits. The indirect benefits can be classified as followed: 

1) By-product benefits from the project. In case of dam, increasing 

electric current or the amount of the electric power is the direct benefits while the 

increasing number of the industrial is the indirect benefits. In the dam for agriculture, 

the increasing amount of the land for agriculture and the number of product are the 

direct benefits while the increasing wages and profit of the transportation, a rice mill 

and the merchant are the indirect benefits. 

2) More employment as a result of the new project. Then employees 

spend their money on the goods and service. The business is expanded and the 

national income increases. 

3) External economy is also the indirect benefits. When the marble 

factory is settled up, the owner had to build road network to carry their cargo. 

Neighboring households also take the advantage of the network. It can save time and 
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expenses. Moreover, the owner of the factory also trains his employees to increase 

work efficiency. The skill that the employees learnt can be useful later elsewhere. 

 

2.6.3 Intangible benefit 

Intangible benefit is hard to approximate its monetary value because there is 

normally no market price. However, it is necessary to include such benefit in the 

project analysis. 

For that reason, various methods are used to estimate the value such as 

compensating variation method and future income. This method is based on the Pareto 

improvement concept that is to improve the welfare of some while maintain that of 

others. Therefore, some projects bring on the air or water pollution, the benefit of the 

project should be high enough to compensate for any negative impacts. Compensation 

is needed for maintaining the living standard. 

 Since there is no market price, intangible benefit is sometimes measured 

indirectly by the lowest cost. 

1)           2)    3)    4)  

Identify benefit Quantity  Appropriate price Value  

 First of all, it is needed to identify the benefit and its quantity, and then it can 

be valued. This step is rather difficult to do in the practical way, especially the 

intangible benefit, if the benefit can be clearly identify, the project analyst would be 

able to list alternative activities that yield such benefit and associated expenses. The 

lowest cost is chosen as the value of the intangible benefit. 

 

 2.6.4 Investment criteria 

 The commonly used criteria are base on the time value adjustment. They are: 

2.6.4.1 Net resent Value: NPV 

NPV of the project is the sum of the net benefit after adjusting cost and 

benefit from various periods into a common period such as presently. To decide the 

worth of the project is up to NPV. If the NPV is more than 0 or positive number, it is 

worth to invest. Negative number of NPV is not worth to invest. This helps decide 

whether the project should be undertaken. 
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NPV  is Net Present Value Method 

Bt is benefit in the year 1,2,…n 

Ct is expense in the year 1,2,…n 

i  is interest rate on opportunity cost of capital 

t   is project year in 1,2,…n 

n  is the life of the project 

 

2.6.4.2 Benefit – Cost Ratio: B/C Ratio 

This is another method for use in investment decision making. If the 

difference is more than 0 or positive number, it is worth to invest. Alternatively, more 

than 1 that B/C Ratio is the criteria, which indicates the investment should be 

undertaken. 

This criterion is the rate of present compensation value and the present 

expense value. The cost includes all expenses. It is the ratio of total benefit at present 

value over   total cost at present value. 

NPV should to be used along with this method to present any error. This 

is because high benefit project also has high expense. 

B  =   PV of Benefits  
C        PV of Cost 
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2.6.4.3 Internal Rate of Return: IRR 

IRR is the method of comparing the cost of capital. First of all, it is 

needed to know discount rate in the market which depend on different kinds of 

investment. If the market interest rate is lower than the internal rate of return, it is 
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worth to invest in that project. Economic analysis of the project sometimes compares 

IRR with nation growth rate such as 10% for Thailand. If these are many projects to 

choose from, the project with the highest IRR should be considered first. 

( ) ( )[ ] 01/
1

=+−∑ =t
t

tt iCB  

IRR is an i such that internal rate of return is the rate of discount which 

equates the present value of total benefit to the present value of total cost. 

The objectives of using the hybrid system instead of the diesel generator 

system are to increase the effectiveness and to secure the electric production including 

saving the fuel expenses. Conversely, the hybrid system encourages the utilization of 

the renewable energy which does not effect on the environment.  

It is an obligation to consider whether the dominant benefit is worth for any expense 

on the equipment. The relevant variables are the project life, the quantity of the 

equipment and its cost, installation cost, maintenance cost and also the complexity of 

the system. The benefit is the expenses that can be reduced and the intangible benefit 

would be the reduction of the environmental pollution.  

 

2.6.5 Discount rate  

Discounting is performed to calculate the present value of a stream of costs and 

benefits associated with a project or policy. If benefits exceed costs in every time 

period, the present value is positive for any discount rate. Generally, however, the 

choice of the social discount rate is crucial in determining whether the present value is 

positive or negative. 

The process of discounting the future is defended by economists as reflecting 

the way people behave and value things. Both consumers, via a positive rate of time 

preference, and producer, via the opportunities cost of capital, are observed to treat the 

future at less important than the present. Consumers lend money and expect to be 

rewarded for their abstinence from consumption; for example, saving account earn 

interest. Producers earn more interest on earlier cash receipt by loaning them to others 

in the economy and trying into their productivity, making earlier profits more valuable 

(21).  
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2.7 Attitude theory  

 

 Sanguan Suttilertarun (22) and Others stated that the attitude is the mental state 

or the consciousness or opinion toward something and revealed differently both 

individual and public. 

 From above, it can be concluded that the attitude is the prompt to act or intend 

to do something from mind. Whether the behavior toward something is good or bad, it 

depends on learning or experience. The attitude can be expressed in two forms: 

 - Positive attitude: the behavior or expression that is satisfied or accepted. 

 - Negative attitude: the behavior or expression that is dissatisfied or 

unaccepted. 

     

 2.7.1 Attitude measurement  

 The attitude measurement consists of these scales (22): 

2.7.1.1 Rating scale  

It is the common method because of its simplicity. Especially, it can use 

well with the group that is afraid to express the opinion. 

2.7.1.2 Likert’s scale  

It is commonly used because of its simplicity. Starting with the gathering 

and arranging text related the attitude study. Each text is chosen to answer in five 

choices: the most agree, agree, not sure, disagree and the most disagree. The scores are 

inverted. 

2.7.1.3 Thurstone’s scale 

 It is the method solving the equal scale problem. In practice, it is the 

method weighing the text that is comprised to be the scale. Each text is weighted in 

each scale equally. 

2.7.1.4 Gutman’s scale 

It is called Scalogram analysis. This method has to find the text which is 

scalable, namely the text group measuring the attitude, if the answer is agreed with the 

following text, the answer has to be agreed certainly with the preceding text. 
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In this research, the attitudes of the users and the administrators towards the 

hybrid system implementation and the RESCO service are measured by the 

questionnaires with the Likert’s scale method.       

 

2.7.2 Consumer behavior model  

The model of the quality service is to examine the attitudes of the users and the 

administrators towards the hybrid system implementation and the RESCO service. It 

can be explained by these theories (23): 

2.7.2.1 Consumer behavior analysis theory 

John R. Hicks come up with the theory in the 20th century. This will be 

the degree of the consumer satisfaction towards the products in number of the utility 

index. 

2.7.2.2 New consumer analysis 

Kelvin Lancaster said that the consumer considers the goods or service 

from characteristics such as the quality, color, etc. These characteristics can be 

measured and added in. 

 

2.8 Geostatistical Analyst  

 

 Geostatistical Analyst extends ArcMapTM by adding an advanced toolbar 

containing tools for exploratory spatial data analysis and a geostatistical wizard to lead 

user through the process of creating a statistically valid surface. New surfaces 

generated with Geostatistical Analyst can subsequently be used in geographic 

information system (GIS) models and in visualization using ArcGis extensions. 

 Geostatistical Analyst is revolutionary because it bridges the gap between 

geostatistics and GIS. For some time, geostatistical tools have been available, but 

never integrated tightly within GIS modeling environments. Integration is important 

because, for the first time, GIS professionals can begin to quantify the quality of their 

surface models by measuring the statistical error of predicted surfaces. Surface fitting 

using Geostatistical Analyst involves three key steps (24): 

• Exploratory spatial data analysis 
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• Structural analysis (calculation and modeling of the surface properties 

of nearby locations) 

• Surface prediction and assessment of results 

 With Geostatistical Analyst, can easily create a continuous surface, or map, 

from measured sample points stored in a point-feature layer, raster layer, or by using 

polygon centroids. The sample points may be measurements such as elevation, depth 

to the water table, or levels of pollution: noise pollution, as is the case in this research.  

 Geostatistical Analyst provides a number of interpolation techniques that use 

sample points to produce surfaces of the phenomena of interest. The interpolation 

techniques in the Geostatistical Analyst are divided into two main types: deterministic 

and geostatistic. 

 

 2.8.1 Deterministic    

 Deterministic techniques are based on parameters that control either (i) the 

extent of similarity (e.g., Inverse Distance Weighted) of the values or (ii) the degree of 

smoothing (e.g., radial basis functions) in the surface. These techniques do not use a 

model of random spatial processes. 

 

 2.8.2 Geostatistic 

 Geoststistics assume that as least some of the spatial variation of natural 

phenomena can be modeled by random processes with spatial autocorrelation. 

Geoststistical techniques can be used to: 

• Describe and model spatial patterns – variography. 

• Predict values at unmeasured locations – kriging. 

• Assess the uncertainty associated with a predicted value at the 

unmeasured locations – kriging. 

Kriging is divided into two distinct tasks: quantifying the spatial structure of 

the data and producing a prediction. Quantifying the structure, known as variography, 

is where user fit a spatial-dependence model to the data. To make a prediction for an 

unknown value for a specific location, kriging will use the fitted model from 

variography, the spatial data configuration, and the values of the measured sample 
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points around the prediction location. Kriging can be used to produce the following 

surfaces: 

• Maps of kriging predicted values 

• Maps of kriging standard errors associated with predicted values 

• Maps of probability, indicating whether or not a predefined critical 

level was exceeded 

• Maps of quantiles for a predetermined probability level 

 

 The research uses kriging to produce predicting map for the unknown value of 

the sound level over the studied area.   

     

2.9 Background of the studied area  

  

The background of the studied area consists of following aspects (1): 

 

2.9.1 Location 

Ko Chik village is located at Moo 1, Bangchan sub-district, Klung district, 

Chanthaburi province. The total area is 700 rai (1.12 square kilometers) covered 98 

households. This site stands beside Trad province in the Gulf of Thailand, 4 kilometers 

apart from the coast. It is considered not worthwhile to invest conventional 

distribution system from the coast to Ko Chik. 

 

2.9.2 Geographical character 

Ko Chik is a small island. Most of the area is the mixed deciduous forest 

encompassing the hill about 300 rai (0.48 square kilometers). The beach faces the Gulf 

of Thailand and the living area is the plain facing the coast of Trad province.  

 

2.9.3 Present land use  

Land use is divided into 3 parts: 250 rai (0.4 square kilometers) as agricultural 

area, 250 rai (0.4 square kilometers) as the rubber plantation area and the rest as the 

living area.  
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2.9.4 Climate 

Ko Chik climate is tropical monsoon which has average rain about 6 months 

during May to October. The average rainfall is 2528.6 millimeters. The average 

relative humidity is 80% (highest relative humidity is 100% and lowest relative 

humidity is 33%). The average temperature is 27.5 °C (highest temperature is 35 °C 

and lowest temperature is 17 °C. The sweeping monsoon is divided into 2 parts: 

- The southwest monsoon sweep across Ko Chik during April to October or in 

the summer and rainy season. For the time being, there is the heavy wave in the 

evening.   

- The northeast monsoon sweep across Ko Chik during November to March 

yearly. For November to December, there is the heavy wave and the sea is rather calm 

till wave slightly during January to March. 

   

2.9.5 Social condition  

People have abided in Ko Chik before 2490 Buddhist Era. The first group 

migrated from Bang Prid village, tambon Bang Prid, Lam Ngob district, Trad 

province. At the present, there are a temple, a primary school and a health station. The 

amount of total population is 512 with 266 males and 246 females. 

 

2.9.6 Economic condition 

 According to the way of life, 8 households have engaged in commerce, 44 

households are in fishery, 25 households are the employees, 9 households raise the 

marine animals and 12 households have the rubber plantations. 

 

 2.9.7 Energy consumption situation 

 Every household in Ko Chik obtain electricity by diesel generators. Cooking 

has done by firewood, charcoal and gas that have been brought from the coast. 

 

2.10 Relevant research 

2.10.1 Lee Myung-Kyoon, Park Hyuna, Noh Jongwhan, Painuly J.P.  (15) 

study the promotions of energy efficiency financing and ESCOs in developing 

countries: experiences from Korean ESCO business. 
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Promotion of ESCO business is one way of increasing energy efficiency. 

However, it has a lot of barriers and challenges to be successful. The Korean case is a 

good example to show the reason why economically viable energy savings measures 

cannot be implemented and how this can be corrected. Although financing is essential 

for promoting energy efficiency investment and ESCO business, it is not the most 

crucial barrier to overcome. Along with a financial barrier, an institutional barrier 

should also be lifted for energy efficiency investment. In this regard, the role of 

government as a market creator as well as a rule setter through removing barriers and 

mobilizing necessary capital needs to be emphasized.  

 

2.10.2 Vine Edward (16) examines the current level of ESCO activity 

internationally. Energy service companies (ESCOs) are expected to play an important 

role in promoting energy efficiency in countries outside of the US. To correct for this 

deficiency, a survey was conducted in the Fall of 2002 to collect information on the 

following key topics for selected countries:  1) the number of ESCOs; 2) the key 

sectors targeted by ESCOs; 3) the four most important barriers facing the ESCO 

industry; 4) the approximate value of projects conducted by ESCOs in 2001; and 5) 

the future of the ESCO industry in that particular country. Information was collected 

on ESCO activity in 38 countries outside of the United States. Based on the survey 

data, we calculate the total amount of ESCO activity outside the US in 2001 to be 

between $560 million and $620 million. This is approximately one-half to one-third of 

the ESCO revenues in the US for 2001. 

 

2.10.3 Painuly J.P., Park H. , Lee M.-K., Noh J. (17) study  the promotions of 

energy efficiency financing and ESCOs in developing countries: mechanisms and 

barriers.    

Developing countries have tremendous potential to increase energy efficiency 

but face several barriers before the potential can be realised. A lack of access to 

appropriate financing mechanisms is one of the important barriers. Energy service 

companies (ESCOs), a market oriented mechanism to improve energy efficiency, had 

successful experiences in developed countries such as the USA and Canada, and 

developing countries such as South Korea. ESCOs are in nascent stage in many 
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developing countries and face several barriers that include market, finance and 

institutional barriers, poor energy pricing policies, high transaction costs etc. Market 

development through active involvement of governments as a customer, information 

provider, and policy maker is required to promote ESCOs. Development of specialized 

energy efficiency financing windows in appropriate financial institutions, development 

of skills for energy efficiency project appraisal and design of specialized financial 

products are other measures to accelerate the diffusion of energy efficiency. 

The researches (15, 16, 17) are related to this research on promoting energy 

efficiency, financing, and ESCO business experiences from other countries. 

Applications can be used in RESCO study about the function for the hybrid system 

management.     

 

2.10.4 Theerapat (23) assesses the hybrid clean energy sources (wind and 

solar) and a diesel generator electricity generating system installed at Tarutao Marine 

National Park.     

From the assessment categorized into four aspects: pollution (air, noise, and 

soil contamination) social (user’s attitude) economic (NPV, IRR, B/C Ratio and 

willingness to pay) and experts viewpoint on the technology assessment, those results 

show that the hybrid system is suitable for the environment and also appropriate 

regarding acceptability, need and user attitude , but is not viable economically. Since 

this is a public project, the economic viability should not be given too much weight. 

Therefore the hybrid system is suitable for the area since it is a beginning of utilizing a 

renewable and clean energy in a national park where the area is sensitive.   

 
2.10.5 Sugunya (25) assesses the PV/diesel hybrid electricity generating 

system installed at Huay Kha Khang Wildlife Sanctuary. The assessment can be 

categorized into four aspects, namely: pollution (air, noise, and soil contamination) 

social (user’s attitude) economic (NPV, IRR, B/C Ratio and willingness to pay) and 

experts viewpoint on the technology assessment.   

The results show that diesel generator produces higher levels of air pollution, 

noise pollution and soil contamination than that from the photovoltaic system. Tourists 

and officers attitudes toward these two systems are statistically different. From the 
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economic point of view, the photovoltaic system is not viable, however it will be 

economical if the environmental benefit is included. The experts agree on every issue 

on the importance of technology assessment especially potential local source of 

energy.  

The researches (23, 25) can be applied in environmental impacts (pollution) 

study and cost –benefit analysis to this research because hybrid system is the same 

studied technology. 

 

2.10.6 Students of SESAM Group (26) study present and future energy 

situation of the households that are connected to the hydro scheme and how the 

performance of the hydro scheme is improved after a preliminary visit to Knoydart, 

Scotland in February 2001. They learn about the 280 kW hydro scheme supplying 35 

households with electricity.  

In order to gather the necessary information, they use 5 different methods: 

 - Personal interviews based on a standardized questionnaire.  

 - Personal open interviews with key persons related to the Knoydart 

Foundation and the Knoydart Hydro (supply side). 

 - Analysis of primary data such as blue prints, electricity bills, and documents 

related to the history of the Foundation and Knoydart Hydro. 

 - Site visits to the powerhouse, penstock and dam. 

 - Energy Audits in selected houses. 

 The applications of this research (26) are the community participation, the 

electrification management and organization in order to set up RESCO.  
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CHAPTER III 

MATERIALS AND METHODS 

 

 
 This research is an applied study examining three aspects of hybrid 

electrification system: pollution, economic, and administrative organization. 

Therefore, this chapter describes the procedure of the research divided into 3 aspects 

that are stated above as follow: 

 

3.1 Data and information gathering 

 

3.1.1 Primary data 

This data is gathered from the end-users of diesel generators and hybrid system 

by fact-finding techniques: field survey, relative community meeting, questionnaire 

and personnel interview. 

 

3.1.2 Secondary data  

This data is colleted and compiled from related researches, academic reports 

and internet information from King Mongkut’s University of Technology Thonburi 

(KMUTT), National Energy Policy Office (NEPO), Department of Alternative Energy 

Development and Efficiency; Ministry of Energy and National Association of Energy 

Service Companies (NAESCO). 

 

3.2 Materials 

 

The analysis materials of this research categorized into three aspects as follow: 

3.2.1 Environmental impacts: pollution 

In this aspect, the variables are indicated from the research problem. The 

pollution is measured in the field and also experimented in the laboratory. The 

measurement results from both electricity generating systems are compared. 
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3.2.2 Cost-benefit analysis 

This research uses the time value adjustment criteria. They are net present 

value (NPV), internal rate of return (IRR) and benefit-cost ratio (B/C Ratio) 

 

3.2.3 Appropriate administrative organization adapted for the RESCO 

The materials of this aspect study are data compilation from related researches 

and the meetings, the description of appropriate administrative organization adapted to 

the RESCO and the evaluation of the organization implementation.  

      

3.3 Variables selection 

 

3.3.1 Environmental impacts: pollution 

The variables can be divided into two groups: 

Group I Conventional diesel generator 

Those are diesel generators operated in the study area before using hybrid 

electrification systems. These generators mostly are 110 kW maximum electric power 

and range in 3-100 hp.  

Group II Hybrid-diesel generator  

This diesel generator is component one of electricity generating system of the 

hybrid system that is divided into 2 parts, one is photovoltaic and another one is diesel 

generator which is 65 kW (87.2 hp) maximum electric power. 

 

3.3.2 Cost-benefit analysis 

The involved variables are: 

1) Investment cost 

2) Operating cost 

3) Maintenance cost 

4) Total benefit 
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3.4 Methods 

 

3.4.1 Environmental impacts study method 

The measurements are the survey research that based on the standard of 

Ministry of Science, Technology and Environment. 

3.4.1.1 Parameters 

For the comparison of the environmental impacts, the measured 

parameters are: 

1) Air pollution:  measuring the quantity of CO and HC gas 

2) Noise pollution: measuring the sound pressure level (dB A) 

3) Oil contamination:  measuring the quantity of engine-oil-

contaminated soil and water 

 

3.4.1.2 Sampling method 

The sampling is divided into 4 terms by the pollution impacts from the 

conventional diesel generators and the hybrid-diesel generator.  

1) Conventional diesel generator 

1.1) Air pollution  

1.1.1) Classifying diesel generators’ engine power (hp) into 

three ranges. The number of diesel engines is summed up from the survey.  

- Range: 21 hp through highest  ; 3 engines 

- Range: 11 through 20 hp  ; 9 engines  

- Range: lowest through 10 hp  ; 32 engines 

1.1.2) Sampling each of classified diesel generators based on 

stratified random sampling method (27) and then, reduce the number of samples for 

the appropriateness of time and instrument, they are reduced as 30% of all samples.  

- Range: 21 hp through highest  ; 1 sample 

- Range: 11 through 20 hp  ; 3 samples  

- Range: lowest through 10 hp  ; 10 samples 

1.1.3) Sampling each of classified diesel generators based on 

purposive random sampling method (27) following the households register. 
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1.2) Noise pollution  

1.2.1) Listing all of the diesel generators’ engine power (hp) for 

sampling. Hence, the each engine power is selected for one sample.  

1.2.2) Sampling each engine power based on purposive random 

sampling method (27) following the households register. 

1.3) Soil contamination 

The sampling sites of soil are based on the classified diesel generators 

by the engine power (hp) that are similar to the air pollution sampling but reduce the 

number of samples as 15% of all. Then, the sampling uses the purposive random 

sampling method (27) following the households register as well. 

  - Range: 21 hp through highest  ; 1 sample 

- Range: 11 through 20 hp  ; 2 samples  

- Range: lowest through 10 hp  ; 5 samples 

In each of the sampling sites, soil is collected at three distances away 

from the engine: 1.0, 2.5 and 4.0 meters, at a depth of 15 centimeters at the most.   

1.4) Water contamination 

The sampling sites of water are specific, namely 6 public wells and 1 

village basin. 

2) Hybrid-diesel generator 

On account that this project has installed the hybrid system for all Ko 

Chik households to share, the random sampling should to be purposive as one system. 

 

3.4.1.3 Pollution measurement approach 

1) Air pollution measurement approach 

The measurement is based on the promulgation of Ministry of Science,   

Technology and Environment (28). Gas measuring equipment is NDIR (Non-

Dispersive Infrared) CO, HC gas analyzer.  

Data analysis 

For testing the hypothesis about the difference of gas quantity 

emitted from conventional and hybrid-diesel generator, the statistic for data analyzing 

are Means and Independent t-test by using SPSS/W software (Statistic Package for 

Social Science/ for Window) (29). 
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2) Noise pollution measurement approach 

Following to the promulgation of Ministry of Science, Technology and 

Environment (30) for measuring the sound pressure level (dB A), the sound 

descriptive is Lmax and the equipment is NA-29 sound level meter using the 

microphone UC-52 and conforms to IEC standard 651 type 2 (or JIS C 1502). The 

NA-29 is an integral sound level meter with built-in octave band analyzer, permitting 

1/1 octave analysis in real time. The unit also incorporates circuits for storage and data 

processing.     

2.1) Data analysis 

- For testing the hypothesis about the difference of sound level 

emitted from conventional and hybrid-diesel generator, the statistic for data analyzing 

are Means and Independent t-test by using SPSS/W software (Statistic Package for 

Social Science/ for Window) (29). 

2.2) Sound level mapping  

2.2.1) Plot the coordinates of the measured sample points with 

the sound level data for the input data analyzed by ARCGIS software. 

2.2.2) Use ARCGIS software for the tool contributes to 

mapping with the Geostatistical Analyst method (24) as follows: 

- Represent the data; add layers and display them in the ArcMap 

data view.    

- Explore the data; investigate the statistical properties of the 

dataset. These tools can be used to investigate the data. Whether or not the intention is 

to create a surface. 

- Fit a model; select a model to create a surface. The exploratory 

data phase will help in the selection of an appropriate model. 

- Perform diagnostics; assess the output surface. This will help 

to understand “how well” the model predicts the unknown values.  

- Compare the models; if more than one surface is produced, the 

results can be compared and a decision made which one provides the better predictions 

of unknown values. 
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3) Soil pollution measurement approach 

Following to the promulgation of Ministry of Science, Technology and 

Environment (31), the soil samples around the diesel engines are collected to analyze 

engine-oil-contaminated soil by Soxhlet Extraction method (32) at Mahidol 

University’s laboratory. 

Data analysis 

For testing the hypothesis about the difference of engine oil   

quantity leaked from conventional and hybrid-diesel generator into soil, the statistic 

for data analyzing are Means, Independent t-test and ANOVA by using SPSS/W 

software (Statistic Package for Social Science/ for Window) (29). 

 

4) Water pollution measurement approach 

Following to the promulgation of Ministry of Science, Technology and 

Environment (31), the water samples from the sampling points are collected to analyze 

engine-oil-contaminated soil by Soxhlet Extraction method (32) at Mahidol 

University’s laboratory. 

Data analysis 

For testing the hypothesis about the difference of engine oil   

quantity leaked from conventional and hybrid-diesel generator into water sources, the 

statistic for data analyzing is Independent T-Test by using SPSS/W software (Statistic 

Package for Social Science/ for Window) (29). 

 

3.4.2 Cost-benefit analysis method 

3.4.2.1 Cost-benefit analysis approach 

The concept usually employed in examining economic viability is the 

time value adjustment. Cost and benefit in the monetary unit realized at different 

period will be adjusted into a referential period such as a current period, so that they 

are all in the common value. There are three criteria of the time value adjustment that 

are: 

1)  Net Present Value (NPV) 

2) Benefit-Cost Ration (B/C Ratio) 

3) Internal Rate of Return (IRR) 
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3.4.2.2 Data analysis 

EXCEL program is collaborated for analyzing cost and benefit of the 

project and RESCO respectively. These are: 

1) Economic cost-benefit analysis of Ko Chik - hybrid electrification 

system project that has 25 years the project life with 12% discount rate. The results are 

categorized into 2 scenarios according to the level of produced.  

2) Financial cost-benefit analysis of Ko Chik - hybrid electrification 

system management: RESCO for sustainable and efficiency implementation that has 

25 years project life with 12% discount rate. The results of this method are categorized 

into 2 scenarios like the economic analysis.  

 

3.4.3 Method of the appropriate administrative organization adapted for 

the RESCO study 

3.4.3.1 The data from related researches and academic reports with 

regard to ESCO, administrative system and organization for examples, are compiled. 

Moreover, there are the data compilations from the in-depth interview and the 

meetings such as the village committee meeting and the hybrid system’s team 

meeting.       

3.4.3.2 Describe how the hybrid system are managed and developed by 

appropriate administrative organization in form of ESCO adapted to the RESCO. 

3.4.3.3 Assess the RESCO implementation following these issues: the 

administration and the satisfaction of the hybrid system’s users and administrators. 

The assessments are as follows:  

1) the administrative assessment 

The approach is to describe the structure of Ko Chik – hybrids 

system administration, the committee responsibility, the qualifications and positions of 

the committee and the RESCO.   

2) the satisfaction of the hybrid system’s users and administrators 

The data survey is conducted using the questionnaire which is a tool 

for the attitude measuring with the direct interview. The satisfaction assessment is 

divined into two terms: the hybrid system’s users and the hybrid system’s 

administrators: the committee and the RESCO. 
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In order to sharpen the finding, it is utilized the secondary data 

combining the expert suggestion. The questionnaire is a close-ended type with the 

multiple choices of the satisfaction level: most satisfaction, moderate satisfaction, least 

satisfaction, dissatisfaction and unknown answer, for selecting the most requirements 

and shown at Appendix D. The purpose of the question is to measure the satisfaction 

of the hybrid system’s users and administrators. In term of the parameters are shown 

as Table 3-1 and Table 3-2. 

 

Table 3-1 Parameters measuring the user’s satisfaction 

Parameter Issue 

1. The hybrid electrification 

system utilization 

- The reduction of the diesel oil’s consumption    
- The reduction of the environmental impacts: 
air, noise, leakage diesel oil 
- The convenient use of the electric appliances 
- The increasing of the electric appliances  
- The prolonged use of the electric appliances 
- The safe use of the electric appliances  
- The limited use of some electric appliances: 
air conditioner, etc. 
- The safe production of the hybrid 
electrification system 
- The use of the electricity 24 hours 
- The quantity and stability of the electricity 
- The prepaid electrical fee  
- The 12 baht/unit rate of  the electrical fee  
- The 500 baht/month rate of the meter’s pay by 
installments 
- The hybrid system knowledge  training course 
  

2. The RESCO service 

 
 
 
 
 
 
 
 

 

- The convenience of the service 
- The on call service 
- The paying-buying in proper time and place  
- The announcement of the financial 
information  
- The announcement of the technical 
information  
- The employee is on service through working 
time. 
- The location of the RESCO office 
- The environment in the RESCO office 
- The emergency  
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Table 3-2 Parameters measuring the administrators’ satisfaction  

Parameter Issue 

1. The structure of the 

administration 

- The dependence of the hybrid system administrative 
committee on the village committee   
- The dependence of the hybrid system administrative 
committee on the Tambon Administrative 
Organization 
- The employment for the RESCO manager  
- The employment for the RESCO accountant 
- The employment for the RESCO financier 
- The employment for the RESCO electricians 
- The management of the hybrid system 
administrative committee and RESCO 
 

2. The responsibility of the 

administrator 

 

- The responsibility for getting a loan to purchase 
meters     
- The responsibility for designing the approach for 
paying by installments of the meter’s pledge  
- The responsibility for determining the electric 
appliances utilization 
- The responsibility for determining the electrical fee 
- The system management and controlling by the 
manager 
- The system maintenance  by the electricians  
- The financial management by the accountant and 
the financier 
- The setup of the honorary consultants 
 

3. The hybrid electrification 

system management 

 

- The quantity of the electricity 
- The maintenance of the system 
- The diesel oil’s consumption of the hybrid system  
- The income from the electrical fee 
- The prepaid electrical fee collecting system 
- The clients of the system 
- The knowledge and experience from work 
- The management training course  

 
4. The qualifications and 

position of the administration 

- The present position  
- The qualifications 
- The 3- year term 
- The committee and employee manpower 
- The wages of the RESCO employees 
- The organization welfare  
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Data analysis 

1) Description method  

Description method is to summarize and conclude the results from 

the questionnaire of each measurement into percentage form.  

2) Quantitative method 

Quantitative method is to compute the utility from the parameters of 

each measurement by the Quality of Service model; QS model. 

3) The Quality of Service model; QS model 

The score from the questionnaire of each measurement is used as 

the variable in stead of the parameter like these following: 

3.1) Model for measuring the users’ satisfaction 

The users’ satisfaction (U) can be considered from: 

- the hybrid system utilization (H) and 

- the RESCO service (R).  

U α H, R 

U = WH*H + WR*R 

Thus,  

U(U) = WH*U(H) + WR*U(R) 

When, 

 U(P) means the users’ satisfaction toward the hybrid system 

and the RESCO service. 

U(H) means the satisfaction toward the hybrid system 

utilization. 

U(R)   means the satisfaction toward the RESCO service. 

WH   means the influence of the hybrid system utilization. 

WR    means the influence of the RESCO service. 

 

3.2) Model for measuring the administrators’ satisfaction 

The administrators’ satisfaction (A) can be considered from: 

- the structure of the administration (S) 

- the responsibility of the administrator (R) 

- the hybrid electrification system management (M) 
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- the qualifications and position of the administration (Q). 

A α S, R, M, Q 

A = Ws*S + WR*R+ WM*M+ WQ*Q 

Thus,  

U(A) = Ws*U(S) + WR*U(R)+ WM*U(M)+ WQ*U(Q) 

When, 

 U(P)   means the administrators’ satisfaction. 

U(S) means the satisfaction toward the structure of the 

administration. 

U(R)   means the satisfaction toward the responsibility of the 

administrator. 

U(M)  means the satisfaction toward the hybrid electrification 

system management. 

U(Q)   means the satisfaction toward the qualifications and 

position of the administration. 

Ws   means the influence of the structure of the 

administration. 

WR    means the influence of the responsibility of the 

administrator. 

WM    means the influence of the hybrid electrification system 

management. 

WQ    means the influence of the qualifications and position 

of the administration. 

The score from the question of each measurement reflect the 

attitude. It means that the more satisfaction is, the higher score is. Thus, the 

satisfaction can be represented by utility level. 

Most satisfaction  values 5 

Moderate satisfaction values 4 

Least satisfaction  values 3 

Dissatisfaction  values 2 

Unknown answer  values 1 
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Then, the level of the satisfaction is compared with the percentage. 

The meaning of the utility is the decision criteria. 

100 - 81  mean the highest level of the satisfaction. 

80 - 61 mean the high level of the satisfaction.   

60 - 41 mean the moderate level of the satisfaction. 

40 - 21 mean the low level of the satisfaction. 

20 - 1 mean the lowest level of the satisfaction. 
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CHAPTER IV 

RESULTS AND DISCUSSION  
 

 

 The research has analyzed data collected and the results can be divided into 3 

issues, namely: 1) the environmental impacts, 2) the cost-benefit analysis and 3) the 

RESCO. The results shall be presented and discussed accordingly.  

 

4.1 The environmental impacts  

 

The study has compared the environmental impacts from the conventional 

diesel generators and the hybrid-diesel generator. The detail statistical tests between 

the conventional and the hybrid diesel generator from the SPSS program are shown in 

the Appendix A.   

 

 4.1.1 The air pollution  

 Following the measurement standard of the Ministry of Science, Technology 

and Environment (28), the quantity of CO and HC from both electrification systems 

are measured by NDIR (Non-Dispersive Infrared) CO, HC gas analyzer. The results of 

the air pollution can be concluded as follows: 

4.1.1.1 Quantity of CO and HC emitted from the conventional diesel 

generators 

The exhausted gases (CO and HC) emitted from 14 samples are listed in 

Table 4-1. 

 

Table 4-1 Emission of CO and HC from the conventional diesel generators 

Engine power (hp) Years in service CO (%) HC (ppm) 

5.0 10 7.46 1410 

5.0 10 7.35 1410 

3.5 7 6.85 1440 
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Table 4-1 Emission of CO and HC from the conventional diesel generators (cont.) 

Engine power (hp) Years in service CO (%) HC (ppm) 

6.0 7 3.00 7050 

3.5 10 0.32 1260 

8.5 8 2.80 6840 

8.0 10 6.84 1350 

7.0 7 1.50 4120 

10.0 10 0.01 135 

12.0 10 7.06 1370 

100.0 5 0.02 180 

11.5 6 0.40 1310 

7.5 10 7.00 1290 

22.0 10 6.30 1050 
 

According to Table 4-1, the maximum quantities of CO from the 

conventional diesel generators were 7.46% and 7050 ppm respectively. 

 

4.1.1.2 Average quantity of CO and HC emission 

The average quantity of CO and HC emission were compared as shown 

in Table 4-2. 

 

Table 4-2 Average quantity of CO and HC emitted from diesel generator systems  

Air pollution Diesel generator systems Average quantity 

Conventional 4.07 % 
CO 

Hybrid 0.20 % 

Conventional 2158.21 ppm 
HC Hybrid 550.00 ppm 

 

According to Table 4-2, the average quantities of CO and HC emitted 

from conventional diesel generators were more than the hybrid system’s. 
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4.1.1.3 Test of CO and HC emission difference 

The CO and HC released from the different sources are tested as follows:  

1) Hypothesis: 

H0: The CO emission from the conventional diesel generator is not different from the 

hybrid-diesel generator’s. (H0: µ1 - µ2 = 0) 

H1: The CO emission from the conventional diesel generator is different from the 

hybrid-diesel generator’s. (H1: µ1 - µ2 ≠ 0) 

The analytical result from the SPSS program, Independent T-Test, which 

is determined at the statistic significant level: α = 0.05 has shown the probability Sig 

(2-tailed) is 0.001 that is less than the determined statistical significant, so it has 

rejected the H0. It means CO emission from the conventional diesel generator is 

statistically different from the hybrid-diesel generator’s.  

2) Hypothesis: 

H0: The HC emission from the conventional diesel generator is not different from the 

hybrid-diesel generator’s. (H0: µ1 - µ2 = 0) 

H1: The HC emission from the conventional diesel generator is different from the 

hybrid-diesel generator’s. (H1: µ1 - µ2 ≠ 0) 

The analytical result from the SPSS program, Independent T-Test, which 

is determined at the statistic significant level: α = 0.05 has shown the probability Sig 

(2-tailed) is 0.018 that is less than the determined statistical significant, so it has 

rejected the H0. It means HC emission from the conventional diesel generator is 

statistically different from the hybrid-diesel generator’s.  

 

According to the results, comparing the quantity of air pollution between 

the hybrid-diesel generator and the conventional diesel generator, it is found that the 

quantities of CO and HC are significantly different. The conventional diesel generators 

emit more air pollution quantity than the hybrid system because of over taxed use of 

machine. Furthermore the location of the conventional diesel generators were scattered 

widely so their air pollution is inspected to be high as well. For the hybrid system, its 

diesel generator which is rather new is installed in the center of the system control 

building hence it discharges the low quantity of air pollution.    
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The NOx and black smoke can not be measured but it does not mean that 

they are not there. The limitation is due to the measuring instrument is the answer. The 

instrument used is a NDIR (Non-Dispersive Infrared) CO, HC gas analyzer that is 

convenient for the field study and able to only measure CO and HC.  

 

 4.1.2 The noise pollution  

 Following the measurement standard of the Ministry of Science, Technology 

and Environment (30), the sound level from both electrification systems are measured 

by NA-29 sound level meter using the microphone UC-52 and conforms to IEC 

standard 651 type 2 (or JIS C 1502). The results of the noise pollution can be 

concluded as follows:  

4.1.2.1 Sound level (dB A) of the conventional diesel generator 

The sound levels of the conventional diesel generators are measured and 

shown in Table 4-3. 

 

Table 4-3 Sound level (dB A) from the conventional diesel generators 

Sound level 
Lmax (dB A) Engine power (hp) Years in service 

0.5 m 2.0 m 

5.0 10 95.7 90.5 

7.5 30 100.2 93.4 

6.0 7 97.4 85.5 

3.5 10 94.1 85.4 

8.5 8 92.0 84.0 

12.0 10 91.2 81.5 

8.0 10 91.4 82.3 

7.0 7 95.9 89.4 

11.5 6 90.4 82.0 

10.0 10 91.2 89.0 

100.0 5 96.1 93.8 

33.0 10 90.7 89.5 

3.5 30 100.0 95.6 
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Table 4-3 Sound level (dB A) from the conventional diesel generators (cont.) 

Sound level 
Lmax (dB A) Engine power (hp) Years in service 

0.5 m 2.0 m 

22.0 30 94.5 90.3 

3.5 7 90.0 88.7 
 

According to Table 4-3, it was found that the conventional diesel 

generators have the maximum sound level (Lmax) at 0.5 and 2.0 m. distances from 

engine 100.2 and 95.6 dB A, respectively. 

 

4.1.2.2 Average sound level   

The average sound levels of the different diesel generator systems were 

expressed and compared with the noise standard in Table 4-4. 

 

Table 4-4 Average sound level of the different diesel generator system 

Distance from  
engine (m) 

Diesel generator 
systems 

Average 
sound  level 

(dB A) 
Noise standard; Lmax (dB A) 

Conventional 94.04 
0.5 

Hybrid 94.40 

Conventional 88.06 
2.0 

Hybrid 82.60 

- For Ambient Noise Standard, 
not exceed  
115 dB A 1/ 
- Noise standard for hearing 
continuously not more than 7 
hours is not over 91 dB A 2/ 
- Sound level in excess of 85 
dB is potentially hazardous to 
human.3/  

Source:  1/ According to ประกาศคณะกรรมการสิ่งแวดลอมแหงชาต ิ(33) 

  2/ According to ประกาศกระทรวงมหาดไทย (34) 
    3/ According to World Health Organization:WHO (35) 

 

With regard to Table 4-4, the average sound level at 0.5 m. from the 

conventional diesel generator was less than the hybrid system. On the contrary, it was 

reverse at 2.0 m. Comparing with the WHO noise standard, the average sound level at 

2.0 m. from only the hybrid system was acceptable. Comparing with the sound 
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standard for hearing continuously not more than 7 hours, the noise level of both diesel 

generators at 0.5 m. were over. Furthermore comparing with the Ambient Noise 

Standard, all average sound levels were not over. 

 

4.1.2.3 Test of the sound level difference 

The sound levels from different sources at different distances are tested 

as follows:  

1) Hypothesis: 

H0: The sound level at 0.5 m. from the conventional diesel generator is not different 

from the hybrid-diesel generator’s. (H0: µ1 - µ2 = 0) 

H1: The sound level at 0.5 m. from the conventional diesel generator is different from 

the hybrid-diesel generator’s. (H1: µ1 - µ2 ≠ 0) 

The analytical result from the SPSS program, Independent T-Test, which 

is determined at the statistic significant level: α = 0.05 has shown the probability Sig 

(2-tailed) is 0.691 that is more than the determined statistical significant, so it has 

accepted the H0. It means the sound level at 0.5 m. from the conventional diesel 

generator is not statistically different from the hybrid-diesel generator’s.  

2) Hypothesis: 

H0: The sound level at 2.0 m. from the conventional diesel generator is not different 

from the hybrid-diesel generator’s. (H0: µ1 - µ2 = 0) 

H1: The sound level at 2.0 m. from the conventional diesel generator is different from 

the hybrid-diesel generator’s. (H1: µ1 - µ2 ≠ 0) 

The analytical result from the SPSS program, Independent T-Test, which 

is determined at the statistic significant level: α = 0.05 has shown the probability Sig 

(2-tailed) is 0.000 that is less than the determined statistical significant, so it has 

rejected the H0. It means the sound level at 2.0 m. from the conventional diesel 

generator is statistically different from the hybrid-diesel generator’s.  

3) Hypothesis: 

H0: The sound level of the conventional diesel generator at 0.5 m. is not different from 

at 2.0 m. (H0: µ1 - µ2 = 0) 

H1: The sound level of the conventional diesel generator at 0.5 m. is different from  at 

2.0 m. (H1: µ1 - µ2 ≠ 0) 
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The analytical result from the SPSS program, Paired Samples Test, which 

is determined at the statistic significant level: α = 0.05 has shown the probability Sig 

(2-tailed) is 0.000 that is less than the determined statistical significant, so it has 

rejected the H0. It means the sound level of the conventional diesel generator at 0.5 m. 

is statistically different from at 2.0 m.  

 

Comparing level of noise between the hybrid-diesel generator and the 

conventional diesel generator, it is found that the sound level (dB A) is significantly 

different at 2.0 meters from the engine. At the same distance, the hybrid-diesel 

generator also creates the average sound level lower than the conventional diesel 

generators because the hybrid-diesel generator is in a case and an engine room which 

obstructs the sound level and prevents the noise harmfulness.  

When comparing with the WHO noise standard (35), it is found that the 

sound level at 2.0 m. from the hybrid-diesel generator is only noise harmless to human 

because it is not over 85 dB A. On the contrary, when comparing with the noise 

standard for hearing continuously not more than 7 hours, both diesel generators at 0.5 

m. are over the standard. 

Noise level of the hybrid-diesel generator is lowered due to the use of 

noise-control silencers and it is installed at distant location. If technical reduction are 

insufficient, noise exposure may be reduced by use of hearing protection and by 

administrative controls such as when the engine is operated, the technician should 

limit the exposed time and protect with the personal protective equipment: ear plug or 

ear muff for preventing the noise harmfulness from the hybrid-diesel generator’s 

exposure. 

The noise pollution can be harmful to man, nature and wild life 

immediately whereas the nature can absorb the air pollution and the oil contamination. 

Therefore any activities that create high level of noise should be carefully considered. 

 

4.1.2.4 Sound level mapping 

In this regard, the sound level data from field measuring are analyzed by 

GIS method. The output data is ranged according to a decibel A (dB A) level, shown 

in Table 4-5, for representing the noise harmfulness area. 
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Table 4-5 Noise harmfulness area in each range of sound level 

Sound level (dB A) Area (square meter; m2) Area (Rai) 
91.5 - 92.0 1,752.95 1.10 
92.0 – 92.5 6,652.66 4.16 
92.5 – 93.0 17,098.31 10.69 
93.0 – 93.5 6,973.46 4.36 
93.5 – 94.0 5,165.10 3.23 
94.0 – 94.5 2,566.93 1.60 
94.5 – 95.0 3,071.73 1.92 
95.0 – 95.5 3,157.86 1.97 
95.5 – 96.0 1,331.22 0.83 
96.0 – 96.5 1,041.39 0.65 
96.5 – 97.0 60.87 0.04 

 

According to Table 4-5, the maximum sound level range of 96.5 – 97.0 

dB A, covered 60.87 m2 or 0.04 rai. It is the most noise harmfulness area. Since the 

conventional diesel generators located in this area have high sound level in such small 

area. 

On the contrary, the maximum area of 17,098.31 m2 or 10.69 rai, has the 

sound level range of 92.5 – 93.0 dB A. This is due to most of conventional diesel 

generators are scattered in this area and have lower sound level in such large area. 

 In order to predict the sound level in unknown point, the estimation from 

14 sampling points of sound level are applied as shown in Figure 4-1. The samples’ 

metadata are represented in Table 4-6. The Ko Chik’s Sound Level Map is presented 

properly in Figure 4-2. 
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Table 4-6 Sound level samples’ metadata 

Sound level  

(dB A) 
Sampling 

point 
Years in 
service 

Engine 
power 
(hp) 

User 
O.5 m 2 m 

P 1 30 7.5 Chaliaw  Vareeket 100.2 93.4 

P 2 7 6.0 Ampan  Satinan 97.4 85.5 

P 3 10 3.5 Somporn  Lohasart 94.1 85.4 

P 4 8 8.5 Prakart  Teeprasai 92.0 84.0 

P 5 7 7.0 Samart  Lohachinda 95.9 89.4 

P 6 10 8.0 Rawd  Vareeket 91.4 82.3 

P 7 5 100.0 Sahut  Chaisakornsamuth 96.1 93.8 

P 8 10 10.0 Somboon  Tanprasert 91.2 89.0 

P 9 6 11.5 Vasana  Charoansaiyapat 90.4 82.0 

P 10 30 22.0 Narongchai  Hemsuwan 94.5 90.3 

P 11 10 5.0 Rattapan  Amornbenjarat 95.7 90.5 

P 12 10 12.0 Sopon  Chaunchit 91.2 81.5 

P 13 10 33.0 Pracha  Suwanpokasakorn 90.7 89.5 

P 14 7 3.5 Samlee  Lohasart 90.0 88.7 
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Source: Analyzed by Geographic Information System (GIS)  

Figure 4-1 Sampling point of sound level measurement  
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Source: Analyzed by Geographic Information System (GIS)  

Figure 4-2 Ko Chik’s Sound Level Map 
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4.1.3 The soil pollution  

Following the measurement standard of the Ministry of Science, Technology 

and Environment (31) and Soxhlet Extraction method (32), the oil contamination in 

soils have been analyzed. The results of the soil pollution can be concluded as follows: 

4.1.3.1 Quantity of oil contamination in soil  

The quantities of oil contamination in soil at different distances from the 

conventional diesel generators are shown below. 

 

Table 4-7 Quantity of oil contamination in soil at different distances from the 

conventional diesel generators 

Quantity of oil contamination in soil at different 
distance (mg/g soil) Engine power 

(hp) 
Useful life 

(years) 1.0 m 2.5 m 4.0 m 

5.0 5 26.46 0.80 0.40 

5.0 5 38.24 2.23 0.42 

3.5 8 86.86 5.83 1.72 

8.0 5 25.62 0.59 0.91 

7.0 7 53.99 3.70 4.73 

12.0 5 21.51 2.86 1.10 

100.0 15 116.77 2.55 8.60 

33.0 15 131.06 0.29 0.42 

Note: Analyzed soil weighs 10 g.  
 

According to Table 4-7, the maximum oil contaminations in soil at the 

different distances (1.0, 2.5 and 4.0 m.) are 131.06, 5.83 and 8.60 mg/g soil 

respectively. 

 

4.1.3.2 Average quantity of oil contamination in soil  

The average quantities of oil contamination in soil at the different 

distances are expressed in Table 4-8. 
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Table 4-8 Average quantity of oil contamination in soil 

Distances from the engines (m) Diesel generator 
system 

Average quantity  
(mg/g soil) 

Conventional 62.60 1.0 Hybrid 0 
Conventional 2.40 2.5 Hybrid 0 
Conventional 2.30 4.0 Hybrid 0 

 

According to Table 4-8, contamination of soil from comparing the 

average quantities at different distances from the engines, the conventional diesel 

generators are more than that the hybrid system. 

Even though there is no standard of the oil in Thailand, but it can be 

compared the toxicity of the contamination effect on earthworm and plant as in the 

Table 4-9. It is indicated that the average quantity of contamination from conventional 

diesel generator at 1.0 and 2.5 m. can affect 100% earthworm mortality and 28.3 % 

plant mortality at a higher concentration of 2.400 mg/g. 

 

Table 4-9 Comparison of diesel toxicity to earthworms and plants (lettuce 

seedling bioassay) 

Analytical oil concentration (mg/g) % earthworm mortality  
in soil 

% plant mortality    
in soil 

< 0.046 3 1.7 - 15 

0.088 3 5 

0.110 3 11.7 

0.350 73 8.3 

1.200 100 26.7 

2.400 100 28.3 

Source:  Ecological planning and toxicology, inc. 1994 (36) 
 

In fact, the quantity which is not over the standard does not mean that it 

shall not harm the environment. Very a little level of solid metal such as mercury, 
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lead, cadmium, zinc, chromium and so on can dissolved into water source or food and 

then transferred along food chain. Under such circumstance, most biotic component of 

ecological system is at risk. There are the studies shown the phytoxicity of fresh 

petroleum substances from standardized plant toxicity tests.  Salanitro et al. (37) 

reported a significant reduction in wheat and oat seed germination due to light crude 

oil concentration of 4,200 mg/kg in soil but no significant reduction for corn.  Dorn et 

al. (38) found that plants were generally less sensitive than earthworms in studies 

using standardized bioassays with lettuce, corn, wheat, wild oat and rye.  

 

4.1.3.3 Test of the difference of oil contamination in soil  

The test result with regard to the quantity of oil contamination in soil is 

expressed as follows: 

 1) Hypothesis: 

H0: The oil contamination in soil at 1.0 m. from the conventional diesel generator is 

not different from the hybrid-diesel generator’s. (H0: µ1 - µ2 = 0) 

H1: The oil contamination in soil at 1.0 m. from the conventional diesel generator is 

different from the hybrid-diesel generator’s. (H1: µ1 - µ2 ≠ 0) 

The analytical result from the SPSS program, Independent T Test, which 

is determined at the statistic significant level: α = 0.05 has shown the probability Sig 

(2-tailed) is 0.005 that is less than the determined statistical significant, so it has 

rejected the H0. That means the quantity of oil contamination in soil at 1.0 m. from the 

conventional diesel generator is statistically different from the hybrid-diesel 

generator’s.  

2) Hypothesis: 

H0: The oil contamination in soil at 2.5 m. from the conventional diesel generator is 

not different from the hybrid-diesel generator’s. (H0: µ1 - µ2 = 0) 

H1: The oil contamination in soil at 2.5 m. from the conventional diesel generator is 

different from the hybrid-diesel generator’s. (H1: µ1 - µ2 ≠ 0) 

The analytical result from the SPSS program, Independent T Test, which 

is determined at the statistic significant level: α = 0.05 has shown the probability Sig 

(2-tailed) is 0.009 that is less than the determined statistical significant, so it has 

rejected the H0. That means the oil contamination in soil at 2.5 m. from the 
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conventional diesel generator is statistically different from the hybrid-diesel 

generator’s.  

3) Hypothesis: 

H0: The oil contamination in soil at 4.0 m. from the conventional diesel generator is 

not different from the hybrid-diesel generator’s. (H0: µ1 - µ2 = 0) 

H1: The oil contamination in soil at 4.0 m. from the conventional diesel generator is 

different from the hybrid-diesel generator’s. (H1: µ1 - µ2 ≠ 0) 

The analytical result from the SPSS program, Independent T Test, which 

is determined at the statistic significant level: α = 0.05 has shown the probability Sig 

(2-tailed) is 0.064 that is more than the determined statistical significant, so it has 

accepted the H0. It means oil contamination in soil at 4.0 m. from the conventional 

diesel generator is not statistically different from the hybrid-diesel generator’s.  

4) Hypothesis: 

H0: The oil contaminations in soil at 1.0, 2.5 and 4.0 m. from the conventional diesel 

generator are not different. (H0: µ1 - µ2 = 0) 

H1: There are at least 2 points that the oil contaminations in soil are different. (H1: µ1 - 

µ2 ≠ 0) 

The analytical result from the SPSS program, One-way ANOVA, which 

is determined at the statistic significant level: α = 0.05 has shown the probability Sig 

(2-tailed) is 0.000 that is less than the determined statistical significant, so it has 

rejected the H0. It means there are at least 2 points that the oil contaminations in soil 

are statistically different. 

5) Hypothesis: 

H0: The oil contaminations in soil at 1.0 and 2.5 m. from the conventional diesel 

generator are not different. (H0: µ1 - µ2 = 0) 

H1: The oil contaminations in soil at 1.0 and 2.5 m. from the conventional diesel 

generator are different. (H1: µ1 - µ2 ≠ 0) 

The analytical result from the SPSS program, Multiple Comparisons, 

which is determined at the statistic significant level: α = 0.05 has shown the 

probability Sig (2-tailed) is 0.000 that is less than the determined statistical significant, 

so it has rejected the H0. It means the oil contaminations in soil at 1.0 and 2.5 m. from 

the conventional diesel generators are statistically different. 
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6) Hypothesis: 

H0: The oil contaminations in soil at 1.0 and 4.0 m. from the conventional diesel 

generator are not different. (H0: µ1 - µ2 = 0) 

H1: The oil contaminations in soil at 1.0 and 4.0 m. from the conventional diesel 

generator are different. (H1: µ1 - µ2 ≠ 0) 

The analytical result from the SPSS program, Multiple Comparisons, 

which is determined at the statistic significant level: α = 0.05 has shown the 

probability Sig (2-tailed) is 0.000 that is less than the determined statistical significant, 

so it has rejected the H0. It means the oil contaminations in soil at 1.0 and 4.0 m. from 

the conventional diesel generator are statistically different. 

7) Hypothesis: 

H0: The oil contaminations in soil at 2.5 and 4.0 m. from the conventional diesel 

generator are not different. (H0: µ1 - µ2 = 0) 

H1: The oil contaminations in soil at 2.5 and 4.0 m. from the conventional diesel 

generator are different. (H1: µ1 - µ2 ≠ 0) 

The analytical result from the SPSS program, Multiple Comparisons, 

which is determined at the statistic significant level: α = 0.05 has shown the 

probability Sig (2-tailed) is 1.000 that is more than the determined statistical 

significant, so it has accepted the H0. It means the oil contaminations in soil at 2.5 and 

4.0 m. from the conventional diesel generator are not statistically different. 

 

For the comparison between the hybrid and the conventional diesel 

generator, it is found that the quantities of oil contamination in soil are significantly 

different at distances: 1.0 and 2.5 m. But it is reverse at 4.0 m. 

 

4.1.4 The water pollution  

Following the measurement standard of the Ministry of Science, Technology 

and Environment (31) and Soxhlet Extraction method (32), the oil contamination in 

waters have been analyzed. The results of the water pollution can be concluded as 

follows: 
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4.1.4.1 Quantity of the oil contamination in water source 

The quantity of the oil contamination in water from oil leaked from the 

conventional and the hybrid diesel generator are listed in Table 4-10. 

 

Table 4-10 Quantity of the oil contamination in water source from the 

conventional and the hybrid diesel generator 

Sampling point Quantity of conventional diesel 
generator’s quantity (mg/l) 

Quantity of hybrid-diesel 
generator’s quantity (mg/l) 

1 N/A 0 

2 4.55 0 

3 N/A 0 

4 1.30 0 

5 3.10 0 

6 1.10 0 

7 0.90 0 
Average quantity 1.56 0 
  

 In this regard, the maximum quantity of the contamination from the 

conventional diesel generator is 4.55 mg/l and the hybrid-diesel generator’s is none 

because it does not pollute water source.  

 The average quantity of contamination from conventional diesel 

generators is 1.56 mg/l and is higher than that of the hybrid system.   

 

In term of water pollution, comparing quantity of the oil contamination in 

water source between the hybrid and the conventional system, it is found that the 

quantity is not significantly different. The reasons are: 

1) The contamination from the conventional diesel generator is measured 

following purposive random sampling in the water sources namely 6 public wells and 

1 village basin. Those sites are more or less closed system and are not easily 

contaminated by leaked oil. They are also located far away from the diesel engine. 

Thus, it is not significantly different from the hybrid-diesel generator which does not 

pollute water sources. 
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2) It is possible that the oil contaminated water from the conventional 

diesel generator is not major issue for small lead since diesel oil spreads very quickly 

to a thin film. Furthermore diesel oil can be completely degraded by naturally 

occurring microbes, under time frames of one to two months (39).  

3) The water samples are from the public wells. Hence they might be 

contaminated with oil by the users’ activities and the behaviors of them. 

4) There might be are some streams in the area contaminated by the 

leaked oil from the conventional diesel generator but they are not measured because of 

the dried up of water during the summer. 

In terms of toxicity to water-column organisms, diesel is considered to be 

one of the most acutely toxic oil types. Fish, invertebrates and seaweed that come in 

direct contact with a diesel spill may be killed. However, small spills in open water are 

so rapidly diluted that fish kills have never been reported. Fish kills have been 

reported for small spills in confined, shallow water (39).  

At present in Thailand, there is no oil and grease standard for natural 

water source. Therefore the comparison should be done using the Notification of 

Industrial Ministry (40) which indicates that the quantity of oil and grease in the 

discharged waste water of the factory must not exceed 5.0 mg/l. Consequently the oil 

contamination in water from the conventional diesel generator is under the standard. 

 

4.1.5 Discussion on the environmental impact of the hybrid system 

Although the pollution is not over the standard but in fact the current level of 

pollution might have impact on the environment and ecosystem in the studied area. 

There might also be other pollutions that this study does not mention such as the 

engine vibration, the smell from smoke that hard effects to quantity. However, it is 

highly possible that animals and plants are disturbed by such pollution. Data collection 

was conducted during the conversion from the conventional diesel generators to the 

hybrid system. The users still could not adapt to the new system and those 

conventional diesel generators were needed sometimes. Since then, its usage has 

declined. As a result it is safe to say that the new electricity generating system that 

creates very low environmental impact.    
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4.2 The cost-benefit analysis 

 

 The cost-benefit analysis explores viability of the project and the RESCO to 

operate the hybrid system. The results of the analysis are divided into 2 aspects that 

are 1) the economic cost-benefit analysis of the project and 2) the financial cost-

benefit analysis of the RESCO. 

 

4.2.1 Economic cost-benefit analysis of the project 

This part consists of the identification of cost and benefit and the results of the 

economic cost-benefit analysis under 2 scenarios: 1) Scenario I: 7.5 kW solar cell, 10 

kW wind turbine and 65 kW diesel generator and 2) Scenario II: 20 kW solar cell, 10 

kW wind turbine and 65 kW diesel generator. 

4.2.1.1 Cost and benefit for the economic analysis 

The costs and benefits are classified under the Scenario I and II at the 

electricity consumption of 50,000 kWh (unit) per year. The details are stated as Table 

4-12. 

 

Table 4-11 Cost and benefit identification of the economic analysis 

Value Cost 
Scenario I Scenario II 

Unit 

1.Investment cost    
- Meters and instruments 600,000 600,000 baht 
- Wine turbine including installment 
cost 2,500,000 2,500,000 baht 

- PV module (solar cell) including 
structure 

1,757,475 
(75 w 100 grid) 

2,500,000 
(120 w 100 grid) baht 

- 2V, 700AH battery 
(180 unit) 2,470,095 2,470,095 baht 

- Host for battery 53,500 53,500 baht 
- 50 kW diesel generator 661,260 661,260 baht 
- Control unit system 299,698 299,698 baht 
- 3.3 kW bi-directional inverter (3 
unit) 794,475 794,475 baht 

- 2 kW grid connected inverter (3 
unit) 327,613 327,613 baht 

- Electric distributed system 986,616 986,616 baht 
- Collection and record system 107,000 107,000 baht 
- System control building 535,000 535,000 baht 
- System installment 200,000 200,000 baht 
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Table 4-11 Cost and benefit identification of the economic analysis (cont.) 

Value Cost 
Scenario I Scenario II 

Unit 

- Village electricity connection 5000 5000 baht 
- Office equipments 30,000 30,000 baht 
    
2.Operating cost    
- Salary 25,000 25,000 baht/month 
- Miscellaneous expenses 2,000 2,000 baht/month 
    
3.Maintenance cost    
- Maintenance expenses 8,000 8,000 baht/month 
- Replacement cost; battery 
(8th year and 16th year) 

3,067,063 and 
4,238,017 

3,067,063 and 
4,238,017 

 
baht 

Value Benefit 
Scenario I Scenario II 

Unit 

1.The saving of  fuel cost 
   - The quantity of diesel oil use for 
the conventional diesel generator 
    - The quantity of diesel oil use for 
the hybrid system 

- The saving from the replacement 
by the hybrid system 

- Less electricity fee 
     - Net saving of  fuel cost 

(price of diesel oil 20 baht/liter) 

 
 

151,840 
 

14,584 
 

2,745,113 
 

600,000 

2,145,113 

 
 

151,840 
 

10,065 
 

2,835,495 
 

600,000 

2,235,495 

 
liters/year 

 
liters/year 

 
baht/ year 

 
baht/ year 

 
baht/ year 

2.The saving on  doctor’s fee (the 
respiratory system and the ear and 
mastoid process diseases) 

-The rate of sickness 
-The rate of doctor’s fee/1 
-The cost of doctor’s fee 

 
 
 

507 
30 

15,210 

 
 
 

507 
30 

15,210 

 
 
 

persons/year 
baht/person 
baht/year 

3. The saving of CO2 emission 
-The production of renewable 

energy 
-The cost of CO2 emission /2 
- The saving  

 
22,873 

 
1.12 

 
25,572 

 
45,775 

 
1.12 

 
51,176 

 
kWh/year 

 
baht/kWh 

 
baht/year 

Source: /1According to the 30 baht Health Care Program (41) 
  /2According to Martens J.W., Kaufman S., Green J., Nieuwenhout F.D.J. (42) 
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The calculation of diesel oil is as following: 

Cost of diesel oil 138,197  baht/6 months
Quantity of diesel oil used  9,213  liters/6 months
Electricity consumption 22,426  units/6 months
Rate of diesel oil consumed 0.41 liters/unit

 

4.2.1.2 Scenario I: 7.5 kW solar cell, 10 kW wind turbine and 65 kW 

diesel generator  

This scenario represents the hybrid system composed of the renewable 

energy: 7.5 kW solar cell (PV) and 10 kW wind turbine, and 65 kW diesel generator 

for generating the electricity to supply the consumption of 78,950 kWh per year. The 

hybrid system can produce 13,741, 9,132 and 56,077 kWh per year from solar cell, 

wine turbine and diesel generator, respectively, according to electrical simulation 

model. The solar cell and the diesel generator have already been installed but the wind 

turbine shall be included into the system soon. The wind turbine shall be donated by 

Tambon Bangchan Administrative Organization in order to encourage the use of 

renewable energy.  

The Scenario I is assumed that 50,000 kWh per year is consumed which 

is the current level. This is the case representing the project can collect 50,000 baht per 

month of the electrical fee and spends 24,307 baht per month for the diesel oil. Then 

are not calculated for the benefit and cost according to economic cost-benefit analysis 

but for calculating the saving of fuel cost. It can be summed up is as follows: 

Electricity consumption 50,000 units/year
7.5 kW PV  17% of electricity used 8,500  units/year
10 kW wind turbine  12% of electricity used 6,000  units/year
65 kW diesel generator 71 % of electricity used 35,500  units/year
Diesel oil used 14,584  liters/year
Cost of diesel oil 24,307  baht/ month
or 291,687 baht/ year
(price of diesel oil 20 baht/liter)
The saving of  fuel cost 2,745,113  baht/ year
The saving of  doctor’s fee 15,210  baht/ year
The saving of CO2 emission 25,572 baht/ year
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Thus, the total cost and benefit from the project are: 

Investment cost      = 11,370,000 baht 

Replacement cost in the 8th year and 16th year  = 3,067,063 and 4,238,017 baht 

Operating cost      = 324,000 baht per year 

Maintenance cost      = 96,000 baht per year 

Benefit       = 2,785,895 baht per year 

NPV   = 550,112 (12% discount rate) 

B/C Ratio = 1.03 (12% discount rate) 

IRR   = 13% 

Detail calculation is in the Table I of the Appendix C. 

 

4.2.1.3 Scenario II: 20 kW solar cell, 10 kW wind turbine and 65 kW 

diesel generator  

This scenario represents the hybrid system composed of the renewable 

energy: 20 kW solar cell (PV) and 10 kW wind turbine, 65 kW and diesel generator 

for generating the electricity to supply the consumption of 89,487 kWh per year. The 

hybrid system can produce 36,643, 9,132 and 43,712 kWh per year from solar cell, 

wine turbine and diesel generator, respectively, according to electrical simulation 

model. The solar cell increases from 7.5 kW to 20 kW. The increase in solar cells and 

the wind turbine shall come from the electricity distribution policy of the Provincial 

Electricity Authority by Solar Home project and the donation of Tambon Bangchan 

Administrative Organization respectively.  

The Scenario II is also assumed 50,000 kWh per year of electricity 

consumption. The project can collect 50,000 baht per month of the electrical fee and 

spends 16,775 baht per month on diesel oil. They are not actually calculated for the 

benefit and cost according to economic cost-benefit analysis but for calculating the 

saving of fuel cost. The summary is as follows: 

Electricity consumption 50,000 units/year
20 kW PV  41% of electricity used 20,500  units/year
10 kW wind turbine  10% of electricity used 5,000  units/year
65 kW diesel generator  49 % of electricity used 24,500  units/year
Diesel oil used 10,065  liters/year
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Cost of diesel oil 16,775  baht/ month
or 201,305  baht/ year
(price of diesel oil 20 baht/liter)
The saving of  fuel cost 2,835,495 baht/ year
The saving of  doctor’s fee 15,210  baht/ year
The saving of CO2 emission 51,176  baht/ year

Thus, the total cost and benefit from the project are: 

Investment cost     = 12,070,257 baht 

Replacement cost in the 8th year and 16th year  = 3,067,063 and 4,238,017 baht 

Operating cost      = 324,000 baht per year 

Maintenance cost      = 96,000 baht per year 

Benefit       = 2,901,881 baht per year 

NPV   = 759,553 (12% discount rate) 

B/C Ratio = 1.04 (12% discount rate) 

IRR   = 13% 

Detail calculation is in the Table II of the Appendix C. 

 

4.2.2 Financial cost-benefit analysis of the RESCO 

This part consists of the identification of cost and benefit, the comparison 

between the projection and the implementation, and the results from the financial cost-

benefit analysis is categorized into 2 scenarios that are identical to the economic 

analysis. Furthermore, each scenario shall be under 2 assumptions: electricity 

consumption of 50,000 and 70,000 kWh per year. For investigating the financial 

viability of RESCO, the purpose of the various scenarios is to reduce the cost of diesel 

oil.  

4.2.2.1 Cost and benefit for the financial analysis 

Both Scenarios I and II of the RESCO have the same cost and benefit as 

stated in Table 4-13. 

 

Table 4-12 Cost and benefit identification of the financial analysis 

Cost Value Unit 
1.Investment cost   
- Meters and instruments 600,000 baht 
- Village electricity connection 5000 baht 
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Table 4-12 Cost and benefit identification of the financial analysis (cont.) 

Cost Value Unit 
- Office equipments 30,000 baht 
   
2.Operating cost   
- Salary 25,000 baht/month 
- Diesel oil (Aug 04 – Feb 05) 15 baht/liter 
- Diesel oil (Mar 05 onward) 15.6 baht/liter 
- Miscellaneous expenses 2,000 baht/month 
3.Maintenance cost   
- Maintenance expenses 8,000 baht/month 

- Replacement cost; battery 8th year = 3,067,063 
16th year = 4,238,017 baht 

Benefit Value Unit 
1. Electrical fee 12 baht/unit 
2. Electricity utility charge 
(utility petition and check up) 

400 
(300 and 100) baht/household 

3. Meter deposit 5000 baht/household 
 

The calculation of diesel oil cost is as following: 

Cost of diesel oil 138,197  baht/6 months
Quantity of diesel oil used  9,213  liters/6 months
Electricity consumption 22,426  units/6 months
Rate of diesel oil consumed 0.41 liters/unit

 

4.2.2.2 Scenario I: 7.5 kW solar cell, 10 kW wind turbine and 65 kW 

diesel generator  

This scenario represents the hybrid system composed of the renewable 

energy: 7.5 kW solar cell (PV) and 10 kW wind turbine, and 65 kW diesel generator 

for generating the electricity to supply the consumption of 78,950 kWh per year. The 

hybrid system can produce 13,741, 9,132 and 56,077 kWh per year from solar cell, 

wine turbine and diesel generator, respectively, according to electrical simulation 

model. These compositions are identical to the sources as the Scenario I of the 

economic analysis. The Scenario I shall be further assumed as follows: 

1) 50,000 kWh per year of electricity consumption (current 

level) 

This assumption represents the RESCO can collect 50,000 baht a 

month of the electrical fee. The summary is as follows: 
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Electricity consumption 50,000 units/year
7.5 kW PV  17% of electricity used 8,500  units/year
10 kW wind turbine  12% of electricity used 6,000  units/year
65 kW diesel generator  71 % of electricity used 35,500  units/year
Diesel oil used  14,584  liters/year
Cost of diesel oil at 15 baht/liter  
(price from August 2004 to February 2005) 218,765  baht/ year
Cost of diesel oil at 15.6 baht/liter  
(price from March 2005 onward)  227,516  baht/ year

Thus, the total cost and benefit for the RESCO are: 

Investment cost     = 635,000 baht 

Replacement cost in the 8th year and 16th year  = 3,067,063 and 4,238,017 baht 

Operating cost      = 551,516 baht per year 

Maintenance cost      = 96,000 baht per year 

Benefit in the 1st year      = 1,096,800 baht 

Benefit in the other years     = 600,000 baht  

NPV   = -2,489,592 (12% discount rate) 

B/C Ratio = 0.67 (12% discount rate) 

IRR   = N/A  

Detail calculation is in the Table III of the Appendix C. 

2) 70,000 kWh per year of electricity consumption 

This assumption represents the RESCO can collect 70,000 baht per 

month of the electrical fee. The summary is as follows: 

Electricity consumption 70,000 units/year
7.5 kW PV  17% of electricity used 11,900  units/year
10 kW wind turbine  12% of electricity used 8,400  units/year
65 kW diesel generator  71 % of electricity used 49,700  units/year
Diesel oil used 20,418  liters/year
Cost of diesel oil at 15 baht/liter  
(price from August 2004 to February 2005) 306,271  baht/ year
Cost of diesel oil at 15.6 baht/liter  
(price from March 2005 onward)  318,522  baht/ year

 
Thus, the total costs and benefits for the RESCO are: 

Investment cost     = 635,000 baht 

Replacement cost in the 8th year and 16th year  = 3,067,063 and 4,238,017 baht 

Operating cost      = 642,522 baht per year 
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Maintenance cost      = 96,000 baht per year 

Benefit in the 1st year      = 1,336,800 baht 

Benefit in the other years     = 840,000 baht  

NPV   = -1,319,191 (12% discount rate) 

B/C Ratio = 0.84 (12% discount rate) 

IRR   = N/A  

Detail calculation is in the Table IV of the Appendix C. 

 

4.2.2.3 Scenario II: 20 kW solar cell, 10 kW wind turbine and 65 kW 

diesel generator  

This scenario represents the hybrid system composed of the renewable 

energy: 20 kW solar cell (PV) and 10 kW wind turbine, and 65 kW diesel generator 

for generating the electricity to supply the consumption of 89,487 kWh per year. The 

hybrid system can produce 36,643, 9,132 and 43,712 kWh per year from solar cell, 

wine turbine and diesel generator, respectively, according to electrical simulation 

model. These compositions are identical to the sources as the Scenario II of the 

economic analysis. The Scenario II shall also be further assumed as follows: 

1) 50,000 kWh per year of electricity consumption  

This assumption represents the RESCO can collect 50,000 baht per 

month of the electrical fee. The summary is as follows: 

Electricity consumption 50,000 units/year
20 kW PV  41% of electricity used 20,500  units/year
10 kW wind turbine 10% of electricity used 5,000  units/year
65 kW diesel generator 49% of electricity used 24,500  units/year
Diesel oil used 10,065  liters/year
Cost of diesel oil at 15 baht/liter  
(price from August 2004 to February 2005) 150,979  baht/ year
Cost of diesel oil at 15.6 baht/liter  
(price from March 2005 onward)  157,018  baht/ year

Thus, the total cost and benefit for the RESCO are: 

Investment cost      = 635,000 baht 

Replacement cost in the 8th year and 16th year  = 3,067,063 and 4,238,017 baht 

Operating cost      = 481,018 baht per year 

Maintenance cost      = 96,000 baht per year 
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Benefit in the 1st year      = 1,096,800 baht 

Benefit in the other years     = 600,000 baht  

NPV   = -1,938,080 (12% discount rate)  

B/C Ratio = 0.73 (12% discount rate)  

IRR   = N/A  

Detail calculation is in the Table V of the Appendix C. 

2) 70,000 kWh per year of electricity consumption 

This assumption represents the RESCO can collect 70,000 baht per 

month of the electrical fee. The summary is as follows: 

Electricity consumption 70,000 units/year
20 kW PV  41% of electricity used 28,700  units/year
10 kW wind turbine 10% of electricity used 7,000  units/year
65 kW diesel generator 49% of electricity used 34,300  units/year
Diesel oil used 14,091  liters/year
Cost of diesel oil at 15 baht/liter  
(price from August 2004 to February 2005) 211,370  baht/ year
Cost of diesel oil at 15.6 baht/liter  
(price from March 2005 onward)  219,825  baht/ year

Thus, the total cost and benefit for the RESCO are: 

Investment cost       = 635,000 baht 

Replacement cost in the 8th year and 16th year  = 3,067,063 and 4,238,017 baht 

Operating cost      = 543,825 baht per year 

Maintenance cost      = 96,000 baht per year 

Benefit in the 1st year      = 1,336,800 baht 

Benefit in the other years     = 840,000 baht  

NPV   = -547,074 (12% discount rate)  

B/C Ratio = 0.93 (12% discount rate)  

IRR   = N/A  

Detail calculation is the Table VI in the Appendix C. 
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Table 4-13 Summary of the cost-benefit analysis 

Scenario I  II 
Case  

(Electricity consumption) 
50,000 

kWh/year 
70,000 

kWh/year 
50,000 

kWh/year 
70,000  

kWh/year 
Solar cell 

(kW) 7.5 7.5 20 20 

Energy 
(kWh/year) 8,500 11,900 20,500 28,700 

Wine 
turbine 
(kW) 

10 10 10 10 

Energy 
(kWh/year) 6,000 8,400 5,000 7,000 

Diesel 
generator 

(kW) 
65 65 65 65 

Energy 
production 

Energy 
(kWh/year) 35,500 49,700 24,500 34,300 

IRR 19 - 19 - 
B/C 1.32 - 1.32 - 

Economic 
analysis   

of  Project NPV 5,255,996 - 5,465,436 - 
IRR N/A N/A N/A N/A 
B/C 0.67 0.84 0.73 0.93 

Financial 
analysis 

Of  RESCO NPV -2,489,592 -1,319,191 -1,938,080 -547,074 
 

4.2.2.4 Discussion on the financial and economic viability  

With the 12% discount rate and 25 years project life, the viability of the 

project are analyzed. The time-value adjustment: net present value (NPV), benefit-cost 

ratio (B/C ratio) and internal rate of return (IRR) are calculated. The project is viable if 

NPV is positive, B/C ratio is more than one and IRR is more than the discount rate. As 

a matter of fact, only one method is needed, and it shall be agreed with the other two. 

One crucial thing about cost-benefit analysis is the accurate forecasting for the stream 

of cost and benefit in order to obtain reliable result. 

From the results of economic cost-benefit analysis for the project in both 

of the Scenario I and II, it can be concluded that the installation of the hybrid system 

project at Ko Chik is worthwhile at 50,000 kWh per year of electricity consumption. 

The main reason in the project is able to save of fuel oil used while the increase in 
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renewable energy used, no matter by solar cell or wind turbine, is justified 

economically. It can be deduced that more renewable energy shall make the project 

become more attractive. 

Considering the results of financial cost-benefit analysis for the RESCO 

in both of the Scenario I and II with further assumption of 50,000 and 70,000 kWh per 

year of electricity consumption, it can be concluded that the RESCO would not be able 

to attain its objective financially. The revenue generated would not be sufficient to 

replace some certain equipment, unless it is able to get more revenue (electrical fee) 

from more electricity consumption or generate more electricity from renewable 

energy. Even if the RESCO is not financially worthwhile, it ought to proceed such 

pilot project will be the guideline or model for other places which need the hybrid 

system. Some contingency plan must be worked out to help the RESCO to carry on. 

The financial analysis however suggests that the RESCO can become viable if 

quantity of electricity consumption increases.  

The increase of solar cell from 7.5 kW to 20 kW would not be sufficient 

to substitute the electricity production from the diesel generator. Thus the cost of fuel 

shall be still high. Furthermore, the increase in solar cell is unable to generate 

electricity at time when the electrical demand load of users is peak. Hence the system 

still needs the diesel generator to supply energy during the peak load. 

 

4.2.3 Comparison between the projection and the implementation  

After five months of implementation, August – December 2004, the  projection 

can be revised to reflect the actual implementation. Therefore, the RESCO’s finance 

and the electricity consumption are worth mentioned as shown in Figure 4-3 and 4-4, 

respectively. 

According to Figure 4-3, the RESCO’s finance in term of the revenue from 

electrical fee and meter deposit, and fuel cost are compared between the actual and the 

financial plan for the period of August – December 2004. 

Considering the revenue from electrical fee, it is found that the RESCO did not 

collect anything in the first month (August) because the project was required a testing 

run of the system. During September – November, the actual revenue from electrical 
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fee had increased to nearly as equal as to the plan. Until in December, the revenue is 

eventual higher than the plan.     

In the term of the meter deposit, the RESCO has been able to collect higher 

than the plan in September and October. For November and December, this revenue 

had been lower than the plan because the RESCO colleted more than expected in the 

past month. 

Considering the fuel cost, it varied from month to month because it is under the 

influence of the village’s activity such as the festivities. More electricity consumed 

meant more cost of fuel.   

According to Figure 4-4, the comparison of the electricity consumption 

between the actual and the plan during September - December 2004, it is found that 

the actual electricity consumption had increased and was higher than the plan in 

December. It can be deduced that the more confidence of the users, the more they use. 
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Figure 4-3 Comparison between the projection and the implementation 
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Figure 4-4 Comparison of the electricity consumption 

 

4.3 Result of the appropriate administrative organization study 

 

 4.3.1 Development of the appropriate administrative organization 

 In order to supply the village with electricity efficiently for the entire useful 

life of the hybrid system, appropriate administrative system is necessary. The 

guideline for the administrative system is the system must be able to generate the 

sufficient revenue to serve not only the operation cost but also the maintenance cost. 

       In principle, the village should set up the Committee to be responsible for 

determining the approach of the sustainable implementation of hybrid system and let 

an Energy Service Company (ESCO) fulfill the job under supervision of the 

Committee.           

  Generally, ESCOs are the firms specialized in energy saving. ESCO usually 

invests and installs energy saving equipment and get in return benefit from this saving. 

ESCO shall also guarantee the efficiency of the equipment and the saving result. The 

business shall gain the benefit from the efficient energy system and be able to save the 

energy permanently. They do not have to invest and maintain the equipment by 

themselves. In some cases, ESCO do not invest the equipment but assist the business 

to get a loan. In this case, the energy cost saving from the investment shall be returned 

mostly as a principal and interest. 
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-Determining 

management guideline 

for the system to supply 

the village with 

electricity in efficient 

and sustainable manner 

- Employing the staff of 

the RESCO 

Ko Chik - Hybrid electrification system  

Hybrid system  
administrative 

committee  
Community 

- Operating the systems 

including the fuel 

purchasing. 

- Ordering and installing 

prepaid-meters  

- Collecting the 

electrical and 

maintenance fees 

- To be the end-users  

- Paying the electrical 

and maintenance fees 

- Providing suggestion 

to the Committee and 

the RESCO     

RESCO 

 In the case of Ko Chik, the RESCO’s role begin right after the investment.  

The National Energy Policy Office (NEPO) as the sponsor of the hybrid system, 

requires the RESCO to operate the hybrid system efficiently and sustainably. The 

RESCO is designed to operate the system, order and install prepaid-meters, collect the 

electrical and maintenance fees. As a result, it must invest on meters and fuel oil. The 

employment of the RESCO includes a manager, an accountant, a financier and two 

technicians. The hybrid system administrative committee shall consider various 

proposals of the RESCO and select the one with the best benefit to the village.      

 

The limitation of the RESCO development 

 1) On account that ESCO is the firm in energy business that expects profit. 

Hence, in Thailand, ESCOs mostly deal with industries and business rather than with 

the government projects.    

 2) As a pilot project, there are very few RESCO that is specialized in  the 

hybrid system. 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Figure 4-5 Administrative guideline of Ko Chik - Hybrid electrification system 
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4.3.2 Assessment of the appropriate administrative organization  

4.3.2.1 Administrative assessment  

For more information in this regard, see Appendix D. 

1) Structure of Ko Chik - hybrid system administration 

 

 

 

    

 

    

 

 

 

  

 

  

 

 

Figure 4-6 Ko Chik – hybrid system administration guideline 

 

 Due to the new technology and lack of interest from ESCO, the 

RESCO which is suited for Ko Chik should be set up based on local personal. 

Furthermore, the community should participate to formulate guideline for the system 

management including the electricity generating and distribution, prepaid-meters 

installation, the electrical and maintenance fees collection. For the prepaid-meters 

installation, the RESCO must invest a large amount of money and source of fund must 

be part of the Committee and RESCO responsibility. 

The hybrid system administrative committee has analyzed and 

proposed the loan requirement to the Village Committee for approval. 

The rate of electrical fee per unit considered by the hybrid system 

administrative committee and it can be changed in response to external change. 

  

Village electricity committee 

- KMUTT 
- Mahidol University 
- Kasetsart University 
- Provincial Electricity Authority 
- Department of Alternative Energy 
Development and Efficiency 

- Electricians  
- Private organization  
- Tambon administrative organization  
- Contractors 

Project owner 

Project designer and 
appraiser 

Local processor 
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Ko Chik - hybrid system administrative committee 

Accountant  
2 electricians 

Manager 

Financier 
RESCO

          

Figure 4-7 Structure of Ko Chik - hybrid system administration 

  

2) Responsibility of the Committee 

Ko Chik - hybrid system administrative committee has 

responsibilities as follows:   

2.1) procuring a loan to purchase and install prepaid – meters,  

2.2) determining the meter deposit and the procedure of the 

installments, 

2.3) employing the manager, the accountant, the financier and 

2 electricians along with the training course, 

2.4) determining the guideline for the use of some electric 

appliances, 

2.5) considering the proper rate of electrical fee, and 

2.6) making sure that the system shall be operated in efficient 

and sustainable manner. 

The Hybrid System Administrative Committee has done the 

following: 

2.6.1) electing the Committee’s member, 

2.6.2) employing the manager to supervise and look 

after the system, 

2.6.3) employing 2 electricians to maintain and operate 

the system, and 
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2.6.4) employing the accountant and the financier. 

3) Qualification for member of the Committee   

The nine persons which shall be elected by the villagers must the 

following requirements: 

3.1) the person with a good behavior, 

3.2) the person who is willing to work,  

3.3) the person who is interested in the village electricity 

administration,  

3.4) the person who is not drug addicted, and 

3.5) the person who lives in Ko Chik village. 

The villagers who have a right to vote must meet the following 

qualification:  

3.6) the person who has Thai nationality with age not less 

than 20 years old on the Election Day,     

3.7) the person who has a domicile or a regular region and has 

a name on a census record referring to the law of census record for more than 3 

months before the Election Day,        

3.8) the person who is not the one of the following: a 

Buddhist monk, a Buddhist novice, a religious man or a priest, and   

3.9) the person who is sane. 

The elected committee shall vote among them to be a chair and 

another one as a secretary. The appointment lasts 3 years and the Committee can be 

reelected.     

In the case of any vacancy before the term, the election for the new 

committee must be carried on within 30 days. The new committee should have a term 

corresponding to the rest of the Committee.   

The present committee consists of the chairman, the vice chairman, 

the secretary, the members and the honorary consultants as follows:       

Mr. Sahut        Chaisakornsamut  Chairman 

Mr. Narongchai Hemsuwan   Vice chairman 

Mr. Prakart Teeprasai          Secretary 

Mr. Detchai Saetae   member of a committee 
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Mr. Danai Bumrerruay   member of a committee 

Mr. Pramuan Parnrod   member of a committee 

Mr. Sanya Lohasart   member of a committee 

Mr. Yiam Saeteaw   member of a committee 

Mr. Somboon Chaisakornsamut   member of a committee 

And the honorary consultants are consisted of:  

Mr. Tawatchai Suwannakum from KMUTT 

The head of Klung district - Provincial Electricity Authority 

The manager of Klung branch - Government Savings Bank   

The President of Tambon Bangchan Administrative Organization  

4) RESCO 

The establishment of RESCO is a crucial step to manage the hybrid 

system. Its tasks are to operate and maintain the system, purchase and install prepaid 

meters, and collect the electrical.  

The personnel consists of: 

4.1) the manager whose function is to manage and supervise 

overall operation, 

4.2) two electricians whose functions are to repair and 

maintain the system as well as to ensure the safety and efficiency, 

4.3) the financier whose function is to deal with related 

financial works, and 

4.4) the accountant whose function is to keep records of all 

transactions and works on part-time basis.  

All of these are under the guideline of the hybrid system 

administrative organization: the development of RESCO. It should lead to smooth 

implementation. However, if the hybrid system begins to prevail as a common 

practice, ESCO should increasingly direct their effort to this market. It shall have 

impact on the system owners or the users that shall be responsible for determining the 

administrative guideline for ESCO development.      
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4.3.2.2 Satisfaction assessment of the users and administrators  

The results of the satisfaction assessment are divided into two groups: the 

hybrid system’s users and the hybrid system’s administrators: the Committee and the 

RESCO. 

1) Satisfaction assessment of the users 

From the users’ satisfaction model:  

U (U) = WH*U (H) + WR*U (R), the users’ satisfaction (U) can be 

considered from the combining of two variables: the hybrid system utilization (H) and 

the RESCO service (R). The hybrid system utilization (H) and the RESCO service (R) 

have the scores of 5160 and 3228, respectively. Thus, the score of the users’ 

satisfaction is (5160 + 3228) * 100/ 9660 = 86.83 

86.83% is the utility level of the users’ satisfaction toward the 

hybrid system and the RESCO service which means the users are very satisfied. The 

reasons for this are the user or community can implement this system efficiently and 

received good service from the RESCO. Furthermore, they can participate and also be 

cognizant of the system improvement. The satisfaction level and other issues are 

summarized in Table 4-15 to 4-18. 

   

Table 4-14 Hybrid electrification system utilization 

Level of satisfaction   
Issue 5 % 4 % 3 % 2 % 1 % 

The reduction of the diesel oil’s 
consumption     

58 69.0 26 31.0 0 0 0 0 0 0 

The reduction of the 
environmental impacts: air, 
noise, leakage diesel oil 

70 83.3 14 16.7 0 0 0 0 0 0 

The convenient use of the 
electric appliances 

66 78.6 18 21.4 0 0 0 0 0 0 

The increase of the electric 
appliances  

52 61.9 31 36.9 1 1.2 0 0 0 0 

The prolonged use of the 
electric appliances 

32 38.1 40 47.6 3 3.6 3 3.6 6 7.1

The safety of the electric 
appliances  

52 61.9 31 36.9 1 1.2 0 0 0 0 

The limited use of some electric 
appliances: air conditioner, etc. 

51 60.7 24 28.6 4 4.8 2 2.4 3 3.6
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Table 4-14 Hybrid electrification system utilization (cont.) 

Level of satisfaction   
Issue 5 % 4 % 3 % 2 % 1 % 

The safe production of the 
hybrid electrification system 

53 63.1 24 28.6 3 3.6 2 2.4 2 2.4

The use of the electricity 
around the clock 

55 65.5 27 32.1 2 2.4 0 0 0 0 

The quantity and stability of the 
electricity 

15 17.9 32 38.1 23 27.4 13 15.5 1 1.2

The prepaid electrical fee  63 75.0 17 20.2 2 2.4 1 1.2 1 1.2
The 12 baht/unit rate of  the 
electrical fee  

22 26.2 25 29.8 16 19.0 20 23.8 1 1.2

The 500 baht/month rate for the 
meter installments 

45 53.6 31 36.9 5 6.0 1 1.2 2 2.4

The hybrid system knowledge  
training course  

44 52.4 21 25.0 12 14.3 3 3.6 4 4.8

 

According to the hybrid system utilization, the users are most 

satisfied with the most issues, besides 3 issues namely: the prolonged use of the 

electric appliances, the quantity and stability of the electricity and the 12 baht/unit rate 

of the electrical fee which are satisfied at moderate level. The users can comprehend 

the advantages of the hybrid system and its utilization very well. 

 

Table 4-15 Obstacle and problem from the utilization 

Level of  problem  
Obstacle and problem Problem % None % 

The stability of the electricity 78 92.9 6 7.1 
The lack of the knowledge about the prepaid system 
and the prepaid meter 

1 1.2 83 98.8

The out of order of  the meter or the refill card    4 4.8 80 95.2
 

The users’ comments about the problem of the hybrid system 

utilization are mostly the stability of the electricity. Because in the beginning of 

operation, the system occasionally failed. 
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Table 4-16 RESCO service 

Level of satisfaction Issue 
5 % 4 % 3 % 2 % 1 % 

The convenience of service 68 81.0 14 16.7 1 1.2 1 1.2 0 0 
The on call service 53 63.1 22 26.2 1 1.2 0 0 8 9.5 
The paying-buying in proper 
time and place  

61 72.6 19 22.6 3 3.6 0 0 1 1.2 

The announcement of the 
financial information  

25 29.8 19 22.6 20 23.8 5 6.0 15 17.9

The announcement of the 
technical information  

23 27.4 19 22.6 26 31.0 2 2.4 14 16.7

The employee is on service 
through working time. 

57 67.9 25 29.8 0 0 1 1.2 1 1.2 

The location of the RESCO 
office 

67 79.8 16 19.0 0 0 1 1.2 0 0 

The environment in the RESCO 
office 

60 71.4 20 23.8 4 4.8 0 0 0 0 

The emergency  39 46.4 23 27.4 4 4.8 1 1.2 17 20.2
 

With regard to the RESCO service, all issues were satisfied at the 

very high level except the announcement of the technical information issue which the 

users are satisfied at low level because the RESCO has the informal announcement 

and some users did not pay attention to the technical information. It may be concluded 

that the users were not well informed about technical issue. 

 

Table 4-17 Obstacle and problem from the RESCO service 

Level of  problem Obstacle and problem 
Problem % None % 

The employee is not on service through working time. 1 1.2 83 98.8
The insufficiency of  the employee for service 1 1.2 83 98.8

 

Most users comment that there was no problem on the service of the 

RESCO. This may due to the employees are carefully selected from the community 

and they have been properly trained. 

2) Satisfaction assessment of the administrators 

From the administrators’ satisfaction model: 

U(A) = Ws*U(S) + WR*U(R)+ WM*U(M)+ WQ*U(Q), the 

administrators’ satisfaction (A) can be considered from the combination of the 
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structure of the administration (S), the responsibility of the administrator (R), the 

hybrid electrification system management (M), and the qualifications and position of 

the administration (Q). The score of these variables are shown in Table 4-19. 

 

Table 4-18 Variable score of the administrators’ satisfaction model  

Variable Score 
The structure of the administration (S) 531 
The responsibility of the administrator (R) 570 
The hybrid electrification system management (M) 520 
The qualifications and position of the administration (Q) 412 

 

Thus, the score of the administrators’ satisfaction is (531 + 570 + 

520 + 412) * 100/ 2320 = 87.63 

87.63% is the utility level of the administrators’ satisfaction toward 

the hybrid system administration which means the administrators are satisfied at the 

highest level. The satisfaction level and other issues are summarized in Table 4-20 to 

4-24.   

 

Table 4-19 Structure of the administration 

Level of satisfaction Issue 5 % 4 % 3 % 2 % 1 % 
The dependence of the hybrid system 
administrative committee on the 
village committee   

15 93.8 1 6.3 0 0 0 0 0 0 

The dependence of the hybrid system 
administrative committee on the 
Tambon Administrative Organization 

9 56.3 6 37.5 1 6.3 0 0 0 0 

The employment for the RESCO 
manager  

9 56.3 6 37.5 0 0 0 0 1 6.3

The employment for the RESCO 
accountant 

13 81.3 3 18.8 0 0 0 0 0 0 

The employment for the RESCO 
financier 

13 81.3 3 18.8 0 0 0 0 0 0 

The employment for the RESCO 
electricians 

12 75.0 4 25.0 0 0 0 0 0 0 

The management of the hybrid system 
administrative committee and RESCO 

16 100 0 0 0 0 0 0 0 0 
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According to Table 4-20, the administrators are most satisfied with 

all issues of the administrative structure because they have participated in establishing 

the structure themselves. Moreover the administrators consisting of the Committee and 

the RESCO can cooperate on regular basis.  

 

Table 4-20 Responsibility of the administrator 

Level of satisfaction Issue 
5 % 4 % 3 % 2 % 1 % 

The responsibility for getting a loan 
to purchase meters     

9 56.3 4 25.0 3 18.8 0 0 0 0 

The responsibility for designing the 
approach to pay for the meter 
deposit  

11 68.8 4 25.0 1 6.3 0 0 0 0 

The responsibility for determining 
the electric appliances utilization 

11 68.8 4 25.0 1 6.3 0 0 0 0 

The responsibility for determining 
the electrical fee 

4 25.0 9 26.3 1 6.3 2 12.5 0 0 

The system management and 
supervision by the manager 

11 68.8 5 31.3 0 0 0 0 0 0 

The system maintenance  by the 
electricians  

9 56.3 6 37.5 0 0 0 0 1 6.3

The financial management by the 
accountant and the financier 

10 62.5 5 31.3 0 0 0 0 1 6.3

The establishment of the advisor 12 75.0 3 18.8 0 0 0 0 1 6.3
 

According to Table 4-21, all issues of the administrator 

responsibility satisfy the administrators at the most level, besides, the responsibility 

for determining the electrical fee which was satisfied at the moderate level. Those are 

the consequences from their readiness and contentment in the responsibility. 

  

Table 4-21 Hybrid electrification system management  

Level of satisfaction Issue 
5 % 4 % 3 % 2 % 1 % 

The quantity of the electricity 6 37.5 6 37.5 2 12.5 0 0 2 12.5
The maintenance of the system 9 56.3 5 31.3 0 0 0 0 2 12.5
The diesel oil consumption of the 
hybrid system  

10 62.5 3 18.8 0 0 0 0 3 18.8

The income from the electrical fee 3 18.8 7 43.8 1 6.3 0 0 5 31.3
The prepaid electrical fee collecting 
system 

11 68.8 4 25.0 0 0 0 0 1 6.3 
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Table 4-21 Hybrid electrification system management (cont.) 

Level of satisfaction Issue 
5 % 4 % 3 % 2 % 1 % 

The clients of the system 9 56.3 2 12.5 1 6.3 0 0 4 25.0
The knowledge and experience 
from work 

6 37.5 9 56.3 0 0 0 0 1 6.3 

The management training course  12 75.0 4 25.0 0 0 0 0 0 0 
 

In this regard, the administrators are satisfied with all issues at the 

most level, besides 2 issues: the income from the electrical fee, and the knowledge and 

experience from work which were satisfied at moderate level. The reason is probably 

the administrators can manage the hybrid system successfully, but they are uncertain 

about the stream of income.   

 

Table 4-22 Qualifications and position of the administration 

Level of satisfaction Issue 
5 % 4 % 3 % 2 % 1 % 

The present position  8 50.0 6 37.5 0 0 0 0 2 12.5
The qualifications 8 50.0 7 43.8 0 0 0 0 1 6.3 
The 3-year term 12 75.0 4 25.0 0 0 0 0 0 0 
The Committee and employee 
manpower 

10 62.5 6 37.5 0 0 0 0 0 0 

The wages of the RESCO employees 8 50.0 5 31.3 0 0 0 0 3 18.8
The organization welfare  9 56.3 4 25.0 0 0 0 0 3 18.8

 

According to Table 4-23, the administrators are satisfied at the most 

level with all issues of the qualifications and position of the administration because 

they are elected by the community following the administrative guideline. 

  

Table 4-23 Issue of the management training course  

Level of  requirement  
Issue Require % None % 

The hybrid system knowledge based 12 75.0 4 25.0
The system utilization and maintenance including 
meter and public electricity 

12 75.0 4 25.0

The use of the electricity distribution program 11 68.8 5 31.3
The business management, the budget allocation and 
the investment management 

9 56.3 7 43.8
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Table 4-23 Issue of the management training course (cont.) 

Level of  requirement  
Issue Require % None % 

The community relationship and  the community 
knowledge based development 

10 62.5 6 37.5

 

With regard to these issues, the administrators would like to take 

the management training course, especially 2 issues namely the hybrid system 

knowledge based, and the system utilization and maintenance including meter and 

public electricity. Therefore, the training course on the hybrid system concerning both 

technical and financial management had been provided by expert. 

 

4.3.3 Discussion on the appropriate administrative organization  

The results suggest that a number of factors facilitate Ko Chik village in 

establishing and developing the appropriate organizations to administer the hybrid 

system. These organizations consist of Ko Chik - hybrid system administrative 

committee and the RESCO. On managerial aspect, the assessments of the appropriate 

administrative organizations were done 2 terms that are the administration and the 

satisfaction.    

The community can develop the hybrid system administrative framework and 

the structure of organizations and establish the office of Ko Chik - hybrid system 

administrative committee for RESCO and committee’s meeting. In term of the 

satisfaction assessments of users and administrators, it is found that their high level of 

satisfactions representing the users are delighted in the hybrid system implementation 

and the administrators are also delighted in the administrative guideline and ready to 

implement in the hybrid system. 

It is quite obvious that this community is willing and ready, especially in 

participation. Consequently, the cooperations between users - administrators, and 

between the Committee - RESCO are rather good. This is an important prerequisite for 

successful implementation. The lessons learnt from this pilot project can be used as 

implementation framework for areas where similar technology may be one of 

situation. It can be concluded that the hybrid system implemented at Ko Chik shall 

improve the quality of life and encourage the other sustainable developments.   




