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Abstrakt  

Syftet med detta projekt är att föreslå förbättringar till en icke-statlig organisation i Malaysia, Lightup Borneo, 

för utformning av ett optimalt elproduktionssystem som kontinuerligt kan leverera el. Dessutom diskuteras hur 

hållbarhet kan uppnås i elektrifieringsprojekt på landsbyggden. 

Projektet har sträckt sig över sex månader, och inkluderar resultat från faktainsamling, fältarbete, samt en 

datorsstödd fallstudieanalys med hjälp av mjukvaran Homer. Statliga program för elektrifiering har undersökts, 

och verkar som referenser för genomförande av projektets mål. Kampung Mantapok valdes som föremål för 

fallstudien. Det system som för närvarande är installerat i denna by består endast av en 10 kW 

mikrovattenkraftverk med en enkel kontrollmodul. Byns totala elbehov är 53.72 kWh/d, med dagliga 

toppbelastningar kl 11 samt 17. Ett antal systemkonfigurationer, baserade på faktorförsök har utvärderas med 

HOMER. En systemkonfiguration bestående av en 10 kW mikrogenerator för vattenkraft, en 3 kW inverter 

samt två 280 Ah batterier valdes. I denna utformning erhölls det lägsta COE och NPC – RM 0.181 (US$ 0.045) 

respektive RM 46,230 (US$ 11,558). Denna konfiguration tillgodoser 100% av elbehovet på årsbasis. 

Systemkostnaden ökar då flödesuttaget från floden minskar. COE minskar när ellasten, kapacitetbrist och 

batteriets livstid ökar. 

Lika viktiga som systemkostnaden är bybornas tillfredsställelse och tillit till systemet för eltillförsel. Det 

nuvarande systemet har en 5%-ig kapacitetsbrist på årsbasis och visar sämre flexibilitet vad gäller att hantera 

varierande flöden och en framtida behovstillväxt. Därför är förbättringar i det nuvarande systemet motiverade. 

Investeringskostnaderna för förbättringar utgör 19% av investeringskostnaden för nuvarande system, men 11 

ton koldioxid kan sparas genom minskat behov av diesel, och COE och NPC minskar med 73%. 

För att uppnå hållbarhet i elektrifieringsprojekt på landsbygden föreslås fyra rekommendationer: integrering av 

utvecklingsprogram, upprättande av samhällsorganisation per by, samt förbättrat utbyte av kunskap och 

kommunikation. Projektets resultat är användbara för Lightup Borneos kommande projekt, livscykelanalys av 

system för elproduktion och studie av samhällsbaserade elproduktion, och om energireform i Malaysia. 
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Abstract 

The objectives of this project are to propose improvements to one of the civil society organisations, Lightup 

Borneo, helping it to attain an optimal power generation system capable of supplying reliable and continuous 

electricity, as well as to achieve sustainability of rural electrification projects.  

The project spans six months; methodology includes desk research, field research, case study and simulation 

using HOMER. The review of government programmes provided references for accomplishing the project 

objectives. Kampung Mantapok was chosen as the subject of case study. Current system installed at this village 

only consists of 10 kW micro-hydropower system. Total electricity demand of the village is 53.72 kWh/d, with 

two daily peak load occurring at 11 am and 5 pm. Eight system configurations were derived based on two-level 

full factorial design and evaluated with HOMER.  

A system configuration consisting of 10 kW micro-hydro generator, 3 kW inverter and two units of 280 Ah 

battery was selected. Its COE and NPC are the lowest – RM 0.181 (US$ 0.045) and RM 46,230 (US$ 11,558) 

respectively. It has 0 % of annual capacity shortage and unmet load. When system cost increases, when river 

discharge reduces. COE reduces when electricity load, capacity shortage and battery lifetime increase.  

Villagers’ level of satisfaction and confidence, assuming to be inversely proportional to capacity shortage and 

unmet load, are equally important as the system cost. Current system has 5 % of capacity shortage and lower 

resiliency, indicating incapability of handling load growth and variations of river discharge. Improvements for 

current system are justified given the above facts. The upfront cost for improvements is 19 % of the capital 

cost of current system. The improved system also outweighs diesel-fuelled system by saving 11 tons of carbon 

dioxide emission and having 73 % lower COE and NPC. 

In order to achieve sustainability of rural electrification projects, four recommendations were proposed, namely 

integration of development programmes, establishment of community organizations, enhancing knowledge 

sharing and communication. Project findings are useful for Lightup Borneo’s upcoming projects, life-cycle 

analysis of power generation system and study of community-based electricity generation, as well as energy 

policy reform in Malaysia. 
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1 Introduction 

Electricity supply is conceived as one of the pillars supporting socio-economic development of a nation and an 

indispensable instrument for freeing population of poverty cycle, in particular the poor in rural areas. According 

to a country remark presented by Malaysian representative during the First Annual Sustainable Energy for All 

Forum and Launch of the United Nations Decade of Sustainable Energy for All (2014 – 2024), the electricity 

access rate in Malaysia, as at 2013, had achieved 96.86 %. The percentage was above regional average. However, 

it was contributed by high electricity access rate in Peninsular Malaysia (99.72 %), whereas two East Malaysia 

(also known as Malaysian Borneo) states: Sabah and Sarawak had only achieved 92.92 % and 88.01 % 

respectively. The percentage revealed that approximately 0.8 million1 Malaysians are living without electricity 

access. Most of them are living in rural areas of East Malaysia.  

The disparity between East and Peninsular Malaysia is rather unusual, because both should assume the same 

pace of development. Moreover, progress of electrification programmes in East Malaysia is slow, despite federal 

budget multiplies each year for the past decades, to catch up with Peninsular Malaysia.  

The same period also witnesses the rise of rural peoples’ self-effort to electrify their villages, as these villages, 

particularly the small and dispersed, failed to receive financial and technical supports from the federal or the 

state administration. These civil efforts resort to stand-alone power generation systems, e.g. diesel generators, 

PV systems and micro- or pico-hydropower systems for electricity (Randell, 1992) (Murni, Whale, Urmee, Davis, 

& Harries, 2013) (Anyi, Kirke, & Ali, 2010). As a result, a number of civil society organisations in East Malaysia, 

e.g. Lightup Borneo, Tonibung and Barefoot Mercy emerged and took up the role of the government to provide 

financial and technical assistances to villages in dire need. Financial assistance, disseminated through civil society 

organisations, are largely in the form of public donations or grants endowed by charity foundations or 

companies in fulfilment of their corporate social responsibility (CSR). For capital project loans, beneficiaries 

(villages or individuals) are required to repay the loan over an agreed period. Village committees are entitled to 

collect fee and manage electricity demand, through prepaid metering system or monthly fixed charges. 

Lightup Borneo, the partnering organisation for this project, has completed more than 20 rural electrification 

projects since 2012. Project details are tabulated in Appendix I. Pico- and micro-hydropower systems are the 

sole choice of technology for these projects. Funding is supported by public donations or, occasionally, 

sponsorship provided by universities and companies. Project cost, depending on the required power output of 

each village, ranges from RM 3,000 (or US$ 7472) for 0.5 kW to RM 40,000 (or US$ 9963) for 10 kW. 

Undertaken by Lightup Borneo, project planning includes site inspection, machine design and procurement. 

Villagers are responsible for the construction of water reservoir, power house and installation of pipes and 

generator set.  

Unsupported by government funding, survival of this organisation is guaranteed by preserving lean 

organisational structure. Project costs are kept to minimum by simplifying system design and layout. Present 

design approach only considers two design parameters: head (pressure) and flow rate (river discharge). It 

approximates villager’s electricity demand, rather than collecting the demand (present and future) data through 

organised methods. Technical drawing and bill of materials are unavailable for present design, making reference 

and design study difficult. Existing systems succumb to voltage instability, resulting from variations of rainfall 

pattern and river flow. The system neither caters storage for excess electricity nor guarantees continuous 

electricity supply, if peak demand exceeds supply.  

                                                           
1 Based on the population of Malaysia in 2013, which is 29.72 million 
2 Exchange rate at the time of writing: RM 1 = US$ 0.25. Same exchange rate is applied for all Malaysian monetary 
values, including Malaysian Dollar (M$) in Chapter 3. 



10 
  

Operation and maintenance of power generation systems are then handed over to the villagers who are only 

trained of basic technical know-how. As a result, power generation systems often suffered from premature 

breakdown due to the absence of effective operation and maintenance.  

1.1 Objectives 

Aware of the issues confronting Lightup Borneo, the objectives of this project focus on improving Lightup 

Borneo’s current design approach and power generation system as well as proposing recommendations 

concerning non-technical aspects, aiming to achieve the sustainability of rural electrification projects. Several 

research questions have to be answered in the course of achieving the objectives: 

 What are the weaknesses or challenges of rural electrification in East Malaysia? What lessons can be learned? 

 How to design an optimal power generation system capable of delivering reliable and continuous electricity 

to rural areas? 

 What are the factors affecting the sustainability of rural electrification and power generation system, besides 

technical factors? 

1.2 Methodology 

Desk research
Field 

research

Simulate power 
generation 

system using 
HOMER

Propose technical 
improvements and 

other 
recommendations

Discussions and 
Conclusion 

Select 
village for 
case study

 

Figure 1 Flowchart of methodology 

A flowchart of methodology is illustrated in Figure 1. The project begun with desk research, a process of 

collecting and synthesising related background knowledge from different sources, e.g.: 

 Journal publications 

 Government (including electricity companies) reports and statistics  

 Reports and statistics of international bodies (UN, World Bank, etc.) 

 Websites 

Following the process, the project objective, research questions and scopes were moulded. Before commencing 

the case study, it is vital to gain insight of the context of rural electrification in East Malaysia, particularly 

development of electricity supply in East Malaysia and government policies. It is helpful for determining the 

subject of case study and answering second and third research questions. Three methods were adopted in field 

research: 

 In-depth (semi-structured) interview 



11 
  

 Observation 

 Questionnaire 

Each method plays its strength in obtaining different answers. In-depth (semi-structured) interview was 

conducted to one interviewee or a group of interviewees. Interviewees were asked a few short questions and 

given freedom to elaborate answer for each question. These interviews capture individual perception, 

experience or reflection on topics of concerns. Often, interviewees provide new, unanticipated inputs into the 

conversation. Observation is a non-intrusive method. Sighted situations were documented with notes or in the 

form of photos and videos.  

Current design approach and power generation system have to be examined in order to propose the 

improvements. Using the case study approach, a village with micro-hydropower system was selected. Selection 

criteria were derived following the desk research and first field research. Questionnaires were used to gather 

quantitative data, e.g. socio-economic and electricity consumption (existing and future) of the village. Power 

generation systems with different combinations of components, all including micro-hydropower system, were 

derived using two-level full factorial design and evaluated using energy system modelling software – HOMER. 

Details of design approach are illustrated in Figure 2. 

Electricity consumption is one of the four requisite inputs (Sigarchian, Paleta, Malmquist, & Pina, 2015) for 

modelling power generation system using HOMER. Two other inputs: primary energy sources and choices of 

technology were determined via observation and questionnaires. The last input – meteorological data was 

obtained from database accessible through HOMER. The system with a list of required components was 

proposed using an integrated design approach – combining results from HOMER and other decision 

parameters. Finally other non-technical recommendations and conclusion were presented. 
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Collect 4 inputs for 
HOMER

Choices of 
technology

Primary energy 
sources

Electricity 
consumption

Meteorological 
Data

Propose system 
configuration

Select components 

Use 2-level full 
factorial design 

Simulate and 
optimize each 

configuration with 
HOMER

8 system 
configurations are 

derived

Which 
configuration is 

optimal?

Perform sensitivity 
analysis for 

configuration 2

Configuration 2 is 
chosen

Should current 
system be improved?

End of design 
process

Yes, configuration 2 
is adopted to 

improve current 
system

Create and save 
components in 

HOMER’s library Analyse results

 

Figure 2 Flowchart of power generation system design approach 

1.3 Project Scope 

This project spanned six months, from February to July. Desktop research took up the first two months. Two 

field researches, each took up two weeks, were conducted after desktop research. In between field researches, 

a month was spent on writing the report. Thereafter, modelling of power generation system and results of 

second objective were completed. 

Five villages in Sabah – Kampung Mantapok, Kampung Ulau, Long Pasia, Long Pinasat and Kampung Iburu 

were visited during the first field research. Second field research covers two villages in Sarawak – Buduk Nur 

and Buduk Aru and two villages in Sabah – Kampung Mantapok and Kampung Iburu. The scope included 

inspecting existing micro-hydropower systems, investigating benefits of rural electrification and impressions of 

government rural electrification effort. 

Kampung Mantapok was chosen for this case study. It is a small village of 10 houses, located at the central 

region of Sabah. The study focuses on system configuration with available products or technologies, e.g. wind 

turbine, solar panel, pelton turbine and lead-acid battery. Research and development of emerging technologies 

are not within the scope. Results of the case study may apply to villages sharing resemblance in size, electricity 

profile and geographical conditions. More importantly, the comprehensive design approach can be replicated 

to other projects, regardless of electricity consumption and number of villagers.  
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1.4 Limitations 

Difficulty of accessing rural areas and availability of transport had posed the greatest challenge to this project. 

The journey took half a day, juddering along in a four-wheel-drive pickup truck to arrive at most villages from 

the nearest town. Second field trip had to be shortened when the truck broke down. Western and central region 

of Sarawak were excluded due to geographical wideness and time constraint.   

Government officials were not interviewed. As described in Section 1.2, opinions of government officials or 

new inputs might be overlooked. Related information was obtained from government websites and journal 

publications. Some data might have outdated or incomplete. Compilation was laborious because certain data 

published by government agencies, the state and the federal governments are contradictory, in particular, data 

for generation capacity and rural electrification rate. 

1.5 Report Organisation 

The project report comprises seven chapters: 

Chapter 1 presents the background of this project, objective, methodology, scope and limitations.  

Chapter 2 briefly describes the history of Malaysia and profile of East Malaysia, including development of 

electricity supply industries. This chapter also provides information about generation capacity and transmission 

network in East Malaysia. 

Chapter 3 introduces the concept and benefits of rural electrification, followed by a narration of government 

role and various government-funded programmes. At the end, the analysis and findings of the chapter are 

presented.   

Chapter 4 analyses Lightup Borneo’s existing design approach and micro-hydropower system, following the 

case study method and using energy system modelling software – HOMER.  

Chapter 5 presents the non-technical recommendations to expand rural electrification in East Malaysia and 

achieve sustainability of stand-alone power generation systems.  

Chapter 6 concludes the project and presents an outlook for potential researches extended from the thesis. 
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2 Profile of East Malaysia 

2.1 A Brief History of Malaysia and East Malaysia 

 

Figure 3 Sabah and Sarawak (East Malaysia), at the right (The University of Texas at Austin, 2016) 

Malaysia was formed of the Federation of Malaya, Singapore state and two British Crown Colonies in Borneo 

Island: North Borneo and Sarawak on 16th September 1963 (Ministry of Tourism and Culture, 2015). North 

Borneo was renamed Sabah after the formation of Malaysia. In less than two years, Singapore left Malaysia and 

declared independence. That leave Malaysia with 13 states and one federal territory (capital of Malaysia, Kuala 

Lumpur) in Malay Peninsula, two states in Borneo Island.  

The Malaysia agreement signed prior to the formation of Malaysia entitled two Borneo states higher level of 

legislative autonomy. Such legislative autonomy includes separate immigration control, land law and rules for 

local government. 

In 1984, Labuan Island, a district of Sabah, was ceded to federal government and made into federal territory. 

Separated from each other by South China Sea, Peninsular Malaysia and two Borneo states are widely recognised 

as West and East Malaysia. 

2.2 Sarawak and Sabah – Two East Malaysia States 

2.2.1 Geography and Climate 

East Malaysia accounts for 60 % of the country total area. Sarawak is the largest state of Malaysia, which has 

an area of 124,450 km2 (Department of Statistics, Malaysia, 2010). As the second largest state, Sabah has an 

area of 73,631 km2 (Department of Statistics, Malaysia, 2010). Both states encompass the world’s oldest tropical 

rainforests, the highest peak in Borneo, Mount Kinabalu (Sabah Tourism, 2015) and two UNESCO world 

heritage sites: Gunung Mulu National Park and Kinabalu Park (UNESCO World Heritage Centre, 2016). 
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Malaysian Borneo also has the two longest river systems in Malaysia, which are Rajang River (760 km) in 

Sarawak and Kinabatangan River (560 km) in Sabah. 

The largest city in East Malaysia is Kuching, which is also the Sarawak state administrative centre. Other major 

cities include Sibu, Miri and Bintulu. Major cities in Sabah are Kota Kinabalu, Sandakan, Lahad Datu, Keningau 

and Tawau. Kota Kinabalu is the capital city of Sabah and the second largest city in East Malaysia. Beyond the 

comparatively developed coastal areas are the vast reaches of hinterland. 

East Malaysia has an equatorial climate (tropical rainforest climate), which is characterised by uniform 

temperature, high humidity, light wind and abundant rainfall throughout the year. Variation in rainfall patterns 

is attributed to topographical conditions, seasonal monsoon winds (McGinley, 2011) and, occasionally, irregular 

and complex climatic variation. Nonetheless, inland areas of Sarawak and southern areas of Sabah receive 

uniformly distributed rainfall throughout the year.  

2.2.2 Demography  

The population of Sarawak and Sabah are 2.47 million and 3.21 million, respectively (Department of Statistics, 

Malaysia, 2010). Urbanisation rate of Sabah and Sarawak is 54 % and 53.8 %, respectively. Malaysian 

Department of Statistics defines urban areas as below (Department of Statistics, Malaysia, 2010): 

“Gazetted areas with their adjoining built-up areas which had a combined population of 10,000 

or more. Built-up areas were defined as areas contiguous to a gazetted area and had at least 60 

per cent of their population (aged 15 years and over) engaged in non-agricultural activities.  

..also takes in account the special development area namely the development area which is not 

gazetted and can be identified and separated from the gazetted area or built-up area of more 

than 5 km and a population of at least 10,000 with 60 per cent of the population (aged 15 years 

and over) engaged in non-agricultural activities.” 

Namely, areas with population of less than 10,000, engaging in agricultural activities are categorised as rural 

areas. An alternative definition of rural areas, stated in the Rural Master Plan is as follows (Ministry of Rural 

and Regional Development, 2010): 

“Area with population of less than 10,000, having agricultural activities and natural resources 

and which its population is either clustered, living in parallel or scattered.” 

Population density for both states is relatively low: 22 person per km2 for Sarawak and 44 person per km2 for 

Sabah. The population data and urbanization rate reveal more than 40 % or 2.62 million of population in East 

Malaysia live in rural areas.  

Furthermore, East Malaysia is the customary (native) land of various indigenous tribes. In Sarawak, indigenous 

tribes include Berawan, Bidayuh, Bisayah, Iban, Kayan, Kedayan, Kelabit, Kenyah, Murut, Penan and Punan. 

They constitute 48 % of Sarawak total population. The largest tribe in Sarawak is Iban, accounting for 29 % of 

total population. In Sabah, there are 39 indigenous groups, including the 4 main groups: Bajau, Kadazan/Dusun, 

Murut and Paitan and other tribes, e.g. Lundayeh. The indigenous population in Sabah constitutes 55.5 % of 

total population (Department of Statistics, Malaysia, 2010). Kadazan/Dusun people has the highest population 

among the tribes, which is 18 % of total population. 

2.2.3 Economy 

Economic development in East Malaysia is supported by abundant natural resources – timber wood, fossil fuel 

reserves and minerals. Sarawak is one of the world's largest exporters of rainforest timber. Economic activities 
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in coastal lowlands and cities are manufacturing, services, construction and large-scale agriculture (palm oil 

plantation); whereas in rural areas, main economic activities are cultivation of crops and livestock farming. 

Sarawak’s economy contributes 10 % of Malaysia’s GDP in 2014 and has the third highest GDP per capita 

(Department of Statistics Malaysia, 2015). Despite having a moderate GDP growth rate of 5 % in 2014 

(Department of Statistics Malaysia, 2015), Sabah remains the poorest state in Malaysia. Both oil producing states 

only receive 5 % fixed royalty from national oil and gas company, Petronas. 

Income disparity between urban and rural populates is large, as pointed out in Chapter 6 of Malaysia Human 

Development Report 2013 (United Nations Development Programme (UNDP), 2013). The report also 

concludes that indigenous groups in East Malaysia are lagging behind non-indigenous groups in earnings. 

Conceivably, underdeveloped infrastructures and absence of government attention hamper the rural folks from 

selling their farming surpluses, which directly reduces their monetary income. 

2.2.4 Infrastructure  

Sarawak has two international airports in Kuching and Miri, and five regional airports (Sarawak Government, 

2016). International and coastal shipping are facilitated by ports in 4 major cities (Kuching, Sibu, Bintulu and 

Miri). The state also has a 30,000 km of road network and Trans Borneo (Pan Borneo) Highway that connects 

major cities in Sarawak and Sabah, passing through Brunei.  

Airports and sea ports in Sabah are located in major cities of Kota Kinabalu, Kudat, Sandakan, Lahad Datu and 

Tawau. By 2005, the total length of roads is 15677 km, in which 61 % were gravel and earth roads. Crocker 

range forms a natural barrier to the road connectivity between central and western regions (Sabah Economic 

Development and Investment Authority (SEDIA), 2007). 

Inland areas and remote population in Sarawak are connected by river transport networks and smaller airfields. 

The combined length of 55 navigable rivers in Sarawak is 3,300 km (Sarawak Government, 2016). There is only 

one airfield in inland Sabah. Some rural villages in Sarawak and Sabah have land access via logging (gravel or 

earth) roads, which are often built haphazardly. Villagers living in such area without basic transportation often 

have to traipse to some nearest towns. 

Treated water is supplied through piping system to all main towns in Sabah and Sarawak. In remote areas, water 

supply is fulfilled by gravity-fed system, tube wells and rain harvesting systems. By end of 2014, water supply 

coverage for rural areas in Sabah and Sarawak is 73.1 % and 76 %, respectively (Economic Planning Unit, Prime 

Minister's Department, Malaysia, 2015).   

2.3 Development of Electricity Industry in East Malaysia  

Before 1963, development of electricity supply was carried out by the colonial government of North Borneo 

(renamed to Sabah after joining Malaysia) and Sarawak. First generating plant was installed in 1924, which 

comprised of two 250 kW DC, coal-fed generators (Randell, 1992). Subsequently in 1932, Sarawak Electricity 

Supply Company Limited was formed and given the exclusive generating rights. In 1952, the Electricity Supply 

Ordinance granted state government sole legislative power over electricity supply. The company was dissolved 

in 1962 and replaced with Sarawak Electricity Supply Corporation (SESCo) (Sarawak Sesco Berhad, 2009). 

Total maximum demand was over 7,700 kW, supported by 15 power stations (Randell, 1992). 

In North Borneo, North Borneo Electricity Board was formed in 1957 by combining 3 organizations, which 

supplied electricity to North Borneo since 1910. It was renamed to Sabah Electricity Board (SEB) in 1963, 

when East Malaysia joined Malaysia (Sabah Electricity Sdn. Bhd., n.d.). After the formation of Malaysia, the 

state government of Sarawak and Sabah took control of electricity supply regulation and management, largely 

through statutory board or owning corporation shares.  
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In the midst of privatisation, initiated under the Malaysia’s Privatisation Master Plan (Cheong, 2009), SEB was 

incorporated in 1998, becoming Sabah Electricity Sdn. Bhd. (SESB). In later years it became the subsidiary of 

Tenaga National Berhad3 (TNB), when 80% of its shares were acquired. SESCo was privatised in 2005; it was 

then renamed to Sarawak Energy Berhad (SEB) in 2012. Nonetheless, electricity industry in these two states 

was continuously monopolised by both companies.  

During the early 1990s, federal government introduced competition to increase reserve capacity, supply 

reliability and cost effectiveness by bringing in Independent Power Producers (IPPs). The role of IPPs was 

confined to generation phase; electricity produced by IPPs was then sold to electric utility companies based on 

the terms in the Power Purchase Agreements. By the end of 2014, there are eight IPPs in Sabah and one in 

Sarawak.   

Energy Commission was established in 2001 after the passing of Energy Commission Act. It was tasked with 

regulation of energy supply activities (including electricity) and enforcement of supply laws (Energy 

Commission Malaysia, 2014). It has jurisdiction in Peninsula Malaysia and Sabah. In recent years, following the 

enactment of Renewable Energy Act 2011 and Sustainable Energy Development Act 2011 (Sustainable Energy 

Development Authority Malaysia, 2014), power producers from Sabah which are using renewable energy 

sources were allowed to sell electricity to SESB under Feed-in-Tariff (FiT) scheme.  

2.4 Generation Capacity, Transmission and Distribution 

As of 2014, the total installed generation capacity in Sarawak is 3951 MW, including the capacity of 2400 MW 

produced by Bakun hydro power plant. Generation cost is 10.57 sen/kWh4, equivalent to 0.03 US$/kWh 

(Energy Commission Malaysia, 2014). Generation fuel sources include natural gas, coal, diesel and hydro (Figure 

4), with hydro being the largest contributor (69 %) of total generation capacity (Energy Commission Malaysia, 

2014). Electricity supply interruptions per 1000 customers is 10.92, mainly caused by transient loss and faulty 

equipment. 

For Sabah, the total installed generation capacity (including SESB, IPPs and renewable energy producers) is 

1472 MW; generation cost is 20.47 sen/kWh, equivalent to 0.05 US$/kWh (Energy Commission Malaysia, 

2014). Electricity supply in Sabah is supported by four types of fuel source: natural gas, diesel, hydro and 

renewable sources (biomass, biogas, solar and mini-hydro). Natural gas is the largest contributor of generation 

mix, amounted to 67 % (Energy Commission Malaysia, 2014) of total generation capacity (Figure 4). Electricity 

supply interruptions per 1000 customers is 39.84. Main causes of interruptions are due to bad weather, overload, 

poor connection and fallen trees. Adoption of renewable energy is slow, restricted due to the following reasons 

(Energy Commission Malaysia, 2014): 

 lack of incentives; offer price from SESB is capped at 21 sen/kWh (0.05 US$/kWh) 

 long-term fuel supply commitment   

 loan inaccessibility for potential producers with low financial backing  

 expansive grid connection due to the remoteness of new plant 

                                                           
3 Tenaga National Berhad (TNB), the largest electricity company in Malaysia. It was corporated in 1990 to succeed 
National Electricity Board (NEB) of Malaysia. It dominates the electricity industry of Peninsula Malaysia and Sabah. 
4 MYR 1 = 100 sen 
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Figure 4 Generation fuel mix of Sarawak and Sabah in 2014 

As shown in Figure 5, transmission line lies along the coastal region of Sarawak, connecting cities and power 

plants. As of 2014, the total length of Sarawak transmission line is about 1600 km, consists of 1,235 km of 275 

kV and 372 km of 132 kV lines. Distribution line has a length of about 30,000 km (Energy Commission Malaysia, 

2014). A 500 kV transmission line is being developed in stages, in coordination with the development of hydro 

power plants (Sarawak Energy Berhad, 2010). It would serve as the backbone of Sarawak transmission system, 

connecting the power plants via extending 275 kV network. Transmission and distribution lines are far away 

from eastern and south-eastern region of Sarawak. 



 

 Figure 5 Layout of Sarawak current transmission line (Energy Commission Malaysia, 2014)



In Sabah, transmission networks are formed of approximately 2440 km of transmission line5 (Energy Commission 

Malaysia, 2015) and 10,000 km of overhead and underground distribution network (Energy Commission Malaysia, 

2014). The layout of current and future (planned) transmission network of Sabah is shown in Figure 6. There are plans 

to extend the grid to Sarawak via Brunei and two other neighbouring countries: Indonesia at the south and Philippines 

at the northeast. A southern link project has also been scheduled to reinforce the transmission line connecting west 

coast and east coast grids. Figure 6 also shows that central, north-eastern and part of the eastern region of Sabah are 

not covered by transmission and distribution lines. 

 

Figure 6 Layout of Sabah current and future transmission line (Energy Commission Malaysia, 2015) 

 

 

                                                           
5 By first half of 2015 
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3 Rural Electrification in East Malaysia 

3.1 Concept of Rural Electrification 

In the information paper published by International Energy Agency (Neiz, 2010), rural electrification is defined as  

“the process by which access to electricity is provided to households or villages located in the isolated 

or remote areas of a country.” 

With regard to the variation in definition of rural areas, or rural electrification between countries, Maillard et al. 

(Maillard, 1985) proposed a generalised definition of rural electrification:  

“rural electrification comprises all activities aimed at enabling users situated outside major cities to 

have access to electricity. The electrification process can be differentiated from the conventional 

scheme of extension of a national grid, as it covers everything up to independent configurations 

supplying power for a specific, determined need, and the solving of specific technical and economic 

problems.”  

In summary, characteristics of rural electrification are as follows (Reiche, Covarrubia, & Martinot, 2000) (Randell, 

1992) (Els, Vianna, & Antonio Cesar Pinho Brasil Jr, 2012) (Haanyika, 2006): 

 Constrained by geographical remoteness 

 Catering for areas of low population density and dispersed communities with low level of consumption (low load 

factor) and low demand growth profile 

 Traditionally, extension of transmission and distribution network is prioritized, however the method becomes 

technically and economically infeasible as electrification programmes progress; decentralized or stand-alone 

systems are favoured as villages are smaller and more isolated 

 Diesel generators are widely-adopted, but cost of operation and maintenance are high (Sovacool & Valentine, 

2011), which are attributed by excessive acquisition and transportation cost of diesel fuel 

 Excessive costs of supply, distribution and maintenance, resulting from the combined effect of the 

aforementioned characteristics 

 Having consumers with limited ability to pay and income level that is incomparable to city dwellers 

3.2 Benefits of Rural Electrification 

3.2.1 Social Benefits 

Household lighting is the most common, yet most dire needs of rural people. Few authors concluded that electric light 

produces much higher luminance with lower energy input than non-electric light (normally kerosene lantern and 

candle). As reported by Mills (Mills, 2003), useful light produced by typical kerosene lanterns are between 1 and 6 

lumens per square meter (lux), which is inadequate for tasks such as reading (standard requirement is 300 lux). The 

performance of kerosene lanterns degrades drastically as the globes became soiled (as shown in Figure 7). The cost of 

useful light for kerosene lantern ranges between US$ 1.8 and US$ 3.8 per klxh6 (RM 7.237 and RM 15.26 per klxh), 

compared to a 1-watt light-emitting diode (LED) bulb of US$ 0.05 per klxh (RM 0.2 per klxh). Worse off, energy 

consumption of non-electric light is around 65 times higher than electric light (Nieuwenhout, van de Rijt, 

Wiggelinkhuizen, & vand der Plas, 1998).  

                                                           
6 klxh = thousand lux-hours 
7 Exchange rate (at the time of writing) for US$ 1 = RM 4.01 
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Figure 7 Soiled kerosene globe 

Electric lighting gives children ample time to study after dark. Uncertain affordability and price volatility of fuel pose 

challenge to most rural people. A villager from Long Pinasat lamented his children are unable to study at night when 

he cannot afford lighting fuel. If there exists 24-hours of reliable electricity supply, he will make a room available with 

electric lighting for his children to study. Indoor air quality and fire safety improve by obsoleting kerosene lanterns 

and candles. Street lightings and lightings for community buildings extend social nocturnal activities and increase safety.  

Electricity attracts educated staff to serve in rural areas, which improves the service quality of schools and hospitals 

(Ruijven, Schers, & Vuuren, 2012). Electricity supply reduces rural-urban migration, as living and economic conditions 

in rural areas are ameliorated. Moreover, it attracts young folks in city to return to villages. It empowers rural 

communities, when they become connected and informed by the use of mobile phones and watching television 

programmes. Likewise, it promotes gender equality and empower women, as women’s drudgery in collecting 

traditional fuels – a factor of women’s deprivation of education and income-generating activities – is relieved 

(Kaygusuz, 2011). 

3.2.2 Economic Benefits  

Productive use of electricity for agricultural activities, e.g. using power machine to mill rice and dry crops, replaces 

fossil fuel engine, human labour and accelerates rural development (Ruijven, Schers, & Vuuren, 2012). Electricity also 

stimulates rural home enterprises (Independent Evaluation Group (IEG), 2008). A policy research working paper 

(Khandker, Barnes, & Samad, 2009) argued that electricity increases total income gain by as much as 30 %; farm 

income increases by almost 50 % for rich households, which invest more on farm activities than poorer farmers8. 

Electricity extends the opening hours of home businesses and increases the net household income. Women have extra 

hours after dark for income-generating activities, e.g. making handicrafts and sewing clothes. Many women in Long 

Pasia weave baskets, bracelets, wallets, ribbon belts and handbags. These weaved products are sold at the price of RM 

10 to RM 200 (US$ 2.50 to US$ 50). Earnings from weaved products lessen household’s financial burden, if the 

household livelihood solely rely on subsistence agriculture. 

                                                           
8 The positive impact of rural electrification on local economy is, however, country- and context-specific. Rural electrification 
alone is not sufficient for economic improvement; other infrastructural development and complementary services, e.g. roads, 
telecommunication coverage, financial assistance are necessary. 
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Electricity for battery charging encourages circulation of modern communication tools (mobile phones) in rural areas 

– increasing business opportunities for rural entrepreneurs. Evidently, rural villagers in Long Pasia rely on mobile 

communication to operate their rural tourism and homestay businesses, i.e. contacting/ contacted by travel agencies 

or tourists to arrange transport and lodging. Electricity also provide certain level of comfort (sense of security) to 

tourists from developed countries. According to one homestay operator from Long Pasia, refrigerator or chest freezer 

is needed to store perishable food because it cuts operating costs (by reducing unnecessary loses). Besides, most 

villagers in Long Pasia are hunters; hunted meats can be stored for longer period and sold for extra income.   

3.2.3 Environmental Benefits 

Electric lights reduce annual greenhouse-gas emissions of kerosene lamp. A 1 W light-emitting diode (LED) bulb 

saves 250 kg CO2 per year as it replaces a kerosene lantern (Mills, 2003). Additionally, emission of harmful pollutants, 

e.g. soot, SO2 are reduced by replacing traditional energy extraction methods (burning biomass and coal) with 

renewable energy systems. Promotion of renewable energy is also congruent with the effort to mitigate environmental 

deterioration, particularly climate change. It also decreases unsustainable use of biomass – the culprit for deforestation, 

soil degradation and erosion.   

3.3 Development of Rural Electrification in East Malaysia  

First Malaysia Plan (1966 – 1970) was the first national plan that included Sabah and Sarawak since the formation of 

Malaysia in 1963. The importance of meeting electricity demand by extending supply network, particularly in rural 

areas was outlined in the plan. The plan also recognised that electricity systems in East Malaysia were much less 

developed comparing to Peninsular Malaysia (Economic Planning Unit, 1965). Under the Plan, expenditure for rural 

electrification in Sabah was M$9 1 million. The expenditure for Sarawak was only M$ 0.1 million (Economic Planning 

Unit, 1970).  

During the period of Second and Third Malaysia Plan (1971 – 1980), a sum of M$ 23.8 million was allocated for rural 

electrification in Sabah. An amount of M$ 13.4 million was apportioned for projects in Sarawak (Economic Planning 

Unit, 1980). The programs in Sarawak were also funded by SESCo’s internal resources and loan from Asian 

Development Bank. The number of electrified rural households in Sabah increased from 7.5 % in 1970 to 29 % by 

the end of 1980. Meanwhile, number of households in Sarawak which benefitted from rural electrification projects 

increased from 870 (six villages) to 5000 (73 villages) (Economic Planning Unit, 1980). 

Minor projects (provisions of small generator sets), mini hydro schemes and photovoltaic (PV) systems were 

introduced in East Malaysia (Economic Planning Unit, 1980) under Fourth Malaysia Plan (1981 – 1985). Total 

expenditure during the plan period was M$ 617.18 million (Economic Planning Unit, 1985). 

Under Fifth Malaysia Plan (1986 – 1990), several measures were considered to improve development of rural 

electrification programs (Economic Planning Unit, 1985): 

 Diversifying energy resources, with emphasis given to mini hydro projects 

 Prioritising projects according to specific guidelines 

 Relocating villages to a centralised location  

 Creating growth centres for rural industrial development 

Expenditure for rural electrification during the period was M$ 725.6 million (Economic Planning Unit, 1991): 78.5 % 

was borne by federal government and remaining was borne by non-financial public enterprises (NFPEs). NFPEs 

include TNB, SESCo, SEB and Petronas.  By the end of 1990, rural electrification coverage10 in Sabah and Sarawak 

                                                           
9 Malaysian Dollar, M$ was used before 1993. It was replaced by Malaysian Ringgit (RM) in 1993 
10 Number of electrified households as a percentage of total rural households 
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achieved 48 % and 52 %, respectively (Economic Planning Unit, 1991). The reason given for low coverage in East 

Malaysia, compared with Peninsula, is higher development costs due to geographical factors and dispersed population. 

By end of 1995, rural electrification coverage in Sabah increased to 65 %. Likewise, coverage in Sarawak increased to 

67 % (Economic Planning Unit, 1996). Choices of technology for effective rural electrification remained crucial during 

the implementation phase of Sixth Malaysia Plan. Alternative technologies such as micro hydro generators and hybrid 

systems were considered. Nonetheless 87 % (Economic Planning Unit, 1996) of total amount expended by federal 

government was utilised for grid extension. Under the plan, non-financial public enterprises (NFPEs) contributed 

16.7 % of total budget (RM 599.2 million) (Economic Planning Unit, 1996) for rural electrification. 

In 1996, Ministry of Rural Development funded the installation of stand-alone PV systems. The systems were installed 

by BP Solar Malaysia and its joint venture partners – Projass Engineering and Projass Enecorp (Baxter, 2007). 

According to Census 2000, rural electrification coverage in Sabah and Sarawak was 67.1 % and 66.9 % (The Economic 

Planning Unit, Prime Minister's Department, 2006), respectively. Total expenditure for seventh Malaysia plan was RM 

463.6 million. 

The focus of rural electrification programs was shifted to East Malaysia at the beginning of new millennium, as 

Peninsula had achieved more than 95 % of rural electrification coverage. In addition to federal budget, electricity 

supply industry trust funds were established to finance the programs. In 2004, installation of stand-alone PV systems 

by BP Solar Malaysia was completed. More than 13,000 PV systems were installed between 1996 and 2004 (Wikinvest, 

2006).  

By 2009, coverage in Sabah, was 77 % and 67 % in Sarawak (Economic Planning Unit, Prime Minister's Department, 

2010). In 2010, government launched Government Transformation Programme (GTP). One of the six National Key 

Result Areas (NKRA) specified in GTP is improving rural basic infrastructure. Development projects extended to 

more remote and isolated areas. By end of 2012, coverage in Sabah increased to 88.7 %; coverage in Sarawak increased 

to 82.7 % ( Performance Management and Delivery Unit (PEMANDU), Prime Minister's Department, 2011). 

As described in the plan, community involvement and partnership with NGOs will be promoted to expedite rural 

electrification. The rural electrification coverage for East Malaysia is estimated to achieve 99.9 % in 2020 (Economic 

Planning Unit, Prime Minister's Department, Malaysia, 2015). 
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Table 1 Expenditure/budget and electrification rate of two states 

Malaysia 

Plan 
Years Expenditure/ Budget 

Electrification Rate (%) 

Sabah Sarawak 

1st 1966 - 1970  M$ 24.1 million (US$ 6 million) - - 

2nd  1971 - 1975 M$ 18.4 million (US$ 4.6 million) - - 

3rd 1976 - 1980 M$ 224.4 million (US$ 56.1 million) - - 

4th 1981 - 1985 M$ 617.2 million (US$ 154.3 million) - - 

5th 1986 - 1990 M$ 725.6 million (US$ 181.4 million) 48.0 52.0 

6th 1991 - 1995 RM 599.2 million (US$ 149.8 million) 65.0 67.0 

7th 1996 - 2000 RM 463.6 million (US$ 115.9 million) 67.0 67.0 

8th 2001 - 2005 RM 560.2 million (US$ 140.1 million) 72.8 - 

- 2009 - 77.0 67.0 

- 2014 - 94.1 91.0 

- 2016 RM 878 million (US$ 219.5 million) - - 

Remarks:  

"-" refers to unavailability of data 

 

3.4 Government Programs 

3.4.1 Rural Electrification Scheme (RES) 

Rural Electrification Scheme (RES) was initiated under the First Malaysia Plan to facilitate expansion projects. Project 

capital costs are funded by Ministry of National and Rural Development; operation and maintenance costs are borne 

by electricity companies (SEB11 in Sabah and SESCo12 in Sarawak). Both electricity companies are also in charge of 

implementing the projects. Electricity companies receive applications for connection, made collectively by village or 

group of ten or more houses. Also available is the Assisted Wiring Scheme (AWS), which offers loan (repayable over 

a three year period) to applicants for financing internal wiring. 

Survey is carried out by regional office of electricity companies to estimate the costs and numbers of beneficiaries 

(households). Subsequently a list of prioritized projects are compiled, in consultation with the State Development 

Office. Projects are prioritised based on the following criteria: 

 Firstly, areas assigned for development or with high economic potential  

 Secondly, areas with natural resources that can be readily exploited 

 Thirdly, areas close to transmission network or grid 

First choice of rural electrification is by extending transmission network; rural power stations (using large diesel 

generator sets) are built only if the first method is considered uneconomical. RES was continued in subsequent 

                                                           
11 Sabah Electricity Board, refer Chapter 3, Section 3.1 for detail 
12 Sarawak Electricity Supply Corporation, refer Chapter 3, Section 3.1 for detail 
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Malaysia Plans. The other programme – Rural Electricity Supply Programme (BELB) has different name, but shares 

indistinguishable features as RES. It is, therefore, uncertain if two programmes are actually the same. 

3.4.2 Rural Electricity Supply Programme (BELB)  

This programme includes other choices of stand-alone system apart from conventional diesel generator and grid 

connection. The scope of implementation, selection criteria, funding source and other detail for each system, for East 

Malaysia, are elaborated as follows (Infrastructure Division, Ministry of Rural and Regional Development): 

a.  Grid Connection 

Scope of implementation consists of construction of 33 kV (highest limit) transmission lines, substations, diesel 

generator stations and connecting low voltage lines to villages and houses. It also includes upgrading existing electricity 

supply from 12 hours to 24 hours. Internal wiring for each house is not included.  

Priority is given to village with large number of houses, new houses and public buildings, e.g. schools and clinics. 

Average cost of each house should not exceed RM 50,000 (US$ 12,500). Consideration is given based on the number 

of villagers if the average cost exceeds RM 50,000. For new villages or settlements, at least 30 % of land lots have been 

used to build houses and resided. Consideration, based on particular factors, is given for new settlements not meeting 

that criteria. Housing areas developed by private companies or government agencies are ineligible for application. 

Project costs are funded by Ministry of Rural and Regional Development. Electricity usage charges are collected by 

electricity companies.  

b. Photovoltaic (PV) System 

The systems are selected for villages that have no access road, no water sources for hydroelectric power generation 

and, during consideration, no plan for grid connection in near future (within 5-year time frame). Villages with school 

are given priority.  

The simple, stand-alone PV systems are suited for various types of building or usages. Funded by federal government, 

installation projects were carried out between 1997 and 2004. Maintenance for existing systems is continued. The 

annual maintenance after warranty period is also funded by federal government. 

c. Solar Hybrid 

The systems are chosen over grid connection when: 

 Distance of village from the nearest 11 kV grid line are more than 10 km 

 Not scheduled for grid connection in next 5 years  

 Lower construction cost than grid connection, if the aforementioned are not met  

 Electricity generation not exceeding 50 kW 

Priority is given to village with more than 20 clustered houses. In addition, condition of house must be suitable and 

safe for installation of internal wiring, low voltage overhead lines and installation of electricity metre. There must also 

be one (or more than one) acre of empty land for mounting solar hybrid system and availability of land and water 

route for transporting equipment.  

Implementation costs are defrayed by federal government. The estimated costs for installation of solar hybrid and low 

voltage overhead lines are shown in Table 2. The system is handed over to electricity companies after the installation 

is completed. Villagers are required to pay for internal wiring. They must also agree to pay the same tariff as grid 

connection to cover maintenance and operation costs. Electricity companies are eligible to claim maintenance and 

operation cost overrun from government. 
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Table 2 Estimated cost of solar hybrid installation for different number of houses (Ministry of Rural and Regional 

Development, 2015) 

Type Number of Houses Estimated Cost 

1 20 – 29 RM 1,000,000 (US$ 250,000) 

2 30 – 39 RM 1,100,000 (US$ 275,000) 

3 40 – 49 RM 1,200,000 (US$ 300,000) 

4 50 – 59 RM 1,300,000 (US$ 325,000) 

5 60 – 100 RM 1,500,000 (US$ 375,000) 

Additional costs are added for alternative transportation route other 

than land or water 

 

d. Diesel Generator 

Medium-sized diesel generator is provided to each house in a village that meets the following criteria: 

 Easily accessible via land and water route for transporting diesel 

 Distance of village is more than 10 km from grid line 

 Not scheduled for grid connection in next 5 years  

 Average cost of grid connection for each house exceeds RM 40,000  (US$ 10,000) 

Electricity consumption of each house must be between 500 W per hour and 1 kW per hour (for daily usage of 6 

hours to 12 hours). Iron, refrigerator, washing machine, rice cooker and appliances that consume more than 1 kW are 

not allowed.  

3.4.3 Village Road Lamp Programme (LJK)  

The programme (Ministry of Rural and Regional Development, 2015) began during the early period of Eighth Malaysia 

Plan. The objective is to light up public areas, thereby enhancing safety and prolonging village nocturnal activities.  

Application of this programme is only eligible for villages that are connected to electrical grid and transmission lines. 

Each village is limited to 10 units of road lamps; each road lamp is fixed on to the existing utility pole along the village 

main road, at road junctions and in front of public buildings, e.g. community halls, schools and places of worship. The 

funding covers installation, operation and maintenance costs. For a lighting structure with 70 watt of power rating, 

the costs are RM 598 (US$ 150) (for Sabah) and RM 770 (US$ 193) (for Sarawak). O&M costs are RM 7.56 (US$ 1.89) 

and RM 11.84 (US$ 2.96) for Sabah and Sarawak, respectively. 

3.5 Data Analysis and Findings  

The most notable finding of all is the unrealistic statistical figure presented by government. The yardstick of rural 

electrification adopted by Malaysian government is termed rural electrification coverage, defined by number of 

electrified households as a percentage of total rural households. The definition is vague, if compared to the inclusive 

definition adopted by Indian government in 2004 (Palit & Chaurey, 2011), which is stated as: 

“A village will be deemed to be electrified if: basic infrastructure such as distribution transformer and 

distribution lines are provided in the inhabited locality as well as the hamlet where it exists; electricity 

is provided to public places like schools, panchayat office, health centers, dispensaries, community 
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centres etc. and the number of households electrified should be at least 10 % of the total number of 

households in the village.”  

The term “de-electrification” (Palit & Chaurey, 2011) was also accepted by Indian government to specify a village that 

is officially recorded as electrified, but in reality, un-electrified after electricity supply and distribution infrastructure 

cease to operate for long period. Consequently, many villages “became” un-electrified after the new definition was 

accepted. The “de-electrification” is not adopted by Malaysian government, which means failed and discontinued 

projects could have been accounted when calculating rural electrification coverage.  

Conflict also exists between federal government account and state electricity company’s report. SEB claimed that by 

the end of 2014, rural electrification coverage in Sarawak is 85.1 %; 36 % (2,216 out of 6,235) of villages do not have 

24-hr electricity (Chen, 2015). For the same period, Eleventh Malaysia Plan cited the coverage of Sarawak as 91.0 % 

(Economic Planning Unit, Prime Minister's Department, Malaysia, 2015). Exaggerated statistical figure, attributed to 

any kind of deliberate act, human or statistical errors, underestimate the necessary effort to achieve rural electrification 

targets. 

Secondly, available energy resources and locations of stand-alone rural electrification systems are inadequately assessed, 

leading to failure. The RM 17.5 million infamous micro-hydropower project at Bario Asal (a village situated in Kelabit 

Highlands of Sarawak) failed to run after 25 minutes (Jaringan Orang Asal SeMalaysia, 2015). The reason owes to the 

purportedly oversized 100 kW system that dried up the reservoir in short period. The project was later revived by a 

non-government organisation, Tonibung at a cost of RM 500,000 (US$ 125,000). Two of the three mini-hydro power 

plants, located within Lundu region, Sarawak failed to generate electricity, attributable to insufficient amount of water 

to rotate turbine (Thien, 2002). Consultants were held responsible for inaccurate estimation of water capacity.  

Costing more than RM 10 million, mini-hydro project at Telok Melano (Loone, 2002) and micro-hydro project in Kg. 

Keranggas (The Borneo Post, 2015) also suffered the same fate. The Kg. Keranggas micro-hydropower plant was 

rendered unusable since completion in 2010, without plan to revive it. Similarly, wind turbines at Arur Dalan, a village 

in Kelabit Highlands were left idle after the construction was completed in 2009 (Kiew, 2012). SEB also reported 

three cases of failed micro-hydropower projects (Charlton, 2011) at Batu Lintang, Kota and Kejin. Causes of failure 

were: site located below flood level, erroneously installed turbine and inaccessible location for maintenance.  

Aforementioned are reported cases with details available online. There could be more unreported failed projects when 

interim evaluation or assessment of finished project is absent. Lacking of follow-up evaluation for government 

electrification projects were discovered during the field trip. According to the village chief of Kampung Mantapok, a 

diesel generator, capable to accommodate the demand of this small village, was provided by government. It broke 

down about a decade ago. Government did not attempt to repair or replace the diesel generator despite numerous 

requests had been made. His recount resonates with the village chief of Long Pasia. Two diesel generators were given 

to Long Pasia during the 70’s, however with the short life span of 10 years. After the rural electrification projects were 

deserted, villagers turned to portable diesel or petrol generators.  

According to the founder of Lightup Borneo, abandoned micro-hydro generators and malfunctioned solar PV systems 

were sighted in different villages. Provided by government, those generators and PV systems were left unattended.  

Fourthly, economic feasibility is prioritised in planning for rural electrification projects, as explained in Section 3.4 – 

project selection criteria for Rural Electrification Scheme (RES) and Rural Electricity Supply Programme (BELB). 

State electricity boards were converted into business-oriented companies after privatisation movement in 90’s. The 

performance is measured by annual revenue growth; companies’ prospect is highlighted with investment opportunities. 

These provide electricity companies unattractive incentive, unless funded by government, to provide electricity access 

to villages that are smaller and further away from grid lines.  

Lastly, barrier to obtain electricity supply is high. Rural users are charged the same electricity tariff as urban users. 

When rural users are unable to pay, their electricity supply are terminated – they become “de-electrified”. Rural users 

are also required to defray connection and house wiring cost. A villager of Kampung Ulau expressed his 
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disappointment with SESB, because he was required to bear the upfront cost of RM 17,000 (US$ 4,250) for connecting 

his house to the village’s existing low voltage overhead transmission lines. The upfront cost included total cost of 

installing 13 poles (RM 1,200, or US$ 300 per pole) and wiring cost. He and other villagers also discontented with the 

unreliability of electricity supply and SESB’s slow response to the recurrent power outages (referring to Section 2.4, 

electricity supply interruptions per 1000 customers is 39.84, 4 times higher than SEB, the Sarawak electricity company).  

Moreover, when the large diesel generators were provided to both villages, villagers had to bear the fuel cost. Villagers 

of Kampung Mantapok also had to travel a long distance by boat to the nearest main road, then hired car to purchase 

diesel in the city. Apparently, social-economic conditions of villages are not acknowledged when the rural 

electrification programmes are introduced. Economic burdens added to the villagers have distorted the good intention 

of rural electrification programmes. Incomprehensive programmes evaluation (or unavailability of evaluation) have 

failed to identify and rectify such vulnerabilities.  

The fact overlooked by government and electricity companies is that urban and rural areas do not share similar socio-

economic characteristics. Urban users work in exchange of wages, which is then converted to basic necessities and 

expenses for various services. Infrastructure in urban areas is more developed comparing to rural areas. On the 

contrary, rural users are forest-dependent, or rely on agricultural produces. They do not possess economic advantages 

of urban users; they do not have sustainable source of income.  

A few lessons are learned from government electrification programmes. Preliminary assessment of available energy 

resources and choices of technology ensure long-term operability of power generation systems. It is important to note 

that selection of technologies or energy systems is site-specific. A one-size-fits-all approach, or replication of system 

sizing in similar projects or areas without comprehensive feasibility assessment may lead to disastrous outcome. Diesel 

generators are not the sustainable choices for villages which are remote and underdeveloped, socially and economically. 

Maintenance of power generation systems is equally significant to the successful execution of installation projects. 

Villagers have to be trained, or at least given basic knowledge for operating the systems.  

Subsequently, rural electrification programmes shall be made part of the inclusive rural development projects and 

involve different agencies (which are responsible for finance, education, social benefit, etc.), universities or NGOs. 

Infrastructures (water, electricity supply and road) and complementary services shall exist before initiating economic 

development or improving affordability of rural users – using social fairness as the motivator in the initial stages of 

rural electrification. Rural tariff shall be made affordable, if not subsidized, before social-economic conditions mature. 

It is also important to keep in mind that fundamental rights of every citizen include access to basic amenities – road, 

clean water, electricity, education, health services, etc. As government subordinates the obligation to safeguard these 

rights or disregards social justice, rural users, particularly those living in and below poverty line, are alienated. It strips 

away the opportunity of rural people to strive and success. 
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4 Improving Power Generation System: A Case Study 

The basic idea for improvement of current design is that the power generation system should fulfil the electricity load 

of the village, with least or no interruption. Such system should include storage for flattening out supply irregularities 

and other components, e.g. PV panel, wind turbine and biogas engine, for harnessing other sources of renewable 

energy. The cost of integrating and maintaining those components should be justifiable, in which the cost parameters, 

for instance levelized cost of energy (LCOE), net present cost (NPE) and initial investment cost are the lowest. A 

computer software capable of modelling the defined stand-alone power generation system and performing cost-benefit 

analysis is therefore required. Based on the recommendation of experienced researchers and the review of various 

energy system analysis software (Connolly, Lund, Mathiesen, & Leahy, 2010), HOMER fits the profile. 

4.1 HOMER – Microgrid Modelling Software 

HOMER (Hybrid Optimization of Multiple Energy Resources) microgrid software is developed by U.S National 

Renewable Energy Lab (NREL). Offering three designated functions: simulation, optimization and sensitivity analysis 

(Farret & Simões, 2006), HOMER is capable of performing hourly time series analysis over a year for power generation 

systems of various energy inputs serving particular load demand. It is distinctive from other similar software 

(RETScreen, PVSol, etc.) by its simple user-friendly interface and flexibility of simulating diverse systems, though it 

does not simulate dynamic effects, e.g. electrical transients. 

First function, simulation models the performance of a power generation system to determine technical feasibility and 

life-cycle cost. Life-cycle cost is represented by total net present cost (NPC). With future cash flows discounted to the 

present, NPC accounts for costs and revenues incurred within the project lifetime. Other economic indicators are 

COE (cost of electricity), operating cost, initial cost, etc. System configurations could be combinations of PV arrays, 

wind turbines, run-of-river hydro-turbine and generators of any fuels, battery bank, ac-dc converter, electrolyser and 

hydrogen tank. The system could be of stand-alone (autonomous) or grid-connected, serving ac and dc loads, as well 

as thermal load.  

Second function, optimization searches system configuration that satisfies the technical constraints at the lowest total 

net present cost and ranks the feasible configuration accordingly. The process, based on user-input decision variables, 

decides the mix of components in a system, the dispatch strategy and the size and quantity of each component.  

Lastly, provided a range of user-entered variables, sensitivity analysis gauges the uncertainty associated with the value 

of decision variables, such as variation of resources (solar radiation, river flow rate, or wind speed) and fuel price. It 

helps user to determine the accuracy of simulation and optimization results, or evaluate trade-off and competency (or 

appropriateness) of systems under different presumed conditions. The combination of three functions alleviates the 

challenges arise due to large amount of design options and uncertainty of key parameters.  

4.2 Case Study – Kampung Mantapok  

Subsequent to the identification of a suitable software, a village was chosen for case study. Kampung Mantapok 

became the subject of case study, when Lightup Borneo’s electrification project was being carried out at the village 

during the research period. Two field trips were made possible as Lightup Borneo founder travelled frequently to this 

village to audit the performance of micro-hydropower system. Apart from this, the village warrants attention for the 

following reasons. 

Grid-connection is not an option for this village. The village eagerly needs an off-grid power generation system to 

ameliorate villagers’ wellbeing. Juxtaposing Figure 6 and Figure 8, it could be observed that high voltage transmission 

lines would not be in proximity to Kampung Mantapok, at least in next five years. Two 132 kV transmission extension 

lines are illustrated in Figure 6 – from Kota Belud to Ranau, from Segaliud to Sapi Nangoh. Kampung Mantapok is 

positioned in the region between Ranau and Sapi Nangoh. Besides, the village is surrounded by mountain at the north 

and river at southeast. Connecting the village with transmission lines would be deemed economically and technically 
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challenging, lest government has an inclusive plan to develop infrastructure at the region and Kampung Mantapok, 

i.e. extending high voltage transmission lines across the region and constructing tar road from Jalan Ranau-Sandakan 

to the village.  

Moreover, this is a small village without economic potential, at least from the government point of view. The village 

has less than 20 houses, which makes it unqualified for most rural electrification programmes. Substantial increase of 

population is unlikely, unless favourable social-economic conditions attract migration, especially the young to return. 

The village should be qualified for the application of medium diesel generator. However the scheme disallows 

appliances with electricity consumption of more than 1 kW, setting the constraint that hampers the degree of 

development of this village. Moreover, villagers are required to bear the diesel cost, which is always costly and 

unaffordable for most villagers. 

Following the case study methodology, a second field trip was conducted. Semi-structured interview questions 

(Appendix II) and questionnaire (Appendix III) were designed to collect socio-economic information and electricity 

demand data. These data are presented in following sections. 

4.2.1 Village Information 

Kampung Mantapok (GPS coordinates – 5°44'9.57"N 116°55'45.53"E) is located at the central region of Sabah, south-

east of Kota Kinabalu (Figure 8). It takes about two hours of driving from Kota Kinabalu to Ranau and another three 

hours from Ranau town to the village, including two hours of driving along Jalan Ranau-Sandakan to an intersection 

(marked with orange pin in Figure 9, bottom) before a bridge crossing Sungai Labuk and one hour of driving along 

14 km of overgrown dirt road, crossing two streams (Figure 9, top left and top right). The dirt road (marked with red 

trail in Figure 9, bottom) is only accessible by four-wheel-drive pickup truck. Alternatively, the village is accessible by 

boat from Ranau along Sungai Labuk, or from Kampung Miruru by traipsing along the rough trail. Kampung Miruru 

is the closest village with 100 houses and relatively developed infrastructures.  

 

Figure 8 Location of Kampung Mantapok (Google Maps, 2016) 
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Figure 9 Dirt road Kampung Mantapok (top left and right); dirt road trail from intersection to village (bottom) 

Kampung Mantapok has been existing since the colonial period. It resides in the native land of Kadazan tribe. 

Currently it has 10 houses, a church and a community hall. Layout of the village is illustrated in Figure 10. House 1 to 

8 (numbers are assigned to each house for purpose of survey) are in. The built-up area of each house varies from 20 

m2 to 30 m2. House 7 is the residence of the pastor. House 9 and 10 are approximately 200 metres away from the 

village cluster. Two fish ponds (adjacent to house 8 and 9), wild edible greens and livestock are the villagers’ main 

food sources. Fruit trees, including durian, langsat and rambutan are in abundance.  

There are 30 villagers, including children, with an average of four members in each household. Their main source of 

income is rubber tapping. It takes an hour or so to walk to the rubber plantation from their homes. This rubber 

plantation was developed by Sabah Rubber Industries Board. After collecting the latex and subsequently rolling the 

coagulated latex into rubber sheets, these villagers walk for three hours or an hour by boat, carrying rubber sheets to 

Kampung Miruru for sale. The collected rubber sheets are transported to town from Kampung Miruru. Household 

monthly income varies from RM600 to RM800 (US$ 150 to US$ 200), depending on rubber price and yield. Monthly 

income contributes mainly to daily necessities, generator fuels and raising their children. A village fund which is 

managed by the village committee and contributed entirely from the villagers is used for holding festive celebrations, 

buying working tools, construction materials for new houses and maintaining community buildings. 

Gravity feed water lines (Figure 11, left) deliver water from nearby stream, directly to each house and to a filter tank 

(Figure 11, right) which supplies drinkable water. Although the village has weak mobile network coverage, most of 

the villagers own mobile phones. Traditional bonfire pit and liquefied-petroleum gas stove are used for cooking 

villagers’ daily meals. Five households’ kitchens consist of both.  

Of all the villagers interviewed, most of them rely on portable diesel or petrol generators for electricity. The portable 

generators produce less than 3 kW of unregulated AC power. A villager spends RM 100 (US$ 25) per month for 

generator fuel, which is merely enough for few hours of lighting after sundown. One of the villagers said that his 

second-hand generator, which set him back RM 400 (US$ 100), only lasted for three years. Powering appliances, 
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including refrigerator and television with generator is improvident. Moreover, fluctuating output voltage is harmful to 

these appliances. House 3 has a PV system for powering lights and television. House 5, whose owner is the village 

chief, has a 10 Wp13 PV system coupled with one LED light and mobile phone charger. None of the existing power 

systems is capable of supplying 24-hours of electricity.  

 

Figure 10 Layout of Kampung Mantapok (not drawn to scale); yellow circles denote public lightings 

                                                           
13 Wp = Watt-peak 
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Figure 11 Water supply from stream (left); filter tank (right) 

4.3 Electricity Demand 

Survey and assessment were carried out at each house and community buildings to identify the following: 

 Existing lightings and appliances  

 Corresponding power consumption (wattage) and hours of usage 

 Future/anticipated electricity demand 

Power consumption and hours of usage are taken to calculate daily electricity consumption (kWh) and determine peak 

load and load factor. Following Lightup Borneo’s electrification project and fundraising, each house was furnished 

with wiring, two power socket and three compact fluorescent light (CFL) and socket sets, except house 1, which has 

4 CFLs. Each CFL bulb consumes 18 W and produces 1100 lumens. It is important to analyse the impact of efficiency 

measure, which is to replace all CFLs to LED bulbs. Details of existing hourly electricity consumption of each house 

in a day are tabulated in Appendix IV. Electricity consumption is low before sunset, especially in the morning when 

the villagers left home to work in the rubber plantation. After work and having their lunch, they would spend their 

afternoon relaxing in their cosy hammock.  

Daily electricity consumption of church and community hall are irregular. Two stand fans in the church hall are 

switched on for 2 hours, every Sunday during church service. Extra hours of usage of fans and lights occur during 

other religious ceremonies. There are one unit of 180 W sound system and two CFLs at the community hall, which 

are only used and switched on during festive celebrations. Another CFL is turned on every day, for safety reason, from 

6 pm to 5 am the next morning. Currently there is no productive usage of electricity. 

Whilst collecting information for the present electricity usage profile, it is vital to consider the future or anticipated 

demand of the village. Zhang and Kumar suggested that load anticipated for future 5 years is helpful to the system 

design. A reasonable projection of the future demand could be made by extrapolating the annual growth rate of past 

3 to 5 years observed after the installation of renewable energy systems (Zhang & Kumar, 2011). The suggestion is 

valuable, however, applicable only with availability of past years information and after the system commencement. 

For simplicity reasons, future demand of the village is estimated by enquiring the appliances that villagers want to buy 

in near-term. Information are shown in Appendix V. All householders express their eagerness to purchase rice cooker 

(except house 1) and chest freezer (villagers called it “ice box”), possibly resulting from reciprocal influence among 

the villagers. A few householders want to buy a fan, as weather during the dry spell can be unbearable. Head of house 

6 and 10 want a television, whereas house 6 wants to add another CFL at the kitchen. 
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A survey was carried out at an electrical shop in town to check the electricity consumption of rice cooker and chest 

freezer. A 1.8 litre rice cooker consumes 600 W and a 99 litre chest freezer consumes 125 W. Hours of usage for rice 

cooker are assumed to be two hours (one hour each at noon and afternoon) and 24 hours for chest freezer. Hours of 

usage for fan are assumed to be 9 hours, from 7 pm to 5 am the next morning. In order to increase village safety, 22 

public lightings using light-emitting-diode (LED) bulbs will be installed onto the existing transmission line poles or 

new poles (shown in Figure 10). Consuming 14 W to produce 1350 lumens, these bulbs will be switched on from 6 

pm to 5 am the next morning. LED bulbs are chosen over CFL because LED bulbs, besides consuming lower 

electricity, have a longer lifetime for the same luminance.  CFL of the community hall will not be turned on after 

public lightings are installed. 

An analysis of variation of electric load pattern for different days is essential to examine the extent of the variability 

and make required adjustments for electric load inputs in HOMER. Based on the aforementioned electricity usage 

descriptions, four types of daily electric load profile are identified: 

a. “Normal” – including public lighting and usual households’ electric load 

b. “Sunday” – combining “normal” demand profile and church’s electric load during Sunday service 

c. “Church ceremony” – including public lighting, church’s  electric load at night and usual households’ electric 

load before 6 pm, assuming all villagers gather at church after 6 pm 

d. “Festive celebrations”, i.e. Harvest Festival (end of May), Christmas and New Year (end of December) – 

including public lighting, electric load of community hall from 10 am to 12 pm and households’ electric load 

before 10 am, assuming all villagers gather at community hall after 10 am 

Electricity consumption of chest freezers are constant for 24 hours and all profiles. Daily electric load of all profiles 

are tabulated in Appendix VI; information are used to calculate total daily load, average daily load, peak load and load 

factor. The results are summarised in Table 3. 

Table 3 Details of daily electric load for each profile 

Electric load profile Total daily load (kWh/d) Average load14 (kW) Peak load (kW) Load factor15 

Normal 53.72 2.24 7.85 0.29 

Sunday 53.92 2.25 7.95 0.28 

Church ceremony 49.69 2.07 7.85 0.26 

Festive celebrations 52.58 2.19 8.13 0.27 

                                                           
14 Average load = total daily load/24 hours 
15 Load factor = average load/peak load 
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Figure 12 Daily electric load for "Normal" (top); scaled daily electricity load (bottom), (extracted from HOMER) 

The profile “Sunday” has the highest total daily load and the corresponding average load; “Festive celebration” has 

the highest peak load. Variation of average load and peak load between all profiles are trivial. Difference between 

highest and lowest total daily load is less than 10 %. Similarly, difference between highest and lowest peak load is only 

3.5 %. Load factor of all profiles are less than 0.5, signifying low electricity utilization over long period and occasional 

peak load that is 250 % higher than average load.  

Daily electric load for “Normal” (Figure 12, top) is preferred as the electric load inputs for HOMER because it 

constitutes most days of a year. Changing all 31 existing CFLs to 9 W LED bulbs of same luminance reduces total 

daily load to 52.57 kWh/d. The reduction is insignificant – accounts for only 2.14 % of original total daily load. 

Therefore the efficiency measure will not be considered. In order to account for the slight variations between electric 

load of all profiles and variations in usage period of appliances, two random variability inputs of electric load in 

HOMER, i.e. day-to-day and timestep are set to 10 % and 15 % respectively. The resulted total daily load and peak 

load is 54 kWh/day and 12.48 kW, respectively; load factor is lowered to 0.18 (Figure 12, bottom).  

4.4 Primary Energy Sources and Technological Choices 

Viability of various primary energy sources and associated technology choices are analysed and discussed in this section. 

Fossil fuels are excluded, as previous chapters demonstrate the associated drawbacks and the impotence of fossil fuel 

generators in providing sustainable and long term electricity to rural villages.  
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4.4.1 Hydro  

Past precipitation pattern of Kota Kinabalu is shown in Figure 13, in which the region receives less rainfall between 

January and April and higher rainfall between May and December. The abundance of rainfall and land elevation make 

micro-hydropower an appropriate choice for rural electrification in East Malaysia. Micro-hydropower system’s 

components are shown in Figure 14. Canal, intake and forebay are often substituted by water dam. Pipes are connected 

to the water dam, delivering gushing water to the powerhouse. High pressure water impinges turbine wheel, converting 

potential energy to electricity through the generator coupled to the turbine wheel. 

 

Figure 13 Climatological information of Kota Kinabalu, Sabah (World Meteorological Organization, n.d.) 

Application of run-of-river hydropower generator is site-specific. Reconnaissance at the nearby jungle of Kampung 

Mantapok is necessary to identify the location of water dam. The location is determined by altitude and available river 

discharge. The reconnaissance was assisted by the local villagers, who have experience after the construction of gravity 

feed water system. The river discharge at the identified location is 4.57 L/s (litre per second). It is calculated with a 

simple method – measuring the average time taken to fill a 16 litre bucket with a 3 inches pipe. The flow rate was 

measured during the prolonged dry season, effected by El Nino. The river level, according to the villagers, is the lowest 

they have observed, particularly after the earthquake in 2015. Second reconnaissance was conducted where a higher 

location was identified to have a river discharge of 18.26 L/s. The pipe length (distance between water dam and 

powerhouse) is 765 m, twice as far as the first location. 

The head (vertical distance between dam and powerhouse) is 84.7 m. It is calculated by subtracting altitude (measured 

with a GPS device) between two locations. The hydropower produced with 4.57 L/s of river discharge (first 

reconnaissance) is estimated as 2.66 kW, using the following formula: 

Hydro power (kW) = head (m) × flow (
m3

s
) × gravity (9.81

m

s2
)  × density (1000 

kg

m3
)  × efficiency (70 %) 

The power output is calculated as 10.62 kW for 18.26 L/s of river discharge (second reconnaissance). For simulating 

the hydro resource in HOMER, monthly average stream flow in HOMER is assumed as 18.26 L/s for all 12 months 

due to the unavailability of annual river discharge data.  
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Figure 14 Pipe length and head (left); schematic of micro-hydropower system (right) (Wikipedia, the free 

encyclopedia, 2016) 

4.4.2 Solar  

Attributable to the location and climate, East Malaysia, in particular north-western and central region of Sabah, exposes 

to high yearly average solar radiation. Borhanazad and co-authors estimated that solar power potential of Malaysia is 

four times that of the world fossil fuel resources (Borhanazad, Mekhilef, Saidur, & Boroumandjazi, 2013). Other 

studies revealed huge potential of solar energy for large scale power generation and household, as well as rural 

application (Oh, Pang, & Chua, 2010) (Ali, Daut, & Taib, 2012) (Borhanazad, Mekhilef, Saidur, & Boroumandjazi, 

2013). It is therefore conclusive that PV panel should be included in the power generation system to harness abundant 

solar resource. 

By entering the coordinates, solar radiation data for Kampung Mantapok can be retrieved easily from NASA Surface 

meteorology and Solar Energy database via HOMER. Daily solar radiation ranges between 4.72 kWh/m2 to 5.72 

kWh/m2, with an annual average of more than 5.12 kWh/m2/d. Lowest and highest daily solar irradiance are 

observed in January and April, respectively. Annual mean clearness index is above 0.5. 

 

Figure 15 Solar radiation data for the village (extracted from HOMER) 

4.4.3 Wind  

Research and data of wind power potential in Malaysia are limited. A study was conducted thirty years ago by Solar 

Energy Research Group from University Kebangsaan Malaysia (UKM), attempting to collect wind data over a 10-year 

(1982 – 1991) period from ten stations located at different places of Malaysia. A station at east coast of Peninsula 

Malaysia recorded greatest wind potential (Oh, Pang, & Chua, 2010). In 2005, studies presented by same university 
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reporting success of deploying wind turbine at two islands – one off the coast of East Malaysia, another off the east 

coast of Peninsula Malaysia. 

Five years later, Tenaga National Berhad entrusted Argentinian company, Industrias Metalurgicas Pescarmona SA 

(IMPSA) to study the wind generation potential. Few potential sites were identified, i.e. Kota Kinabalu and two 

locations at east coast of Peninsula Malaysia (Ali, Daut, & Taib, 2012). These studies point to the same assertion: wind 

power is more feasible along the coastal region and islands of Malaysia. Wind blows for consecutive months at some 

of these regions, achieving more than 10 m/s. 

Application of wind turbine for rural electrification in East Malaysia is unusual – only eight small (5 – 100 kW) wind 

turbine units were installed (Borhanazad, Mekhilef, Saidur, & Boroumandjazi, 2013). The potential of wind power 

generation at inland is uncertain due to the unavailability of relevant feasibility studies. Overseas experiences (Lahimer, 

et al., 2013) showed that wind turbine is a less popular technology for single household in rural areas because it has 

very high turbine cost and installation cost, i.e. about US$ 6,903 for one turbine. The installation cost of small wind 

turbines of up to 1.0 kW in UK is around GB£ 200016 (US$ 2,620) to GB£ 6000 (US$ 7,860). Wind turbine is 

susceptible to fatigue failure, arising due to cyclic loads and variations in wind speed. One report (Anyi, Kirke, & Ali, 

2010) also indicated the vulnerability of tall wind turbine to lightning strike. Worst of all, Malaysia is one of the 

countries with highest frequency of lightning strikes (Borhanazad, Mekhilef, Saidur, & Boroumandjazi, 2013).  

The technical and economic feasibility of extracting wind with small turbine at the village deserves a scrutiny. HOMER 

is capable of performing such study, providing wind speed data and turbine information are available. Similar to solar 

radiation data, wind speed data for Kampung Mantapok are downloaded from NASA Surface meteorology and Solar 

Energy database via HOMER. Annual average wind speed is 3.24 m/s. Highest and lowest wind speed are observed 

in January and May, respectively.  

 

Figure 16 Wind speed data for the village (extracted from HOMER) 

4.4.4 Biomass and Biogas  

Biomass sources are oil palm mill, paddy husk, wood residue and animal farming waste. It is gaining popularity in 

Malaysia, supporting 16 % of national energy consumption. Approximately half of it derives from oil palm mill and a 

third of it is contributed by wood residue. Main biogas sources in Malaysia are palm oil mill effluent (POME) and 

agricultural anaerobic ponds, and municipal landfill gas (Ali, Daut, & Taib, 2012). Power generation from biogas is 

not commercially adopted.  

                                                           
16 Exchange rate at the time of writing: GB£ 1 = RM 5.23 
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The field researches indicate unavailability of biomass and biogas sources in the village. Transporting biomass or 

biogas from elsewhere is financially impractical and unsustainable. Therefore both resources and technology choices 

are excluded. 

4.5 Configuration of Power Generation System  

Figure 17 illustrates the schematic of proposed power generation system. Micro-hydropower system is connected to 

AC bus; wind turbine, solar PV panel and batteries are connected to DC bus. A multifunction inverter acts as the 

“command centre” of the power generation system. It manages AC power input, solar and battery charging and 

converts DC power into pure sine wave. It is integrated with overload protection system and circuit breaker (bypass 

and short-circuit) to ensure safe operation of equipment.  

 

Figure 17 Schematic of proposed power generation system (extracted from HOMER) 

4.5.1 Components 

Most components listed in HOMER are either fictitious (termed “Generic”) or without cost information and non-

existent in regional market. Instead of choosing components listed in HOMER during the process of configuring 

power generation system, new components were created and saved in the “Library”. Technical specification and 

associated costs of each new component were acquired online, through numerous manufacturers’ website and 

advertisements posted in local and Chinese online sales platforms. Priority was given to quality components that could 

be procured directly from manufacturers or sellers that offer oversea shipping, yet with reasonable price. Albeit a 

lengthy process, comparing to using available components in HOMER, it is of paramount importance for procuring 

components that are needed during an actual construction of the optimal power generation system. 

4.5.1.1 Run-of-river Hydro Generator (Micro-hydro generator) 

The design flow rate of micro-hydropower generator at Kampung Mantapok is based on 18.26 L/s of river discharge. 

Quoting the words of Lightup Borneo founder – “to obtain most efficiency the pipes will tapper towards the end – 

so power output can be trimmed to 10kw”, it means penstock of gradually-reduced diameter (from water dam to 

powerhouse) was constructed using 10 units of 8 inches, 110 units of 6 inches, 5 units of 4 inches and one 3 inches 

pipes. Values for head and efficiency are taken from the previous section: 84.7 m and 70 %. Nominal capacity is 10.62 

kW. The pipe head loss, minimum and maximum flow ratio are estimated as 10 %, 50 % and 100 % respectively. 

Minimum and maximum flow rate are calculated by multiplying the ratio by design flow rate. The micro-hydropower 

system is assumed by HOMER as inoperable, producing zero power, if the design flow rate is less than the minimum 

flow rate (HOMER Energy, LLC, 2015). For HOMER to consider systems without hydro turbine for optimisation, 

radio button of “Simulate systems with and without the hydro turbine” was chosen. 



41 
  

Details of cost structure are tabulated in Appendix VII. The capital cost of Lightup Borneo’s 10 kW AC micro-

hydropower system, including civil works and transportation, is RM 33,100 (US$ 8,275). This cost, discounting the 

cost of switch board and single-phase (15 kVA) automatic voltage regulator, is specified as the capital cost of hydro 

generator in HOMER. Both items are substituted with an inverter (shown in Figure 17). The discounted capital cost 

is RM 28,169 (US$ 7,042). Replacement cost is RM 15,842 (US$ 3,961), including cost of replacing generator and 50 % 

of the system’s components as well as transporting new components to the village. O&M cost is estimated by summing 

the cost of carbon brush, a pair of bearing and mechanical belt divided by their approximated lifespan. Hence, it is 

estimated that over the power system’s 25 years of lifetime, five pairs of bearing, 50 pieces of carbon brush and 12 

mechanical belts will be replaced.  

Another 3 kW micro-hydro generator is created in HOMER, based on the 4.57 L/s of river discharge. It serves to 

compare the costs and technical feasibilities between 3 kW and 10 kW micro-hydropower systems and answer the 

question: “what if 3 kW micro-hydro generator is used instead 10 kW?”. The capital cost and replacement are specified 

as one third of 10 kW micro-hydropower system, which are RM 10,123 (US$ 2,531) and RM 5,547 (US$ 1,387) 

respectively. O&M cost is assumed the same. 

Table 4 Micro-hydropower system's O&M cost structure 

Item Cost (RM) Lifespan (years) Cost per year (RM) 

Carbon brush, 4 pairs for one generator 40.00 2 20.00 

Bearing 130.00 5 26.00 

Mechanical Belt 20.00 2 10.00 

 O&M Cost =  56.00 

 

4.5.1.2 PV panel 

Power output ratings of most PV panel on the market range from 200 to 350 W (EnergySage, Inc., 2016). Given its 

reputable quality and reasonable price, Yingli Solar’s YL300P-35b, 300 Wp PV panel was chosen (Yingli Solar, 2016). 

The performance and thermal characteristics of the PV panel are tabulated in Table 5. 

Panel slope is obtained by multiplying latitude by 0.87 (Landau, 2015). PV panel is assumed to yield optimum power 

when facing south, therefore panel azimuth is 0°. Ground reflectance and derating factor are 20 % and 90 %, 

respectively. Derating factor discounts PV panel’s power output due to losses in real-world operating conditions, e.g. 

soiling of panels, wire losses, shading, aging, etc (HOMER Energy, LLC, 2015).  

Table 5 Specifications of PV panel 

Specification Value 

Lifetime (years) 25 

Efficiency at standard test conditions (%) 15.50 

Temperature effects on power (%/°C) -0.420 

Nominal operating cell temperature (°C) 46.00 

 

Capital cost consists of six cost components. Shipping from China to Kota Kinabalu costs 50 % of PV panel unit 

price, calculated by averaging the estimated shipping costs of all components. GST (goods and services tax) is imposed 



42 
  

by Malaysian government when the PV panel is imported from China. The cost of transporting the component to the 

village is assumed by averaging the percentage of transportation cost per unit price of all components. The percentage 

is calculated with the following formula: 

% 𝑜𝑓 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑡𝑜 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑝𝑟𝑖𝑐𝑒 =  
𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑤𝑒𝑖𝑔ℎ𝑡

1000 𝑘𝑔
×

𝑅𝑀 200

𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑝𝑟𝑖𝑐𝑒
 

The returning trip from Kota Kinabalu to the village costs RM 200 (US$ 50); payload of the pickup truck is 1000 kg. 

The cost of MPPT (maximum power point tracer) is excluded because the inverter has a built-in solar charge controller. 

Replacement cost is obtained by subtracting metal frame cost from capital cost, assuming metal frame is well kept and 

reused. Yearly O&M cost is specified as 1 % of capital cost, excluding transportation cost. Maintenance cost covers 

the repair and upkeep of electrical system and metal frame. 

Table 6 PV panel's capital, replacement and O&M cost structures 

Cost structure Value (RM) 

PV panel (per unit) 502.00 

GST (6 %) 30.12 

Overseas shipping charge (50 % of solar panel per unit price) 251.00 

Wiring and installation (10 % of solar panel per unit price) 50.20 

Metal Frame (10 % of solar panel per unit price) 50.20 

Transportation to the village (1 % of PV panel per unit price) 5.10 

Capital Cost ≈ 888.60 

Replacement Cost (Capital cost – metal frame cost) = 838.40 

O&M Cost (1 % of capital cost - transportation cost) = 8.80 

 

4.5.1.3 Wind turbine 

The DC wind turbine (Naier NE-1000 wind power generator, 2016) outputs 1 kW of power at 10 m/s of nominal 

wind speed (wind power curve is illustrated in Figure 18). Originally produced by permanent magnet generator, the 

AC power is converted to 48 V DC power by an integrated converter. The lifetime and hub height are specified by 

manufacturer as 20 years and 6 m correspondingly. Typical values for availability and electrical losses of small wind 

turbine are 5 % and 3 % respectively (Mone, Stehly, Maples, & Settle, 2015). HOMER combines all losses 

multiplicatively, resulting an overall losses of 7.85 %. 
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Figure 18 NE-1000 wind turbine power curve (Naier NE-1000 wind power generator, 2016) 

Capital cost structure of wind turbine is similar to PV panel’s cost structure, except for wiring and installation cost, 

which is 1 % of the wind turbine per unit price.  Replacement cost assumes only nacelle and rotor is replaced at the 

end of wind turbine useful life. Yearly O&M cost is specified as 3 % (Mone, Stehly, Maples, & Settle, 2015) of capital 

cost, excluding transportation cost. 

Table 7 Wind turbine's capital, replacement and O&M cost structures 

Cost structure Value (RM) 

Wind turbine (per unit) 2,132.16 

GST (6 %) 127.93 

Overseas shipping charge (50 % of wind turbine per unit price) 1,066.08 

Wiring and installation (1 % of wind turbine per unit price) 21.32 

Transportation to the village (1 % of wind turbine per unit price) 21.32 

Capital Cost ≈ 3,368.80 

Replacement (Capital cost - wiring and installation cost) = 3,014.80 

O&M (3 % of capital cost - transportation cost) = 100.40 

 

4.5.1.4 Battery 

There are two types of battery from different producers: GPL 121000 (CSB Battery, 2005) and GHGN-G12V280AH 

(Guanghe Guineng, 2016). With 10 years of expected life under normal float charge, GPL 121000 has a nominal 

capacity and nominal voltage of 100 Ah and 12 V respectively. The capacity is the highest for GPL-series. Initial and 

minimum state of charge are 100 % and 40 % correspondingly.  

GHGN-G12V280AH contains silicon salt electrolyte, purportedly requiring no maintenance. It has a nominal capacity 

and nominal voltage of 280 Ah and 12 V respectively. At same nominal voltage, the capacity is three times of GPL-

series battery. Initial state of charge is 100 %. Minimum state of charge is 20 %. The advertised lifetime is 10 years. 

For both types of batteries, four batteries per string are required to produce a 48V DC bus.  
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Table 8 Batters’ capital, replacement and O&M cost structures 

Cost structure Value (RM) 

GPL 121000 

(abbreviation: 

12 V 100 Ah) 

GHGN-G12V280AH 

(abbreviation: 12 V 

280 Ah) 

Battery (per unit) 558.12 1,166.60 

GST (6 %) 33.49 70.00 

Overseas shipping charge (50 % of battery per unit price) 279.06 583.30 

Wiring and installation (10 % of battery per unit price) 55.81 116.66 

Transportation to the village (1% of the battery per unit price) 5.58 11.67 

Capital Cost ≈ 932.00 1948.20 

Replacement (Capital cost - wiring and installation cost) = 876.20 1831.50 

O&M (1 % of capital cost - transportation cost) = 9.20 0 

 

Capital, replacement and O&M cost structures are tabulated in Table 8. For the same lifetime and about one third of 

nominal capacity of GHGN-G12V280AH, capital cost of GPL 121000 is half the capital cost of counterpart. 

Therefore it is necessary to examine which type of battery could fulfil power generation system requirement at the 

lowest system’s life-cycle cost. 

4.5.1.5 Inverter 

There are two types of inverter (Must Solar, 2016) from the same manufacturer. Having similar functions, one has a 

rated inverter output of 3 kW; another has 5 kW. The specified battery input voltage for 3 kW and 5 kW inverter are 

24 V and 48 V respectively. The selection is based on the assumptions that: first, at half the peak load and power 

output of 10 kW micro-hydropower system, 5 kW inverter has sufficient output capacity; second, 3 kW inverter is 

capable of handling the power generation system at an average load of 2.25 kW. Efficiency of the inverter, according 

to the manufacturer, is 88 %. Without given information from the manufacturer, the lifetime, rectifier relative capacity 

and rectifier efficiency are assumed to be 15 years, 95 % and 95 % respectively. Capital, replacement and O&M cost 

structures are tabulated below. Amount of overseas shipping charges are obtained from manufacturer’s sales quotation. 
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Table 9 Inverters' capital, replacement and O&M cost structures 

Cost structure 
Value (RM) 

 3 kW 24 V 5 kW 48 V 

Inverter (per unit) 1,131.60 1,686.85 

GST (6 %) 67.90 101.21 

Overseas shipping charge  1,113.69 1,113.69 

Transportation to the village (1% of the inverter per unit price) 11.32 16.87 

Capital Cost ≈ 2,324.50 2,918.60 

Replacement = 2,324.50 2,918.60 

O&M (1 % of capital cost) = 23.20 29.10 

 

Capital, replacement and O&M costs for all components and corresponding search spaces are summarised in Table 

10. Values defined in the search space are searched by HOMER in the process of simulation and optimisation.  

Table 10 Cost inputs and designated search spaces for each component 

Component 
Capital 

Cost (RM) 

Replacemen

t Cost (RM) 

O&M 

(RM/yr

) 

Capacity Search Space 

Micro Hydro: 10 kW 28,169.00 15,842.00 56.00 10 kW - 

Micro Hydro: 3 kW 10,123.00 5,547.00 56.00 3 kW - 

PV Panel 888.60 838.40 8.80 
0.3 kW 0, 0.3, 1.5, 3, 6, 12 

and 18 (kW) 

Wind Turbine 3,368.80 3,014.80 100.40 1 kW 0, 1, 3, 5 (unit) 

Inverter: 5 kW 48 V 2,918.60 2,918.60 29.10 5 kW (48 V) 0, 5, 10 (kW) 

Inverter: 3 kW 24 V 2,324.50 2,324.50 23.20 
3 kW (24 V) 0, 3, 6, 12 and 15 

(kW) 

Battery: 12 V 100 Ah 932.00 876.30 9.30 
100 Ah (12 V) 0, 3, 10 and 20 

(unit) 

Battery: 12 V 280 Ah 1,948.20 1,831.50 0.00 280 Ah (12 V) 
0, 1, 3, 5, 10 and 

20 (unit) 
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There are two specifications for inverter, battery and micro-hydro generator. Therefore a two-level full factorial design 

is conveniently applied for simulating system configurations of various combinations of battery, micro-hydro 

generator and inverter. In order to calculate total number of configurations, the following formula is used:  

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑛𝑓𝑖𝑔𝑢𝑟𝑎𝑡𝑖𝑜𝑛𝑠 =  2 𝑙𝑒𝑣𝑒𝑙𝑠𝑘 𝑓𝑎𝑐𝑡𝑜𝑟𝑠 =  23 = 8 

There are three components in consideration, therefore the number of factor is three. Two specifications or designs 

are available for each component, as a result number of level is two. In total there are eight system configurations. 

Details of each system configuration are tabulated in Table 11. System configuration 1 has “A” battery, “A” inverter 

and “B” micro-hydro generator, which means system configuration 1 consists of 3 kW 24 V inverter, GPL 121000 

battery and 10 kW micro-hydro generator, in additional to 0.3 kW PV panel and 1 kW wind turbine. Configuration 8 

comprises of 0.3 kW PV panel, 1 kW wind turbine, 5 kW 48 V inverter, GHGN-G12V280AH battery and 3 kW 

micro-hydro generator – “B” battery, “B” inverter and “A” micro-hydro generator. Each configuration is simulated 

separately using HOMER; each configuration is represented by optimal configuration that satisfies technical 

constraints at lowest NPC. 

Table 11 System configurations combining different components 

Component A B 

Battery GPL 121000 
GHGN-

G12V280AH  

Inverter 3 kW 24 V 5 kW 48 V 

Micro-hydro generator 3 kW 10 kW  

System 

configuration 
Battery Inverter 

Micro-hydro 

generator 

1 A A B 

2 B A B 

3 A B B 

4 B B B 

5 A A A 

6 B A A 

7 A B A 

8 B B A 

 

4.5.2 Project Parameters 

The project lifetime is expected as 25 years; the real discount rate is 5.88 %, calculated using the following equation 

(HOMER Energy, LLC, 2015): 

𝑟𝑒𝑎𝑙 𝑑𝑖𝑠𝑐𝑜𝑢𝑛𝑡 𝑟𝑎𝑡𝑒 =  
𝑛𝑜𝑚𝑖𝑛𝑎𝑙 𝑑𝑖𝑠𝑐𝑜𝑢𝑛𝑡 𝑟𝑎𝑡𝑒 − 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒

1 + 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 
 

Nominal discount rate and expected inflation rate is specified as 8 % and 2 % respectively. Real discount rate factors 

out inflation, assuming all costs increase at the same rate over the project lifetime due to inflation (Farret & Simões, 
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2006). The real discount rate is used to calculate the present value of all future costs for each component, giving the 

total NPC. Annual capacity shortage is specified as 0 %. For dispatch strategy, both load following and cycle charging 

are selected, with 80 % setpoint state of charge and allowing diesel-off operation. Explanation of each dispatch strategy 

are as follows (HOMER Energy, LLC, 2015): 

 Load following – the generator only produces enough power to meet the priority load at the least cost; lower 

priority objectives are served by renewable power sources 

 Cycle charging – the generator operates at full output power whenever it needs to serve the primary load; surplus 

production is directed to lower priority objectives, e.g. charging storage bank 

4.6 Optimisation Results  

Optimisation results for each system configuration are summarized in Table 12. Configuration 2 is preferred among 

all system configurations because it has the lowest cost COE and NPC. The COE and NPC of configuration 2 is RM 

0.181 (US$ 0.045) and RM 46,230 (US$ 11,558) respectively, 80 % lower than configuration 7, which has the highest 

COE and NPC. Operating cost is obtained by subtracting annualized capital cost from annualized cost. The operating 

cost of configuration 2 is RM 779.39 (US$ 194.85), 94 % lower than configuration 7. Initial capital and O&M cost of 

configuration 2 is RM 38,970 (US$ 9,743) and RM 143 (US$ 36), respectively.  

Table 12 Optimization results for each system configuration 

Configuration Unit 1 2 3 4 5 6 7 8 

PV 0.3 kW 

Quantity kW 0 0 0 0 12 3 12 1.5 

Production kWh 0 0 0 0 16,905 4,226 16,905 2,113 

Wind 1 kW 

Quantity unit 0 0 0 0 0 0 0 0 

Production kWh 0 0 0 0 0 0 0 0 

3 kW 24 V kW 3 3 - - 9 9 - - 

5 kW 48 V kW - - 5 5 - - 10 10 

Micro-hydro 

3 kW 
kW - - - - 2.66 2.66 2.66 2.66 

Micro-hydro 

10 kW 
kW 10.6 10.6 10.6 10.6 - - - - 

Cost 

COE RM 0.196 0.181 0.280 0.251 0.864 0.285 0.910 0.389 

NPC RM 49,940 46,230 71,332 63,912 220,246 72,708 231,823 99,018 

Operating RM 710.00 561.63 1,347 1,050 9,010 1,661 9,272 2,523 

Initial capital RM 40,578 38,970 53,920 50,342 103,765 51,237 111,964 66,402 

O&M RM 198.80 143.00 312.60 201.00 1041.00 405.00 1070.00 390.00 

System 
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Capacity 

shortage 

kWh/yr 

(%) 

2.717 

(0.0) 
0 0 0 

18.487 

(0.1) 

9.867 

(0.0) 

3.810 

(0.0) 

3.810 

(0.0) 

Excess 

electricity 
kWh/yr 

63989.8

7 

64000.3

8 

63989.8

6 

64000.3

8 

16627.9

1 
4160.52 

16624.3

1 
1970.69 

Unmet load kWh/yr  0 0 0 0 2.617 9.867 0.084 0.084 

Battery: 12 V 100 Ah 

Unit   6 - 12 - 40 - 40 - 

Annual 

throughput 
kWh 81 - 81 - 3,480 - 3,483 - 

Autonomy hr 1.9 - 3.8 - 13 - 13 - 

Battery: 12 V 280 Ah 

Unit   - 2 - 4 - 6 - 12 

Annual 

throughput 
kWh - 76 - 76 - 4,894 - 5,242 

Autonomy hr - 2.4 - 4.8 - 7.2 - 14 

 

The cost summary of configuration 2 is shown in Figure 19. Micro-hydro generator constitutes 72 % of total system 

capital cost. For having similar lifespan as the project lifetime, micro-hydro generator has zero salvage value and 

replacement cost. Inverter and batteries amount to 18 % and 10 % of total capital cost respectively. Both components 

have to be replaced within the project lifetime, sharing 50 % of replacement cost. O&M cost of inverter is RM 1,123 

(US$ 281), which accounts for 61 % of total O&M cost; micro-hydro generator accounts for 39 % of total O&M cost. 

Configuration 2 is leaner – having fewer components. It consists of one unit of 3 kW inverter, two units of 280 Ah 

battery and one unit of 10 kW micro-hydro generator. Electricity production of micro-hydro generator is 83,726 

kWh/yr. Two units of batteries constitute one 24 V storage string with lifetime throughput of 759.91 kWh. Batteries’ 

power supply is important for the system to cope with two electricity demand spikes, occurring at 11 am and 5 pm. 

For instance, on December 30th, when peak demand rises to 12 kW at 11 am and 10 kW at 5 pm (shown in Figure 

20), 2 kW and 1 kW of battery power is discharged to serve the extra electricity demand uncovered by micro-hydro 

generator power output. Meanwhile, battery state of charge drops below 70 % at 11 am and below 90 % at 5 pm. 

Battery discharge power and energy content for the entire year is shown in Figure 21. Maximum discharge power is 

3.32 kW, occurring at February 16th. At the same day, battery energy content is the lowest – 3.23 kWh. 
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Figure 19 Cost summary of system configuration 2, extracted from HOMER 

System configurations that include micro-hydro generator of lower power rating have higher COE and NPC. Three 

units of 3 kW inverter are required for configurations 5 and 6. Two units of 5 kW inverter are needed for configuration 

7 and 8. It also shows that inverter of higher power rating is necessary to handle unmet demand – converting DC 

power from battery and PV panels to AC power. More units of battery are required for configuration 5 – 8, resulting 

in higher throughputs and longer autonomy hours but at much higher costs. In comparison, capital cost of battery for 

configuration 7 is RM 37,280 (US$ 9,320), 230 % higher than configuration 3. 

PV panels are included for supplementing electricity production, when 3 kW micro-hydro generator is adopted. More 

PV panels are required when lower capacity batteries are used. For configuration 5 and 7, PV panels produce 45 % of 

total electricity production at 34 % of system capital cost. For configuration 6 and 8, PV panels produce 17 % and 9 % 

of total electricity production, at 17 % and 7 % of system capital cost respectively. Levelized cost of PV panel is 0.183 

RM/kWh (0.046 US$/kWh), 350 % higher than the levelized cost of micro-hydro generator. Capacity factor and 

hours of operation for one year is 16.08 % and 4,340 hours respectively. Wind power is unfavourable for all 

configurations. The levelized cost is 8.50 RM/kWh (2.13 US$/kWh), making it economically unjustifiable. Capacity 

factor is 0.53 %, given that annual operation hours and total production are 910 hours and 46.28 kWh respectively. 

Two indicators – annual capacity storage and unmet load can be used to gauge the reliability and continuity of 

electricity supply. Both indicators of configuration 2 measure 0 % of total electricity demand, meaning 100 % of 

electrical demand is served during the year without disruption. Excess electricity is 76.4 % of total electricity 

production, indicating that less than 30 % of total electricity produced by micro-hydro generator serves the electricity 

demand of the village.  
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Figure 20 Details of electricity demand and supply for 24 hours, on December 30th (extracted from HOMER) 

 

Figure 21 Battery discharge power and energy content for entire year (extracted from HOMER) 
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4.7 Sensitivity Analysis 

Sensitivity analysis was conducted for configuration 2 using the variables in Table 13. 

Table 13 Variables for sensitivity analysis 

 Variables 

Scaled annual average stream flow (L/s) 3, 6, 9, 12 and 15 

Scaled annual average electric load (kWh/d) 56, 58, 60, 62 and 64 

Annual capacity shortage (%) 5, 10, 15 and 20  

Battery lifetime: GHGN-G12V280AH (years) 5,8, 12, 15, 20 and 25 

 

Micro-hydro generator’s power output depends on the availability of hydro resource. Availability of hydro resource 

relies on river level and flow rate. Sensitivity analysis is required to study the influence of variability of hydro resource 

on the optimization results. Sensitivity analysis is required to simulate the impact of load growth as HOMER does not 

model load growth implicitly. Capacity shortage gauges the reliability and continuity of electricity supply, therefore it 

is important to analyse the capacity shortage variations and evaluate the system performance at different level of 

capacity shortage.  

The lifetime of battery is affected by environment factors, e.g. temperature and humidity (Medveď, Kolcun, Stolárik, 

& Vaško, 2011). However for configuration 2, low annual throughput suggests that the batteries might survive for 

more than 10 years. Consequently, the impact of climate condition on batteries’ performance and the benefit of longer 

battery lifetime require analysis.  It is assumed that battery lifetime reduces in harsh tropical climate. Results of 

sensitivity analysis are discussed in the following sections. 

4.7.1 Variability of Hydro Resource 

Figure 22 illustrates the results of sensitivity analysis of electric load and hydro resource. Rainbow colour change 

represents variations of NPC; superimposed points denote COE. NPC and COE increase with decreasing river 

discharge (represented by scaled average stream flow (L/S)). Stream flow rate below 6 L/s (or nominal capacity of 

less than 3.5 kW) is unfavourable – NPC is more than RM 100,000 (US$ 25,000) and COE is above RM 0.30 (US$ 0.08), 

resulting from inclusion of other expansive technology choices, e.g. PV panel and wind turbine, and more batteries. 

Lowest NPC and COE are found at the top right corner of plotting area (covered in deep blue). In order to maintain 

the COE at RM 0.18 (US$ 0.05), river discharge and electric load has to be higher than 15 L/s and lower than 58 

kWh/d respectively. If electric load is greater than 58 kWh/d, river discharge has to be higher than or equal to 16 L/s 

in order to maintain COE at RM 0.18. In other words, minimum flow ratio has to be more than 72 % (electric load 

lower than 58 kWh/d) and 88 % (electric load higher than 58 kWh/d) for maintaining COE at RM 0.18. 

4.7.2 Load Growth 

Impact of load growth on COE and unmet load for various capacity shortage, presuming the river discharge at 18.26 

L/s, are depicted in Figure 23 and Figure 24. COE reduces when electric load increases from 54 kWh/d to 64 kWh/d. 

On the contrary, unmet load increases with increasing electric load. For 0 % capacity shortage, the reduction rate of 

COE is 0.0028 (RM/kWh/d). At each level of capacity shortage namely 5 %, 10 %, 15 % and 20 %, the reduction 

rate is identical – 0.00163 (RM/kWh/d). Comparing to other level of capacity shortage, difference of unmet load 

between highest and lowest electric load for 0 % capacity storage is trivial: 13 kWh or 0 % of total electric demand.       
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4.7.3 Annual capacity shortage 

Impact of annual capacity shortage on COE and unmet load, corresponding to annual average stream flow, is shown 

in Figure 25. Electric load is constant: 54 kWh/d. Rainbow colour change characterises unmet load (kWh/yr); COE 

is represented by superimposed points. At each level of stream flow, COE declines gradually with increasing capacity 

shortage. Difference of COE across the capacity shortages widens when stream flow decreases. Unmet load is 

relatively constant for capacity shortage below 3 %. Unmet load exceeds 2,500 kWh when higher capacity shortage is 

permitted, or river discharge falls below 9 L/s. Analysis also shows that lower COE is achievable at the expense of 

electric supply quality. However this should be avoided, or at least achieving an optimal trade-off between COE and 

supply quality because this could deliver a blow to villagers’ confidence in stand-alone power generation systems.  



 

Figure 22 Sensitivity analysis of electric load and hydro resource (extracted from HOMER) 
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Figure 23 Impact of load growth on COE and unmet load for 0 % capacity shortage (extracted from HOMER) 

 

Figure 24 Impact of load growth on COE and unmet load for 5 - 20 % capacity shortage (extracted from HOMER) 
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Figure 25 Sensitivity analysis of hydro resource and capacity shortage (extracted from HOMER) 

 

 



4.7.4 Battery Lifetime 

The relationship between battery lifetime and NPC, as well as COE are illustrated in Figure 26. The parameters are 

0 % capacity shortage, 18.26 L/s stream flow and 54 kWh/d electric load. Overall pattern suggests that NPC and 

COE decrease with increasing battery lifetime. Drastic decline of NPC and COE is observed as battery lifetime 

increases from 5 years to 8 years, following a steady decline from 8 years to 25 years. Average reduction of NPC and 

COE for increasing lifetime from 5 years to 25 years is 1.7 %. For an increase of lifetime from 5 years to 8 years, 

reduction of NPC and COE is 7 %. COE is RM 0.17 (US$ 0.04), when battery lifetime is 25 years, same as the project 

lifetime. For the same battery lifetime, NPC is RM 43,415 (US$ 10,854). 

 

Figure 26 Impact of battery lifetime on system's NPC and COE 

4.8 Optimal System Type 

Optimal systems with respect to different levels of capacity shortage and electric load are shown in Figure 27. System 

that satisfies technical constraints at the lowest NPC at each level of capacity shortage and electric load is selected as 

optimal system. For 18.26 L/s of river discharge, three types of optimal system exist:  

 First type: micro-hydro generator only (current system installed by Lightup Borneo) 

 Second type: micro-hydro generator, 12 V 280 Ah batteries and 3 kW inverter (also known as configuration 2) 

 Third type: micro-hydro generator, PV panels, 12 V 280 Ah batteries and 3 kW inverter 

First type of system is regarded as the present system installed at Kampung Mantapok. Second and third types are 

improvements for consideration. At higher capacity shortage, first type is favourable for having the lowest NPC and 

COE. NPC of the first type is RM 28,951 (US$ 7,237.75). In between 54 kWh/d and 58 kWh/d, COE of the first 

type is RM 0.11 (US$ 0.03). Above 58 kWh/d, COE is RM 0.10 (US$ 0.03). Second and third types prevail for capacity 

shortage lower than 5 %. Enclosing the top left and left side of dark yellow area is deep blue area, an area in which 

second type is the optimal system. NPC of the second type is RM 46,230 (US$ US$ 11,558); COE reduces with 

growing electric load. Dominance of third type is represented in the dark yellow area, bounded between 4.1 % and 5 % 

38,000.00

40,000.00

42,000.00

44,000.00

46,000.00

48,000.00

50,000.00

52,000.00

5 8 10 12 15 20 25

0.155

0.160

0.165

0.170

0.175

0.180

0.185

0.190

0.195

0.200

0.205

N
P

C
 (

R
M

)

Lifetime (years)

C
O

E 
(R

M
)

NPC (RM)

COE (RM)



57 
  

of capacity shortage. Upper and lower limits of dark yellow area correspond to 58 kWh/d and 54 kWh/d of electric 

load. NPC of third type ranges approximately between RM 44,000 (US$ 11,000) and RM 46,000 (US$ 11,500).  

Existence of first type fades away as river discharge drops, as shown in Figure 28. Second and third type dominate the 

plotting area when the river discharge is 6 L/s; capacity shortage of the first type is higher than 20 % at that level of 

river discharge. System types are unaffected by load growth, except for 6 L/s and 9 L/s of river discharge, in which 

third type outperforms second type at certain level of electric load. 

Referring to Figure 27 and Figure 28, decision for improvement, i.e. replacing first type of system with second or third 

type, is based on four factors: capacity shortage, NPC, COE and river discharge. While COE and NPC are emphasised 

in evaluation of the optimal system type, level of satisfaction and confidence of villagers/ beneficiaries are largely 

ignored. Level of satisfaction and confidence can only be measured indirectly by assuming that reliable and consistent 

supply of electricity result in higher level of satisfaction and confidence. As previously explained (in section 4.6), 

reliability and consistency of electric supply are gauged by capacity shortage and unmet load. If less than 5 % of 

capacity shortage is guaranteed for 18.26 L/s of river discharge or even lower, first type is definitely disqualified. 

Second type is preferred to third type when level of system complexity and required maintenance are to be kept to 

minimum. 

Difference of NPC and COE between second and first type, at 0 % of capacity shortage and 54 kWh/d of electric 

load, are RM 17,279 (US$ 4,320) and RM 0.07 (US$ 0.015) respectively. Difference of COE and NPC between first 

and second type could be further narrowed down when inverter and battery life increase (due to infrequent utilisation). 

For instance, COE and NPC of second type reduces to RM 0.165 (US$ 0.04) and RM 42,088 (US$ 10,522) when 

inverter and battery life increase to 25 years and 15 years correspondingly. As a result, the difference of COE and 

NPC between first and second type narrow down to RM 0.055 (US$ 0.014) and RM 13,137 (US$ 3,284), contributing 

respectively 21 % and 24 % of reduction. 

If compared with a 15 kW diesel-fuelled power generation system (with two 280Ah batteries and one 3 kW inverter), 

second type saves 11 tons of carbon dioxide emission per year. Carbon dioxide emission is obtained by simulating 15 

kW diesel-fuelled power generation system using HOMER. The cost structures of diesel generator are summarized in 

Appendix VIII. Provided that unsubsidized17 diesel price is RM 2.10 (US$ 0.53) per litre, COE and NPC of diesel-

fuelled system are RM 0.666 (US$ 0.167) and RM 169,759 (US$ 42,440) respectively. The difference of COE and NPC 

between diesel-fuelled system and second type are RM 0.485 (US$ 0.121) and RM 123,529 (US$ 30,882) respectively. 

Second type outweighs diesel-fuelled system, as its COE and NPC is 73 % lower.  

In reality, only the upfront cost of two items namely inverter and battery (two units) required consideration. Total 

upfront cost of these items, referring to Table 8 and Table 9, is RM 6,221 (US$ 1,555), 19 % of the capital cost of 

Lightup Borneo’s 10 kW micro-hydro generation system (Appendix VII). This percentage is undaunted, if weighing 

against the advantages (described previously) of second type and its resiliency, in which it has more electricity reserve 

for handling load growth, especially at low river discharge, while maintaining low capacity shortage. Second type is 

also able to cope with the consequences of uncertain river discharge due to the unavailability of annual river discharge 

data. 

  

                                                           
17 Large villages (with licensed sellers) are provided 1000 Litre of subsidized diesel, selling at RM 1.50 per Litre. Subsidy covers 
extra costs, mostly due to the cost of transporting diesel to rural areas. According to a villager, subsidized diesel is merely enough 
for a week. When the subsidized diesel is sold out, diesel is sold at RM 2.10 per Litre. For small villages such as Kampung 
Mantapok, villagers are rarely benefitted from subsidized diesel. 



 

Figure 27 Optimal system type for different electric load and capacity shortage; river discharge = 18.26 L/s (extracted from HOMER) 
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Figure 28 Optimal system type for different electric load and capacity shortage, at different river discharge (extracted from HOMER) 

 

 

 



5 Recommendations for Sustaining Rural Electrification 

Projects  

As observed from those government programmes, sustainability of power generation systems is crucial for preventing 

waste of financial and human capital dedicated to accomplishment of electrification projects. Reviving failed projects 

dissipates valuable resources that could instead be used beneficially. In a study presented by Ladakh Ecological 

Development Group, factors for success of rural electrification, ranked according to importance, are proactive 

villagers, effective management and equipment maintenance (Tsephel, 2007). A study (Els, Vianna, & Antonio Cesar 

Pinho Brasil Jr, 2012) concluded that the most successful Brazilian rural electrification projects had integrated the local 

development initiatives, taking into consideration technical, socio-economic and cultural aspects. In demonstrative 

LfA (Luz para Todos – Light for All) projects, substantial part of funding was used for local mobilisation and 

organisation. Another study (Bhattacharyya & Ohiare, 2012) on the Chinese approach and experience came to the 

same conclusion, in which success of Chinese rural electrification is closely linked to rural development. 

In view of these facts, chapter 5 proposes necessary means to Lightup Borneo for achieving sustainability of rural 

electrification projects and effective maintenance and management of stand-alone power generation systems. The 

term – non-technical is used to imply that recommendations derived in this chapter are neither focus on improvements 

of the system design approach nor system architecture itself. Such aspects of improvement have been discussed in 

detailed in chapter 4.  

5.1 Inclusive Development Programmes 

Weaknesses of government electrification projects, for being non-inclusive and neglecting socio-economic status of 

rural villages, are clearly explained in section 3.5. In making rural electrification projects sustainable, Lightup Borneo 

has to plan beyond the mere goal of supplying electricity to rural communities. One crucial detail of the plan is to 

integrate rural development and promote productive use of electricity. As described in section 3.2.2, electricity 

amplifies the economic development in rural areas. It stimulates rural entrepreneurship and small industries. Incomes 

could be used to pay the O&M of power generation system. Villagers would also be able to fund the upgrading projects 

when electricity demand increases, or even sponsor electrification projects at other villages. The introduction of 

economic development programmes relies on cooperation between Lightup Borneo and companies/NGOs with 

related specialties. For instance, tour agencies could assist rural villagers to promote their tourism programmes and 

charity organisations could organise volunteerism and market rural products. 

Furthermore, through economic activities such as handicraft-making and rural tourism, cultural and natural heritage 

are preserved. As some NGOs oppose bringing electricity to rural villages, according to the founder of Lightup Borneo, 

for fearing that electricity supply could forever change the lifestyle and annihilate traditions (cultures) of rural villagers, 

inclusive rural electrification programme offers the solution. At Long Pasia, homestay programme began as a way to 

repel expansion of logging areas nearby the village and protect the natural heritage. The programme drew 

government’s attention and was recognised as a lucrative source of the state’s income. The campaign achieved 

successfulness when surrounding areas of Long Pasia were preserved and the village was given financial support by 

the government for tourism development. 

5.2 Community Organisations – Cooperative and Committee 

The idea of socially-oriented cooperative to increase rural electricity access is not novel. In United States of America, 

electricity was introduced to majority of rural areas in the middle of the 20th century through cooperatives (Yadoo & 

Cruickshank, 2010). Rural electric cooperatives borrowed funds from the government agency – Rural Electrification 

Administration (REA) to construct infrastructure and provide non-profit service.  Delivered through cooperatives, 

the number of rural electric systems in operation was doubled, number of consumers connected was tripled and the 

amount of grid distribution lines was increased more than five-fold within 13 years. Moreover, these cooperatives in 



61 
  

USA received the least amount of federal subsidy per consumer, compared to investor and municipal owned utilities. 

The concept was duplicated and achieved similar success in East Asian countries namely Bangladesh and Nepal. These 

cooperatives also exist in Brazil (Els, Vianna, & Antonio Cesar Pinho Brasil Jr, 2012), however, the expansion was 

restricted by electricity companies and legislation. 

Institutional and financial supports from the government determine the realisation and successfulness of the 

cooperative. Most importantly it relies on willingness of the government to reform energy policy and decentralise 

(diversify) electricity supply – enacting related laws and legalising village cooperatives. Under such circumstance, 

Lightup Borneo plays a long-term catalytic role by advocating the idea and benefits of the cooperative as well as 

mobilising the public to support it. In short-term, Lightup Borneo could encourage rural villagers to resort to another 

option – forming a committee.  

Existences of committee were observed at rural villages in East Malaysia, including the subject of case study, Kampung 

Mantapok. Committees responsible for O&M of micro-hydro generator at several villages at Ba’Kelalan were also 

reported by other authors (Murni, Whale, Urmee, Davis, & Harries, 2013). At Buduk Aru, the student committee of 

the theology school was formed to manage the micro-hydropower system. While lacking in maintenance schedule, a 

student is tasked to maintain the system by only checking it when the voltage output is low. At Kampung Ulau, the 

function of the village committee is to collect RM 3.00 from each household for maintaining the gravity feed water 

lines. The money is used to buy replacement parts and pay the villager in-charge. For villages with existing committee, 

the function could be extended to operate and maintain power generation systems. The villagers could form a 

committee if there is none, before the electrification project commences.  

Functions of the committee and cooperative include commencing and overseeing the execution of electrification 

project, collecting fees and resolving conflicts arising from the misuse of electricity and etc. Amazon mini grid 

experiences show that operation and maintenance are most effective when cooperatives are involved (Els, Vianna, & 

Antonio Cesar Pinho Brasil Jr, 2012). If cooperative is legalised to issue loans, it could use income surpluses to provide 

micro-financing for small-scale income generation activities (Yadoo & Cruickshank, 2010). Full involvement cultivates 

the responsibility and sense of ownership among the rural communities. Both committee and cooperative promote 

democracy and empower communities to define their future when rural communities are given voting rights and 

discretions. More importantly, direct accountability to the users improves efficiency and effectiveness of service 

provided by committee or cooperative. Nonetheless further research is required to propose and modify model to 

facilitate the implementation of cooperative and integration of power generation systems management into the existing 

village committee.  

5.3 Knowledge Sharing and Communication 

At Kampung Mantapok, villager uses two truck batteries, connecting in series, for the PV system. A villager of Long 

Pasia installs his solar PV panels under the roof (Figure 29) and uses car battery for energy storage. Some PV panels, 

fixed on poles, were seen in proximity to houses or shaded by branches and leaves. What the villagers do not realise 

is the downsides of using vehicle batteries and shaded PV panels. These vehicle batteries are easily available and 

cheaper, but they are designed for shallow cycle and unfit for PV systems (Solar4Living, 2016). The power of these 

PV systems reduces drastically even if small area of panel is shaded (Sera & Baghzouz, 2008).  

Issue of subpar maintenance was observed at Batu Nuduk, a village 15 minutes away from Long Pasia. A 3 kW micro-

hydro generator has been used for around three years at the village. The power house, along with the shield of the 

pelton turbine (Figure 30) was built by the villagers with improvised materials found in the village. There are noticeable 

signs of deterioration on pelton turbine, generator’s cover and fasteners while its nozzle, which shoots high pressure 

water at pelton paddles to spin the turbine, is misaligned.  

Both examples of Long Pasia and Batu Nuduk, although unrepresentative of the overall situation of East Malaysia, 

show that when rural users are not provided with adequate training and information, it could affect the performance 

and reliability of stand-alone power systems in the long run. Mistaking inferiority for erroneous application and subpar 
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maintenance may tarnish the reputation of stand-alone power systems, thereby tricking the villagers into thinking that 

grid connection is the only solution for reliable electricity.  

 

Figure 29 Partially shaded PV panels 

Knowledge dissemination has to be effective in such a way that the villagers are able to understand the concept and 

access to information easily. It could be in the form of training workshop, targeted on village committee or villagers, 

and brochure, conducted (written) in national language and native language. Maintenance schedule and manual should 

be formulated and distributed to committees or villager-in-charge. A board with technical drawings of power 

generation system and comprehensible BOM (bill of materials) could be erected by the power generation system. 

Energy efficiency and recycling programmes should also be incorporated in the process of knowledge dissemination. 

These programmes reduce misuse of electricity and environmental impact of electronic waste such as lightbulbs and 

appliances.  

Designating villages which have benefitted from Lightup Borneo’s electrification projects as rural knowledge centres 

facilitates the spreading of information to visitors from other villages. The spreading of information can also be 

realised through the “agent of change”. Such agent of change exists at Buduk Aru, in which a student of theology 

school expressed his enthusiasm of helping villagers to build micro-hydropower systems when he becomes pastor and 

serves in rural villages.  

 

Figure 30 The pelton turbine set is deteriorating; nozzle is misaligned 
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Secondly, communication between the villagers and the founder of Lightup Borneo could be improved. It was learned 

from conversation with the principle of theology school that he could not contact the founder of Lightup Borneo 

when the bearing of micro-hydropower generator broke down. It was understood that the founder was working in 

rural areas, outside the mobile network coverage area when the principle called. In order to solve this issue, a hotline 

can be set up, where one volunteer staying in the city receives phone call from the villagers. Every project can be 

assigned a serial number (case number) to facilitate reference and record. The hotline and case number can be dubbed 

on the power generation systems. When the villagers have any enquiry or encounter technical faults, they can call the 

hotline, refer the case number and describe the details. In fact, such method is widely adopted by public services, 

banks and telecommunication service providers. 
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6 Conclusion 

Government programmes provide invaluable lessons for designing optimal power generation systems as well as 

sustaining rural electrification projects. Preliminary assessment of available energy resources and choices of technology 

has to be performed thoroughly. Diesel generators are unsustainable choices of technology for remote and 

underdeveloped villages, hence should be ranked the lowest priority. Maintenance is equally important as the 

implementation of electrification projects. Villagers have to be trained and involved in the operation and maintenance 

of power generation systems. Furthermore, identification of the socio-economic status of rural areas is crucial before 

commencing electrification programmes. Social fairness has to be prioritized over economic benefits of electricity 

companies. Integrated rural development programmes, covering electrification projects and involving different 

agencies, universities and NGOs are more effective.  

Optimal power generation system is defined by a system capable of delivering reliable and continuous electricity at the 

least possible cost. Based on the case study method, approach for designing an optimal power generation system was 

laid out in chapter 4. This design approach includes survey of socio-economic status and electricity demand (existing 

and future) of the village, assessment of available primary energy sources and corresponding choices of technology, 

as well as selection of power generation system’s components. The comprehensive design proposal, illustrated in 

Figure 2, should serve ultimately to replace the current design approach.  

Total electricity demand of the village is 53.72 kWh/d. Average and peak load are 2.24 kW and 7.85 kW respectively. 

Two electricity demand spikes occur at 11 am and 5 pm. Eight configurations of power generation system were derived 

based on the two-level full factorial design. HOMER microgrid software was used to model and simulate all 

configurations. Of all configurations, configuration 2 was chosen. Configuration 2 consists of 10 kW micro-hydro 

generator, 3 kW inverter and two units of 280 Ah battery. Batteries are crucial for coping with two peak loads. The 

COE and NPC of configuration 2 are the lowest – RM 0.181 (US$ 0.045) and RM 46,230 (US$ 11,558) respectively. 

Micro-hydro generator constitutes 72 % of total system capital cost. Inverter accounts for 61 % of total O&M cost. 

Inverter and batteries share 50 % of total replacement cost.   

Configuration 2 achieves highest level of electricity supply reliability and continuity, given that both annual capacity 

shortage and unmet load are 0 % of total electricity demand. In sensitivity analysis, the impact of river discharge 

uncertainties, load growth, capacity shortage and battery lifetime on financial and technical performance of 

configuration 2 were explored. Slowing river discharge results in increasing system cost. COE reduces when electric 

load or capacity shortage rises. NPC and COE reduce with increasing battery lifetime.  

The level of satisfaction and confidence of villagers are equally significant as the system cost. Both levels, related to 

reliability and consistency of electric supply, are assumed to be inversely proportional to capacity shortage and unmet 

load, i.e., higher level of satisfaction and confidence are achievable with lower capacity shortage and unmet load. 

Hence, current system is disqualified because its capacity shortage is higher than 5 %. Furthermore, current system 

has lower resiliency as compared to configuration 2, indicating incapability of handling load growth and variations of 

river discharge. Configuration 2 also outweighs diesel-fuelled system, as it saves 11 tons of carbon dioxide emission 

and has 73 % lower COE and NPC.  

Given the above facts, improvement of current system is justified. Upfront cost for improving the current system is 

only 19 % of the capital cost of Lightup Borneo’s 10 kW micro-hydro generation system. Cost-effectiveness would 

be driven up if lifespan of inverter and batteries increase. 

Four recommendations were proposed for achieving sustainability of rural electrification projects and power 

generation systems. Rural electrification projects have to be combined with economic development. In return, incomes 

enhance the quality of life. The incomes could also be invested in upgrades and other electrification projects. 

Additionally, rural development programmes play a role in preserving cultural and natural heritage.  
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Secondly, community organisations improve operation and maintenance of power generation systems, meanwhile 

fostering responsibility and sense of ownership among the villagers. Democracy and local empowerment are nurtured 

when rural communities are directly involved in electrification projects. Thirdly, combination of various ways of 

knowledge dissemination is necessary for enhancing the learning process of villagers and deepening their technical 

know-how. Lastly, hotline should be set up to avoid miscommunication between villagers and founder of Lightup 

Borneo; case (reference) number could be assigned to every electrification project to facilitate reference and record. 

Further research is necessary to derive practical and systematic method of obtaining accurate river discharge. It is 

important to remember that delaying commencement of electrification projects for the sake of measuring 12-monthly 

river discharge is not an option. At micro-level, findings of this project become the source of reference for Lightup 

Borneo’s upcoming projects and life-cycle analysis of power generation systems. At large, study of community-based 

electricity generation and energy policy reform in Malaysia, putting at a broader term – energy democratisation, could 

be extended from this project.  
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Appendix 

I. Lightup Borneo’s accomplished projects since 201218 

No. Location of Village Type of hydro 
generator 

Capacity 
(kW) 

Building 
served 

Year of 
commencement 

1 Kg. Nyegol, Ulu Bengoh G, Pa 3 20 houses 2012 
 2 Kg. Nyegol, Ulu Bengoh G, Pa 3 

3 Kg. Sting, Ulu Bengoh G, Pa 7.5 9 houses 2012 

4 Long Kerabangan,Long 
Semadu 

G, Pa 10 20 houses 2012 

5 Long Tanid, Long Semadu G, Pa 12 35 houses 2012 

6 Pa Brunut, Long Semadu G, Pa 5 7 houses 2013 

7 Punen Kelalan, Ba Kelalan G, Pe 3 1 houses 2013 

8 Long Langai, Ba Kelalan G, Pe 5 2 houses 2013 

9 Kg. Lumampau, Sipitang G, Pe 3 9 houses 2013 

10 Batu Nuduk, Sipitang G, Pe 3 5 houses 2013 

11 Long Pinasat, Sipitang G, Pe 5 13 houses 2013 

12 Long Pasia, Sipitang F, Ww 3 2 houses, 2 
community 
buildings 

2013 

13 Raub, Pahang (Peninsula 
Malaysia) 

G, Pe 2 1 training 
centre 

2014 

14 Gua Musang, Kelantan G, Pe 3 20 houses 2014 

15 Long Pakan, Ulu Baram G, Pe 3 30 houses 2015 
 16 Long Pakan, Ulu Baram F, Ww 1 

17 Kg. Pelepok, Betong G, Pe 3 20 houses 2015 

18 Budok Aru, Ba Kelalan G, Pe 20 1 school 2015 

19 Punen Trusan G, Pe 0.5 

For battery 
charging 

only 
 

2015 

20 Raub G, Pe 0.5 2015 

21 Ulu Mukah G, Pe 0.5 2015 

22 Kg. Lumampau G, Pe 0.5 2015 

23 Kg. Mantapok G, Pe 10 10 houses, 2 
community 
buildings 

2016 

G, Pa = Gravity, Paddle wheel F, Ww = Floating, Water wheel  G, Pe = Gravity, Pelton wheel 

 

 

                                                           
18 Projects accomplished before 2012 were not documented 
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II. Semi-structured interview questions 

1. Describe your village. 

2. Does your village have any source of income? 

3. Does your village have community organization? If yes, what is the function of the organization? 

4. What is the status of electrification of your village? 

5. Referring to electrification, does your village receive any forms of assistance from government? 

6. In your opinion, does inaccessibility of electricity affect the quality of life? Describe the problems you 
encounter. 

7. For beneficiaries of Lightup Borneo’s electrification project – what is your opinion on the projects? 

 

III. Questionnaire  

Basic information of the village (only fill-in once) 

a) Village Name: 

b) Number of Houses: 

c) Number of Villagers: 

d) Infrastructures/amenities: 

1. Basic information of the villager 

a) Do you have a stable income, i.e. monthly income? If no, how often do you have income? 

b) How do you use your income?  

c) How many members in your family? 

d) What is the size of your house? 

2. Electricity Consumption 

a) Do you have electricity in your house before micro-hydro generator was installed? If yes, proceed to next 
question.  

b) What is the source of electricity? For diesel generator, proceed to 3.1. for others, proceed to 3.2 

c) What appliances do you use the electricity for? Fill-in the table below: 

House: 1 

Lighting and Appliance Quantity Wattage (W) Usage Period Hours of 
usage 

(hours/day) 

     

     

     

     

 

d) Do you have plans to buy/use any appliances in near future? Fill-in the table below: 
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Appliance Quantity 

Fan  

Television  

Others  

 

3.1 Diesel generator (dg) 

a) How did you acquire dg? 

b) How much did you pay for dg? 

c) How do you acquire diesel? 

d) What is the frequency of use (or fuel consumption)? 

e) How much does the diesel cost? 

f) Pros and cons of dg? 

 

3.2 Others 

a) How did you acquire it? 

b) How much did you pay? 

c) Pros and cons? 
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IV. Existing electricity consumption of each house 

House: 1 

Lighting and Appliance Quantity Wattage (W) Usage Period 
Hours of 

usage 
(hours/day) 

Compact Fluorescent Light (CFL) 4 18 6 pm – 10 pm 4 

Television 1 48 7 pm – 10 pm 3 

Rice cooker 1 1200 
11 am – 12 pm 
5 pm – 6 pm 

2 

Mobile phone charger 1 5 12 pm – 1 pm 1 

 

House: 2 

Lighting and Appliance Quantity Wattage (W) Usage Period 
Hours of 

usage 
(hours/day) 

Compact Fluorescent Light (CFL) 3 18 6 pm – 10 pm 4 

Television 1 48 7 pm – 10 pm 3 

Radio 1 8 6 pm – 7 pm 1 

Mobile phone charger 4 5 
2 pm – 3 pm 
8 pm – 9 pm 

2 

Laptop 1 60 7 pm – 9 pm 2 

 

House: 3 

Lighting and Appliance Quantity Wattage (W) Usage Period 
Hours of 

usage 
(hours/day) 

Compact Fluorescent Light (CFL) 3 18 6 pm – 10 pm 4 

Mobile phone charger 2 5 7 pm – 8 pm 1 

 

House: 4 

Lighting and Appliance Quantity Wattage (W) Usage Period 
Hours of 

usage 
(hours/day) 

Compact Fluorescent Light (CFL) 3 18 6 pm – 10 pm 4 

Mobile phone charger 2 5 
4 pm – 5 pm 
8 pm – 9 pm 

2 

 

House: 5 

Lighting and Appliance Quantity Wattage (W) Usage Period 
Hours of 

usage 
(hours/day) 

Compact Fluorescent Light (CFL) 3 18 6 pm – 10 pm 4 

Television 1 80 7 pm – 10 pm 3 

Table fan 1 50 7 pm – 5 am 9 

Mobile phone charger 2 5 7 pm – 10 pm 3 
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House: 6 

Lighting and Appliance Quantity Wattage (W) Usage Period 
Hours of 

usage 
(hours/day) 

Compact Fluorescent Light (CFL) 3 18 6 pm – 10 pm 4 

Mobile phone charger 3 5 
3 pm – 4 pm 
6 pm – 7 pm 

2 

 

House: 7 

Lighting and Appliance Quantity Wattage (W) Usage Period 
Hours of 

usage 
(hours/day) 

Compact Fluorescent Light (CFL) 3 18 6 pm – 10 pm 4 

Mobile phone charger 1 5 5 pm – 6 pm 1 

 

House: 8 

Lighting and Appliance Quantity Wattage (W) Usage Period 
Hours of 

usage 
(hours/day) 

Compact Fluorescent Light (CFL) 3 18 6 pm – 10 pm 4 

Mobile phone charger 2 5 2 pm – 3 pm 1 

Television 1 48 7 pm – 10 pm 3 

  

House: 9 

Lighting and Appliance Quantity Wattage (W) Usage Period  Hours of 
usage 

(hours/day) 

Compact Fluorescent Light (CFL) 3 18 6 pm – 10 pm 4 

Mobile phone charger 2 5 8 pm – 9 pm 1 

Television 1 60 7 pm – 9 pm 2 

 

House: 10 

Lighting and Appliance Quantity Wattage (W) Usage Period 
Hours of 

usage 
(hours/day) 

Compact Fluorescent Light (CFL) 3 18 6 pm – 10 pm 4 

Mobile phone charger 2 5 7 pm – 8 pm 1 
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Church  

Lighting and Appliance Quantity Wattage (W) Usage Period 
Hours of usage 

(hours/day) 

Every Sunday Morning 

Stand fan 2 50 10 am – 12pm 2 

During Religious Activity, Christmas Celebration    

Compact Fluorescent Light (CFL) 3 18 6 pm – 10 pm 4 

Stand fan 2 50 6 pm – 10 pm 4 

 

Community Hall  

Lighting and Appliance Quantity Wattage (W) Usage Period 
Hours of usage 

(hours/day) 

During festive celebration or village meeting 

Compact Fluorescent Light (CFL) 3 18 6 pm – 12 pm 6 

Sound System 1 180 10 am – 12 pm 14 

Fan 2 50 10 am – 12 pm 14 

Every night (for safety reason) 

Compact Fluorescent Light (CFL) 1 18 6 pm – 5 am 11 
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V. Projected electricity demand, excluding public lighting 

Hous
e 

Appliances 

Rice 
Cooker (600 

W) 

Chest Freezer 
(125 W) 

Fan (50 
W) 

Compact 
Fluorescent 
Light (18 W) 

Television (50 W) 

1  1 2   

2 1 1    

3 1 1    

4 1 1 1   

5 1 1    

6 1 1 1 1 1 

7 1 1 1   

8 1 1    

9 1 1    

10 1 1 1  1 

Total 8 9 5 1 1 
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VI. Daily electric load of four profiles: Normal, Sunday, Church ceremony 

and Festive celebration 

Hour Daily Electricity Load (W) 

Normal Sunday  Church 
ceremony 

Festive 
celebration 

0:00 1:00 1908 1908 1908 1908 

1:00 2:00 1908 1908 1908 1908 

2:00 3:00 1908 1908 1908 1908 

3:00 4:00 1908 1908 1908 1908 

4:00 5:00 1908 1908 1908 1908 

5:00 6:00 1250 1250 1250 1250 

6:00 7:00 1250 1250 1250 1250 

7:00 8:00 1250 1250 1250 1250 

8:00 9:00 1250 1250 1250 1250 

9:00 10:00 1250 1250 1250 1250 

10:00 11:00 1250 1350 1250 1530 

11:00 12:00 7850 7950 7850 8130 

12:00 13:00 1255 1255 1255 1530 

13:00 14:00 1250 1250 1250 1530 

14:00 15:00 1265 1265 1265 1530 

15:00 16:00 1255 1255 1255 1530 

16:00 17:00 1255 1255 1255 1530 

17:00 18:00 7855 7855 7855 8130 

18:00 19:00 2152 2152 1712 1892 

19:00 20:00 2953 2953 1712 1892 

20:00 21:00 2958 2958 1712 1892 

21:00 22:00 2818 2818 1712 1892 

22:00 23:00 1908 1908 1908 1892 

23:00 0:00 1908 1908 1908 1892 

Total daily load 
(kWh/d) 

53.72 53.92 49.69 52.58 

Average load 
(kW) 

2.24 2.25 2.07 2.19 
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VII. Capital cost of micro-hydropower system 

Item 
Unit 
price 
(RM) 

Lightup Borneo's 
project, 10 kW 

For HOMER 
simulation, 10 kW 

Quantity 
Total 
Price 
(RM) 

Quantity  
Total 
Price 
(RM) 

PVC pipe, 8”,  x6m x5.5mm 158.4 10 1584.00 10 1584.00 

PVC pipes, 6”, x6m x6mm 131.1 110 14421.00 110 14421.00 

PVC pipe, 4”, x6m x5mm 74.4 5 372.00 5 372.00 

HDPE pipe, 3”, x50m, PN10 560 1 560.00 1 560.00 

Glue (big bottle) 45 6 270.00 2 90.00 

PVC Reducer 8”>6”, 6”>4”,4”>3”, 
connector with internal thread 

238 1 238.00 1 238.00 

HDPE connector, 3”, with external thread on 
1 end 

50 1 50.00 1 50.00 

HDPE T-junction  50 1 50.00 1 50.00 

Ball valves, 2" 25 2 50.00 2 50.00 

Switch board 2700 1 2700.00 0 0.00 

Single-phase automatic voltage regulator 15 
kVA 

1350 1 1350.00 0 0.00 

Single-phase AC synchronous generator, 10 
kW (including shipping cost) 

1800 1 1800.00 1 1800.00 

Turbine & bracket 4000 1 4000.00 1 4000.00 

Miscellaneous (10% of above, eg 
communication, steel cable, filter net ) 

    2744.50   2321.50 

Sub-total, excluding GST     30189.50   25536.50 

GST (6%)     1811.37   1532.19 

Sub-total, including GST     32000.87   27068.69 

Civil works     700.00   700.00 

Transportation     400.00   400.00 

Grand Total     33100.87   28168.69 

 

 

 

 

 

 

 



80 
  

VIII. Diesel generator’s cost structures 

Table 14 Diesel generator's cost structures and diesel price 

Cost structure Value (RM) 

Diesel generator, 15 kW, 230 VAC, 50 Hz (per unit) 3352.00 

GST (6 %) 201.12 

Overseas shipping charge (50 % of diesel generator per unit price) 1676.00 

Transportation cost (10% of diesel generator per unit price) 335.20 

Capital Cost ≈ 5564.30 

Replacement = 5564.30 

O&M (10 % of capital cost) = 556.40 

O&M (per hour) 0.03719 

Diesel price (per liter) = 2.10 

 

 

Figure 31 Yong Feng Sheng 15 kW diesel generator (Taobao.com, 2016) 

 

                                                           
19 The value is obtained by dividing O&M cost by lifetime of diesel generator, which is 15,000 hours. 


