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ABSTRACT
Rural electrification is a significant component of economic and sustainable
development strategies for many countries. However in remote rural areas, utilisation of
local natural energy resources is often both economically and technically more feasible
than extending a national grid. The results of initial field research into the role of micro
hydro electricity generation in the Lawas District of Sarawak, Malaysia are reported in
this paper. Site visits, energy audits, questionnaires and interviews were undertaken to
explore how micro hydropower systems could assist rural villages obtain electricity.
The respondents in these remote villages want the government to deliver more projects
which harness local free renewable energy to meet their needs for electricity. Small “ad
hoc” projects from a variety of proponents have had mixed results. To deliver a
sustained electricity supply that meets the community’s needs, a micro hydro project
needs to be planned carefully, addressing potential points of failure before the project is
implemented.
Keywords – Ba’kelalan valley, micro hydro systems, renewable energy, rural
electrification, village power systems
INTRODUCTION
Electrification is a critical component of economic and sustainable development
(Ferguson et al. 2000). The Malaysian government has accepted the need for rural
electrification and has a set a target of 95.1% of communities in rural areas to be
electrified by 2010 (The Economic Planning Unit, 2006). As most rural households are
clustered in small groups and are often located in very remote areas, the logic of using
independent power supply systems utilizing local natural energy resources wherever
feasible has been recognised. The main alternative, extending the national grid to
supply electricity to households to remote areas, is generally either not technically
practical, or a much higher cost option, or both. Increasing reliance on local renewable
energy resources is also in line with the national policy to increase the contribution of
renewable energy in the national fuel mix by 7.4% by 2010 (Malaysia Energy Database
and Information System, n.d.)
As many remote communities in Sarawak are located in mountainous terrain and enjoy
relatively high rainfall, hydro power represents perhaps the most attractive local source
of energy for these communities. From an economic perspective, where the potential for
such hydro power exists, it tends to be a far more cost effective option than other
renewable energy options such as solar PV or wind power, both in terms of unit capital
cost ($/kW) and unit energy price ($/kWh). Only solar thermal systems (solar water
heaters) are able to achieve lower unit costs (Abdullah, 2005). The main drawback of
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micro hydro systems (MHS) is their high up-front cost, which is regarded as the main
barrier to the uptake of this technology by village communities.
An example of rural communities in a mountainous, remote area of Sarawak is
Ba’kelalan (Fig. 1). Located in the Lawas District in Sarawak, in the northern part of
Borneo Highlands or “Heart of Borneo” (longitude 115.62E latitude 3.98N), the
Ba’kelalan valley lies 1000 metres above sea level, only 4 km from the border with the
Indonesian province of East Kalimantan (Nasir, n.d). Its remoteness has protected both
the unique features of the local environment and culture of this area.
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c

Fig. 1: Maps of a) Borneo; b) the Heart of Borneo; c) Sketch map of Ba’kelalan
Sources:http://assets.panda.org/downloads/hob_new_species_report_web_version_16april20101.pdf
and http://brunei.cfbt.org/bn/heartofborneo/hobmenu.html

Ba’kelalan’s remoteness has also been an impediment to government capacity to
provide public facilities into this area. The resulting lack of amenities, such as
electricity, secondary schooling, and employment opportunities, has led to outmigration, especially among the youth. As a consequence, the labour force for planting
and harvesting rice has dwindled and finding sufficient labour is now difficult. On the
other hand, the geographical isolation which has hindered improvement of the standard
of living has protected both environment and culture. For example, the famous Adan or
Bario rice grown throughout the highlands continues to be cultivated by buffalo without
pesticide or chemical fertilisers (Chew, Langub and Ardhana 2004).
All of this is now starting to change. Four-wheel vehicle access to the area via newly
constructed logging roads has opened up access to the villages, and this has started to
bring about social change, raising the question of how sustainable development can take
place in this remote highland area without also bringing the negative consequences of
development. One strategy being considered is to develop local renewable energy
resources to provide the communities in Ba’kelalan with increased access to electricity.
The aim of this study was to investigate the role of sustainable micro hydro systems in
fulfilling rural villagers’ need for electrification.
DATA COLLECTION AND ANALYSIS
The research reported here was the preliminary phase of a larger research project. Only
small sample sizes were selected for surveys and interviews. Consequently the results
reported here should be seen as indicating the issues which are planned for follow-up by
more rigorous research, which is now under way. These preliminary findings are
presented here primarily to open up dialogue with other researchers in this field.
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These initial field surveys were undertaken in two stages. Preliminary fieldwork in
Ba’kelalan, Sarawak was conducted during the period of September-October 2009 and a
second fieldtrip to Kuching and Miri, Sarawak took place in March 2010. Fig. 2 shows
the process of data collection methods.
Site Survey

Energy Audit

Questionnaire

Interview

Data Compilation and Analysis
Fig. 2: Flow chart of the field survey activities
During the site survey, the principle author visited all the micro hydro systems in the
Ba’kelalan area. Energy audits and interviews were conducted only in Buduk Nur,
which was selected as a representative village. Among nine villages in Ba’kelalan,
Buduk Nur is the main village with 341 inhabitants and 59 households as well as some
public facilities, such as an airstrip, public clinic and government offices. Buduk Nur
itself comprises of three hamlets, namely Long Kumap, Long Muda and Punang
Kelalan: each with its own headman. For this fieldwork, five respondents were
randomly chosen from each hamlet to participate in both an energy audit and a
questionnaire. The energy audit and questionnaire were used to investigate the
community’s current energy use and its expectations in relation to energy in the future.
The energy audit of each household identified all electrical appliances present and their
power rating, main time of use and also frequency of use. A questionnaire was used to
investigate energy vulnerability, potential alternative energy resources, renewable
energy and mechanisms for renewable energy implementation.
An overview of the community’s efforts to obtain electrification, opinions on its
benefits to the community and the possibilities for reducing costs of electrification
through collaboration between villages were obtained through interviews of the village
headmen, the chief penghulu (the guardian of traditional customs) for the Ba’kelalan
area (Leong 2009) and from the District Officer in Lawas.
To explore the energy policies applicable to Sarawak and the role of each level of
government in rural electrification, a second fieldtrip was made to Kuching and Miri.
Interviews were conducted with a State Government officer, the Sarawak Electricity
Board and a distributor of MHS in Sarawak. They were also asked about the roles
played by manufacturers and the technical aspects of planning MHS projects.
RESULTS
Current Energy Situation
Villagers use a small range of options for generating or supplying electricity. Of the 15
householders interviewed, 7 used a diesel generator, 5 used a petrol generator and 2
obtained their electricity from a micro hydro scheme. One had no access to electricity
at all (Fig. 3). The latter respondent had previously used a petrol generator, but when it
required replacement or overhauling, he could afford neither.
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Fig. 3: Forms of electricity generation used by respondents.
Respondents connected to the working micro hydro scheme had electricity available to
them for 24 hours a day at no cost. Those who used generators typically operated them
in evenings, starting around 6 pm, for an average of about 3 hours. The electricity is
used to provide lighting and to power a television set. Some respondents also owned
other electrical appliances, such as a washing machine, a freezer, an iron, an oven, DVD
players and fans, but these appliances were used only occasionally. Various sources of
energy are currently used by villagers for domestic purposes. All respondents use both
firewood and LPG for cooking. Wood is usually used for cooking rice and boiling water
while LPG is preferred for cooking vegetables. Diesel, petrol and micro hydro are used
to generate electricity. Candles and kerosene lamps also provide lighting.
Energy Vulnerability

During the wet season (October to February) the price of diesel and petrol in Ba’kelalan
often increases to twice that of the dry season due to limited, uncertain supplies caused
by disruption of road access from the nearest large town (Lawas). Fuel supplies to
Ba’kelalan are therefore weather dependent, with fuel supply in the wet season being
intermittent and unreliable.
When asked whether they considered the cost of energy to be high or low, 7 of the 15
respondents stated that their energy costs were either expensive or very expensive and
another 7 stated that the costs were high but not too expensive. Only one respondent
considered energy to be very cheap, commenting that, at the time of the interview, the
cost was low relative to that during wet season.
In relation to availability of fuel, 3 respondents stated they are always able to buy fuel
when they necessary, 7 indicated that they were usually or often able to buy fuel, 4
stated that they could rarely buy fuel, and 1 stated that he could never buy fuel when
required. The difficulty in obtaining fuel is a factor of price and availability. At the time
of the interview, the price of petrol in Ba’kelalan was AUD 0.93/litre; diesel was AUD
0.53/litre and kerosene AUD 1.24/litre. Although fuel is subsidised by the Malaysian
government, many in this largely subsistence local economy find it difficult to find the
funds required (average AUD 28 per month) to run a generator for domestic electricity.
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Stable, fair prices and continuity of supply emerge as critical factors for villagers in
fulfilling their energy needs.
Satisfaction

When asked about their level of satisfaction with current energy arrangements, 1
respondent stated they were strongly satisfied, 4 were satisfied, 7 were dissatisfied and 3
were strongly dissatisfied (Fig. 4).

Fig. 4 Degree of respondent satisfaction with existing energy sources
In an open-ended question, villagers were asked to nominate the greatest limitation
imposed by their current energy sources. Eight out of 15 respondents said the high price
of energy. Four of 15 respondents stated that collecting fuel wood from the forest is
becoming harder each day. Suitable firewood can only be found deeper in the forest
now, so the cost in human energy and time is increasing and becoming a constraint on
villagers’ access to energy.
Willingness to purchase electricity

If more electricity were available to them, a majority (12) of the respondents indicated
that they would purchase more; 2 indicated they would be unwilling and 1 indicated
they would be strongly unwilling to purchase additional electricity (Fig. 5).
Respondents who would be unwilling to buy more electricity commented that the
availability and continuity of supply of electricity are more important to them than the
amount of electricity. Even a small amount of reliable electricity would be adequate for
their needs.
Participants were asked to rank how much they were willing to pay each month for
electricity. They were asked to nominate ranges of less than AUD 8, AUD 8-16, AUD
17-25, AUD 26–34 and more than AUD 34. A majority (11 of 15) stated that they
would be willing to pay AUD 8–16 per month for their electricity bill, whereas 4
respondents would only pay less than AUD $8 per month. No-one was willing to pay
more than AUD 17 (Fig. 6). Respondents indicated dissatisfaction with their current
energy costs and compared these with the electricity bill of their families or relatives
who live in a city. Respondents indicated a desire to spend more or less the same
amount as their relatives in the city who have access to electricity for 24 hours per day.
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Fig. 5 Willing to buy more electricity?

Fig. 6 Respondents preferred monthly payments for electricity.
Most respondents were not satisfied with their current energy sources and electricity in
particular. Their main complaint is the high cost they pay for energy, the availability of
which is less than they prefer.
Expectation

In regard to villagers’ expectations for their future electricity demand, respondents were
asked to list the electrical appliances that they would like to run with electricity in
addition to lighting and television and the reasons for them. Between them, respondents
nominated a freezer, rice cooker, washing machine, wood-plane, rice husker, computer,
iron and oven. A freezer would be valuable to them because they obtain their meat by
hunting in the forest and from fish from the rice fields. A freezer would enable them to
keep the meat for a longer time. An electric rice cooker is highly desired because during
the planting and harvest times, the villagers are busy in their rice fields from early
morning until late. They want to cook in an electric automatic rice cooker because
cooking over a wood fire takes longer and requires labour which could be otherwise
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used in the fields. Villagers aspire to greater access to electricity as they recognize the
benefit of electricity in helping them do their housework. Income generation was not
specifically mentioned.
Mechanism for renewable energy implementation

Respondents mentioned both hydro and solar as possible alternatives to generating
electricity from petrol or diesel. Both micro hydro and solar PV systems are already
used in Buduk Nur. Solar panels have been installed on the roofs of several households
and a solar PV array is used to provide electricity for the public library. The main
drawbacks of these systems are the batteries and the expensive DC lights.
When asked what type of institutional arrangements should used be if a new renewable
energy project was to increase the supply of domestic electricity to the village, a
majority of respondents (11 of 15) indicated that it should be a government service
delivery project; 2 stated that it should be operated as a private business venture, one
stated that it should be a community-based project and one was uncertain. Those who
preferred a government operated system also stated that it would be good for the
community to be involved in implementing any MHS project. Government service
delivery projects are preferred over private commercial or community-based projects as
the means of delivering renewable energy systems to the village.
EXISTING MICRO HYDRO PROJECTS
At present, four micro-hydro projects are operating in Ba’kelalan. The first system, in
Buduk Nur, was commissioned in 2004. This 7.5kW micro hydro system was installed
to provide power to the Apple Lodge, the main home stay accommodation in
Ba’kelalan. However, in order to enlist help to build the powerhouse and connect the
wiring, the owner agreed to share the electricity (free of cost) with nine cooperating
households in a small distribution network. This is the only system for which system
design information was obtained during this preliminary work; the distributor of the
MHS confirmed that the system has a gross head of 65 m with a flow rate of 7 l/s in the
dry season and 14 l/s in the wet season. At the end of the 2009 dry season, this MHS
was not operating due to reduced river flow. There was sufficient water flowing for the
needs of the home-stay only, but the owner decided not to run the MHS at all, to
neutralise potential jealousy.
Recognising the success of this MHS, the Ba’kelalan people initiated a new MHS
project to provide electric lighting for the Theology School in Buduk Aru. The
community and church worked together to raise funds and a 10 kW MHS turbine was
installed in Buduk Aru in 2006. This MHS was also not operating during the 2009 dry
season due to reduced river flow.
A third micro-hydro system was installed in village of Buduk Nur in 2007, with the
initial aim of providing electricity for the public clinic. On receiving word that the
Federal Government was funding hydro power in their village, the villagers of Buduk
Nur asked for access rights to electricity from the clinic MHS. The government agreed
to provide electricity (free of cost) for 4 light bulbs in each of all 59 households in
Buduk Nur and a 20 kW MHS was installed for this purpose. Since it was installed, the
MHS did not operate properly due to faulty wiring of the controller. This error has been
fixed and this MHS was finally able to commence electricity generation in May 2010.
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A fourth MHS was set up with Rotary Club assistance in the village of Buduk Bui. The
community contributed 20,000 MYR (AUD 6,794) of the total project value of around
140,000 MYR (AUD 45,477). The MHS was commissioned in 2008 and has a capacity
of 12.5 kW, providing electricity for 26 households to power 6 bulbs and one television
per household. The households pay a maintenance cost of 5 MYR/month and must limit
their loads to 250 Watt; the penalty for exceeding this limit is 250 MYR. This MHS was
still operating even during the 2009 dry season. An overview of existing micro hydro
systems in Ba’kelalan can be seen in Tab. 1.
Tab. 1: Profile of Micro Hydro Systems in Ba’kelalan
Village

Funding

Capacity

Load

Community Involvement

Status
Oct 2009

Buduk Nur

Private

7.5 kW

Apple Lodge and
9 households

none

Not
running

Buduk Aru

Community based

10 kW

Theology School

funding, construction,
Operation & Maintenance

Not
running

Buduk Nur

Government

20 kW

Clinic and 59
households

construction, Operation and
Maintenance

Not
running

Buduk Bui

NGO-Community
based

12.5 kW

26 households

funding, construction,
Operation and Maintenance

Running

Information provided from the distributor of the MHS in Buduk Nur suggested that the
life cycle costs of installing and operating a 10 kW MHS over 10 years was around
450,000 MYR. This compares favourably to the life cycle costs for a 10 kW diesel
genset of around 675,000 MYR (including the Government subsidy on diesel fuel of 1
MYR per litre).
SUMMARY AND DISCUSSION
One important observation arising from this preliminary research is that “fair price” and
continuity of supply are critical factors for the villagers, together with access to an
electricity supply adequate for their needs. The current high level of dependence on
imported fuels means these villagers have to pay more than people in more populous or
accessible areas of Malaysia to meet their energy needs. Using local, free renewable
energy sources to generate electricity could reduce their expenditure on energy.
Most respondents indicated that electricity supply projects should be funded by
government as a public service project. There are significant untapped hydro resources
in the area and increased use of micro hydro systems to supply electricity would be an
attractive alternative to generating electricity from diesel and petrol.
Three of four existing micro hydro system in Ba’kelalan were not operating during the
site visit, which suggests that either the season was exceptionally dry that year, or the
projects may not have been well planned. The first premise is supported by
conversations with the owners of the systems at Buduk Bui and Buduk Nur (Apple
Lodge) who commented that the dry season typically lasts for 2-3 months but in 2009
the dry season lasted for around 5 months. In regard to the second premise, most
renewable energy projects in developing countries that have not been sustainable in the
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long term have failed due to poor planning (International Energy Agency 2003). Micro
hydro is totally dependant on flow rate and seasonal variations need to be considered at
the design stage. The distributor of the Buduk Nur MHS stated that the decreasing river
flow during the dry season was recognised as a factor when determining the size of the
MHS. However flow rates were based on spot readings by the distributor in 2004 and
system design in remote areas without detailed water resource data is a challenge. Even
where historical data is available, global warming and its potential impact on rainfall
and runoff is an additional factor that now needs to be considered when planning MHS.
Technical knowledge of manufacturers and capacity of villagers emerges in this brief
survey as another critical factor for the success of MHS. Villagers waited for up to 3
years for systems to be delivered or installed. This may indicate that capacity building is
not only essential in implementing MHS, but may be more difficult than is realised,
especially for remote areas. In her survey of household solar PV electrification in the
Asia-Pacific region, Urmee (2009) found programs were enhanced by stakeholder
engagement and developing the capacity of participants to manage and maintain the
systems. In the Solomon Islands, training, use of local materials and skills played
important roles in ensuring the sustainability of village micro-hydro schemes (Yu &
Taplin 1997).
Peak electricity use by the surveyed community occurs between six and nine pm. All of
the micro hydro systems in Ba’kelalan have no storage capacity and unused electricity
generated by the MHS is dumped. Many micro hydro projects in Indonesia identified
productive activities that could use the electricity generated by micro hydro systems
during the day thereby contributing to community income. These include coconut
shredding, coffee grinding (Winrock International, 1999) and small scale cottage
business enterprises, such as embroidery, furniture making and wood milling (Anon,
2009).
CONCLUSION
Our survey of community expectations for energy or electricity supply projects found
that the community members expect their needs for energy to be met through
government funded projects. Although one private micro hydro project has been
constructed and operates, the community expects any new projects should be built as
Government service delivery projects.
To be successful, a micro hydro project needs to be planned carefully, taking into
account potential technical failure points and aligning community expectations with
system capacities before the programme is implemented. Developing local technical
know-how is very important but seems to be easily overlooked when implementing
micro hydro projects in remote areas.
The MHS observed in this survey contribute primarily to improved quality of life
through lighting and television, rather than through income generation activities. Ways
to productively use electricity produced during day time by these micro hydro systems
rather than dumping it warrants closer attention. It is possible some of the electricity
currently dumped could be used to support small income generating activities for some
members of the community. In the Ba’kelalan valley options for storing either water or
electricity to increase the supply during the hours of peak load demand are always likely
to be constrained.
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