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Abstract

Malaysia is currently constructing a large hydropower station with five more schemes under review.
However these stations are catering for energy consuming industrial parks while the domestic supply
is not making much in-road due to geographical constraints. This paper is discussing the use of off-
grid alternative for power supply to the rural settlements. A run-of-river application, pico hydro,
requires no dam or reservoir for water storage. It is intended for low flow and low head application. A
mapping of possible locations for application along selected rivers in Malaysia is discussed. Two
types of pico hydro turbine are selected for review and comparison in power production. Research are
undertaken to promote this environment friendly technology to rural electrification program. Studies
show that pico hydro manages to provide enough power for basic lighting needs in remote area where
water is available with small drop or head.
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1. Introduction

Asia leads the development in hydropower currently in progress with China, the number two energy
user, planning to increase its capacity a further 190 GW [1]. These are referring to large-scale projects,
from mini hydro (up to 1 MW), to small hydro (up to 10 MW) and to large hydropower plant, which
has the capacity of more than 10 MW. Malaysia has the potential of 29000 MW of hydropower,
especially in Sarawak and Sabah [2]. While the mega project provides a lot of power to the industrial
parks, it failed to satisfy the needs of remote population domestically. These off-grid settlements are
still depending on the generator sets for their lights and power. Until recently the rural electrification
program reluctant to look at the capability of small-scale hydropower scheme despite the availability
of potential sites that could benefit the rural community tremendously. As most villages are located
near river, sites with low head (less than 10 m) are worth looking at for their potential [3]. Several
renewable energy hybrid systems using small scale hydro were being tried at various locations of
several countries. A project at Taratak Indonesia operated using a head of 5.5 m with a discharge rate
of 240 I/s [4]. In Cameroon, a water turbine of 5 kW capacity making use of the available head of 10
m and flow rate of 92.6 I/s to provide 24 V DC system to light up their village [5]. The main problem
of using this run-of-river application is the seasonal fluctuation of depth and flow rate of these rivers.
The appropriate turbine should be chosen for the specific location depending on the available head and
the minimum annual flow rate.

Comparisons and feasibility study are done to evaluate the feasibility of the renewable energy
resources between pico hydro (up to 5 kW) and solar powered systems have been made by Mabher et
al. [6] in the off-grid electrification options in rural Kenya. Nunes and Genta [7] worked on a bigger
micro hydro turbine (up to 100 kW) for off-grid electrification program in Uruguay. The cost for both
hydro systems are much smaller compared to using the solar panels when the settlements are located
near river. Therefore small-scale hydro system should be considered, whenever available, due to cost
and environmental concerns [8].
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The 2400 MW Bakun hydroelectric project is initially targeted to provide the power to the peninsular
Malaysia using underwater cable. However it has since being shelved due to the forecasted power
needed by the industrial parks to be developed by the Sarawak state government and the potential of
selling the electricity to Brunei and Indonesia. The state is also planning to build five smaller projects
to meet future demand. The peninsular Malaysia also has large scale hydro plants ranging from 40
MW to 150 MW power. However, Malaysia has yet to fully utilize its many rivers, big or small, which
are capable of producing electricity for domestic use especially to off-grid settlements living nearby.
Fig. 1 shows grid systems in Malaysia and the rural electrification rate. The shaded area represents the
geographical constraints where alternative for generator powered electrification program is required.

Grid Systems in Malaysia &
Rural Electrification Rate

Sistem Grid Utama DI Semenanjung Malaysia
Main Grid System in Peninsular Malaysia

99%

Sistem Grid Di Sarawak
Grid System in Sarawak

Figure 1 — Grid system in Malaysia and rural electrification rate, source: [9]

2. Methodology

Each potential site for small-scale hydropower scheme is considered unique due to its water head and
the available flow rate. The turbine selection is based mostly on these criteria. Table 1 shows the flow
rate of selected rivers at off-grid area. Even at low head these rivers have great potential of producing
the required power for the remote areas. In most cases when the head is small the flow rate should be
higher to get the same amount of power. The penstock and turbine should be designed to increase
proportionally to support the increment [10]. The design of the turbine and the implementation
methods need to be derived carefully to optimize the type of turbine to suit a particular location [11].

Table 1 Flow rate of selected rivers in off-grid area

River Min Mean Max
(m3fs) (ms) (ms)
Sg Muar 1.22 26.18 134.07
Sg Segamat 35 8 41
Sg Serting 1.81 6.28 28.73
Sg Triang 6.4 19.91 59.76
Sg Pahang 149.1 356.3 2651.5
Sg Lipis 68.92 69.57 72.39
Sg Jelai 150.96 216.28 717.28
Sg Tembeling 62.49 179.19 1916.09
Sg Galas 505.9 735.9 2355.6
Sg Pergau 23.1 75.1 233
Sg Sokor 6.36 12.81 269.93
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There are two types of turbines to be considered, impulse and reaction turbines. In most cases impulse
turbines are used for high head sites, and reaction turbines are used for low head sites. Impulse turbine
is embedded in the fluid and powered from the pressure drop across the device. Reaction turbines
operate with the flow hits the turbine as a jet in an open environment, with the power deriving from
the Kkinetic energy. Table 2 shows the types of impulse and reaction turbines used at high, medium and
low head.

Table 2 Types of turbine for small hydro application based on available head

Turbine High Medium Low
(H>50m) (50m<M>10m) (10m>L)

Impulse  Pelton v v

Turgo v v

Crossflow v v
Reaction  Francis v

Kaplan v

Propeller v

While pelton wheels could also be used for low head hydro systems [12][13], using Kaplan or Francis
turbines at high initial capital cost in hydro system with small head and modest flow rate will lead to
design problem. Montanari [14] suggested that either propeller or crossflow turbine could be used due
to their costs and potential power produced. Fig. 2 [8] shows the range of suitability of various types
of turbines based on the flow rate and net head. Propeller, Kaplan and crossflow turbines are suitable
for low head low flow applications. Crossflow turbine has significant advantages over other turbines if
the flow rate varies a lot during seasonal variations.

600 Pelton wheel
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Propeller turbine
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Figure 2 Suitability of turbine based on flow rate and net head [8]

Propeller and crossflow turbines, as shown in Fig. 3, are selected for testing for low flow and low head
application. The pico hydro scheme is intended to provide up to 1 kW off-grid power for rural
application. The propeller turbine is imported from Australia at a cost of RM10,000.00 and the
crossflow turbine is fabricated locally for RM2,500.00

: 4
Figure 3 Propeller and crossflow turbines
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The test site is located at Universiti Kebangsaan Malaysia at Bangi. Water is derived from the natural
pond near the Faculty of Engineering and Built Environment using penstock made of hard PVC pipe
of 150 mm inside diameter. The head is about 1.2 m and flow rate is between 20-25 L/s.

Figure 4 The test site

3. Results

The propeller turbine produces voltage between 80 and 140 V, and AC current between 70 and 330
mA. The mean depth of water in the water chamber is 14 cm. Results in Table 3 shows the maximum
power produced by the turbine using several light bulbs as the loading. The current is too small so the
output power falls below 50 W.

Table 3 The maximum power produced at 14 cm water depth

Bub E1 E2 E3 E4 E5
w W W W W W)
25 11.69 8.06 1116 13.28 11.99
40 17.05 1150 16.48 2042 17.36
60 22.84 16.16 22.25 29.11 23.33
100 3250 21.91 3123 4208 33.31

The crossflow turbine is connected to an alternator to produce DC current. In order to get the
minimum revolution to charge the battery the right gear ratio is required. Experiment data, as shown in
Table 4, indicates the gear ratio of 12:108 (alternator:turbine) provides the best output with enough
power to charge the battery. The alternator produces a maximum of 15.25 V in 12 V DC system with
at least 13 V for charging the system. The power produced by 12:70 gear ratio is enough to light-up
the system directly without the charging process. The maximum power is expected to reach 100 W
when the head is at 1.2 m with flow rate of 25 L/s.

Table 4. Power generation by gear ratio

Ratio Voltage (V) Current (A)
12:50 9.50 3.10
12:70 11.20 3.74
12:108 15.25 4,52

The power output can only be raised by increasing the head and by having higher flow rate. Increasing
the head means extending the penstock and placed the turbine further down the steps. It is no longer
possible to increase the gear ratio higher than 12:108 due to too much torque exerted to the small gear
connected to the alternator. This could lead to more vibration on the alternator set-up and possibility of
the connecting shaft to the small to be broken.

The breakdown of cost of power production for pico hydro turbine is as shown in Table 5. The initial
cost includes some civil work. With proper maintenance the system is expected to last 20 years. The
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critical value is cost of energy (COE) is RM0.501/kWh, which is reasonable when compared to the
tariff set by the government at the minimum of RMO0.218/kWh and maximum of RM0.460/kWh.

Table 5 Cost and energy production for pico hydro turbine

Item Value

Initial cost RM3220

Total annualized per year RM305

Total net present cost RM3898

Total annual energy production 920 kW.h

Total load served 609 kW.h
Excess electricity 311 kW.h (34%)
Cost of energy RM0.501/kWh

4. Conclusions

The propeller turbine produces too low current to make it useful for domestic use. The cost of turbine
is too high due to it has to be imported. Imported turbine will be subjected to taxes, cost of
maintenance and non existence technology transfer. Maintenance would be a problem if the turbine
breaks down. One of the advantages of the crossflow turbine is that it can be fabricated locally. The
maintenance and repair can be done by the local people, meaning the actual total cost will be kept
relatively low. Due to the uniqueness of each site the power potential of the location and the selection
of suitable turbine which is based on the head and flow rate of the water. As shown in Table 1 there is
large variation of flow rate due to seasonal change. Crossflow turbine is suitable for low head
application and most preferable when the great fluctuation of the flow rate as it has higher efficiency
at low ratio of turbine flow to design flow compared to propeller turbine.

At location where water flow is available pico hydro turbine system is the cheapest available
renewable energy system. Solar module scheme can only be functional during daylight. At night it
depends entirely on battery system. Its initial high capital cost becomes a barrier for development of
rural electrification program. In order to provide the same amount of power produce by hydro, solar
module scheme needs to increase its sizing double or triple, thus increase its total cost. Generator set
needs to be operated continuously to provide electricity around the clock. This will cost three times as
much compared to pico hydro scheme. This is based on the high cost of fuel due to transportation cost
to this hard to access location. Furthermore the generator will need to be replaced after accumulating
certain number of operating hours due to maintenance and efficiency reasons. Wind in Malaysia is not
a main source renewable energy. At most times it is too small to generate any power for domestic use.
The potential locations are near the coastal areas. As the main target for off-grid electrification
program is the shaded area in Fig. 1 wind turbine will not be an option.

Correct sizing of components is important since oversizing means overproducing the required power.
High excess energy leads to high COE. Steps need to be taken to minimize the excess energy while
optimizing the system. Using a single component usually leads to oversizing. A hybrid system, which
requires optimization, could reduce the probability of having high excess energy. As shown in Fig. 3,
works currently are undertaken to incorporate the pico hydro, PV panels and wind charger as a hybrid
renewable energy system, and generator as a back-up to charge the battery. Instead of using the battery
as storage, it is used to supply DC current to provide electricity to off-grid community. All three
renewable components and generator are designed to charge the battery set to provide enough power
to meet the demand load. Based on the loading optimum sizing of each of the hybrid components and
suitable operation strategy for each optimum combination will be decided.
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