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Abstract. Tremendous studied had been conducted on small hydropower
system based on run-of-river schemes as an alternative renewable energy.
Small hydropower system can be classified based on electricity generated
between 1MW to 10MW. This system is normally being applied in rural
area for providing the consumer electricity demand. Basically the
researches to date are more focusing on the large scale of hydropower
rather than the small scale hydropower technology. Therefore, this study is
aimed to focus on predicting the available power generated by the small
hydropower system specifically for the river stream in peninsular
Malaysia. The water flow rate is measured by using ultrasonic level sensor
located at the intake of the small hydropower system. The water flow rate
is important data to be used in predicting the power output of the power
house. The result shows that, the power outputs are depending on the
fluctuation of water flow rate and the electricity being generated is more
than 1MW. This finding can be used as the benchmark for daily and
monthly monitoring process of the system efficiency or target output.

1 Introduction
Peninsular Malaysia is blessed with an abundance numbers of water resources and due to
the extreme topography of the mountain; most streams have very high slopes. This
combination of stream flow and high stream gradient or slope is ideal for the run-of-river
hydropower development. This kind of small hydropower development has the least
environmental impact and is generally less capital intensive than typical hydropower plants
built in conjunction with high dams and large amounts of water storage [1]. Besides, small
hydropower system is one of the significant renewable energy alternatives that have been
greatly developed in the past few decades due to its small scale, lower investment, and the
promotion of local economic development especially for rural application in generating
electricity [2–6].
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The small hydropower system can be developed in a reservoir or run-of-river type. In
For run-of-river type, there is no water storage for power generation, but the water is
diverted from the main river by weir. For small capacities of hydropower system, run-ofriver types are highly recommended. A typical run-of-river small hydropower system for
electricity generation is consisted of the following basic components: water
intake
structure (e.g., weir and settling tank), penstock, turbine, mechanical power transmission
system to generator, generator, and electricity transmission system to load centers, and
control system [7]
The power production of small hydropower plant is a dynamic process which indicates
the maximum generation capacity under certain meteorological and hydrological
conditions. It is also easily being influenced by hydrology, climate, and installation
capacity. Therefore predicting the power production of a small hydropower system is a
non-linear and multi-factor complicated problem. Due to the less value of the installed
capacity in a single plant, it is hard to predict its power production along with strong
uncertainty and fluctuation [4]. Besides, the important of predicting the production output
in a small hydropower plant is to maintain its sustainability development. To obtain the
power production estimation, the value of the net head and water flow of the system are
required. Net head is difference between the gross head and the losses due to friction and
turbulence in piping, while the water flow is the quantity of water in cubic meter per
second [8].
The power production of small hydropower plant shows great spatiotemporal diversity,
and thus, it is difficult to establish a commonly used model. These data can be served as a
source of information for the model development and to build a procedure to simulate the
operation of hydrological and hydraulic systems that can be used for optimizing the
marketing of the renewable energy technology. The power production depends a lot on the
environmental conditions for example, precipitation, weather changes and etc. In Malaysia
generally, small hydropower plant based on run-of-river types is less implemented,
therefore it has some challenges in predicting the power production and becoming complex
task. So, prediction of performance output is necessary in providing adequate information
for further research. This paper aim to study the power generated by small hydropower
system based on run-of-river located in Peninsular Malaysia, specifically at Sungai Perting,
Bentong, Pahang.

2 Experimental setup
The present experiment aims to study the power output generated by the 5MW gridconnected small hydropower plant in Sungai Perting, Bentong, Pahang with net head of
159.6 m. In order to obtain the result, ultrasonic level sensor was installed to measure the
water flow rates (m3/s) of the river which is crucial variable needed in calculating the
power generation by the small hydropower system. The Signature Flow Meter which is
connected through TIENET 310 Ultrasonic Level Sensor was specially designed for open
channel flow monitoring application. The flow meter sensor was installed at water intake of
the river for each pairs of the water channel. This device is a non – contact liquid level
measurement work by measuring the time interval between the transmissions of the river
surface sound pulse to the sensor. The function of signature flow meter is to process the
data obtained from the level sensor in terms of water flow rates numerical values. In this
research, the data of water flow rate were used as crucial parameters to calculate the power
prediction that were obtained hourly for whole day in January 2016 which is equivalent to
744 hours. Figure 1 (a) shows Ultrasonic Level Sensor and Figure 1 (b) shows Signature
Flow Meter.
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Fig. 1. Equipment used in this experiment.

3 Results and discussion
Statistical analysis will be performed in evaluating the result. The water flow rates obtained
were in form of continuous random variables. Power generated by the small hydropower
system can be calculated by using Equation (1) where, ߩ (kg/m3) is a density 1000 kg/m3, ݃
(m/s2) is the acceleration due to gravity 9.81 m/s2, Q (m3/s) is the flow rate, and H (m) is
the net head available at the inlet to the turbine and ߟ is the overall energy conversion
efficiency [9]. The overall efficiency for small hydropower system electricity generation is
lower (< 80%) than for mechanical power supply system because of generator losses in the
former [10]. Therefore, in this analysis, the net head and overall efficiency used are 159.6
m and 80% or 0.8 respectively.
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Based on the calculation by using Equation (1), the average power output generated in
January 2016 was 4.25 MW. Figure 2 shows the scattered plot for exploited power in the
small hydropower system. Based on the graph, the data are randomly distributed. The
maximum and minimum value was spotted away from the overall linear pattern distribution
and basically the exploited power fluctuation is directly proportional to the flow rates of the
stream as shown in Figure 3. The fluctuations in the graph are caused by wet and dry
weather which also influenced the increment of precipitation [11]. The level of
precipitation will be lesser during dry weather compared to wet weather.
Figure 4 shows the probability density function for the generated power output. The
probability density function is a curve that represents the probability distribution of a
continuous random variable of the generated power output. The curve indicates the regions
of higher and lower probabilities for the random variable values. From the graph, it shows
that the probability of the generated power is denser between 2.0 MW – 5.0 MW. It means
this area of distribution it has the highest probability of the power generated in MW by the
system. The graph was skewed to the left and the mean value was located to the left of the
peak value. The peak value of the graph shows the mean of the power generation from the
small hydropower system which is 4.25 MW.
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Fig. 2. Scatter Plot of Generated Power Output (MW) in January 2016.

Fig. 3. Relationship between Power Generation (MW) and Water Flow Rates (m3/s) in January 2016.

Fig 4. Probability Density function for Generated Power Output (MW).
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4 Conclusions
This paper provides adequate information on predicting power production by small
hydropower system based on run-off-river in Peninsular Malaysia Rivers. Besides, the
prediction of power production for such small power plants is an essential tool to ensure
ongoing power supply for user demand, to plan for reserve power supply and transaction
between power plants especially in rural area application. The power production of small
hydropower can be ranged from few kW until thousands of MW and much reliable as a
clean energy sources compared to other types of power plant. In this study, the mean value
of generated power obtained in January 2016 was 4.25 MW. The highest production value
was around 7 MW and the least value was around 2 MW. The current findings from this
work is hoped to be one of information sources in designing or choosing potential sites for
small hydropower plant installation. Those present and further findings will provide mass
benefit to the rural electrification generation in fulfilling the increasing energy demand.
The authors would like to thank Ministry of Higher Education of Malaysia and Universiti Teknikal
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