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1. INTRODUCTION

In 2006, there were significant numbers of areas in Malaysia that had no access to 24-hours
electricity. Extension of grid electricity networks becomes wasteful because of the geographical conditions of
these areas, even with demand from the citizen [1]. Hence, an independent energy generator could be the best
alternative to mitigate this issue.

Recent studies reveal there are various works have been done to generate an electricity from the
natural resources and agricultural waste [2-18]. However, a major problem of single source power generation
is its dependence on weather condition which sometimes unpredictable, especially in the tropical climate
region. Therefore, a hybrid approach is fast becoming a key instrument in energy conversion.
For instance, an integrated electricity system that harvests energy from combined wind-solar has been
introduced by N.Sivaramakhrisna et.al. in 2013 which aimed to gain an uninterruptable power supply in
various weather condition [19]. Research on hybrid energy conversion system continuously emerged when
recently Pico-hydel hybrid power generation system with open well energy storage is being introduced by a
group of researcher from India. Research led by Anilkumar has proposed an approach for off-grid micro-
hybrid system model which comprised of wind and solar energy as primary sources together with pump
storage unit [20]. The simulation done in [20] discovers it could produce almost 500 W of power at a peak.
Unlike Sivaramakhrisna and Anilkumar, Vinesh (2015) used only two resources for his hybrid system i.e.
wind and solar. Interestingly, the work was carried out in tropical climate region where wind speed is not so
significant for energy harvesting. However, with custom made wind turbine type, he and his co-workers are
able to produce amount of energy, approximately 0.7 watt where Kota Kinabalu was chosen as a testing site
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for their system [21, 22]. On the other hand, it is far too little attention has been paid on combining sun rays
and rainwater to breed electrical energy to consumer.

Although Malaysia does not suitable for wind energy harvesting, it is geographically found in an
equatorial region where a huge amount of rain and sun rays are received each year. This claim is proven
when Syafrina (2014) and her team tabulated the historical rainfall trend in Malaysia between 1975 to 2010.
Syafrina characterised the intensity in four different seasons i.e. the northeast monsoon (November-February)
known as NEM, the southwest monsoon (May-August) known as SWM, and two inter-monsoon seasons
(March-April) MA and (September-October) SO. The analysis indicates an increasing trends of rain
frequency in Malaysia within 1975 to 2010 with notable increasing trends in short temporal rainfall was
observed during inter-monsoon season [23]. In short, Peninsular Malaysia and Malaysian Borneo side receive
around 2500 mm and 5080 mm of rainfall, respectively in average each year [7].

As was pointed out earlier, Malaysia received huge amount of sun rays throughout the year.
This statement is supported by Mekhilef et.al through their review in 2012. In average, Malaysia exposes to
400-600 MJ/m2 solar radiation per month. With an average sunshine duration of 4 to 8 hours per day and
4000-5000 Wh/m2 of solar radiation daily, it provides huge solar energy potential to the nation approaching
to 2000 kWh/m2 yearly. Table 1 disclosed the average of solar radiation value in Malaysia throughout a year.
Collectively, natural resources contain vast potential as a new energy source to cope with the high demand,
especially in the remote area. With a combination of rainfall water and sun rays, this project aims to look into
a prospective angle to generate an energy by deploying a rain-solar hybrid system that converting natural
resources i.e. rainwater and sunrays into an electric energy [24].

Table 1. Solar Radiation in Malaysia per Year [25]

Irradiance Yearly average value
Kuching 1470
Bandar Baru Bangi 1487
Kuala Lumpur 1571
Petaling Jaya 1571
Seremban 1572
Kuantan 1601
Johor Bahru 1625
Senai 1629
Kota Bharu 1705
Kuala Terengganu 1714
Ipoh 1739
Taiping 1768
Gorge Town 1785
Bayan Lepas 1809
Kota Kinabalu 1900

2. METHODOLOGY
2.1. Hardware

A prototype of an independent hybrid solar-rain energy generator has been developed in order to
perform the experimental work. The prototype is built by combining a Pico-hydro together with a solar cell
system to alternately produce an electrical energy regardless of weather conditions. As such, the maximum
and uninterruptable energy production can be achieved. The gravitational force of water flow in the Pico-
hydro system and solar radiation exposure from the sun is converted to useful energy form using two 12Vdc
3Watt solar cells and a NACuM DB-370F 3.7Vdc 129mWatt micro-generator. Both energy conversion
devices are installed in the power generator prototype as shown in Figure 1. The dimension of the prototype
is illustrated in Figure 2. Maximum head of the energy harvester prototype is approximately two meters with
10 liters water tank mounted on top. The water tank is used to gather the rain water before it is released
through the pico-hydro system’s pipeline. In addition, two solar cells are connected in parallel with ‘V’ shape
configuration attached to the tank to collect the solar radiation. At the bottom, lie the micro-generator and the
controller for the hybrid system.
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Figure 1. A prototype of hybrid solar-rain Figure 2. Technical drawing of hybrid solar-rain energy
energy harvester harvester prototype

2.2. The Experiment

The feasibility study of the prospective energy harvesting was done in three modes i.e. solar mode,
pico-hydro mode, and hybrid mode. Rationally, this approach allows the authors to distinguish the individual
capability of each module, as well as the hybrid system’s proficiency. Pico-hydro mode experiment work was
established by disabling the solar cell module. Ten liters of water was used in the experiment which produced
ten different head values range, from 1.44 meters to 1.67 meters. This step was prepared according to the
procedure used in [7, 22]. Data of voltage and current form the module were collected gradually using
Graphtec Petitlogger GL100, GS-4VT Voltage sensor and GS-AC200A Current Sensor modules at different
head levels. Forecasted energy yield by the Pico-hydro system is estimated by the (1) [24].

P=Q-H-p-g @)

Where,

P = Potential Power (watts)

Q = Volumatric flowrate (litre/sec)

H = gross head (m)

p = water density (kg/m?)

g = gravitational constant (9.81m/s?)

On the other hand, solar mode experimental work was carried out by enabling only the solar cell
module. The energy harvester prototype was exposed to sun rays from 8:00 am to 5:00 pm. Data form the
module was collected using aforementioned apparatus at every 1-hour interval. Estimated energy yield from
the solar radiation is forecasted by (2);

E=A-r-H-F @)

Where,

E = Potential Energy (kWh)

A = solar panel area (m?)

r = solar panel yield or ef ficiency (%)

H = Annual average solar radiation on panel
F = Performnce ratio, coef ficient for losses
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Ayer Keroh, Melaka was chosen as a testing site for the hybrid system. In an attempt to reveal the
actual potential of energy from the rainwater and solar ray, the prototype harvester was placed under open
sky for five days where the weather condition is shown in Figure 3. At this stage, both modules are switched
on to form the hybrid configuration.
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Figure 3. A weather condition at Ayer Keroh between 11th to 15th December 2017

3. RESULTS AND ANALYSIS

Figure 4 shows the energy produced by solar cells from 8:00 am to 5:00 pm with one-hour interval
period. It reveals that the average power converted by the cell from solar radiation is approximately 562
milliwatts. As depicted, the highest conversion rate happened between 12:00 noon and 2:00 pm.
The depletion of power in the morning and late evening is expected due to the shading on the solar cell.

Electrical Energy form Solar Cell
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Figure 4. An electrical energy generated from solar cell module

On the other hand, Figure 5 shows energy generated by the pico-hydro module with different head
levels. The plot disclosed that the power increased proportionally with the head level. This experiment has
generated 110 milliwatts of average power over 10 different head levels. This finding is coherent with the
finding of [7] as well as estimated power by (1). The Pico-hydro module is obviously generating less power
compared to its solar counterpart as it required more efficient generator as well as higher
head value.

The experiment with combined system has managed to generate an average energy reaching 921
milliwatts with peak power exceeded one thousand milliwatts threshold. This yields more than 50% boost in
term of energy production compared to the individual module. Graph in Figure 6 shows the electrical energy
generated by the hybrid system for each day, from December 11th to December 15th 2017.

Prospective study of power generation from natural resources using hybrid system for... (M.F.Yaakub)



646

a ISSN: 2502-4752

Electrical Energy from Pico-Hydro Electrical Energy from Hybrid Configuration
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Figure 5. An electrical energy generated from Figure 6. An electrical energy generated from hybrid
pico-hydro module configuration
4.  CONCLUSION

In conclusion, a combination of two modules as a hybrid system for generating energy has produced

consistent output at different weather conditions especially for remote areas in the equatorial region.
Taken together, these results suggest there is a great opportunity to breed an electricity from both resources.
Therefore, the project would encourage further studies on hybrid power generation from the natural resources
especially for those in tropical and equatorial area.
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