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Abstract: The experimental investigation was conducted to explore the effect of the flow rate on the power
produced by a picohydro power turbine. The pelton turbine is originally an aquarium pump that required 12V
and 1.05A of direct current. The pump is functioned as a pelton turbine. The potential energy created by the
stream of the water is converted into mechanical rotation of the fans before it generate electricity. The constant
magnetic field that is produced by the stator is caused by the impulsion on the electrons in the metal inside of
the turbine. A range of velocities were tested on the turbine. The results reveal that the power produced by the
turbine is increased as the increment on the velocity of the water. The modified pump can produce 6 watt of
power with the velocity of 3 m/s of the water. Thus, the result present in this paper may facilitate the
development of the multiple picohydro power turbines which is designed to minimize the abuse of the
ecosystem as the development of hydropower generator is usually planted across the habitat of river ecology.
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INTRODUCTION and plants. The composition of the carbon dioxide in

Renewable energy is an energy which is generated of carbon release from biomass process is used in
from the natural resources such as wind, water, sunlight, photosynthesis. There are three types of conversion in
rain and  geothermal.  Naturally,  it can be replenished. ocean energy which are tidal energy which caused by
This energy can reduce the pollutions that occur all combined attraction of sun and moon on the waters
around the world. It is also can be the best solution for revolving globe, wave energy which caused by motion of
the global issue such as climate changes that is happened the water up and down and ocean thermal energy which
rapidly nowadays. Likewise, it is practically suitable in the came  from  the temperature difference between the
rural areas or the remote areas because of the difficulty in surface and deep water.
getting fuel which is also expensive.

There are several forms of renewable energy such as Hydropower Turbine: Hydropower is generated from the
wind energy, hydropower energy, biomass energy, ocean water. It can be classified by its capacity such as pico,
energy and geothermal energy [1]. Wind energy is mini and small which the power are up to 100KW, 1MW
generated from the flow of the wind. The generated and 25MW respectively [2]. Based on prior studies of
energy is affected by three factors: the earth’s terrain, hydropower, the water mill is the oldest methods used by
bodies of water and the vegetative cover by the mountain human to produce mechanical energy instead of electrical
and trees and buildings. Electricity is generated from the energy [3] because the water turbine was found only in
airflow of the modern wind turbine. Geothermal energy is 19  century [2].
originated from the heat inside of the earth. The current The main part of the hydropower system is turbine.
commercial utilization, the types of resources is It converts energy from the dropping water into rotating
hydrothermal reservoirs, hot dry rock, geopressed brides shaft and generates the electricity. The selection of the
and magma are yet to be developed. Biomass is originated turbine is crucial in  generating  the power according to
from the carbonaceous material or residue from animals the head of the water as shown in Table I.

atmosphere remains constant  because the same amount
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Table 1: Impulse and Reaction Turbine [4]
Head Classification
---------------------------------------------------------------------

Turbine High Medium Low
type (>50m) (10-50m) (<10m)
Impulse Pelton Crossflow Crossflow

Turgo Turgo
Multi-jet Multi-jet pelton
Pelton

Reaction Francis Francis
(spiral case) (Open-flume)

Propeller
Kaplan

Fig I: Head flow range for small hydro turbines [5]

Fig II: Typical turbine application range chart [7]

The impulse turbine is operated in the air. The water
pressure remains at atmospheric pressure before and after
the runner driven by a jet of water making contact with the
runner blades. The reaction turbine is immersed in the convert the analog input signal produced by turbine to
water and it is fully operate in the water.

Pelton turbine is commonly used in the picohydro
power system according to it efficiency [4]. It can be
operated at low flow rate (Fig. I [5]) and can generate the
electricity easily. However, it cannot be operated in the
free flow of water. In order to create  a  high speed-jet in
the Pelton turbine, the water has to be driven from a
nozzle [6].

In the recent finding by [7], the overshot turbine is
the most suitable for the low discharge flow rate of water
(Fig 2).

Therefore, this paper is to investigate the possibility
of modifying a pump to be  functioned  as a turbine [8].
The pump is actually an aquarium pump with the diameter
of 47.9mm and 54mm of length.

The motivation in using small pump as turbine is
driven by the rapid growth in planting the giant size of
generators. The flow of the water will gradually can cause
damage to the ecosystem especially in the river. In fact,
the large scale of turbine will influence higher power
generations and also higher pollution in the ecosystem.
[6-7, 9].

Thus, the needs of the small scale of turbines which
can generate the high value of power generation are
mandatory to minimize the disturbance on the natural flow
and also to preserve the ecology. The design of multiple
small sizes of hydropower generators  at the rural river
and buoyance on the top of the water were stimulated
from the tidal turbine in the ocean [10, 11]. It is shown that
the single small size of turbine might not be enough to
generate the desired power. As a result, the cumulative of
the power generation from multiple small sizes of turbines
are necessary for small electrical appliances.

Pump  as  Turbine:  The ZC-A40 aquarium pump is used
in this experiment (Fig III). This submersible pump
required 5V until 12V, 1.05 A of maximum direct current
and 13 Watt of power. It is able to pond up until 550 liter
per hour with 3.8 max head. The aquarium pump, the stator
and the circuit board has been manufactured and sealed
with epoxy resin [12] so that it is waterproof. Therefore,
there will be no electric spark or current leakage which
may abuse the ecosystem.

The experiment on the effect of the water flow rate on
the power generated from a single pump (Fig III) is
conducted in  the  controlled environment. The head of
the inlet water is 1 meter in the close channel of 3.124cm2

of the area. For analysis, the pump is connected in data
acquisition DAQ NI9239 (Fig IV). This DAQ is used to

digital signal in the  computer processor. A range of water
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Fig III: ZC-A40 pump

Fig IV: DAQ Worksheet Fig VI: Water flow rate vs Electrical Power

flow rate passing through the pump versus the voltage
generated is recorded. The electrical power generated
from the pump as a turbine is discussed.

RESULT AND DISCUSSION

The  voltage  generated  from  the pump based on
the water flow rate, Q is plotted in Fig V.

The electrical power, generated from the pump
(functioned as turbine) is calculated as

= or / (1.1)2

where
= voltage across the component (V)
= current flow (A)

Future Work: Although the electrical power generated
by  pump  is  as   low  as 3Watt for 0.2 m /s of flow rate,3

the finding elucidates that the pump has a potential to Fig VII: Illustration of pump as turbine
become a turbine. Therefore, the pump can be modified as
a turbine by removing the water inlet and outlet of the
water and connect it with a propeller as in Fig.VI. It can be
shown that the propeller turbine is the best choice for the

Fig V: Water flow rate vs Voltage

low head (<10m) of discharge [4]. Also, the higher the
flow of the water, the higher the power can be generated
from this turbine [5].
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This prototype turbine will be tested at Sungai 5. Paish  Oliver,  2002.  “Micro-hydro  power:  Status
Pahang,  Malaysia  where  the recorded average flow rate and Prospects,” Journal of Power and Energy,
of the water is 596.53m /s by Jabatan Pengaliran dan Professional Engineering Publishing.3

Saliran  Air,  Kuantan  Malaysia.  Based on results and 6. Johnson, V., 2007. “Fluid flow in pico hydro power
Fig. II, this turbine is capable to generate as maximum plant”.
power as possible. The possible maximum power 7. Williamson, S.J., B.H. Stark and J.D. Booker, 2013.
generated  by  a  single  modified pump as propeller “Low head pico hydro turbine selection using a
turbine is 10.8 with the efficiency ( ) of the propeller multi-criteria analysis,” Renewable Energy, 61: 43-50.
turbine 0.90 [6] and the maximum voltage supplied by the 8. Armando   Carravetta,   Giuseppe   Del  Giudice,
pump is 12. Oreste Fecarotta  and  Helena  M. Ramos, 2013.

The  idea  of  developing  multiple  picohydro “Pump as Turbine (PAT) Design in Water
turbines is to minimize the sedimentation and ecosystem Distribution Network by System Effectiveness”
disturbance.in the future, it  can  be a device to monitor Water, 5: 1211-1225.
the sediment transport around the turbines is compulsory. 9. Beth   Robertson,   C.,   Mathew   T.   Langford,
In fact, the idea of floating the turbines instead of David Z. Zhu and Alf Leake, 2011. “ Reservoir
submerging  it  underwater  is  to minimize the disruption Thermal Structure and its effect on Hydropower
will also be considered. Operation Induced Fish Entrainment,” in Proc. of
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