European International Journal of Science and Technology

Vol. 4 No. 2

February, 2015

Sustainable Design of a Renewable Hybrid Energy System

J. O. Obasia*, L. M. Ngoob and C. M. Muriithic

a

Electrical & Electronic Engineering Department, JKUAT, P.O. Box 6500-20100, Nairobi
b
Multimedia University of Kenya, P.O. Box 15653-00503, Nairobi
c
Electrical & Electronic Engineering Department, JKUAT, P.O. Box 6500-20100, Nairobi

*

Corresponding Author Email: jayobasi@gmail.com

Abstract
This paper proposes the sustainable design of a renewable hybrid energy system consisting of solar, wind
energy with battery storage suitable for application in remote areas. The study investigates optimization
and savings associated with reducing the overall size of a system already installed in a school in
Kiserian, Kenya. The main aim of the study is to reduce the load demand and consequently reduce the
size of the renewable energy components and battery storage. The results show that the proposed system
is able to reliably meet the load demand throughout the year. The system is also cheaper and therefore
sustainable in the long run. Homer software is used in the design and optimization of the renewable
hybrid power system.
Keywords: Battery storage, Hybrid Energy System, Solar, Wind.
1. INTRODUCTION
Electricity access is one of the major challenges facing most developing nations especially in Africa.
These challenges have been overcome mostly in urban areas because of existence of power infrastructure,
dense population and economic activities which require electricity. However, electricity access is still low in
many areas especially rural and remote areas with scattered population with little or no economic activities.
To electrify these areas the electric grid is always the most feasible solution, but it is limited by high costs
associated with grid extension (Ani V. A., 2013).
With increasing demand for electricity coupled with environmental concerns and sustainability issues, the
manner in which electricity is generated and consumed is key to sustainable development. Global
environmental pollution, depleting oil reserves and increased cost of electricity have necessitated the need
for alternative forms of energy which are environmentally friendly and sustainable.
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Hybrid energy systems based on renewable energy will play a key role in meeting current and future
electricity demand. Renewables are energy resources that rely on an energy source that is naturally
regenerated over a period of time, derived directly or indirectly from the movement of the sun (El-Tous Y.,
2012). Electricity generated from geothermal, wind, solar, biomass, hydroelectric and ocean resources is
eco-friendly and increase the diversity of power generation.
Power produced from renewable sources such as solar photovoltaic and wind energy systems is highly
variable due to their intermittent nature. To provide balance between energy generation and load demand,
energy storage systems are usually used. Hybridizing solar PV and wind due to their complementary nature
improves the system reliability and can significantly reduce the storage requirements (Perez E., 2013) (Dong
H., 2013) (S., 2012).
High economic growth rate, increase in population and advances in technology are increasing pressure on
electricity generation (A., 2010). Therefore, there is need to conserve electricity and to utilize the electricity
consumed more efficiently and in a sustainable manner. Proper energy management policies are imperative
if we are to realize sustainable development in coming years. Reducing energy consumption, public
awareness on energy efficiency and availability of energy efficient appliances will go a long way in
managing our electricity demand.
For remote power systems using renewable resources, energy conservation must be a top priority. For
these systems low power demanded means lower generation and storage needs. This in turn reduces
significantly the size and total cost of the system.
A major challenge in the design of hybrid power systems utilizing wind and solar resources is their
intermittent nature. This poses serious technical and economic challenges when designing stand alone hybrid
energy systems due to the uncertainties in power generation (Yuri V. M., 2012). The challenge is reducing
the shortages and excesses while ensuring the quality of supply (Suomalainen, Silva, & Connors, 2013).
Optimizing the size of the solar array, wind generator and battery will improve the system reliability as well
as reduce the overall cost of the system.
This paper proposes the sustainable design of a hybrid system by reducing the load demand in order to
reduce the overall size of the system especially battery storage. Standalone systems utilizing renewables are
limited due to costly backup power requirements. This is crucial because batteries have to be replaced
several times during the lifetime of a hybrid system. Reducing the load involves replacing all lighting loads
with direct current light emitting diode(LED) lamps. LED lamps offer extraordinary power saving compared
to fluorescent, compact fluorescent lamps and halogen lamps while giving the same light output. Computers
will also be replaced by laptops which are more efficient and can work on batteries.
2. ENERGY DEMAND AND RESOURCES
2.1.Study Area
The study area lies in the expansive Great Rift Valley region of Kenya. The case study in this case is a
school located at Kiserian (1º 17’S, 36º 45’E), in Kajiado County. The site has been chosen based on the fact
that the wind and solar resources available throughout the year are adequate to set up a hybrid power system.
The wind and solar resources data are presented in the following subsections.
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2.2.Load demand
The load profile is the basis for designing any hybrid power system. In this study a School in Kiserian,
Kajiado County has been selected for study. The school has an existing system with 3.6kW solar array, 6kW
wind turbine and 30 batteries rated 12V at 200Ah. Currently the system is not in use because the batteries in
the hybrid system were worn out and the cost of replacing the batteries was not economical. The electrical
load for the school is mainly for lighting, electrical appliances such as radio, television sets, computers and
water pumping.
2.3.Solar radiation
Energy from the sun is a promising renewable energy resource because of its unlimited potential and
availability. Solar radiation is determined by the location on the earth’s surface, the season and time of day.
Monthly averages of solar radiation data was obtained from the Meteorological Department of Kenya.
Monthly averages for solar radiation and clearness index for one year are illustrated in Figure 1 as shown.
The scaled annual average clearness index is 0.55 and daily radiation is 5.508 kWh/m2.

Figure 1.Monthly averages of solar radiation and clearness index

Figure 2.Annual global solar radiation (kW/m2)
2.4.Wind resources
Wind energy is the fastest growing among renewable energy technologies. The average monthly wind
speeds for the area are shown in Fig. 3. Wind speeds suitable for power generation are observed between the
months of Jan to May and Sep to Dec. The period between May and Aug on average there is very little wind
speed about 3m/s which results in very low output from the wind generator.
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Figure 3.Monthly averages of wind speeds

Figure 4.Annual hourly wind speeds
3. METHODOLOGY
This study seeks to optimize an existing hybrid energy system integrating wind energy, solar PV and
batteries. The existing system consists of a 3.6 kW solar array, a 6 kW wind turbine and 30 batteries rated at
12v and 200Ah.
In order to optimize the system this study proposes to separate the loads into AC and DC, this will reduce
the peak load due to a.c. lighting requirements. All electric appliances will be served by AC and all lighting
will be replaced by DC LED lamps. LED lamps rated 3watts have been chosen to replace the existing
fluorescent (14W and 28W) and compact fluorescent lamps (11-15W). Desktop computers rated about 270
watts have also been replaced with laptop computers rated about 50 watts. A major advantage of laptops is
that once they are charged they can be disconnected from the mains and used for several hours. Television
sets have also been replaced with LCD televisions sets to reduce power consumption.
This research also proposes a solar photovoltaic water pumping system which is independent of the hybrid
power system. The water pumping system will be directly coupled to a PV array and will be designed
independently.
The new energy demand for the school is illustrated in the following figure.
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Figure 5.New load demand
4. HYBRID SYSTEM
The major components for the hybrid power system are solar panels, wind turbines, power converter and
batteries. Solar panels are the primary source of power while the wind turbines and batteries provide
electricity during periods of no generation from the solar panels. Homer requires the number of units to be
considered, the capital costs, replacement costs, operation and maintenance costs and the lifetime of the
components to simulate the system. The following figure shows the considered hybrid energy system.

Fig. 6 Hybrid Energy System
The main aim of optimizing the system is to find the optimal decision variables of the system components
that will match the load to the available wind and solar resources throughout the year. The various decision
variables in the system to consider include:
• The size of the PV array
• The number of wind turbines
• The size of the converter
• The number of batteries
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4.1 PV modules
The Canadian CS5C-100M 100 watt solar panel is considered for this study with unit cost of 1.48 dollars
per watt. The operation and maintenance costs are practically zero and the lifetime of the system is taken to
be 25 years. The following table shows the specifications of the solar module.
Table 1 Solar module specifications
Parameter
Nominal Maximum Power
Optimum Operating voltage
Optimum Operating current
Open circuit voltage
Short circuit current
Nominal operating cell temp.
Dimensions(L,W,D)
Weight

Value
100 watts
18.5V
5.39A
22.5V
5.74A
45ºC
1213 x 547 x 35(mm)
8 kg (17.6lbs)

4.2 Wind turbine
The 1kW DC SW Whisper 200 wind turbine with initial capital cost of 3,000 dollars is considered. The
lifetime of the wind turbine is taken as that of the system to be 25 years.
Table 2 Characteristics of the wind turbine
Parameter
Value
Rated Power
1,000 watts
Cut-in wind speed
3.1 m/s
Rated wind speed
5.4 m/s
Cut-out wind speed
None
Voltage
12,24,36,48V DC
Rotor diameter
2.7 m
Survival wind speed
55 m/s
Over speed protection
Side-furling

4.3 Power converter
A power converter is required to convert DC to AC. Converters of sizes 2.0, 2.5, 3.0 and 5.0 kW are
considered. The lifetime of the power converter is 25 years.
4.4 Batteries
Batteries are used in the hybrid power system to provide electrical power when there is little or no output
from renewable resources. Batteries will supply electrical power when the renewable energy resources
cannot meet the load requirements. The Dayliff Champion 12V 100Ah battery is considered in this study
with each battery costing 250 dollars.
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Table 3 Specifications of the batteries
Parameter
Value
Battery type
Lead acid
Capacity
100Ah
Nominal voltage
12V
Number of cells
6
Voltage per cell
2V

5. RESULTS AND DISCUSSION
This section highlights the objectives demonstrating which ones have been achieved in the research
undertaken. All findings that were deduced from the research should also be summarized here. This section
should show areas where there is need for further investigation and research in.
The methodology developed and presented is based on the use of long-term data on wind speed, solar
radiation and load demand of the chosen site. The optimization procedure resulted in the determination of
the optimum size of the solar array, number of wind turbines and batteries while ensuring that the system’s
total cost is minimized and guaranteeing reliable power supply.
From the simulation, the configuration containing one Whisper 200 1 kW wind turbine, 1.5 kW array, 10
batteries and 2.5kW inverter is found to be the optimum configuration. The optimized system is smaller in
size compared to the existing system as shown in the following table.
Table 4.Comparison of the existing and proposed system
System
PV array(kW)
Wind
Turbine(kW)
Existing
3.6
6
Proposed
1.5
1

Batteries
30
10

The Power generated from the wind generator and solar array is sufficient for the better part of the year
except during the months of May, June and July when the power generated is lower. The figure below shows
the contribution of Solar PV and Wind energy resources to the total electricity production throughout the
year.

Fig.7 Annual wind Power output
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Fig. 8 Annual solar power output

Fig.9 Monthly average electric production
Batteries provide power during periods of little or no generation from the wind and solar generators.
From the simulation the batteries operate optimally for most part of the year except during the months from
May to September. The following figures show the batteries input power and state of charge (soc)
throughout the year.

Fig. 10 Battery input power
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Fig. 11 Battery state of charge (%)
Between the months of May and September power from the renewable is reduced and the batteries have
to be used regularly to provide power. There is also very little power generated such that the batteries are
sometimes used to the lowest allowable SOC which is 80%.
Table 5.Comparison of cost between existing and proposed system
Existing($)
New($)
PV array
5,184
2,220
Wind turbine
5,800
2,350
Batteries
Inverter
Capital cost

4,200
2,420
17,604

2,500
950
8,020

From the results the optimized system is cheaper by about 9,500 dollars. This is due to the reduced size of
PV array, number of batteries, size of inverter and the size of wind turbine. The total cost of replacing the
bulbs with LED bulbs, computers and television sets is about 6,245 dollars. The total savings realized is
about 3,000 dollars. However, this does not include the salvage value of all the items being replaced.
6. CONCLUSION
Most remote areas are not connected to the grid because of the high costs involved in grid extension. Hybrid
energy systems offer a promising alternative for electrification of these areas. The systems integrate locally
available renewable resources with battery storage to ensure grid quality electricity supply.
From the simulation results a Solar-wind-Battery system consisting of a 1.5 kW solar array, one wind
turbine, 10 batteries and a 2.5 kW inverter is found to be the optimum system. The system is able to reliably
meet the load demand throughout the year. The results show significant contribution of solar PV and wind
turbines. Batteries are extensively employed between the months of May to September when the output from
renewable sources is low.
Standalone or isolated energy systems utilizing renewable resources are limited due to costly backup
power generation requirements. This is crucial because batteries have to be replaced several times during the
lifetime of a hybrid system. In the case study presented in this paper, an existing hybrid energy system in
Kajiado, Kenya was studied.
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Analysis was conducted in terms of reducing the load demand with the objective of reducing the renewable
energy components and especially the battery storage. Results show that there may be significant cost
savings in designing future hybrid power systems by managing the load demand. Managing the load demand
so that battery storage is kept at a minimum will make investments in hybrid systems economically
sustainable.
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