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Abstract: Economic development inany country depencls largefy on efficient, reliable and affordable electricity supply. Nigeria is one of the COlntrig
m the West African sub-region with an estimated population size of about 200 million people. Out of this only 45% have access 1o electricity. Ty,

current total grid generation capacity is estimated at 7MW which supplies commercial, industrial, social and institutional centers us welf 4
residential areay. This is gross inadequate for meaningfil development, Based on this, it's the aim of this research to diversify and integrate the DOWer

sector, thereby tapping into the various eneigy sources including renewable. In this research titled “Techno economic design and integration of |

Sustainable Hybrid PV/Wind/Diesel Turbine generation inlo the Nigerian power system”, the idea is to integrate fossil fuel energy sources wigy

renewable (photovoltaic) to generate  higher energy output ata lower cost while minimizing environmental pact. A Techno-economic environmenyo
optimization framework will be developed and implemented in HOMER, asimulation software used for modeling renewable energv and tested on the
Nigerian power system. The outcome of the research reveals that, not anly does the hybrid system configuration perform better than bhase case

simulation when compared with the NPC for all six simulations: it also displayed better performance in the categories such as electrical, fugf .

consumplion and CO2 reduction.
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LINTRODUCTION

The supply of clean, eco-friendly, efficient, reliable and
affordable electric power is a panacea to foster development in
any country. For Nigeria to keep pace with other technologically
advanced countries of the world which have shown a significant
growth in economic development, the existing gap between the
electric power demand and supply of the country must be
bridged. Till now, Nigeria is still entrenched in constricted
~ Oopportunity for development due to frequent outages or total

blackout resulting from shortage in generation, as well as in

adequate transmission and distribution infrastructure. Clean, Carbon Credit Optimization of Grid Hybrid Photovoltaic/
economic and secure energy production gains importance with ~ Wind/Diesel Power System into the Nigerian Power System
the increasing of the world's power demand. So, a new type of  Using HOMER"Model is to achieve the following;
energy sources has gained popularity. The sun and the wind 1. Integrate fossil fuel with renewable energies and
energy are more common alternative energy sources, produce a more efficient hybrid system that can overcome the
Previously, they were used to supply local loads in  limitations of the RES's including the intermittency and the
remote areas outside the national grid. Later, they have become energy quantity. Such hybrid schemes can deliver more reliable
some of main sources [1] [2]. Renewable energy sources are  sustainable and environmental friendly system. Among the
operated in standalone mode or grid tie mode. It is often hard to  RES's technologies, solar energy technologies demonstrate a
obtain an efficient operation in stand-alone mode and usually
high capacity battery groups are required. Since the electric  this integration with non-rencwable sources (Diesel Generator), a
energy generated from the wind or the solar panels are being  more reliableand eco-friendly power is generated.
wheeled fo the grid, the way of the transforming (DC) energyto 2. To possibly predict accurately the voltage output from
(AC) is very important. This process has it been achieved by the grid connected photovoltaic arrays by including the effect of
use of a grid tie inverter; inverter supplies the local loads and if temperature and solar radiation. It will be shown how possible it
the generated energy higher than the demand, then the excess s to adapt the size of models and the different PV hybrid system

energy is being exported to the grid, so battery groups are not configurations which are applicable to a grid connection and
needed.

modify it in such a way that important information about techno-
economic performance of these systems can be obtained. Upon
achieving this, a side-by-side comparison of different grid
connected PV sizes will be performed. The form of this model
will be justified by looking at different measured values over the
collection period; such as; power output versus radiation, voltage
versus radiation and output versus radiation, voltage versus
radiation and output power versus temperature. These plots

Systems; Hybrid Energy Designs, Optimization and Integration; Battery Storage: Electricity Generation,

This challenge has been on the increase. Most of the energy
generated/supplied is achieved from fossil fuels. However, major
draw backs are associated with fossil fuels sources including the
fluctuated prices, environmental pollution, and finite resources.

resources are considered a viable option for integration with
conventional fossil fuel power plants lo enhance the energy
growth and improve the energy reliability as well as
environmental health.

In this paper titled “Design with Techno-Economic and

On the other hand, the control of the grid tied inverter
involves a more complex process than the stand alone one. [2]
The electric power generation system, which consists of
renewable energy sources connected to grid, has the ability to
provide 24-hour electricity to the load. This system ofYers a better
output performance such as reliability, efficiency, flexibility of
planning and environmental benefits when compared to the

stand-alone system. It has been proven that each kilowatt-hour  should give an appropriate reason for the sizes and percentage of
(kWh) generated from renewable resources saves the penetration factor forall parameters connecting with grid. _

environment from the burning of fossil fuels. The coal fired and 3. The software Hybrid Optimization Model for Electric
the natural gas fired power plants produce 1.05 kg and 0.75 kg Renewable program will be used to determine the effect of

carbon dioxide, respectively, to generate 1K Whelectricity [3]. temperature coefficient and non-linear r:_:diatiun term, the
The alarming rate of global warming and the depletion  maximum power output ‘from egch PV hybrid system sizes and
ofthe Ozone layer have grown worrisome over the years. configuration can be predicted with accuracy. This can be done,
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To overcome these challenges, renewable energy

significant advancement and maturity for power generation, By .
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Operating strategies of the hybrid Sojar PV/Gas/battery s, The
and aspect concerning its econom L6 o

; : ic anal sis were
presented. Finally, Section VI presents the mnzlusion further

adiat ion, but under

1. REVIEW OF RELATED LITERATURE

In Nigeria, government efforts on rura] electrification
have stalled with inadequate transmission lines, resulting to a
very low voltage profile and uneven distribution in electricity
among rural arcas. This poor supply of electricity has hindered
future development (both socio and economic) of the rural arca,
+ Also, lack of power supply in rural areas has thus heightened the
poverty level of the country. The technology for sustainable
development is one of the proven tools in reducing energy
poverty if carried out with an appropriate policy [4]. The world-
wide use of RETs to meet energy demands, has been increasing
overthe years [5]. ;

These technologies have demonstrated their capability
to contribute substantially to global climate protection by
reducing the greenhouse gas emission, as well as offering low
operation and maintenance cost, while meeting Lhe rapid energy
demand growth [6]. Among the various renewable energy
sources, solar and wind are highly abundant and accessible
irrespective of the location (remote or otherwise). Remote
location in this regards may not necessarily be referred to a
location far away from the national grid only, but it also includes
any site or settlement where it is not economical or feasible to
extend grid network due to bad terrain and poor topography
which is mostly characterize isolated desert places in Nigeria and
other developing countries. Hence, small off-grid standalone
_ Tenewable energy systems represent an important option for
narrowing the electricity gap in rural parts of developing world,
where progress in grid extension remains slower than population
growth[7).

Rural population refers to people living in rural areas as
defined by national statistical offices. The low electricity supply
situation in the country has undoubtedly contributed to the poor
socio-economic status of the rural communities in Nigeria.
According to the international fund for agricultural development
(8], up to 80% of rural communities in Nigeria live below the
poverty line,

Many entreprencurs and owners of small scale
businesses in the rural areas cannot afford the cost of acquiring or
lucling power generating sets.
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This situation was further worsened by removal of subsidy on
fuel by the federal government of Nigeria in 2012. As a result,
many have abandoned their businesses out of frustration. In many
cases, these experiences have led to rural-urban migration shift in
such communities, wherceby the young and productive youths
move o the cities leaving the old and feeble ones behind, This has
also led to the increase in the number of the poor in the urban
centers; thus culminating in a situation where the rural
cnmmupikies are made socially backward, leaving their
economic potentials untapped [9]. Electricity is thus seen as one
of the vital tools for productivity as its importance can never be
over emphasized. An area having no electricity access usually
lack essential infrastructures such as school, medical center,
communication, portable water supply. etc. The Human
development index values in electrified communities, is found to
be higher than the non-electrified communities [10]. National
grid extension through the thick jungles and difficult topography
in most villages may be difficult and uneconomical due to the
associated high cost as well as transmission loss considering the
distance from available grid to the load centers [11].

The use of diesel generator may be reliable for
electricity generation for rural villages when properly operated
and maintained; however, it may pose lots of disadvantages
including noise and environmental pollution due to emission of
CO,and other harmful gases. It may also be difficult to maintain
due to unpredictable hike in diesel price including additional cost
of transportation to remote locations. Considering the fact that
improving rural access to electricity through extension of the
national grid to rural communities does not look promising at
present, it is thus imperative that a system autonomous, off-grid
power generation be established for rural communities in
Nigeria, Such a solution would be viable if it is based on
renewable energy (RE) resources since RE resources are always
available and environmentally friendly. In addition, rural
dwellers have a low demand of electricity in which RE-based
power sources would be able to meet their electricity needs easily.
Despite the vast abundance of renewable resources in Nigeria,
only the hydroelectric source is being utilized most for power
generation, and that is even at an exploitation rate which is below
the full potential [12].

In summary, a review of related literature shows that
sufficient energy supply is indispensable for sustainable
economic development of any nation. Various simulations
software has been deployed by researchers in the past in the area
of renewable energy as well as integration. But in recent times,
HOMER has been proven to be the most widely used and ¢fficient
optimization tool for modeling,

It is a sophisticated tool or computer model thal
facilitates the design of stand-alone electric power systems and
performs simulations to satisfy the given load demand using
alternative technology options and resources availability which
1s its major advantage over other software's. HOMER simulates a
HPS, based on the hourly time stepped load data profile and the
average monthly weather data of the specific location over a
period of one year. With this information and the choice of
component sizing and pricing, HOMER is able to simulate the
most economically and technically feasible solution for any
specific climate zone.

1. METHODOLOGY USED FOR ANALYSIS

HOMER software is one of the most widely used
optimization tool for modeling the HPS. It is a sophisticated tool
or computer model that facilitates design of stand-alone electric
power systems and performs simulations to satisfy the given load
demand using alternative technology options and resources
availability. HOMER simulates a HPS, based on the hourly time
stepped load data profile and the average monthly weather data of
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the specific location over a period of one year, With this A = surface area inm2
information, the choice of component sizing and pricing, P - PV penetration level factor
HOMER is able 10 simulate the most cconomically and = efficiency of PV generator

technically feasible solution for any specific climatic zone,
2) Wind Turbine Model:
Wind energy is transformed into mechanical POWer |
through wind turbine and then converted into clectrical Powe

. The mechanical power over anarea A is given in Dufo-Lopey, ang
" Bernal Augustine as:
P ;
7% o {54‘:!: Pa= X PXAXV ovoivriroissiossessosiooo, )
Y e t ‘1 - i
& & 4 -E.. Where; {
- i p = airdensity (1.225kg/m’) :
11 % = wind speed (m/s).

The electrical power of the wind energy conversion system i

givenby:
P,=YaxpxC,xA*V %107 ..o, (3)
Where;
G, - maximum power extraction efficiency of the
wind generator And other electrical components connected to the
generator.
3) Diesel Generator Consumption Model:
The renewable energy systems have intermittent output

characteristics and are integrated with conventional power
sources to deliver a steady power output. [n various HPSs, diese]
generator (DG) acts as steady source of power. The DG systems
TABLE I: are designed to supply the load and also charge the battery energy
SHOWS THE SELECTED TOWNS IN THIS STUDY WITH storage system, if the renewable energy source together with
LOCATIONS, STATES IN SOUTH-SOUTH GEO-POLITICAL battery is unable to supply the load. Power energy balance is

Figure 2.0: The Modified Distributed Bus AC Architecture

ZONE, LATITUDE/LONGITUDEAND CLIMATE TYPE required for optimum system operation as the consumption of
fuel is proportional to the power being supplied by the DG. The
s | Gaarnset | imen | i fuel consumption of the diesel generator (F, in 1/h), is modeledas
e - b o L T dependent on the DG output power as;
i T Y 4)
Iwole Rivers Stale 4°4E 519N Tropical Wet
§°56'56.TE
Where;
Wilrore | BayehaSue | sp22eN | Tl P nominal power of the diescl generator,
Piow = output power,
lipa. Akwa lbom State s‘{;:‘%:.i‘: Tropical
™ L3 soan 0 * & 5
g WhileA;and B, = coefficients of fuel consumption
Okudta Edo State 6%4B'sa. 1™ Tropical curve asdefined by the user (1’kWh).
I 36.A7E
Edibekdibe | Cross River State |  4°S542.0°N Tropical 4 Ba !."e}jy.En ergy Storag & System: _
Ereet |1 s Battery is a storage device essential for storing electrical
A e | ana | s energy for maxinmum _ullhzalwn uf thg intermittent n:ncwa_ble
6°05'50.5°R resources, The lead-acid battery which is often used in HPS isa

complex nonlinear device controlling operational states of the
system. Modeling of lead-acid batteries for real time analysis of
HPS must account for the dependence of battery parameters on;
The detailed mathematical model of the components of the (i) state of charge, (ii) battery storage capacity, (iii) rate of charge/
proposed hybrid system (PV panels, wind turbines, diesel discharge, (iv) ambient temperature, (v) life and other internal
generators, batteries) and the control strategy is being expressed  phenomenon, suchas gassing, double layer effect, self-discharge,

A. Basic Mathematical Description of System Components

below with a brief description as follows; heating loss and diffusion. The battery storage capacity is given
1) PV Model: as follows;
Cau=(E, X ADY/ (o X 1yu ¥ DOD) o (5

Using the solar radiation available, the hourly energy output of

the PV generator (£,,,) can be calculated according to the  Where; ‘

following equation. E, = average daily load energy (k Wh/day),
e L O (1) AD daily autonomy of the battery;

An assumption was made thal the temperature effects (on PV DOD battery depth of discharge,

cells) will be ignored.

While .
Where; u,andp,.=  inverterand battery efficiency respectively.
1 ny
Gy = hourly irradiance in kWh/m’
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All the input parameters are fed into the HOMER
software in order to determine the oplimization resulls for
different systems configurations. The system cenfiguration that
gives minimum COE is optimized in order to minimize its excess
energy. The amount of power generated by the HPSs
components, is compared to the annual load demands to ensure
that it is able to mect the load demands. In addition, the stand-
alone diesel system, PV-wind-diesel system with battery, and PV-
diesel system with battery, were analyzed bearing in mind the
variations in diesel prices.

flowehgr of economic
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rid Systems, the ryral
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Figure 3: Flowchart of Economic Analysis of Hybrid Power System.

C Evaluation Performance Criteria

HOMER compares the economics of a wide range of
system configurations comprising variable numbers_of
fenewable and non-renewable energy sources [13]. For equality,
such comparisons must account for both capital and operating
¢osts of each energy sources. In this study, three parameters
eluding NPC, COE, and RE were used to evaluate the

. Performance of the hybrid system.

D Netpresent cost (NPC): ]

In HOMER, the system life-cycle cost is represented by
1otal net present cost (NPC). The NPC comprises of initial capital
“osl, replacement cost, annual operating and maintenance cost as

wellas fuel costs, NPC is expressed inthe equation (6)

Valume |, fsyue |, October 2021
Cye TAC/CRE (iN)

Where;

TAC = total annualized cost ($/year);

CREF, the capital recovery factor is a function of annual real
interest rate (i), and the project lifetime (N) in years, CRF is given
inequation (7).

CRE,N)= i(1+i)"/(1+1)* -1 Rk

2) Levelized cost of energy (COE):

Levelized cost of energy is defined as the average cost
per kilowatt-hour of useful electrical energy produced by the
system. HOMER uses equation (8) to calculate the levelized cost
of energy.

COBS TAC B v svavassvmanecis sesssial (8)

Where,
E, is the total annual load served by the system inkWh.

3 Renewable fraction (RF):

Renewable fraction (RF) is the total amount of power
generated by the renewable energy sources compared to total
power generation from the entire hybrid system. RF is usually
designed to be as high as possible, but bearing in mind its effect
on NPC, this is because the load is expected to make the
maximum use of the renewable energy. The renewable fraction is
obtained from;

RF(%)=(1-(FPud/ TP N %100 ..o )

Where;

P = power output of the connected renewable
energy sources  (PV and wind in this case).

IV.SYSTEM DESCRIPTION AND IMPLEMENTATION

This section presents all the tools and systems used for the study.
These include: the load profile, the simulation and optimization
software, and a supervisory controller for the energy
management.

A. Load Profile

In this study, Domestic and Infrastructural loads have
been considered for energy provision in each of the selected
community. A total of 50 households, 1 primary health center, |
public primary school, Salon shop, Provision shop, Stationary
Shop, 1 community hall and a few miscellancous loads were
assumed in each location. The demands were estimated monthly
from January to December. Figure 4 shows daily load profile for
each month. Measured hourly load profiles are not available for
the selected sites; load data were thus synthesized by specifying
typical daily load profiles. Characteristics of the load categories
are:

1) Domestic load:

For each household, the load is based on four energy
efficient compact fluorescent lamps (20 W each), 2 ceiling fans
(30'W each), one television (80W) and one radio ( LOW). The load
demand is approximately 108kWh/day.

2). Social Infrastructure:

This includes the demand for the primary health center,
public primary school, community hall and shops. The load
demand is approximately | 5kWh/day.

B. Solar Radiation

The power output of the PV array depends largely on the
direct and diffuse solar radiation over a given area. The radiation
reaching the earth's surface depends on the cloudiness or
clearness of the sky, which in turn depends on the season of the
year. Solar energy is one of the readily available sources of clean
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energy in Nigeria. Nigeria has average solar irradiation of about
5.75 kwh/m'/day with average sunshine of 4-7.5 h daily. Table 3
shows the solar irradiation for each selected location as obtained
from the Solar Electricity handbook global satellite database
(www.solarelectricit irradiang

. ivection: East § : N T
solar radiation data for all six sites were obtained according to
their respective latitude a nd_longitude, as earlier presented in
Table 1 and measured by precision pyrometer,

For all the villages considered, there are less solar
intensity and solar irradiation during the wet periods as compared
to dry season. Southern region of the country shows the low
irradiation potential requirement for substantive power
generation. Generally, all the location considered are found to be
heavily over cast between July and August (peak of rainy season),
leading to a remarkable fall in global solar potential due to the
high cloud cover,

The initial costs of the PV array are the PV panel costs
according to the size of the PV panel type, the percentage of
capital costs added for installation and BOS (Balance of System)
parts, and added fixed costs accounting for installation and BOS
parts, respectively. Operation and maintenance of PV arrays can
be described with monthly fixed costs and yearly costs as a
percentage of capital costs, These payments can cover system
inspection by a maintenance person. Replacement events of PV
arrays arc assumed to occur after every 20 years, so for a project
life of 20 years or less, there will be no PV replacement cost.

C. Windspeed

Electrical energy can be generated from wind energy
when wind blow through a wind turbine. The kinetic energy of
the wind at rated wind speed is converted into mechanical power
by turning the turbine blade, thus producing clectricity through
the shaft connected to the alternator. The monthly average wind
speed data for an average of ten (10) years were obtained from
Time and Date Weather global database

www.timeanddate.com/weather/nigeria) [15] on the latitude a d
longitude of the different selected villages using anemome t
10m above sea level. The annual average wind s for each
village is presented in Table 4. Tmm_smqmw
site ranges from 2.9 t0 6.9 m/s, The changes in the wind patterns

occur as a result of earth's topography, bodies of water and
vegetation cover. Observation of the wind probability and
average monthly speed for a year, show that the peak wind spee
oceurs at 15.00brs. The average wind speed of Iwofe village is
shown in figure 5.

The wind turbine costing variables (initial cost,
operation cost, and replacement cost) are similarly derived as for
the PV array. Wind turbine operating costs comprises of the
maintenance and replacement costs. Maintenance costs for wind
turbines can vary depending on the application, type of
maintenance and wind turbine sizes. The wind turbine life is
often assumed to be more than 20 years; therefore, in many life
cycle costing no wind turbine replacement will take place.

D. Diesel

The current diesel price in Nigeria $0.56/ liter (currency
conversion rate is 356 naira to 1 dollar). This price varies
according to the global market, In this research, diesel price is
assumed 1o be constant in order to investigate its effect on the
entire system cost and environment,

The initial costs of the diesel generator are the diesel
generator cost according to the size of the diesel generator type,
the percentage of capital costs added for installation and BOS
parts for diesel generator type and the corresponding added fixed
costs. The diesel generator operating costs comprise fuel costs,
and maintenance, overhaul and replacement costs.

Volume 1. issue 1, Ociopg, any, ?
The fuel costs oceur whenever the fuel storage tanks are ref
Overhaul is assumed half way through the diese “feliw'
Replacement oceurs after a certain number of diesel genery
run time hours. The effective lifetime of a diesel genera "
defined by the time until a mechanical overhay] beco Iy
uneconomic (i.e. when overhaul costs exceed 60 of N
replacement costs). Factors that affect lifetime include the Qua; :
and regularily ol maintenance, the average capacity factor '
the number of start-ups. An air-cooled machine is likely o ey
shorter life than a water-cooled unit that can keep the OPEraljna
temperature down. §

E. Components Data _

The proposed hybrid systems consist of Py Panel
wind (urbines, diesel turbine generators and other S)fStim;
components such as batteries, converters etc. The PV panel, Wing
turbine and diesel turbine generator combined to harnegs the
overall system output as well as to compensate for the
unpredictable variation in RE sources from one zone to anothe,
Maintenance and replacement costs of the hybrid system can p, -
reduced when renewable resources are adequately explored. The
initial capilal cost of a hybrid system is usually high; hence, long.
lasting, reliable, and cost-effective systems are needed to Megt
the entire project life. By

Assumptions regarding components pricing and Sizing
as adopted in the proposed hybrid system, are expressed below:
the capital cost and replacement cost of |W of PV array were
taken as §3.0 and $2.0 respectively (Price from eBay store). The
lifetime of PV arrays was taken as 20 years, The de-rating factor
that accounts for losses due to temperature effects and dirt's on
the PV modules surface was assumed as 90% and the ground
reflection of the modules were taken as 20%. Different sizes of
PV arrays were considered to get the optimal size for each village.

F Dispatchstrategy and Constraints

A dispatch strategy is a set of rules that controls the
function of several connected generator(s) and the energy storage
device. Two types of dispatch strategies are available in HOMER
software, namely; cycle charging (CC) and load following (LF).
Under the LF strategy, diesel generator is automatically operated
lo serve the load alone without charging the battery storage
system; under the CC strategy, the generator operates at its
maximum rated capacity to serve the load and charges the battery

The type of dispatch strategy which will be optimal for
the proposed system depends on various characteristics such as
the generator sizes, the battery bank, the fuel price, the diesel
generator's operating and maintenance cost and the renewable
energy. In the proposed system, both strategies were considered
using HOMER. Constraints are pre-conditions which systems
must fulfill; otherwise HOMER neglects those systems that do
not content the defined constraints. In the proposed system, the
maximum renewable fraction is considered as a range from 0 to
100%, and the excess energy depends on the location resources,
while 2% values was taken as the maximum annual capacity
shortage.

PV sizing in HOMER is user dependent; HOMER
allows user to specify any amount of PV size (in kW) to allow for
worst case scenario (i.e. period of low solar irradiance). The
sizing of the PV may also depend on the power requirement of the
site as well as the space availability to install the panels. But in
this study, the entire PV modules in the hybrid system were sized
for each site to meet the worst cases during the year. A Ithough the
amount of excess energy produced becomes prominent during
the months of high solar radiation due to larger size of the PV
choice, because the greater the py capacity, the greater the

amount of electricity generated by the PV modules during
daytime.
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A. Total NPC Calculations

. The N_PC of all tpe feasible system configurations
considered for implementation of hybrid power system of the
selected sites are illustrated for diesel price of $0.56/ 1. NPC is
calculated for the entire system based on the expected life of 20
years, The system configuration includes: Wind/ Diesel/ Battery/
converter, PV/ Wind/ Diesel/ Battery/ converter, Diesel/
Battery/converter, PV/ Diesel/ Battery/ converter, PV/ Wind/
Battery/ converter, Diesel Standalone, Wind/ Diesel, PV/ Diesel/
converter, PV/ Wind/ Diesel/ converter, PV/ Battery/ converter,
asresults are shows in Table 5.

From the NPC analysis, it can be observed that stand-
alone PV/Wind/diesel/battery/ converter system has the lowest
NPC among the studied configuration for all the location when
considering the average total NPC of each configuration in table
5. This study will be comparison will be mostly on Hybrid
PV/Wind / Diesel/ Battery/ Converter system configuration. The
wind system is not the best option because of the low wind speed

. 4t most of the sites. Fig.13 and 14 show the graphical

representation of NPC and COE respectively for
PViWind/diesel/battery systems for all sites. In all the case of
NPC calculation, $1 N356, where $ is US Dollars and N is
Nigerian currency in Naira.

. The lowest 'NPC is obtained in Wilberforce Island,
loundin the tropical monsoon climatic zone. At $0.56/L, the NPC
155464240 and COE is $1,03/kwh. The result shows the direct
felationship between NPC and the level of components
"esources(solar radiation and wind speed), The higher the solar
“adiation in a site, the lower will be the NPC value, The higher the
Vind speed in a site, the lower will be the NPC value, This is
because high irradiation will enable the PV system to supply the
04d for a longer period, thereby reducing the operating hours of
the diesel generator: this will bring about reduction in the diesel
“Unsumption and cost associated with diesel, which thus relates
dircetly o jow NPC, i

s Iwofe in the tropical wet climate is next to Wilberforce
Sland with value of $464248, followed by Abraka which stands
dlSSU'?jSHNP(.I
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The difference in average solar radiation and wind speed between
these sites is found to be minimal. Okada, which represents the
tropical climate, showed the highest NPC out of the six sites
considered in the simulation. This is attributable to the low
average daily global wind speed as found in this site compared to
Wilberforce Island and [wofe daily wind speed. The total NPC of
Okada is $519876; when compared to the base case NPC (i.e.
diesel generator only), a saving of $347, 050 can be achieved.

B. System Architecture

‘Table 6 presents the number of components selected for
most feasible configuration (PV/Wind/diescl/baltery) in each
state in south region of Nigeria, based on $0.56/L diesel price
considered. HOMER considered many factor such as global solar
irradiation, global wind speed, diesel prices as well as load profile
in coming up with this optimized number of system components.
The component optimization process prioritizes continuous
meeting of load demands by the hybrid system. This is aimed at
ensuring marginal diesel consumption as well as making sure that
PV gystem and wind furbine is not oversized. The space
requirement for installation is also considered in the sizing of the
batteries component.

The smallest component sizing in system architecture
was obtained at Wilberforce Island out of all the sites considered.
The system architecture includes 0.59 kW solar panel, a 17 kW
generator, a 10.5 kW converter and 64 batteries. [t was noted from
the simulation that most of the sites considered except Edibe
Edibe, reported increase in the size of PV panel and batteries
bank. This justifies the extra costs of installing a larger PV array
and increasing the slorage capabilities of the system in order to
minimize the operating hours of the generator, thus keeping the
NPCas low as possible.

C. RF Calculations

Renewable fraction varies as the system architectures
for each site considered in the simulation. It can be observed from
(Fig. 15) that RF for each site in the simulation is notably high for
sensitivity case of $0.56/1. Qut of the six sites considered, Iwofe,
Wilberforce and Edibe Edibe experience high RF value, the
valuesare 0.29,0.26,0.22at $0.56/L respectively.

The lowest RF of 0.19 occurs in Okada for sensitivity
case of §0.56/1. Ikpa road and Abraka also experience a relatively
low RF 0f0.20and 0.21 respectively for diesel price of $0.56/1.

D. Carbon Emissions and Diesel Consumption

Annual C02 emissions relate directly to the amount of
liters' fuel consumed by the diesel generator per year. Fig. 15
shows a comparison to the total amount of diesel consumed per
year by PV/diesel/battery configuration for each site with base
case simulation at diesel price $0.56/1.

Co, Emissions in kg/yr for the sensitivity cases at each
site are shown in - Iwofe site consumed the least volume of diesel
per year (9713L at diesel price $0.56/1), while the highest voluine
of diesel consumption is observed at Okada.

Comparing Fig 16 and Fig. 23: 1t shows that the hybrid
renewable energy system configuration, provide a greater
savings in CO, emission as the lower the volume of fuel
consumed, the lower the CO,emitted (diesel generator system).
Iwofe displays the lowest amount of CO, emission (25424.88
kg/yr). Followed by Wilber force island (26770.56 kg/yr). The
highest value of Co2 emissions occurred at Okada, which stands
at28716.36 kg/yr for the sensitivity case of $0.56 /1.

E. Electrical Summary

Wilberforce Island has the highest excess electricity of
2310.9kWh/yr which is 4.1% of total production as shown in
table 7 while Iwofe follows as second highest with excess
electricity of 2172.6kWh/yr which is 3.9% of total production
while Okada has lowest excess electricity quantity of
84.1kWh/yr which is 0.2% of total production

_63..




Volume 1, isswe 1. Octaber 2024 )

ey e | o | g | 000 [

-
i
Wil
M
!
\ Wil
Wil
m
!
' [ " .
oy o
" i
iy /
I . \ (R s \
' "
d .
X i

i

iy

.‘ > \ " e . \
e ¢ Y i ~ "
Al n " L] L] v )
s
Figure 4.0: Monthly AC Primary Load Profile
TABLE II
ESTIMATED ELECTRICITY DEMAND FOR EACH RURAL COMMUNITY
Load No In use Power (walt) January to December
hr/day) (watt-hr/day)
Category A: Domestic load
Lighting 4 20 8 640
Television 1 80 4 320
Radio 1 10 12 120
Ceiling fan 2 0 18 1080
Total for 50 household 108000
Category B: Social infrastructural Load
Primary health center
Lighting (CFL) 6 2 10 1200
Refrigerator 1 16 9600
Television 1 600 6 480
Ceiling fan 2 80 12 720
Total 12000
30
+  Public primary school
Lighting (CFL}) ? 20 4 560
Ceiling fan l [ 180
Total 3 740
«  Community hall and shops
Lighting
Ceiling fan 10 5 1000
Television 4 20 7 840
Total load i 30 6 480
Miscellaneous load 220
Total load consumption 80 6 480
123540
80
TABLE I1I
2
SOLAR IRRADIATION DATA FOR THE SIX VILLAGES (KWH/M'/DAY)
Village
Month Iwele Wilberforce Ikpa Okada Edibe Abraka
lsland Romd Edibe
January 5.14 5.19 547 537 5.5% 5.
Februnry 5.08 5.9 5.5 543 5.59 50
March 4.74 4,82 5.25 5.28 528 5.12
Apnl 1.53 478 5.02 99 5.02 198
May 4.16 431 4.65 4.67 471 448
June 148 1.53 4.24 4.16 429 3.69
July 119 122 179 EE]] 183 325
August 137 345 EE]] 351 3.63 3.6
Seplember 1.63 154 422 433 4.27 4.21
October 363 3.54 422 4.33 427 4.21
November 4.16 433 4.79 4.94 4.9 4.92
December 4.90 4.97 523 5.19 5.27 5.08
Average 4,176 4239 4.671 4.643 4.708 4.520
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Figure 15.0: Graphical Representation of COE for Hybrid Power System

SYSTEM ARCHITECTURE FOR CALCULKI‘IUN;‘;SIIJ{EIFYIBRI D PV/WIND/DIESEL/BATTERY/CONYERTER
L Sensitivity case Villages
| g 50.56/L b k0 :
Abraka Ikpa Road Wilberforce
PV array (kw) 10.8 11.2 0.5%0
Generator (kw) i7 17 17
Wind turbine (kw) 1 1 4
Converter (kw) 13.8 122 10.5
Number of batteries 20 80 64
Okada Iwofe EdibeEdibe
PV array (kw) 11.2 1.89 1.9
Generator (kw) I 17 17
Wind turbine (kw) I 4 1
] i C_‘onvemr {kw) 13.2 12.2 11.4
Number of batteries B8 12 88
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Figure 10.0: RF for Diesel Price of $0.56
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Figure 22.0: CO, Emission (kg/yr) for Diesel Price of $0.56/1 for Ikpa road
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1 FCTRICAL SU . T
FLECTRICAL SUMMARY 0 1y, JABLE Vi
'""'"“-....._________l_h_l_t_’f DIESEL/BATTERY/CONVERTER SYSTEMS
Electrical
Abraky
Witherfo
*""_F_—_‘__-__—'L-—-__:n_:i‘r_h Oknda Ikps Road l:lmlm Iwofe
Generic flat plate PV(kWhiyr) e i
] ! 17299 1751 911 2907
Autosize Genset(kWh/yr) —
[ 355 3818 s4ie
_—l 36237 33245 31982
Generic JKwikWhiyr)
o i i a1 1414 21532 21066
[ | =
Total(kWhyr)
_..r-——-——'—-—-—-—_iiﬂ___ W 4950 55002 55688 55955
AC Primary toad (KWhiyr) 45092 i e
| — 45092 45092 45092 45092
Excess Electricity
o ek M 1785 2108 UM6
Renewable Fraction 21 5 L N
[ 19.6 263 .l
CLUSION - L :
CON [2] 1. Sefa, N. Altin “Simulation of current controlled grid

V. |1 this research paper, the techno-economic feasibility
e 4 power systems in six selected sites picked from each
o u: ; the south-south region of Nigeria was conducted.
stsm , investigation of resources availability in each state and

interactive Inverter” TPE — 2006 3rd conference on
Technical and Physical Problems in Power Engineering,
Ankara (Turkey), May 2006, PP. 964 968. 9

gulations of the total S.ys"tem scenarios, the optimum system  [3]  U.S. Emission Dara, Environment Energy — Related
pitectures total costs and environmental impacts, were Emission Data & Environmental Analysis, Energy
usmitativfl)’ a?a|yzed. Ten system configurations including; [nformation Administration (];ttg;ﬁwww.eig.x_j,gc.giw
Windr'DicsclfBallcry:’"",‘“"’”e"- PV/Wind/ Diesel/ environment.htmb/access date 10 April 2011).
amr)r,fconvarter. Dleselft_!attery:’converler,
P\'.-"Dicsclf'Battcryic011\-‘fertcr,.]’WWmdealteryf converter, [4]  Nnaji, C. Uzoma, C. Chukwu, J. The role of renewable
piesel sandalone, Wind/Diesel, PV/Diesel /converter, energy resources in poverty alleviation and sustainable
pv.:‘WindlDieseI!converter,_PWBalteryf converter were development in Nigeria. Cont J SocSci2010;3:317.
wﬂsidefedby HOMER to obtain the most economically feasible sustainable development in Nigeria. Cont J
«lution. According 10 the results for the selecled sites in this S0cSci2010;3:317.
smdv.jlcnnaIsnbccnncludcdtlmt:

" The PV/wind/diesel/battery/Converter hybrid (5]  Kaldellis, ). K. Zafirakis, D. Kaldelli, E. L. Kavadias. K.
renewable system configuration is found as optimum architecture Cost benefit analysis of a photovoltaic-cnergy storage
jorsensitivity cases of $0.56/1, based on the NPC. COE and RF electrification solution for remote islands. Renew Energy
wledlation if uniform standard is applied for same system 2009:34(5):1299311.
configuration to be installed inall of the state. In addition, the best "
oplimum location to install a PV/wind/diesel/battery/ converter (6]  Bajpai,P. Dash, V. Hybrid renewable encrgy sysiems for
power system in southern region of Nigeria is Wilberforce Island power generation in stand-alone applications: a review.
thetropical monsoon climatic zone. Renew Sustain Energy Rev2012;16 (5):2926/39.

The overall results indicated that not only does the ; _ ) .
hybrid system configuration perform betier than base case [7]  Hiendro A, Kurnianto R, Rajagukguk M, Slma‘?]‘}"‘?k-
simulation with regards to the NPC for all six simulations; it also YM. Techno-economic analysis of phon_wo!tmcfwwd
displayed better performance in the categories suchas electrical, tgb“d ;ﬁl;r;lg‘fgsrzonshordremole area in Indonesia.
fiel consumption and CO, reduction. e b
The best system configuration with the lowes! NPC for 5 PR e
& : i §]  IFAD.Enabling poor rural people to overcome poverty in
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