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Abstract- In Nigeria, some economically important facilite® not functioning optimally due to lack of/ingdete electricity
from the national grid. To solve this problem, #adacilities result to using diesel generators Wwhace mostly uneconomical
and environmentally unfriendly. Improving compavatieconomic advantage means that Renewable Enengyges (RES)
with reduced emission and long term cost of enésgy viable alternative. This work describes théeptals of using solar
PV/biogas power system to supply the slaughterhtmested in Ado Ekiti, South West Nigeria throughaptimal design and
techno-economic analysis. With an annual averagg dadiation of 4.93 kWh/m2/d, the facility slaugins an average of 25
cows daily to yield a biomass supply of about 1k§fday. Simulation results from HOMER software gr&san optimal
PV/biogas generator/battery/converter system thable to supply the 164 kWh daily load requiren@drihe facility. The PV
system supplied 38% of the annual total electripityduction which stood at 76,384 kWh/yr. Cost gsial also indicates that
the system has levelized cost of energy of $ OK¥86/and a Net Present Cost (NPC) of $ 92,988. 60%i® cost is shared
equally between the PV and battery storage systhite whe biogas generator and digester and conveot make up 25%
and 15% respectively.

Keywords Biogas generator; HOMER; Off-grid; Renewable eggerglaughterhouse; Solar PV; Techno-economic
optimization.

1. Introduction phenomenon known as global warming has realigned th
policy agenda for many countries of the world bawing
Insufficient capacity to meet the growing demand fo their attention to the consequence of their neglige
electricity has remained an impediment for mostetlping  Besides, depleting available reserve of fossilduekources
economies of the world. Existing interconnected @ow caused by increasing human population and volatile
systems dominated by fossil fuel power plants @®oming prices has brought to the fore the need to find @em
a cause of concern. This is due to recurrent natlisasters economical and sustainable alternative. Renewabézgy
such as flooding, heat waves, increased air pohutetc. sources (RES) such as hydro, solar (PV and therenal)gy,
caused by greenhouse gas (GHG) emissions. Thigind power and biomass have shown to be sustainable
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replacements for traditional methods of power gatien
from fossil fuel power stations. While solar phattigic
(PV) application has been largely successful dueitso
advanced technology and reduced cost over the,yattuers
like biomass are still gaining traction.

Nigeria is endowed with abundant solar radiatiohgns
potentials range between 4 kWHR/rand 7 kwWh/m [1].
Moreover, it is not uncommon to find places wheskaisPV
systems have been used to electrify critical itftesure
such as health centres, schools, domestic anduégrad
water pumping, traffic and street lighting [2]. Bes is the

PV/biomass system is more reliable, economical and
environmentally friendly than the wind/biomass hgbr
system. [24] proposed a deterministic sizing methagly for

a stand-alone PV/ESS/Biogas system power plant.
Calculated costs show that the hybrid energy is emor
economical than a stand-alone biogas power plaenvthe
discount rate drops below 8% at prevailing techgplcosts.
However, the load curve used for the study is assum
constant all year; which is not realistic

Slaughterhouses generate enormous wastes which are
mostly  disposed inappropriately, causing  serious

by-product of anaerobic digestion of organic matteenvironmental and health hazard. However, if théste can

(biomass) by bacteria in the absence of oxygenafcgaw

be converted to biogas for electricity, it will gelboth waste

materials used in this process include sewage s|udgdisposal problem associated with these facilitiesvell as
domestic food waste, industrial waste, animal menur providing the much-needed electricity for the safaality

agricultural residues and water hyacinth [3]. B®ga an
environmentally friendly gas whose composition iad® up
of about 60% - 70% methane, 30% - 40% carbon deaitd
traces of other gases which include nitrogep),(Rydrogen
(H2), ammonia (NH), hydrogen sulphide @#%$), oxygen
(O2), and carbon monoxide (CO) [3], [4]. This gas dBn
burnt to produce heat or used to generate eldgtrior
power supply. With an estimated 227,500 t of frasimal
waste produced daily, Nigeria has the potentigirofiucing
about 6.8 million m of biogas daily if 1 kg of animal waste
produces 0.03 fnof biogas daily [1], [5]. This means
bioelectricity can be deployed to support the quiest
adequate and sustainable power supply in the gountr

To this end, several researchers have presentes¢hef
different integrated RES as alternative power sesrfor
various application [6] — [9]. Some of these stadieoposed
the use of off-grid solutions for rural electriftmn [10] —
[13]. while others proposed grid backup solutiorw f
specialized facilities. [14], [15]. Aziz [16] presed an off-
grid wind/PV/battery hybrid system to replace diese
powered generators for a safari camp in the UAESURe
from HOMER simulations show that all possible reabie
energy configuration was able to meet the load dehz a
cheaper rate even with the prevailing cost of diede]
conducted investigations into the optimal
photovoltaic (PV) array and inverters for a gridinected
PV system.

An evaluation of the feasibility of electricity gemation
from poultry waste in Pakistan is presented in [1Bhe

study concluded that if renewable energy sources al

adopted, about 280 MWh/day of electricity can beegated
from poultry waste through biogas and this will gdong
way towards the country’s energy security. Someeroth
works such as [19] — [21] investigated the techocoremic
feasibility of biogas to electricity for differerapplication.
Comparative studies of hybrid energy systems faalrarea
using economic and environmental indices is preski
[22] and [23]. [22] looked into the feasibility mna
hydro/PV/biomass and biogas/diesel/battery in afrgé
application for a rural area in Uttarakhand stdta]ia.
Results support three best configurations as thephave
nearly the same COE and a high renewable fractiow (
CO2 emission). [23] compared a design of PV/bionass
wind/biomass system with results showing that

sizing of

and its environs [25]. The slaughterhouse presesseal case
study in this research has an option of using adnhdnimal
waste effluents from slaughter activities as femtstfor a
bio-digester to generate biogas for electricityerdfiore, this
work is one of the few studies where a hybrid das®V
and biogas is used to provide Electricity for stmtility. A
hybrid system is proposed to take advantage ofé¢perted
solar PV performances and available cheap biomasa a
sustainable solution to the power supply problemthe
facility. This research uniquely keys into the nefat
developing countries like Nigeria to meet the UNDP
sustainable developments goals which include adifiolil and
clean energy.

2. Methodology

The aim of this study is to provide electrical powethe
slaughterhouse through a PV/Biogas system. To @ascehe
potential of PV/biogas generation, preliminary stdpken
involved collection of data from the slaughterhousbese
data include load demand and hour of operationstiexg
power supply system, number and type (cattle, goatp) of
slaughtered animals per day and size of the animaaite
produced as well as current methods of disposais Th
followed by system design and simulation of a t#&aand
cost-efficient system which ensures adequate ggcofi
power supply for the everyday need of the slauplotese.

HOMER software was used to model and simulate the
system. HOMER is an optimization tool for distribdt
ower, developed by National Renewable Energy
Laboratory, USA. Fig. 1a illustrates the structfoetypical
system modelling and simulation in HOMER. It builds
optimized system that can adequately meet the raykiad
demand requirements based on defined input paresretel
system constraints using a techno-economic algorith
Economic input parameters in the optimization deaygace
gives an optimal system design with a minimizedpresent
cost (NPC) while the technical parameters ensuat tie
energy demand of the system is met at the least RRC1lb
illustrate how the input parameters and definedstamts
produce an optimal solution. The optimization reswlso
provide a list of different system configuratiorraarged in
increasing order of Cost of Energy (COE) for every

thé)ptimized system. In addition, sensitivity analysiay be
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Fig. 1. Structure of HOMER software (a) System modelling aimulation (b) Optimization process [9]

conducted to understand the effect of uncertaintynput
parameters on the results.

3. System Model

that between 20-30 cattle are slaughtered daili \itile or
no figures for goat, sheep, and poultry. Howevee, waste
from the slaughter process is dumped into the suading
area with its attendant risk to human health andrenment.
This study assumes an average of 25 cows are $staagh

This section describes the components of the entir@aily and if the average weight of the commonlyglaered

system along with their input parameters within HERI
and how the input data were processed.

3.1. Primary energy sources

The energy sources used
availability are considered in this section. Biogasduction
from cattle dung and rumen collected from slaugittarattie
is the primary system of power generation consilénehis
study. However, solar PV generator is also inclutfethis
system to serve critical loads (e.g. cold room) nvbetput
from the biogas generator is interrupted. The patkfor
solar energy in Nigeria is also not in short supphere the
average is about 5.64 kWhifday.

3.1.1. Solar energy

The site under study shown in Fig. 2 is locatelatittide
7° 32' N and longitude 5° 32' E in the city of Adkiti,
southwest Nigeria. HOMER calculates the global zmntal
solar radiation and optimum size of the system dbasethis

coordinate. From the data obtained from NASA swfac

meteorology and solar energy website, annual aeesatar
radiation in Ado Ekiti is about 4.93 kWhffday. Figure 3
lllustrate the monthly average global
radiation of the city.
3.1.2. Biogas

The source of raw material required for biogas fation
is the waste from slaughtered ruminant and poualhiynals.
These substances are organic in nature and thailaliity

gives an idea of how much potential there is fonghs
production. Available data from the slaughterhostsews

horizontallaso

white Fulani cow is 350 kg, 13 % of this weighttéken as
the rumen content. This gives an available bionedskl50
kg/day while the amount of biogas produced estichate0.3
m? kg of fresh material. This assumption is usedm@as of
the constraints in HOMER model. Figure 4 shows the

in this study and thegjomass resources input parameter used for siroalatithis

study.

B
Open stalls area

for beef sales

Main buildingfo'r
post slaughter
activities

Slaughter house
waste disposal
Veterinary and area N
allied offices

Existing
Generator
House

Fig. 2. Aerial map showing the study site
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6. Global Horizontal Radiation 10 Table 1. Estimated load for the slaughterhouse
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Fig. 3. Average monthly solar radiation for the study.site Small Power Loads 8 48
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Fig. 4. Cattle dung and undigested rumen biomass resource ﬂ_. 18 kW peak

Biogasz Generator

input
> e T
3.2. Loads Corveerter Trojan IMD17-BY
A survey of the slaughterhouse shows that someimgxis
electrical loads are not operational and a dadgdlprofile is AL bC
not available. This is because the facility is cohnected to Fig. 6. Schematic of system configuration.

the grid and the standby power generator is rarséd. This

means that fresh beef is stored in private faedibutside the 3 4. Component specifications

slaughterhouse. In this study, a 24 hr load profilas . ) ) o

assumed based on the data obtained from the siteavid This section describes the specification of all dlistem
typical electrical appliance for such a facilitynd resulting  components along with their associated costs.

load profile is illustrated in Fig. 5 while Tableptesents the

electrical loads considered in this study wherdydaC load 3.4.1.  Solar PV

consumption is about 164 kWh/day. Solar PV systems convert the solar irradiance into

Daily Profile electricity using photovoltaic principle. In thigudy, the
solar panel has a capital cost of $ 1400/kW incigdhe cost

of installation and charge controller since HOME#es not
model charge a controller separately [9]. The mpizent
and an O&M cost of the PV panels is assumed to be $
1300/kW and $ Ol/year respectively. The system hfised
orientation with a lifetime of 20 years and a déng factor

5 12 18 of 80%. The expected energy production from theesyss

Hour expressed in equation (1).

12+

9

6

Load (kW)

3

0

Fig. 5. Daily load profile E, (t)=G(t)*xn,, xA (1)

where G(t) is hourly irradiance in kWh/f v is the

3.3. System Configuration efficiency of PV panel and A is the area of the fAbdules.

The system configuration of the power system is emad342
up of PV panels, biogas engine generator, convemter —
battery storage. The PV panels and the batteresystre
connected to the DC bus while the biogas genergor
connected to the AC bus as shown in the schemBE@g®s.
A bi-directional converter serves as the means 03
communication between the two buses.

Battery

Although the primary source of power proposed Fas t
system is the generator, an energy storage system i
onsidered to store excess energy from the biogas
enerator/PV system for use when there is a stertdg
biogas. The battery charging and discharge cycle ar
regulated by a charge controller system which foncto

1312



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH
S. 0. Sanni et al., Vol.9, No.3, September, 2019

prevent overcharging and deep discharge of theeriedt
Equation (2) gives the expression for the battdorage
capacity. In this design, a 6 V, 1202 Ah battepetgiven as . _ -
Trojan IND17-6V Industrial Line Flooded Battery ¥61202 where Sioges IS the quantity of ggnerateo_l electricity,
Ah) is chosen from HOMER database. 8 batteries argboses IS the unconverted raw energy in the biogas aed th
required per string to create a DC bus voltageS8o¥/4Initial ~ /Ibioges denotes the overall efficiency of the conversidn o
capital cost, replacement cost and O&M cost inpas wet at P1092s 10 electricity.

$ 1300, $ 1300 and $ 22 respectively.

ebiogas = Ebiogas ><nbiogas (5)

3.5. Economic parameters

E,,*DA Input economic parameters are the interest rate and
Ep = < <DOD (2)  project lifetime. These are used to determine fstesn net
Minv *MMhat present cost (NPC) and the levelized cost of enfEHE) in
this study. The lifetime of the project is taken?fsyears and
WhereEay is the total energy demanDA is the Daily  the annual real interest rate from the central hafnKigeria
autonomyDOD is the battery’s depth of dischargey is the  is assumed to be 14%. Economic output from system

inverter efficiency angy is the battery efficiency. simulation in terms of NPC and COE is expressed as
3.4.3. Converter Conn ot
_ ann, to
The converter comprises an inverter-rectifier gyste Cec = CRF(i,R,,;) (6)

whose function is to link the DC bus of the systerthe AC
bus. A Schneider electric converter is selectedHr study
with capital cost input of $ 1700, $ 4200, $ 63664 3, 6.8
and 10 kW respectively. The sizes to consider rérajeeen
10 and 25 kW in steps of 5 kW. At an estimateditifie of
20 years and a conversion efficiency of 90%, thergyn

Generator Schedule

[ [ Optimized
= [ Forced off
| B Forced on

2 week

output of the bidirectional system is given as Eﬁ:gﬁgﬁ‘é‘i
g
a
Edc—ac (t) :,7inv beat,Ioad (t) (3) 5 12:00
Eac—dc (t] = ,7rec X Ebiosur (t) (4) E

whereEac.qc(t) andEqcac(t) is the hourly energy input and
output of inverter respectivelyye. and zin is rectifier and
inverter efficiency respectiveBati0ad(t) is the hourly energy
output of the battery to supply load, aBghs.(t), the hourly
surplus energy from biogas generator.

—e Jan Feb Mar &pr May Jun Jul AugSep Oct Nov Dec

Fig. 7. Biogas generator annual operating schedule
3.4.4. Biogaselectricity generator and digester . ] ) ]

CRF(i, Rxq) is the capital recovery factor given by

Availability of cattle manure from the slaughteriseu

which ensures the continuous supply of biogas lfectecity
is the primary aim of this study. With an estimaidaily
waste production of 1150 kg and assuming equalmelof
water (1150 litres) is required to make a slurhge tligester
should have the capability to handle solid matenglt of
2300 litres/day (2.3 #fday). The cost of biogas electricity
generator, digester, and associated installatiorksvenake
up the total capital cost input of $ 12000 whilee th
replacement cost of the system is set at $ 10066. fiel COE = Cann, tot 8)
price is zero since the biogas is produced fromtevas
available within the facility. The O&M cost of theystem is
set at $ 0.4/hr which consist of the routine engine
maintenance cost and labour cost for substrateeatah,
preparation, and feeding of the digester. The atper
schedule of the biogas generator shown in Fig.dicates
that it is forced on for about 7 hours early in they when
the peak load occurs and forced off for the resthef day
during weekdays and optimized for weekends. Thetrite
energy generated from the biogas is expressed as

. 1+ . N
CRF(i,N)= % )
(1+i)" -1
WhereCamot is the total annualized costis the interest
rate,N is the project lifetime in years.

The levelized cost of energy is expressed as

served
WhereEsed is the total energy served by the system.
4. Resultsand Discussion
This section presents the analysis of results oédhi

from system simulation, optimization and sens#ivit
analysis.
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4.1. Optimization results

this consideration and system cost by selecting riaet

optimized system. This system is composed of a\VROPR/-

The input parameters defined for each componetitedn Array, 16 Trojan IND 17-6V batteries, a 20 kW bisga
previous section is used by HOMER to determineilid@s engine generator set and a 20 kW inverter. Thectsgle

system solutions that can adequately meet the

requirements. These feasible systems are presentgdups
of optimized results which may contain all or sédec
equipment types under consideration. However, te$tdm
this study suggested a single group of result whiek a
solar PV and biogas generator component as prigeygy
sources. The five top-ranked optimized systems dase
increasing NPC is shown in Fig. 8. It is observkdt tthe
most optimal system with the least NPC at $ 89,88&h
consist of a 20 kW PV-Array, 20 kW biogas generafidy
kW inverter and 16 Trojan IND 17-6V batteries syste
However, this system with the least cost is naiagle in this
study because the converter size cannot supplgrayptak
load (18 kW) alone except backup power is suppiigdhe
biogas generator. Hence, this study made a trafdeetfieen

loamptimal system has an initial capital of $ 73,688,annual

operating cost of $ 2915/year, NPC of $ 92,988 ar@OE
of $ 0.236/kWh. Cost summary based on system coemien
is shown in Fig 9. It is apparent that the systdtraets no
fuel cost and the PV, battery and converter compsnmake
up about 80% of the capital cost and the remaig@id% is
due to the battery bank. Besides, the cash flownsamy of
the system over the 20 years’ project lifetimellastrated in
Figure 10, shows that the biogas generator anderiatt
system will continue to incur a total recurrent aain
maintenance cost of $ 1,382. Further analysis ialdizates
that the biogas generating set, battery, and ctewkave an
operational life of 7.77 years, expected life of3l§ears and
15 years respectively. This means that the genevétbbe
replaced at least twice in the project lifetime.

Pledmle| & [ e [NV Snn | e [ SmEns | W [SR| e [StmeePowe] &
AF = 20 20 16 15 5 70,354 2,871 5 895,412 0,227 1.00 0.01 151 2,581
20 20 16 20 5 73,683 2915 S 92,988 0236  1.00 001 2575
25 20 16 15 577394 2.855 5 96,301 0.243  1.00 0.oo 143 2569
20 20 16 25 5 76,572 2,560 5 956,578 0,245  1.00 0o 150 2575
20 20 24 15 S 80.794 2617 $98.129 0248 1.00 o000 151 2577

Fig. 8. Best-ranked optimization results according toaysNPC

Cash How Summary

PV
== Bijogas Generator

Trojan Battery (6V 1202Ah)
== Converter

PV
== Biogas Generator

Trojan Battery (6V 1202Ah)
== Converter

60,000+
&
oo [N
O]
c
3
£ 20,000+
k9]
P4
, 1N BE= = _
-20,000- - -
Capital Replacement Operating Fuel Salvage
Fig. 9. Cost summary of the PV/biogas power system.
20,000 Cash Hows
g 20,000
§
kel
€ -40,000- I
2
-60,000-|
-80,000

6 7 8 9 10 11

Year Number

12

13 14 15 16 17 18 19 20

Fig. 10. Cash flow summary of the PV/biogas power system.
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Figure 11 illustrates the monthly average powe-2. Sensitivity analysis
production by this system. It is observed that bstantial In other to understand the effect of variation ome
portion of the load requirements is served by_ tihegdos component parameters on the study system, a sésiti
generator. An assessment of one-year energy piodumtd 5,5y sjs is conducted. Different values in the eanfja 50%
consumption operation of the system indicates tagas §ro5 in biomass resource input and 50% increasesimaily
generator supplied 62% of total production whilee th 5 erage load of the slaughterhouse were considemed
remaining 38% is provided by the PV system. Fidleeand  gengitivity input. This is to understand how theoprin
13 show how these productions are achieved by Bab iyqa5 generation and increased load will affeet shstem
generator and PV-array. The inverter output powaing o 1ts The surface plot of the system NPC respdos
this period is also shown in Fig 14. Table 2 givkse changing biomass and daily average load input ésented
summary of generated power, load demanded and sharej, rig 16 |t is observed that the NPC is only aféel by an
power generation by each component of the system. increase in average daily load demand while thep dro

From table 2, the system produced annual exCe$§omass input has no influence on the NPC. Theltresu

electricity of 3096 kWh/yr (4.05%) but loads to thene of superimposing the COE on the same plot producérhitas
317 kWh/yr (0.53%) were unmet during this periothaligh, ;.o q.

the maximum capacity shortage constraint was s&¥atTo
bette_r_ understa_nd th_e reason for th's_’ all unmeat_d 10 Table. 2. One-year operational power generation and
chd|t|ons were investigated and the maximum uroaat is consumption by the PV/biogas system

discovered to have occurred on August 23 betweemdlrs Quantity KWhiyr %
of 1:30 am and 5:30 am. A 24 h analysis of the PWay,
biogas generator power, inverter output power aatiely PV array 29,130 38
state of charge when this condition occurred aosvshin Fig
15. It could be inferred that some loads could betmet
because the biogas generator was shut down and\the Total 76,384 100
array was not generating for lack of insolation.abfdition,
the inverter could not provide backup power suggihge the

Production Biogas Generator 47254 62

Consumption AC primary load 59,544 100

battery state of charge is low. This situation ddut avoided Excess electricity 3096 4.05
with appropriate demand-side management strateias _
prevent deep discharge of the batteries. Others Unmet electric load 317 0.53

Capacity shortage 357 0.60

10 Monthly Average Hectric Production

PV
== Biogas Generato!

Power (kW)
il ®

in

i

Fig. 11. Monthly average production from optimized PV/bisgmwer system.

kw
24 PV Output

i
[+

Hour of Day
-
N

Mar Apr May Jun Jul Aug Sep Oct Nov

Fig. 12. PV output power of optimized PV/biogas power syste
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24 Biogas Generator Output

18

12

Hour of Day

e A

Feb Mar Apr May Jun Jul Aug Sep

Fig. 13. Biogas power generator output optimized PV/biquaser system.
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Fig. 14. Inverter output power of the optimized PV/biogasvpr system.
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=
d
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Fig. 15. 24 h profile of unmet load, battery state of cleaagd generated power by PV, biogas generatorresatér (August 23)

Primary Load (kWh/d)

5. Conclusions

As the demand for energy grows, diminishing fofisél

Total Net Present Cost

0.257 0.257

®

Biomass Resource (tld)

Fig.16. Surface Plot of Net Present Cost

Legend
$ 160,000

$ 152,000
$ 144,000
$ 136,000
$ 128,000
$ 120,000
$ 112,000
$ 104,000
$ 96,000

$ 88,000

$80,000

Superimposed

232 evelized COE ($/kWh)

by replacing fossil fuel based energy sources siitainable
renewable energy systems. Biomass renewable esetgge

from

animal

livestock husbandries and

reserve and its resultant environmental problemdl wislaughterhouses can provide a sustainable methowking

continue to be a source of concern to humanitys Tiki

up

this energy deficiency and enhancing economic

because sustainable development can only be assurad development. This study presents an investigatida the
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central slaughterhouse in Ado Ekiti, Nigeria usirsgy
PV/biogas system. Electricity generated by the esyst
supplies the power demand of the slaughterhouseVERD
software was used to design and simulate diffespetating
scenario that meets the slaughterhouse load regeis [5]
based on input techno-economic parameters.

potentially viable option in rural areas of devetap
countries’,Renewable Energy, vol. 68, pp. 35-45, Aug.
2014,

Y. S. Mohammed, M. W. Mustafa, N. Bashir, and A. S.
Mokhtar, ‘Renewable energy resources for distribute
power generation in Nigeria: A review of the potaht
Renewable and Sustainable Energy Reviews, vol. 22, pp.
257-268, Jun. 2013.

A configuration  which  includes  PV/biogas
generator/battery/converter system which had an NP&
92,988 and COE of $ 0.232/kWh was selected as & m
suitable system. To achieve this, the biogas gémera (6]
produced 62% of the total annual power deliverethéoload
while the PV system supplied the remaining 38%hda\igh
the cost of biogas fuel is taken as zero and biggarator
operational time was limited, lifecycle analysiveals that
the generator will require replacement every 7.Zarg.
Moreover, PV system components such as the bate, 7]
converter will also need to be replaced after Yk&rs and
15 years respectively. This shows that deploying type of
power system has a high potential for meeting thergy
requirements of this facility and similar ones owerong
period of time thereby ensuring the sustainabiityenergy
supply. (8]

B. F. Ronad and S. H. Jangamshetti, ‘Optimal cost
analysis of wind-solar hybrid system powered AC and
DC irrigation pumps using HOMER’, in2015
International Conference on Renewable Energy
Research and Applications (ICRERA), 2015.

V. Charan, ‘Feasibility analysis design of a PVdgri
connected system for a rural electrification in Bai',
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O. Kiymaz and T. Yavuz, ‘Wind power electrical
systems integration and technical and economicysisal
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Developing countries of the world with acute shgetaf
grid electricity can take advantage of such indepen
electrification projects for specialized facilitie¥his will
improve the quality of services offered and trateslato
better economic advantage. This is to further eobathe 9]
goal of finding a sustainable energy source thdkt effer
opportunities within several areas such as therenmient,
technology, economic and social fields.

S. O. Sanni, A. Awaisu, and T. S. Ajayi, ‘Optimal
Design and Cost Analysis of Hybrid Autonomous
Distributed Generation System for a Critical Load’,
EMITTER International Journal of Engineering
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