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Abstract

This study presents an energy resource assessoresixfsites, one from each geo-political zone of
Nigeria. It assessed the feasibility and econonmability of RE resources that can provide sustdimab
electricity and enhance ICT development for rurammunities cut off from the national grid.
Hypothetical rural communities made up of 200 hanmgesschool and health centre was conceived.
Specific electrical load profile was developed totes the rural communities. The required load was
analyzed as 358 kWh per day, with 46 kW primarykpkead and 20 kW deferrable peak load. The
meteorological data utilized were obtained from igeria Meteorological Department spanning 1987-
2010. Assessment of the design that will optimaliget the daily load demand with LOLP of 0.01 was
carried out by considering standalone PV, Wind Brebel, and a hybrid design of Wind-PV. The Diesel
Standalone system was taken as the basis for c@opaihe optimization tool employed after the
feasibility analysis with RETScre@software was the HOMERsoftware. The outcome showed that the
most economically viable alternative for power gatien at most of the sites is the wind standalone
system. It proved to be the optimal means of producenewable electricity in terms of life cyclesto
and levelised cost of energy which ranged betwé&eh2®/kWh for Jos and $0.327/kWh for Benin City.
This is very much competitive with grid electricitiRenewable technologies could then become the
subject of rigorous pursuit for rural electrifiaati and ICT development in local communities arotirel
sites.
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1.0 Introduction

In September 2000, world leaders agreed to theednilations Millennium Declaration, with the
commitment of nations to a novel global partnerghigt would serve to diminish acute poverty. Pért o
the agreement includes setting out a sequencenefltibund targets of 2015. These have been christene
- the Millennium Development Goals (MDGs). The MD@kso identifies the role that developed
countries can play via trade, development aid, daigf, and technology transfer (UN Documents,201
United Nations, 2009; Lankes, 2002). The eight M@@als include eradication of extreme poverty and
hunger, achievement of universal primary educajwomotion of gender equality and empower women,
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and the reduction of child mortality. It also indks improving maternal health, to combat HIV/AIDS,
malaria and other diseases, to ensure environmsugtdinability, and to develop a global partngrsbr
development (United Nations, 2009).

As can be observed the MDGs relating to educataombe directly linked to goals 2 and 3, whereassgoa
4, 5 and 6 will obviously be very much aided immerof their attainment through the use of informmati
and communication technologies (ICT) when useddrvar in educating the rural populace.

Education can in general be delineated as an aeixperience derived from the gradual process of
acquiring knowledge that has a constructive effactthe mind, character or physical capacity of an
individual (Okebukola, 2002). It is also regardedf@e procedure by which society intentionally ceys/

its amassed knowledge, skills, and values fromreigdion to another (The voice of the teachers9200
Therefore foremost amongst the objectives of edutad its functionality and its ability to be utdrian.
Education has also been described as the renovatiosociety for relevance, sufficiency and
competitiveness in the world. (Okebukola, 2002)

However this present millennium has been distifgeds by an explosive increase in information,
knowledge and understanding acquired via scientidigearch. Science education has been found to
contribute to the overall quality of life via marfacets by way of health, nutrition, agriculture,
transportation, energy production and industriavedtgoment (Jimohet al, 2012). Therefore the
conception of a discipline founded on the assimgitabf other disciplinary knowledge, into a new wo
known as science, technology and mathematics edacéTME) (Morrison, 2006). It is an inter-
disciplinary approach to learning, where accuratalamic theories are connected with real life cimach

as students employ STME in a framework that enhaoo@ections between school, community, work
and global enterprise, enabling the ability toini¢he new worldwide economy (Tsupros, 2009).

ICT as a tool in driving STME can be deployed tlglowarious avenues such as computers, telephones,
radio and television. If deployed via radio when restricted to entertainment alone could senentich
basic education, at costs much more modest thase thibtelevision or computers. There are also éut-o
school models for education of students throughnenteaching materials on the internet as well as
materials in electronic digital devices such as BMbr both in-school and out-of-school studentseréh

is also the potential of utilizing mass media fablic and adult informal education, in areas sush a
health, citizenship, family planning and agricutuiKaino, 2013). ICTs can also be of use by teacher
and agricultural extension workers as it would likgield cost advantages over conventional ways of
supporting and updating them with latest tools immdvations. This is because ICT channels canfeans
information faster without the physical and mor@ensive means of movements. It has the potential of
reducing the isolation of remote communities asl welraises the quality of work undertaken by rural
teachers and extension workers.

All these brings us to the inevitable requiremdntheap and easily accessible electricity supplictvirs

the means by which most modern ICT equipment ardiyefa operate. Electricity is fundamental to
development. It is the means to improved social asdnomic well-being just as it is vital to
industrialization and wealth creation. It is aldee tgate to employment opportunities to the teeming
jobless Nigerian youths. The nation’s pursuit ofédimaing one of the 20 most developed countries én th
world by 2020 would be challenging unless it finite key to significant improvement in power
generation (Adenipekun, 2013).

2.0 Potential of renewable energy resources in Niga

Many indigenous researchers have considered thepgeco of Renewable Energy (RE) resources in
Nigeria with a view of demonstrating their prachigy in the country. (Onyebuchi, 1989) estimatbé
technical potential of solar energy in Nigeria gsia device with 5% conversion efficiency. The
conclusion led to a realization of 1500*kJ of useful energy yearly equating to about 258mfifion
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barrels of oil annually (Adekoya al, 1992) and corresponds to 30% of the 876 milliarrdds of annual
crude oil production in the country as of Febru&§13. This also sums up to about 4Z0° GWh of
annual electricity production, which is about 26hds the recent annual electricity production in the
country (Oyedepo, 2012). A work by Chineke and hgwi(Chinekeet al, 2008) reveals that Nigeria
receives abundant solar energy that can be prbfitetrnessed. The annual average daily solar iadiat
was found to be 5.28h/nmP-day. This varied between &8V h/nf-day, around the coastal areas of the
south and 7.@Wh/n’-day at the northern border. The average duratfosunshine hours all over the
country was estimated as ®8urs with average annual solar energy intensitgcgb&,935%kWh per nf
peryear, with an approximation of 1,770 TWh per yetusolar energy. This approximately equals a
multiple of 120,000 of the total annual averagecteieal energy generated by the Power Holding
Company of Nigeria (PHCN) (UNDP, 2012). Consequetitle retrievable solar energy with a 10%
unadventurous conversion efficiency yields abouti®s the energy demand projection of the Energy
Commission of Nigeria for the year 2030 (Ngetal, 2007). It is thence appropriate to incorporatarso
energy in the nation’s energy mix.

On the potentials for wind-to-electricity projedtsNigeria, a number of study reports exist. Faaraple
Adekoya and Adewale (Adekoy al, 1992) investigated wind speed data of 30 stafioriSigeria and
established the annual mean wind speeds and paweddnsities to vary between 1.5 - fis and 5.7 -
22.5W/m? respectively. Fagbenle and Karayiannis (Fagberdé 1994) in their study on a 10-year wind
data from 1979 to 1988 considered surface and highmls as well as maximum guts. Ngala et al.cdrrie
out statistical and cost benefit analyses of thedwénergy potential of a site in Maiduguri utiligin
Weibull statistics on a 10-year wind data rang&3$5 to 2004 (Ngalet al, 2007). (Ajayi, 2010) implied
that inland, the wind is best in hilly regions @ktNorth, while upland topographies of the middb b
and northern boundaries of the nation have hugengiat for huge wind energy production. Mean wind
speeds in the north and south were detailed toeffeeen 4.0 — 7.5 m/s and 3.0 — 3.5 m/s respeytatel
10 m heightMost researchers thus concluded that wind energgiiscularly of significant abundance at
the core northern states, the hilly and mountairmarss of the central and eastern states, andtlaso
country's offshore areas (Adekowh al, 1992; Ajayi, 2010; Fagbenlet al, 2011; Ajayiet al, 2011;
Ajayi et al, 2010). This became a pointer to the fact that, rthtion is blessed with enormous natural
supply of solar and wind energy, with massive opputy for electricity production. In spite of thithe
energy need of citizens in the rural areas is biiled on traditional bioma$ajayi et al, 2010). This
group of fuels are said to make up more than 50%ot@l energy usage in Nigerfhlational Energy
Policy, 2003). Further to this, fuel wood supplyfdend imbalance in some parts of the country is
becoming a threat to the energy security of thalraommunities (Kanase-Past al, 2010; Rajoriya,
2010; Setiawaret al, 2009; Akellaet al, 2007; Promoting Renewable Energy, 2007) as dtretthe
extent to which deforestation has taken place. Elevith a very low annual per capita consumption of
electricity estimated between 100 kWh and 135 kWjayii and Ajayi, 2013) and an understanding that
over 100 local governments areas of Nigeria reroaiconnected to the national electricity grid (Ajayi
2010), a variegation of the nation’s energy mithisrefore necessary for the country to reach tigetaf
energy security by the year 2020. This is givert R resources has the benefit of being employed fo
standalone facility in addition to grid connectyvit

3.0 Present work

In Nigeria very few research studies exist thatehappraised the potential of hybrid RE system twer
generation (Nwoslet al, 2012; Mbakweet al, 2011; Abatchaet al, 2011; Agajeluet al, 2013).
Notwithstanding this, the existing results focused small scale generation for remote telecom
applications and also for individual buildings. Basch reports on design and economic feasibility of
hybrid systems that can provide sustainable poarerudral communities are rare. This study is thenef
focused on the techno-economic assessment of higtitbr rural electrification in selected sitesass
the geopolitical zones of Nigeria. The six sites gpread across the country. Rural communities mpde
of 200 homes, a school and health centre was ozettéor each site.
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4.0 Methodology and data collection
4.1 Data Collection

The twenty-four years (1987 — 2010) daily globdhasoadiation, daily wind speed data, sunshiner$iou
minimum and maximum air temperature, and minimund amaximum relative humidity that were
employed for this study were sourced from the Nig#teteorological agency (NIMET), Oshodi, Lagos,
Nigeria. The solar radiation data utilized for soofi¢he sites were also derived from the model pseg

by (Ajayi et al, 2014) due to insufficient data for some sitese Btudy focused on designing for rural
communities in Nigeria, with 200 homes, having host and community health centre. The location
parameters of the selected sites are as shownbile Ta Wind turbines ranging from two to four 25 kW
turbines, with single 3MW turbines for embeddedagation, cumulative solar panels ranging between
105 kW & 190 kW with 7.5MW — 10.5 MW for embeddeedngration, and a diesel generator of 35 kW
were employed for the study as standalone or hyboter systems. The econometric analysis of the
diesel system for comparison is presented in T2ble

RETScreefi software was used as a feasibility tool and theameair temperature and relative humidity
were included in the RETScréeanalysis due to the reliance of PV module efficiena nearby air
temperature and relative humidity. The efficien€ybotovoltaic cells has been found to vary withith
operating temperature (RETScreen 4 Software, 20b3ubo-Peppleet al, 2013; Skoplakit al, 2009;
Fesharaki, 2011). Most cell types exhibit a deciimefficiency as their temperature ascends, whileas
also found that increased relative humidity actsréduce the quantity of visible solar radiation
recoverable (Hedzliet al, 2009; Ettalet al, 2012; Husseirt al, 2013). Also relative humidity together
with enormity of wind speed acts as cooling agémas improve the output of a PV module by dropping
the module temperature (Hedzéhal, 2009 ).

Table 1: Location parameter of the studied sites

S/IN Geopolitical Zone State Sites Latitude (° N)  Lmgitude (° E)
1 North West (NW) Kano Kano 12.0031 8.5288
2 North East (NE) Borno Maiduguri 11.8333 13.1500
3 North Central (NC) Plateau Jos 9.9167 8.9000
4 South West (SW) Oyo Iseyin 7.9667 3.6000
5 South East (SE) Enugu Enugu 6.4500 7.5000
6 South-South (SS) Edo Benin City 6.3176 5.6145
Table 2: Diesel System econometrics for Nigeria
Initial

Total NPC  Total NPC Capital Initial Capital LCOE LCOE
All Sites (%) (NGN) (%) (NGN) (%) (NGN)
Diesel Generator 1,033,203 160,146,465 $12,250 81789 $0.619 95.95
Diesel With
Battery 781,259 121,095,145 $31,000 4,805,000 4680, 72.70
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4.2 Load calculation

The load profile of rural communities is not eagilesumed, but can be well thought-out to be vewy |

in comparison to urban communities. It is detatleat typically an average of 1 kWh/day per home can

be linked with rural community homes (Clean EneRypject, 2005; Lambest al, 2006). Though, for

the purpose of this study, the energy demand reopgnt of the rural communities were assumed to be
based on the individual power rating of the apglememployed in each home as shown in Table 3 and 4
(General Wattage Chart, 2013; How much electridfy]3; RETScreen 4 Software, 2013). The average
electricity consumption per home, based on theyaigbf Tables 3 and 4, is estimated as 1.4kWh/day
with a primary peak load of 46 kW. Fig. 1 presdhts24 hours hourly load profile for the commurstie

Table 3: General wattage chart for some househaptaances

Power rating Household Appliance

24 watts 42" ceiling fan (low speed)

55-90 watts 19" CRT television

150-340 watts Desktop Computer & 17" CRT monitor
60 watts 60-watt light bulb (incandescent)

18 watts CFL light bulb (60-watt equivalent)

Table 4: Electricity consumption analysis for aatldommunity of 200 homes

Intermittent No. of Hours Base case
resource- Base case appliance of use Days of load for
load load/home  per per day use per community
Description AC/DC  correlation (watt) home(watt) (hr/day) week (watt)
TV AC Negative 90 1 6 7 18000
Bulb AC Negative 18 6 7 7 21600
Fan AC Zero 24 3 8 7 14400
Community Community
Water Pump AC Positive based basel 3 3 20000
Radio DC Zero 6 1 5 7 1200
Clinic Community Community
equipment AC Positive based based 5 5 2000
School Community Community
electronics AC Positive based based 5 5 2400
Electricity -
daily - AC

(KWh) Electricity - daily - AC (KWh) 357.256571
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Fig 1: Daily load profile used for design of hybedergy systems in rural areas of North-West Nigeri
4.3 Modeling the Photovoltaic (PV) project
4.3.1 Description of the solar radiation algorithm

The solar radiation algorithm used can be depiated sequence of three basic steps (see Figure 2):

Caleulation of howly beam and diffuse

iradiance

l

Caleulation of howly tilted iradiance |

l

Summation I

Figure 2: Flowchart for tilted Irradiance Calcudati
4.3.2 Calculation of hourly global and diffuse irradiance

Solar radiation is divided into two parts: beeadiation, and diffuse radiation. The tilting algbm used
therefore requires the knowledge of beam and diffasliation for every hour of an average day.

Firstly, the monthly average daily diffuse radiati&, is calculated from monthly average daily global
radiation # using the Erbst al. correlation(Duffie et al, 1991). When the sunset hour angle for the
average day of the month is less than 81.4° it is:

% = 1.391-3.56f; + 4.18%K7 — 2.137K; !
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And when the sunset hour angle is greater thar? &list

Hg

&= 1311-3.028, + 3.427} - 1.8217 2

The monthly average clearness indix,s calculated with equation 5.
4.3.3 Necessary Solar Equations
Declination (o)

The angular position of the sun at solar noon, wétspect to the plane of the equator is derivethfro
Cooper’s equation (Clean Energy Project, 2005):

IBd+m

=2 in(2
&= 2345 sin(2w -

) 3

wheren is the day of year.
Solar hour angle and sunset hour angle

The sunset hour angte; is the solar hour angle corresponding to the tivhen the sun sets, and given
by:

coscy, = —tan ytan & 4

wherey is the latitude of the site under consideration.
Clearness Index
This is given as:

g= £
T F3
5

Where H is the monthly average daily solar radiation on herizontal surface and
H,is the monthly average extraterrestrial daily sadaliation on a horizontal surface.

4.3.4 Tilted Irradiance Calculation

Radiation in the plane of the PV array was caledatising a method comparable to the Klein and
Theilacker algorithm (Duffieet al, 1991), though the algorithm was extended to tracksurfaces.
Therefore to calculate the hourly values of radiatirom the average daily values, the CollaresiRere
and Rabl formulae for global irradiance was usddd@ Energy Project, 2005):

COE i — OO0 Wy

= —(at+hcosw ——————) 6
2 g0 Wy — e ©0E W,
4 3 3 3

a = 0.409 + 0.5016 sin (@, — =) 7

b= 0.6609 + 0.4767 sin (w; — -) 8
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wherer; is the ratio of hourly total to daily total glob@diation, the solar hour angle for the midpoint

of the hour for which the calculation is made, atéspressed in radians. The hour angle is the angula
displacement of the sun east or west of the loealdian due to rotation of the earth on its axi¢®per
hour, morning negative, afternoon positive.

The formula by Liu and Jordan was used to deterrthieediffuse irradiance as (Clean Energy Project,
2005):

w COE i — 003 Wy

= )
9

= -
BN G — Wy CO8 g

where,rqis the ratio of hourly total to daily total diffusadiation.

For each hour of the average day, global horizamadliance H having diffuse and beam componé&its
andHj are specified as (Clean Energy Project, 2005):

H=nH
10
Hd: TdEd
11
Hb:H_Hd 12

Calculation of hourly irradiance in the plane of the PV array

Evaluation of hourly irradiance in the plane of tR¥ array, H was done using a simple model,
described in (Duffiet al, 1991):

1-cos f

)+ Hp (=25 13

Hy = HyRy + H, (2228
wherep represents the diffuse reflectance of the groaheb(called ground albedo) afidepresents the
slope of the PV array. Ground albedo was set tafGlZe average monthly temperature is greater than
0°C, Ry is the ratio of beam radiation on the PV arrayhtat ton the horizontal, which can be expressed
as:

cos 8

= — 14

e roz 8,

Where# is the incidence angle of beam irradiance on theyaand#; is the zenith angle of the sun. The
above algorithm can be used with tracking arrags.tfacking surfaces, the slogeof the array and the
incidence angl® for every hour are resolved by equations of Bradh Mitchell (Brauret al, 1983).

Summation

Once tilted irradiance for all hours of the day wasomputed, the daily total
H, was obtained by summing individual hours.

4.3.5 PV Array Mode
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The PV array model is based on work by Evans (EVE®&1).
Calculation of average efficiency

The array is characterized by its average effigieng, which is a function of average module
temperaturd’:

Ny = nr[l—_ﬁp{rf—rr b 15

where 5, is the PV module efficiency at reference tempeealiy (= 25°C), ands, is the temperature

coefficient for module efficiency]; is related to the mean monthly ambient temperalilréhrough
Evans’ formula (Evans, 1981):
NOCT -20

T, - T, = (219 + 832K,) —_ — 16

where NOCT is the Nominal Operating Cell Tempemaamdg; the monthly clearness indeij, , NOCT
andB, depend on the type of PV module considered.

4.4 Modeling the wind speed distribution
4.4.1 Wind Energy Model

Wind speed profile characterization and analysigHe site was carried out using the Weibull prolitgb
density function. This is because the Weibull pholitg density function has been found to match
considerably with the experimental long-term disition for various sites (Ajayt al, 2011).

4.5 Cost benefit analysis

Economics is vital in the selection of energy reses, as renewable and non-renewable energy sources
usually have very diverse cost characteristics.eRRaile sources tend towards having high initiaitehp
costs and low operating costs, while conventioal-renewable sources usually tend to have low &apit
and high operating costs. The life-cycle cost (B@Q) analysis comprises the costs of initial cortston,
component replacements, maintenance, fuel, cdstiyishg power from the grid, and miscellaneous costs
such as fines ensuing from pollutant emissions.eRegs take into account income from selling power t
the grid, plus any salvage value that occurs attiteof the project lifetime. As for the NPC estiioa,

costs are seen as positive and revenues are rexgativegative NPC value typifies a net presentealu
(NPV).

For each component, the capital, replacement, ew@nice, and fuel costs, along with the salvageevalu
and other costs or revenues, make up the compsremtualized cost. The annualized costs are threrefo
totaled for each component, together with any nfliseeous costs, so as to find the total annualcoest

of the system. The total net present cost is:

Comm,tot

Cype = caF (i

-Eprr:*j::
17

where: Cann o = total annualized cosgyy,; the project lifetime, and CRF() is the capital recovery
factor, given by the equation:
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il1+™
(1+0M_1

CRF(i, N} =
18

where, i, is the annual real interest rate (thealist rate) and N is the number of years.
The annualized capital cost of each componenticaileded using the following equation:

':r.'rr.';:l = ':rr.';:l 'ERF':EJR;:IW_{ )
19

where:

.4y = initial capital cost of the component

The annualized replacement cost of a system cormpas¢he annualized value of all the replacement
costs occurring throughout the lifetime of the pobj minus the salvage value at the end of theegtoj
lifetime. It must be noted that the annualized aepient cost can be negative because it incluges th
annualized salvage value.

The following equation was used in calculating eemimponent's annualized replacement cost:

Caren = Crep-frep-SFF(i. Rogmy ) — S.5FF(i. Rogmy ) 20

fren, IS a factor arising due to the fact that the congmt lifetime can be different from the project
lifetime, as given by:

CRF (iRproj )/ CRF (iRrop ) Rygp> n}

fren = { o 21

Aygp=10

R.ep, the replacement cost duration, is given by:

Rrep = Reomp .mrr(@]

Feomp

22

Where, INT () is the integer function, returnirgetinteger portion of a real value. The integercfiom
does not round up but only returns the integerigof the number.

The salvage value of each component at the enldeoprtoject lifetime was assumed proportional to its
remaining life. Therefore the salvage value Svegiby:

23

WhereR,..., the remaining life of the component at the enthefproject lifetime, and it is given by:

Rrem = anmp - {Rr:lrn_i' - Rrep
24
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e = replacement cost of the component.

SFF () = sinking fund factor

R omp = lifetime of the component

The sinking fund factor is a ratio used to calaldte future value of a series of equal annual iasls,
(the future value being the equivalent value atesa®signated future date of a sequence of casls,flow
taking into account the time value of money). Thaation for the sinking fund factor is:

i

SFF(N) =

25

The total O&M cost is the sum of: the system fixe&M cost, the penalty for capacity shortage and
penalty for emissions (if any).

The following equation is used in calculating th&at annual O&M cost:

Comtoral = Compizea + Coz + Comizsions 26

where:

Com, fixsa = System fixed O&M cost ($/yr)

.= the penalty for capacity shortage ($/yr)

€ emizsion== the penalty for emissions ($/yr)

The following equation is used to calculate theghgrfor capacity shortage:

Cop = CpopEpp 27
where:

£..= capacity shortage penalty ($/kwh)

E..= total capacity shortage (kWh/yr)

Therefore, the total annualized cost is:

Canneor = Ccr:p_mrci + Ccre—p_mrci + Comrorar T chn_prn_;‘ 28
Where, Rannpro; = annual project revenue ($/yr)

The levelised cost of energy (LCOE) is therefore:

LCOE = Comn, tot

Eprim+Edef+Egridsales

29
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Where, Copnyoe i the total annualized cosEgyim and Ez.¢ are the total amounts of primary and
deferrable load, respectively, that the systemeseper year, angy iz zqi=- IS the amount of energy sold
to the grid per year.

4.6 Specifications of Wind Turbines and Solar Panalsed in this study

PGE turbines (HOMER Software, 2013) were cumuldgieenployed for this study for wind standalone
application (WSS), each with the specification cadéd in Table 6. The Enercon turbine is for embddd
generation.

Table 6: Turbine specification

Available Rotor

Wind Vo Per Hub Diameter
Machine V.(Mm/s) Vg (m/s) (m/s) Ve (M/s) (kW) Height (m) (m)

PGE 20/25 3.5 1.7 25 9 25 24/30/36 20
Enercon 3 2 25 12 3000 120/135 101

V. = cut-in wind speed, ¥ = low wind cut-out speed, &/ = high wind cut-out speed,g\= rated wind
speed, k= rated power at rated wind speed.

The specification of the solar panel with a collecirea of 5.1 frated at 1 kW by Sunpower (Skoplaki
et al, 2009) used in this research is presented in Tablderefore in order to suite the load demanel, th
solar collector area increases while other paramete Table 7 remained constant (RETScreen 4
Software, 2013)Table 8 reveals components’ cost as used in degigtiie Hybrid Energy Systems
(HES) with the installation costs embedded witraclecomponent cost.

Table 7: PV system specification

Solar Array
PV Power Temperature collector Miscellaneous slope
Technology capacity Efficiency NOCT coefficient area losses angle
Location
mono-Si 1 kwW 19.60% 46 0.40% PC 5.1nf 10% latitude

Table 8: Cost of Components used in the design&$ Knstallation cost embedded in component cost)

Interest Replacement
Component Rate (%) Project Life time  Cost ($/kW) O &M($) Cost ($/kW)
Wind turbine 6 20 years 1800 400/yr 1800
Solar panel 6 25 years 3000 Olyr 1500
Battery 6 10 years (float) 100 20/yr 100
Converter 6 12 years 500 80/yr 500
Diesel

generator 6 15,000 hrs 350 0.050/hr 300




2228 Vision 2020: Sustainable Grovi@bonomic Development, and Global Competitiveness

5.0 Results and Discussion

Fig. 2 presents the average monthly solar radigirofiles covering the period between 1987 and 2010
The figure shows that the 24 years monthly avesadar radiation ranged between 2.93 (KWh/m#id)
August for Iseyin (SW) and 6.468 (kWh/mz2fieh) April for Maiduguri (NE). Fig. 2 also shows thtite
period between July and August experiences the &edar radiation across the sites/states. Maidugur
and Kano appears to be the sites/states with tieriselar profiles than the other regions.

=4—Jos =—l=Kano =e—Maiduguri =====Enugu ==t=BeninCity === Iseyin

Jan Feb Mar  Apr  May  Jun Jul Aug Sep Oct Nov Dec
Month of the Year

Monthly Average Radiation (kWh/m?2-
day)

Fig 2: 24- Year Monthly Average Radiation (kWh/méyl for sites in Nigeria

Considering the hours equaled or exceeded foriassef mean measured solar radiation (Fig. 3) acros
the studied period revealed that the power gergfateeach site from the designed PV array is betwe
4313 hours for Iseyin (SW) and 4472 hours for JNE€)( out of the 8760 hours in a year. This
corresponds to about 49.2% - 51.1% of the hourhatilon in a whole year. This however is becausarsol
radiation, unlike wind speed, is in occurrence alying the daytime with Iseyin having a twenty ffou
year average sunshine daily duration of about Belfs, while Jos has 7.33 hours. Fig. 3 which prtsse
the average yearly solar radiation profiles cowgtime period between 1987 and 2010 shows Maiduguri
(NE) had the highest yearly average radiation ii71%nd Enugu (SE) had the lowest in 2004. More
variability however was found to be associated Wit monthly solar data than yearly solar radiation
data. Fig. 4 shows that the solar radiation preffte all sites in Nigeria can be grouped broadlywo,
Northern Nigeria and Southern Nigeria, with vempisar characteristics. The similarity in charactéds

is a result of similar weather and climatic corait within the same geographical region.
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Fig. 4: Plot of 24 Years’ Annual Average Hours Bhaa or Exceeded for Nigeria

The correlation of the annual average solar ramasind PV module size for the 6 sites is preseinted
Fig. 5. It demonstrates that a good correlatiostex@tween the incident irradiation and the PV .size
inverse proportionality exists between the two diti@s, with the PV requirement increasing with
reduction in solar radiation intensity. This is daghe overriding influence of daily global sotadiation

on the sizing of photovoltaic systems. It also shdhat the 24 years annual average solar radiation
ranged between 4.4498 (kWh/m2.ddg) Iseyin (SW) and 6.0684 (kWh/m2.dayh Kano (NE) with a
corresponding PV rating of 155 kW and 115 kW retipely.
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Fig 5: Correlation between the monthly averagersaldiation and solar panel size for Nigeria

From Table 9, it is observed that the most costotiffe system design for the PV standalone systems
having a Loss of Load Probability (LOLP) of 0.01ftoriaet al, 2005; Shen, 2009; Khat# al, 2013),

gave an average excess electricity equivalent 1892@&f annual generation for Nigeria. However, fhis
due to days within the rainy season periods in ihhe average sunshine duration were between & and
hours in the north and 1 to 2 hours in the souttusTa design that will serve a load profile of 20€al
homes including the requirement for battery chaggiill of necessity take into consideration the sla§
limited solar radiations. The battery days of aotog therefore ranged between 48.7 hours for NW and
68.9 hours for SS at an initial state of charg&b@¥ (to extend battery life (Hunet al, 2010; Hund,
2009; Hunt, 2009; Overview of the NERC regulatio?812; Multi-Year Tariff Order, 2011; Branket

al, 2011; Lorenzt al, 2008). Thence, with a design covering an entiar yit gives rise to an excess in

energy generated annually when the period of highashine duration is balanced with those of lower
duration. The excess may be utilized in the fornrewbedded generation. Embedded generation in this
case is defined as a form of generation where exeggewable energy generated by a consumer ranging

between 1 MW to 5 MW is sold to a nearby distribnthetwork (Overview of the NERC regulations,

2012; Multi-Year Tariff Order, 2011). The salesthe grid have the benefit of a reduction in the IEZO

as indicated by equation 4. The excess though rawalways be sold to the grid as it will be wasted

when less than 1 MW, if optimum battery capacitydegign could not take care of this excess. Table 9
also presents the battery specification employethénstudy. It shows the optimized rated capaaity (

nominal capacity) of the battery, which is the amtoaf energy that could be pulled out from it at a

particular constant current, starting from a fudharged state.
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Table 9: Technical requirements employed for thesRwvidalone system design

Site PV PV hours of Battery Battery Usable Battery Excess
Panel  Operation Nominal Capacity (kwh)  Autonomy Electricity (% of
rating  (hrs/yr) Capacity (hours) Production)
(kW) (kwh)

Jos (NC) 155.0 4,472 1469 1,028 68.9 19.3

Kano (NW) 105.0 4,466 $0.127 1,037 48.7 17.9

Maiduguri

(NE) 115.0 4,357 1,102 771 51.7 23.0

Enugu (SE) 150.0 4,457 1,274 892 59.8 28.6

Benin (SS) 155.0 4,353 1,469 1,028 68.9 28.0

Iseyin (SW) 190.0 4,313 1382 968 64.9 41.1

The NPC (Fig. 6) represents the life cycle costictvlcaptures all the cost throughout the operatibifea
(25 years) of the system. The study first emplogqutoject life of 25 years because of the life span
solar panels. However, the inclusion of the reptam& cost for each component in the analysis, vidyere
the design goes beyond the required twenty fivesydidespan of the module makes the design set up
cheaper for higher operational life cycle periofliso, since each component cost is expected toceedu
over the years, the LCOE is projected to furthalide. The analysis reveals that the effect of rsptmel

on the total NPC is averagely about 52% for the d<site, 73.4% for Maiduguri, 51% for Enugu, 54%
for Benin, 75% for Iseyin, and 53% for Jos. The a@ring is borne by the battery and converter’sahit
maintenance and replacement costs. This showsnfttatthe present rate of decline in prices of solar
panels (Brankeet al, 2011; Lorenzt al, 2008; Renewable Power Generation Costs, 201 )efflect on
life cycle cost will progressively decline, whichilimake PV systems much more competitive with grid
electricity. Fig. 6 also makes a comparison betw¢al NPC and initial capital cost and reveals tha
both costs follow the same pattern. The reasoruéstd the fact that all sites use the same techgplo
though the initial costs are less than NPC for esgteh

m Total NPC(S) Initial Capital (5)
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5800,000 -
2
@ 5600,000 -
3
2 $400,000 -
=]
)

5200,000 -

SO T T T T T T 1
Jos Kano Maiduguri  Enugu  Benin City  Iseyin
Location

Fig 6: Comparison between Net Present Cost (NP&)ritial Capital for PV standalone system
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Table 10 presents an econometric ranking by toBC Nor the sites. It reveals that the LCOE is diyec
proportional to total NPC for all sites. Therefdtig. 7 presents the best location in Nigeria by IECQ
shows Iseyin as the poorest in terms of LCOE as#@kWh and Kano as the best with $0.398/kWh.
This equates to 7.1% and 56% savings respectivelgroequivalent DSS that will serve the same load
for this communities, with the additional saving®i79 tons of C@green house gas emissions (GHG).

W PV- Standalone LCOE ()

$0.600 —/
$0.500
$0.400
$0.200
$0.200
$0.100 -/

$0.000 - T
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Levelised cost of energy ($/kWh)

Location

Fig 7: LCOEfor PV standalone system

Table 10: Total NPC and LCOE values for the PV d&one system design

Total NPC
Site (%) LCOE ($/kWh)
Kano $660,209 $0.398
Maiduguri $697,700 $0.421
Enugu $832,253 $0.503
Jos $865,771 $0.516
Benin $870,270 $0.526
Iseyin $958,655 $0.579

Prospect of standalone wind-to-electricity project in the sites

The results of wind profile analysis at the site as shown in Figs. 8 and 9. The figures demoestiait

the 24 years monthly average wind speeds rangebrt3.476 m/s in November for Benin and 10.062
m/s in December for Jos. The yearly average rabgédeen 1.842 m/s in 1999 for Iseyin and 11.783 m/s
in 1993 for Jos. Moreover, the hours equaled oeeded for a range of mean measured wind speeds
(Fig. 10) across the period revealed that 67.2%h@ftata spread are values above 3.0 m/s for thegto

site in terms of wind profile, and 91.9% for thesbwind profile in Jos. Thus this values proof thaist

of the sites are compatible with modern wind tuelsirfor power generation throughout the year with
corresponding higher returns on investment.
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Fig. 11: Plot of 24 Years’ Annual Average PGE 2@2iwer Output Duration Curve (kW)

Fig. 11 presents the hours equaled for power geatbfar each site from the respective turbine gjzin
based on their respective wind speed profileshdws that SS requires the highest of 100 kW, and as
such generates more excess power than any otbdyutifor a very short period. It does not genefate
more than about 68% of the time while a site likenK in the NW though sized to 50 kW because of a
very favorable wind profile consistently genera®®86 of the hourly duration in a year. Based on, this
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Table 11 shows that Benin has the highest batgrgaity requirement, which is to compensate fouabo
a third of the duration of the year without turbpreduction.

Table 11: Technical requirements and correlationeleictricity consumed as a percentage of wind
standalone production

Battery

Wind Nominal Battery Excess

Turbine Wwind hours of Capacity Battery Usable Autonomy  Electricity (% of
Site rating (kW) Operation (hrs/yr) (kWh) Capacity (kwh) (hours) Production)
Jos 50.0 8,089 302 212 14.2 59.0
Kano 50.0 8,025 367 257 17.2 56.6
Enugu 75.0 7,444 691 484 324 60.4
Benin 100.0 6,679 1,123 786 52.7 54.1
Maiduguri 50.0 7,701 583 408 27.4 45.9
Iseyin 50.0 7,619 821 575 38.5 45.3

Table 11 reveals an average excess electricityvalguit to 54% of annual generation. This is because
wind power is averagely generated for about 80%etfime generally within the studied sites in Nige
(see Fig. 10 & Table 11). Therefore since the dii@ge the ability of generation for over two-thirols
every hour of the day, an average optimal battexy af 30.8 hours of autonomy can be employed. Also
since the rated speed for the PGE 20/25 turbined imsthe design is 9 m/s, Fig. 10 shows that @edya

for about 24% of annual hourly duration, the tudsircan produce at the rated capacity. This therefor
gives good returns on investment and an opportdoitgmbedded generation (Overview of the NERC
regulations, 2012; Multi-Year Tariff Order, 2011Y.able 12 reveals that the Wind Standalone System
(WSS) is generally more cost effective due to aeraye savings of 80% of both rated capacity and
usable capacity of the battery requirement as coedpt that of the PV Standalone System (PSS). The
average usable capacity for Nigeria for wind stéomm system is 70% of its nominal capacity. Al$e t
average expected life of the battery is 10 yeamnfthe design, as specified by the manufactures iSh
because the wear cost losses are very low as ttexiba are hardly cycled below 90% of their energy
capacity. This makes the WSS more cost effectivitha® are fewer replacements for batteries than th
of PSS with an average expected life of 8.63 years.
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Table 12: Econometrics Analysis for wind standalsystem

Total Initial

Site NPC ($) Total NPC Capital ($) Initial Capital LCOE ($) LCOE

Jos $214,644 33,269,820 $130,740 20,264,700 0.129 NGN 20.00
Kano $238,263 NGN 36,930,765 $141,720 NGN 21,966,600 0.144 NGN82
Maiduguri $279,356 NGN 43,300,180 $158,820 NGN 24,617,100 0.168 NGN2
Iseyin $358,700 NGN 55,598,500 $192,080 NGN 29,772,400 0.217 NGNS
Enugu $385,754 NGN 59,791,870 $222,870 NGN 34,544,850 0.233 NGN3
Benin $541,558 NGN 83,941,490 $310,820 NGN 48,177,100 0.327 NGB

Table 12 presents the NPC of employing only wirsthdalone system for power generation at each of the
communities. Comparing the NPC for all sites revadifferences. This is due to the fact that akssit
have different wind speed profiles as the wind gneesource at some locations are very close to the
turbines rated speed while others are a bit farTdferefore those with close value to turbine rafeeed
enabled production at its power rating up to 47f%he time for Jos site. This was why a lower céiyac
rating of 50 kW was required for Jos as comparetio@® kW for Benin for the wind turbines. The total
NPC was found to be averagely 142% less for the &8 the total NPC for the PSS when all sites

were considered. It was also observed that thetegedifferential of NPC by cost type is with ttepital
cost.
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Fig 12: Net Present Cost (NPC) summacpmparison between wind standalone systems

Table 12 also presents an econometric ranking tay MPC for the sites and it reveals that the LCOE
correlates for all sites with the NPC values. TfeeFig. 12 presents the comparative rank of ttes s
by LCOE, with Benin being the poorest at $0.327/ksvid Jos the best with $0.129/kWh. This equates to
89.6% and 380% savings respectively on an equivdlSs that will serve the same load for this
communities. It also comes with additional savimg879 tons of CQgreenhouse gas (GHG) emissions
which is equivalent to an addition of 25 hectareforest for CQ absorption.
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Evaluation of the potential of solar-wind hybrid system

The benefit which hybridizing renewable energy teses present over their respective facilitieqithie
fact that the base load can be covered by the mimsbhdant and firmly available renewable source,
thereby reducing the technical requirements anaadseof the storage batteries. Tables 13-15 agdlf3i
present the economic cost of utilizing standaloidvand solar systems for power generation whether
individually or as hybrid systems.

Table 13: Results of econometrics analysis fordéygloyment of solar-wind hybrid technology (Ranking
by Total NPC)

Total Initial

Site NPC ($) Total NPC (NGN) Capital ($) Initial Capital LCOE ($) LCOE

Kano $253,550 NGN 39,300,250 $157,460 NGN 24,406,300 0.153 NGN2
Jos $286,688 NGN 44,436,640 $168,700 NGN 26,148,500 0.172 NGNE
Maiduguri $421,231 NGN 65,290,805 $252,580 NGN 39,149,900 0.252 NONG
Iseyin $492,543 NGN 76,344,165 $335,940 NGN 52,070,700 0.295 NGN3
Enugu $507,056 NGN 78,593,680 $324,860 NGN 50,353,300 0.304 NGN2
Benin $594,877 NGN 92,205,935 $391,020 NGN 60,608,100 0.356 NGNS

Tables 13 and 15 present the total NPC and LCOEdtar-wind hybrid in the selected sites from each
region in Nigeria. For all of the 6 sites there wasconsiderable improvement in terms of LCOE Fa t
hybrid system over the WSS but it had an improvenoser the PSS for all sites. Therefore for all the
sites, the WSS proves to be the best renewablgyygeneration system that can adequately catehéor
energy needs of the rural poor.

Table 14: Technical requirements and electricitystomed as a percentage of wind-PV hybrid production

Wind Battery

Turbine PV Panel Nominal Excess

rating rating Capacity Battery Electricity (% Optimum Ratio
Site (kW) (kW) (kwh) Autonomy (hours) of Production) % (WIND:PV)
Jos 50.0 5 432 20.3 59.6 98%-2%
Kano 50.0 5 400 18.8 57.4 97%-3%
Maiduguri 50.0 10 821 38.5 49.3 94%-6%
Enugu 50.0 40 994 46.6 51.7 82%-18%
Benin City 75.0 45 1,015 47.6 515 81%-19%
Iseyin 50.0 50 734 34.5 56.9 81%-19%

Table 14 reveals the optimum combination of theriaylsystems for this study. It demonstrates that
together with the WSS and PSS, the wind-solar kbytontributes 100% renewable energy. These points
to an environmental savings of 279 tons of ,@feenhouse gas emission (GHG) annually. It also
demonstrates the immense advantage of producingefi®m RE, beyond just the cost implication
alone, but also the possibility of having a cleaarat safer environment.
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Table 15: LCOE for different energy systems in Nig€Ranked by Hybrid System)

PV LCOE PV LCOE \If\gg[é WIND LCOE HYBRID HYBRID LCOE
Site ($/kWh) (NGN/kwh) ($/kWh)  (NGN/kWh) LCOE ($/kWh) (NGN/kWh)
Maiduguri $0.398 NGN 61.6¢ 0.144 NGN 22.3: 0.153 NGN 23.7:
Jos $0.516 NGN 79.9¢ 0.129 NGN 20.0( 0.172 NGN 26.6¢
Kano $0.421 NGN 65.2¢ 0.168 NGN 26.0- 0.252 NGN 39.0¢
Iseyin $0.579 NGN 89.7¢ 0.217 NGN 33.6¢ 0.295 NGN 45.7:
Enugu $0.503 NGN 77.9° 0.233 NGN 36.1: 0.304 NGN 47.1:
Benin $0.526 NGN 81.5: 0.327 NGN 50.6¢ 0.356 NGN 55.1¢

Fig. 13 presents a comparison among the diffeneatgy systems of WSS, PSS and hybrid by LCOE of
the selected sites, with Benin being the poore$0a856/kWh and Kano the best with $0.153/kWh. This
equates to 74% and 305% savings respectively @yaivalent DSS that will serve the same load fiw th
communities.
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Fig 13: Net Present Cost (NPC) summaepmparison between wind, PV and hybrid systems

Furthermore, Table 15 shows that the solar resotinoeigh very much feasible for all sites fallsdvel
the potential of wind energy. However, for all sitéhe results show that all renewable technoloigiesi
better than the conventional DSS without batteridse degree of improvement ranged from 74% to
380% by LCOE. Therefore the best renewable teclgyotbat fulfills all the technical requirements, as
well as being the most economically viable altakeator power generation at the rural community of
200 homes in Jos (NC), Maiduguri (NE), Kano (NWgyin (SW), Enugu (SE), and Benin City (SS) is
the wind standalone system. Consequently with tiesgmt reform of electric tariff regime ongoing in
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Nigeria by government with grid electricity pricasing [68], and also based on the fact that retesr
ongoing to lower the price of wind turbine matesiand solar panels, the competitiveness of RE
generation will be on the increase.

Econometrics of embedded generation

The Federal government has provided the neededucivedenvironment for the growth of renewable
energy (RE) generation by producers and consuntides (@jayi, 2010) through embedded generation.
The results of econometrics analysis of using tibes SRE resources as standalone and embedded
generation facilities are presented in Table 1e design adopted was such that all the siteszedili
mono-crystalline solar panel ranging between 7.5 id 10.5 MW having the same specification as
that in Table 7, while for the wind energy genematithe sites used different rated wind turbines in
multiples of 3 MW, with Kano, Jos and Iseyin alings3 MW, and Maiduguri and Enugu employed 6
MW. Benin City utilized 9 MW so as to meet up witte required excess electricity»fL. MW monthly
average required to activate sale to a distributietwork. The analysis was carried out for a fiearty
project lifespan in line with the National Electtic Regulatory Commission’s (NERC) 5-year plans
(Multi-Year Tariff Order, 2011). As can be observiedm Table 16 both technologies (PSS and WSS)
yielded profits per year for all the sites showitige immense potentials and opportunities in the
renewable energy sector in Nigeria.
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Table 16: Investor Profit on Embedded Generatioraf6-year Project Life Span with the present MYTO
for Nigeria

Turbine/
PV LCOE PROFIT
Power panel Region
Technolog Rating Initial Annualized
Site y (MW) Capital ($) Total NPC  Cost ($/yr)  ($/kwWh) ($ryr)

Wind
Embedded

Generation 3 5,265,580 -9,303,480 -2,272,018 -0.136 2,277,287
NW

Kano

PV
Embedded
Generation 7.5 25,503,080 -5,434,678 -1,290,165 -0.106 1,294,039

Wind

Embedded

Generation 3 NC 5,303,080 -10,050,370 -2,385,552 .13® 2,363,150
PV

Embedded

Generation 8.5 28,753,080 -2,215,464 -525,938 -0.044 581,302
Wind

Embedded

Generation 6 NE 10,553,080 -13,124,641 -3,115,001 0.124 3,090,997
PV

Embedded

Generation 7.5 25,503,080 -7,189,541 -1,706,759 -0.129 1,690,652
Wind

Embedded

Generation 3 SW 5,265,580 -6,455,611 -1,532,079 12D. 1,510,234
PV

Embedded

Generation 10.5 30,003,080 -339,454 -80,569 -0.006 77,299
Wind

Embedded

Generation 6 SE 10,515,580 -11,073,101 -2,626,464 0.118 4,165,940
PV

Embedded

Generation 8.5 28,503,080 -1,162,113 -275,777 -0.025 274,061

Wind

Embedded

Generation 9 15,752,000 -6,607,001 -1,566,501 -0.081 1,560,665

Jos

Maiduguri

Iseyin

Enugu

PV SS
Embedded
Generation

Benin City

9 30,003,080 -306,213 -72,679 -0.006 66,313
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The negative NPC indicates Net Present Value (N#f\¥)e system and the negative LCOE signifies that
both systems actually yield profit in $/kWh.

Beforehand, due to the chronic poverty of rurakari sub-Saharan Africa, the provision of enemy t
these locations was seen merely as social endeagotise rural dwellers did not have the economic
means to maintain such infrastructure. Consequéemntith government and private corporations exetcise
a lack of enthusiasm in providing energy to theakysoor. However, with the declining prices of
renewable energy technology (Branletral, 2011; Lorenzet al, 2008; Renewable Power Generation
Costs, 2012; A Citizen’s Guide to Energy Subsidiebligeria, 2012; Mustafa, 2010; Xat al, 2008) as
well as the provision for embedded generation byegoment (Overview of the NERC regulations, 2012;
Multi-Year Tariff Order, 2011), it has become edsdrthat RE technologies be employed for electrica
purposes as it will provide incentive for sociallgsponsible businesses to make profit as well as
transform and improve the life of rural dwellerswiill also enhance the actualization of the ediocat
and technology advancement of the millennium depralent goals. As universal primary education
which is tied to goal 2 ensures that by 2015, bo#he and female children should be able to conchude
full course of schooling, the role of ICT cannotdeeremphasized. ICTs could be integrated with more
conventional technologies such as books and radiasbe more extensively employed in the trainihg o
teachers. This is feasible as a provision for edieg via the internet together with teleconferagcnade
available by telecommunications service providdisey will enable easy delivery of lectures from
teachers in the cities as well as those from iotbrs across the globe, thus bridging the knowlegie
between those in the rural and urban areas. Aflelftan happen as a result of adequate accessato cle
and affordable energy made available via renewaréegy.

Government Efforts

A national energy policy was approved by the fedgmvernment of Nigeria in 2003 with the overall
thrust of optimal exploitation of the nation’s eggrresources; both conventional and renewable, for
sustainable development and with the active involket of the private sector (National Energy Policy,
2003). There is also the Renewable Energy Mastam, Rihich aims to improve the use of renewable
energy in Nigeria (Renewable Energy Master PlarNfigeria, 2006; Power Generation, 2011; Promoting
Renewable Energy, 2007). The Renewable Energy Mtem expresses Nigeria’s vision for attaining
sustainable development. The plan also seeks t@ ti@veconomy from an undiversified fossil economy
to one driven by an increasing share of renewabéggy in the national energy mix. This entails the
exploitation of renewable energy in quantities ahgbrices that will support the attainment of eajoli¢
and sustainable growth. (Renewable Electricity @3oliGuidelines, 2006; Renewable Energy and
Conservation Development of renewable energy, 2006)

Requirements for the future

In 2012 a government publication stated that a peak generation of 4,322 MW had been delivered,
which prior to this has been the highest capacitr generated (Electric Power Investors Forum, 2011
While many Nigerians, especially those dwellinguitban areas would agree that there seems to be a
slight improvement in electricity supply, their aann, however, was that the government seems Hu to
keeping pace with the terms of the Roadmap for P&eetor Reform (Nigeria Vision 20: 2020, 2009).

Tables 17 and 18 presents the current reform cfrédeariff regime ongoing in Nigeria by governnten
in terms of growth rates of forecasted electripitices for 2012-2017 (Multi-Year Tariff Order, 2011
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Table 17: Wholesale Feed-in-Tariff for Land Mouni&thd Power Plant

YEAR 2012 2013 2014 2015 2016

Wholesale contract
prices (NGN/MWh) 24,543 26,512 28,641 30,943 33,43

Table 18: Wholesale Feed-in-Tariff for Solar Powé&ant

YEAR 2012 2013 2014 2015 2016

Wholesale contract

prices (NGN/MWh) 67,917 73,300 79,116 85,401 92,192
Conclusion

An assessment and design of the potential of wimdl RV energy resources in the six geo-political
regions of Nigeria as standalone and in hybrid ftrfor 6 meteorological sites in these regionsheen
carried out. The DSS being the only conventionahmseof generating power for these locations, since
they remain grid unconnected, was taken as the lbdsiomparison. Hence the most economically viable
alternative for power generation at these rural momities of 200 homes in Jos (NC), Maiduguri (NE),
Kano (NW), Iseyin (SW), Enugu (SE), and Benin (i88) is the wind standalone system. With grid
electricity presently at a cost of about $0.09/KiMGN 13.45/kWh), the WSS, PSS and hybrid system is
very competitive. The WSS and hybrid system andhelie PV set up should then become a priority for
both government and private corporations in praxgdilean and non-depleting renewable energy to the
rural poor. This will help meet the millennium dé@ment goals. These goals are significantly hinged
on adequate access to energy. This endeavor caseéne as a profitable venture for socially respme
businesses through the provision made by governfoemmbedded generation with profits in the range
of $66,313 per year to $2,363,150 per year achleviaom a 9MW Solar panel and 3MW wind turbine.
Hence the private sector can take advantage qfuhige still helping to enlighten and develop theal
populace through the instrumentality of ICT so@seet up with the MDGs.
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