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Forecasting Solar PV Demand Split and Fuel Wood Usage Reduction in Eriti and Oke-Agunla
Villages in Nigeria

Abstract

The study examined solar Photovoltaic demand split and fuel wood usage reduction in Eriti and Oke-
Agunla villages, that were among the pilot sites for solar electrification programs in the western ecological
region of Nigeria. It elicited information from 241 solar PV users, on alternative energy sources for
provision of energy services using questionnaire techniques. Model for Analysis of Energy Demand
(MADE-II) was used for the study. The results revealed an insignificant 6.1% total lighting demand share
for solar PV in each of the villages’ total energy demand mix in 2020. Contrariwise, firewood demand
maintained as high as 94 percent share in the total energy demand mix and by 2030, in Oke-Agunla village,
3-stones-firewood stoves demand for cooking fell drastically from 77% to 30% share, whereas improved
firewood stoves demand for cooking rose astronomically from 11% share in 2020 to 45% share. Nigerian
government should adopt such best policy intervention scenario.

Key Woords: Solar PV Demand Split, Fuelwood Usage, Cooking, Lighting, Eriti Village, Oke-Agunla
Village.

1.0 Introduction

The size of demand for energy generally is affected by several factors, prominent among which includes
population, geographical and economic characteristics of an area (Jesuleye et al, 2012). In Nigerian case,
the peculiar problems associated with energy use, especially fuel wood usage by larger percentage of the
population in three ecological regions of the county are: deforestation in the southwest, desertification in
the north generally and soil erosion in the east (IER/CERD/5 EEC Project No: 6100.52.41.027, 1992).
Closely connected to this are environmental pollution caused by gas flaring in the fourth ecological
southern oil producing region of the country (Jesuleye, 2007; Centre for Energy Economics, 2003). Thus,
it is pertinent to give due considerations to the protracted environmental issue of deforestation as a peculiar
ecological problem in the southwestern Nigeria, occasioned by the domineering over 85 percent firewood
usage in the total energy consumption pattern by the rural dwellers in this region of the country (Sambo,
2005; Solar Cooking Archive, 2011). Furthermore, in analyzing factors influencing solar electricity share
on energy mix for energy services provision in the region, due considerations should also be given to forest
reserve assessment issues (FAO, 2005 and FAO, 2016). Several authors had argued that households
income, households stove choice decision and their link with energy ladder hypothesis and energy stacking
theories are among issues that are worthy of consideration in rural energy demand analysis (Schlag and
Zuzarte 2008; Puzzolo et al., 2013; Yassin, 2007). Moreover, some other authors have even established in
one way or the other, the significance of modeling approach and its applications in rural energy demand
analysis with their environmental impact (Akinbami, 2003; Obio et al, 2004; Howells, et al. 2005; ECN,
2004; Francois, 2007). The issues revolving around the dependency of fuel type choice and stove adoption
choices on a complex interaction between economic, social, cultural and environmental factors, that formed
the key findings of the study conducted by Kowsari, 2013, should also be so considered in any rural based
energy demand analysis. More so, empirical results generated by several authors had also justified the
necessity of appropriate government policy interventions, for mitigating market development barriers of
off-grid renewable energy technologies, in addressing the critical subject of rural electrification and solar
electricity option for improved access to energy services in Nigeria (Zuru, 2007; Jesuleye, 2010; Sambo,
2005; lloeje, et al, 2004; FGN, 2006; REA, 2005, Francois, 2007).

1.1 Critical Issues for Rural Electrification, Solar Electricity and Fuelwood Demand Mix for
Improved Access to Energy Services

As outlined in the 2013 National Energy Policy; Draft Revised Edition (ECN, 2015) and the National
Renewable Energy and Energy Efficiency Policy (NREEEP) (Ministry of Power, 2015), provisions were
made for the coordinated development, utilization and management of all energy resources. Adequate



allowance was particularly given for rural energy supply with conventional (gasolineeum products, gas,
coal, electricity) and non-conventional and renewable (solar, wind, small-scale hydro, biomass, fuel wood
etc.) alternatives. Emphasis was equally placed on developing and harnessing solar, wind, hydropower and
wood biomass energy resources and integrating them into the national energy mix. However, these are yet
to be fully integrated into the system. Although, the National Rural Electrification Program started in 1981
with the aim of connecting all the country’s local government headquarters and some important towns to
the national grid, currently all the 774 Local Government Headquarters in the country have been connected.
However, as in many other developing countries even when a town or village is connected to the grid, local
distribution networks may be very slow to develop, as is frequently the case in Nigeria, when government
funding for the distribution network is unavailable (REA, 2005). Deployment of renewable alternatives for
electricity offers a viable option for the required expansion nevertheless (Akinwale et al., 2019); several
structural constraints faced by the Rural Electrification Program makes these potentials of no effect. The
country requires over 26,561MW of electricity to meet present demand. Current output is around
4,300MW, much of which is not put to use due to poor power transmission and distribution infrastructure
(Awosope, 2014). Secondly, the carried out institutional reforms — which aimed at effective operational
functioning of a national regulator, unbundling the of then Power Holding Company of Nigeria (PHCN),
and privatizing its business units through the establishment of the distribution companies in various zones
of the country is yet to yield the most desirable result. Third, the rural electrification program has been
supply driven by political considerations rather than social and economic considerations as demonstrated
by the poor performance of such projects years after installations without appropriate sustainable plans
(Ismail et al. 2012; Akinboro et al, 2012). This has led to unnecessarily high costs and done little to control
mismanagement and corruption. Fourth, funding is a constraint as almost all funding for rural
electrification comes from the federal and state budgets. It is clear that grid extension alone will not meet
universal rural electrification coverage cost-effectively within a reasonable timeframe, yet off-grid options
such as renewable energy technologies to remedy the situation still suffers major barriers to market
development, despite the willingness of the villages to adopt the technology (Zuru, 2007; Akinwale et al,
2014). These highlighted issues above are the major concerns of this study.

2.0 The Study Obijectives and Socio-Economic Parameters for Data Analysis in the Study Areas.

In addressing pertinent research questions that constantly agitate the minds of energy analysts and policy
makers, in their quest for optimal solutions to the protracted plaguing Nigerian rural energy challenges, this
paper examined the current status of solar PV and other energy sources for provision of energy services and
also analyzed the best policy option for the optimal contribution of solar PV and fuel wood usage reduction
in the future rural energy mix, in the study area. This was done with a view to stimulate policy debate on
policy research framework, required as solution input for widespread and accelerated use of solar PV in
the rural areas of the country. Since, population data, urbanization rate and disposable income distribution
pattern of villagers had widely been adjudged in literature as the key variables for examining the current
and future status of solar PV and other energy sources (Kowsari, 2013 and Jeusleye, 2017). This therefore,
explains the reason for the survey of the pilot sites for national and foreign assisted solar electrification
programs in the southwestern ecological region of the country with particular focus on Oke-Agunla village
in Ondo State and Eriti village in Ogun State as relevant sampled villages for this study because of their
peculiarity. Reference is particularly made to user’s income distribution pattern and not fuel prices because
historical evidence in Nigeria already shows strong correlation between income levels and type of energy
use (Adegbulugbe et al., 1995), which means that low income earners are more disposable to cheaper and
inefficient fuel use while the reverse is the case for high income earners who are majorly unbar dwellers.

A total of 241 questionnaires were administered to Solar PV users to elicit information on alternative
energy sources (kerosene, diesel, gasoline, solar panels, fuel wood, charcoal kerosene etc.) for provision of
energy services (lighting, ventilation, refrigeration, water pumping, cooking heat, process heat etc.). It also
elicited information on technical, socio-economic and demographic issues as well as key policies impacting
on widespread supply and utilization of solar PV to reduce fuel wood usage in the rural areas. Data and
Information obtained from the questionnaire were analyzed to examine current status and future pattern of
the rural energy mix over a 10 year period from 2020 to 2030.

2.1 Eriti Village: It is a remote rural village with no access to the national grid. It has an estimated
population of 1120 villagers whose major occupation is farming and petty trading. It is located in Ward 1,



Obafemi Owode Local Government Area, near Abeokuta, Ogun State. It is surrounded by other 52 villages
in Ife Parapo Eriti Community. Among which are: Oluwo-Isale, Ajegunle, Arowa, Olubiyi, Akorede and
Isiba villages who are not connected to the grid and do not enjoy solar PV access. The next major town to
Eriti called Oba is over 12 kilometres away. The solar PV installation in Eriti is part of the FADAMA I
Project under the World Bank Assisted project in conjunction with the Power Holding Company of Nigeria
(PHCN), Energy Commission of Nigeria (ECN) and the Ogun State Government. The profile of the Solar
PV installation presented in Table 1 classifies it as solar home system and solar water pumping systems

Table 1: Profile of Solar PV Installation in Eriti Village, Ogun State

SN | ITEM REMARK
Estimated Population of the Village 1120
2 Average Number of Households in the 140
village
Average Number of Persons Per 8
3 Household
4 Number of Households Connected (i) 20 stand alone 65W panels per household with battery.
(ii) 10 stand alone 70W panels for Street Light Poles.
(iii) 10 stand alone 70W Panels for water pumping
(iv) 3 stand alone 65W panels for a church, a mosque, school
5 Type of Solar PV Installation Solar Home System and Solar Water Pumping System.
6 Year of Installation of PV System 2006
7 Capacity of the PV (panels) Installed 4.0 KW
8 Major Components of the PV Installation | 205 solar panels and accessories, 40 storage batteries (12 volt. &
150 AmH), 4 inverters, 12 battery controllers and 8 ELCB
breakers, pumping machine, 1500 litres water tanks.
9 Objective of the PV Installation Generate Electricity for the village.
10 Sponsors of the PV Installation World Bank FADAMA Il Project, PHCN and ECN.
11 | Status of the Installation Working well but not enough to meet village demand.
12 Monitoring & Evaluation ECN, PHCN
13 Sustainability Continuous training of village technicians who work with experts
at ECN for maintenance of the installation

Source: (1. Field Survey 2010, 2. World Bank FADAMA 1l Project, 3. PHCN, 4. ECN, 2007), (Jesuleye et al.,

2.2

2012)

Oke-Agunla Village: It is a remote rural village with no access to the national grid.

It has a

population estimate of 1050 villagers mainly farmers. It is located in Akure north local government area of
Ondo State. It is one of the solar electrification pilot projects under the Master Plan Study for Utilization of
Solar Energy being jointly coordinated by, Energy Commission of Nigeria, Japan International Cooperation
Agency (JICA) and Ondo State Government. Going by the profile of the solar PV installation shown in
Table 2, one could typify it as a solar home and solar clinic systems.

Table 2: Profiles of Solar PV Installation in Oke-Agunla Village, Ondo State

SN | ITEM REMARK
1 Estimated Population of the Village 1050
Average Number of Households in the 150

village

3 Average Number of Persons Per 7




Household

4 Number of Households Connected (i) 40 stand alone 70W panels per household with battery.
(ii) 10 stand alone 70W panels for Street Light Poles.
(iii) 10 stand alone 70W Panels for vaccine refrigeration
(iv) 3 stand alone 70W panels for a church, a mosque, a school, a
palace

5 Type of Solar PV Installation Solar Home System and Solar Clinic System.

6 Year of Installation of PV System June 2006, commissioned by former President Olusegun
Obasanjo.

7 Capacity of the PV (panels) Installed 4.5 KW

8 Major Components of the PV Installation | 70 solar panels and accessories, 50 storage batteries, 2
inverters, 2 battery controllers and 8 ELCB breakers, 2 big deep
freezer, 15 W bulbs, 200 W bulbs.

9 Objective of the PV Installation Generate Electricity for the village.

10 Sponsors of the PV Installation *JICA, ECN and Ondo State Government.

11 Status of the Installation Working well but not enough to meet village demand.

12 Monitoring & Evaluation ECN, PHCN

13 Sustainability Continuous training of village technicians who work with experts
at ECN for maintenance of the installation

Source: (Field Survey 2010, *ECN, 2007; PHCN, 2004; PHCN, 2005), (Jesuleye et al., 2012)

3.0 Quantifying Solar PV Demand for Energy Services in the Study Area.

The adapted methodology for this paper is Model for Analysis of Demand Energy (with the acronyms
MADE-II), developed at the Institute for Energy Economics and Rational use of Energy, University of
Stuttgart, Germany in 1989. It combines the application of statistical, econometric and engineering process
techniques as appropriate for the various sectors of the rural economy. Its flexibility and applicability for
demand projection over short or long period and its basic analytical approach premised upon the idea that
energy is used together with other production factors to provide goods and services to the society makes it
suitable in this paper for demand analysis of solar PV utilization in the study area. (Jesuleye O.A. 2017).

As presented in Figure 1, MADE-II is made up of 7 blocks of data in flow for demand analysis. Block 1
deals with general information about energy levels, base year and future time periods while information on
development of population is presented in Block 2. Data analysis for useful energy demand in the
households sector is treated in Block 3, while block 4 and 5 deal with the Households, Cottage Industries
and Community Services sectors. The transport sector is not included in the analysis while block 7 deals
with efficiencies, penetration factors and sectoral demand for Solar Electricity Lighting, Powering of TV,
Video, Radio, Refrigeration, Ventilation, Cooking and Process Heat. To quantify total demand for energy
services in Eriti and Oke-Agunla villages, the energy consumption data obtained from conducted survey in
each village were used. This involves the calculation of energy intensities as represented in equation 1 as

follows:
HDL .. ) Energy Input
Energylntesity(EIjt) _ ¢ i) : 9P (\Np)
’ (AL, ) PopulationShare (Million)
Where,
HDL;,, = AL; *El;...........Equation 1

and,




HDL, |

Per Household’s Demand D for Lighting j in time period t.

ALj t : Per Household’s Activity Level (AL) (Population Share and Stock of
End-Use Appliances) for Lighting ; in time period t.

El

ju,rt : Per Household’s Energy Intensity (EI) for Lighting ; in time period t.

Wp : Watt

3.1 The Study Variables and Measurement

According to Adegbulugbe, 1995, transformation in the social, demographic, economical, technological
and environmental issues are the key forces driving the Nigerian energy system. This therefore provides the
basis for households’ survey of each village in the study areas, thereby providing suitable means for
analyzing the effect of socio-economic development and structural changes in the demand for energy
services on household per household basis to achieve objective one of the study. For instance, the total
solar electricity demand to provide (energy service like) lighting, for each household in each village is
driving by socio-economic activities and energy intensity of that particular household. Detailed information
on the household population share and size, village population and growth rate, persons per household, fuel
types and consumption rate per household per day, stock of end use appliances per household and the
technical efficiencies of end use appliances are used for the analysis are presented in Tables 1-7.

3.2. Scenario Analysis Techniques for Model Runs and Future Solar PV Demand Split and
Fuelwood Usage Reduction in the Study Area

The study also adopted scenario analysis techniques widely used as scientific method for dealing with the
basic inherent uncertainty about future evolution of various variables driving the energy demand. This
becomes essential in evaluating available policy options for optimal future contribution of solar PV and
fuel wood usage reduction in the energy mix for the study areas to achieve the second study objective.
Thus, in order to bring out the basic issues relating to population growth, rural socio-economic
development levels and household growth rate in the study, three scenarios namely Business-As-Usual
(BAU), Moderate (MOD) and Best Policy Option (BPO) were used. The basic assumptions behind the
three scenarios used pertaining to this study variables are described below.

3.2.1 The Business-As-Usual (BAU) Scenario

This is characterized by low economic development in the future. Hence, the study assumes a high
population growth rate. The underlying assumption is that the economy’s dependence on crude oil export
will increase while government population policy will be ineffective. The share of fuel wood will be high,
followed by fossil fuel and the rate of solar electric powered services in the rural energy mix will be lowest
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compared with other two scenarios. The villages will remain unconnected to the national grid. The income
distribution expected to be more or less the same as at now (i.e. the share of population in the low income
group will be reduced very slowly). Government support for provision of solar infrastructural equipment
will remain the same. This scenario is more or less a pessimistic view of the Nigerian future but it is
structured to demonstrate what could happen if the negative trend in the socio-economic parameters are not
reversed.

3.2.2 The Moderate (MOD) Scenario

This represents the middle of the road case to compare the pessimistic case as represented by BAU scenario
and the very optimistic assumption about the future as represented by the BPO scenario. The underlying
assumption is that policies to turn the economy around work but moderately. The villages will still remain
unconnected to the national grid. Despite the positive development. There will be improved government
support for infrastructural development and very little subsidies for increase solar appliances acquisition by
the villagers for improved access to low wattage energy services such as lighting, entertainment,
refrigeration and ventilation. This will be complemented by support for use of improved fuel wood stoves
for cooking and commensurate reduction in 3-stones-stoves for cooking.

3.2.3  The Best Policy Option (BPO) Scenario

This scenario assumes a successful population and solar energy policies leading to reduced population
growth rate, and minimal increase in solar electric powered energy services in the energy mix for the rural
areas. The economy is expected to expand very fast while the income distribution is much better with share
of low income groups decreasing substantially. In spite of this, the study areas will still not be connected to
the national grid even by 2030. Table 3a and 3b shows the rural population growth assumption for BAU,
Moderate and BPO Scenarios for the two villages respectively.

Table 3a: Historical and Future Population Growth Assumption for BAU, Moderate and
BPO Scenarios for Eriti Villages 2009 — 2029
(8 Persons Per Household)
Scenarios | Parameters 2010 2015 2020 2025 2030
Population at
3.0% Annual 1120 1298 1505 1550 1797
BAU Growth Rate
Average
Households 140 163 188 194 225
per Village
Population at 2.7%
Annual Growth 1120 1280 1462 1670 1908
MOD Rate
Average
Households 140 160 183 209 238
per Village
Population at 2.5%
Annual Growth 1434 1712 1937
Rate 1120 1267
BPO Average Number
of Villagers 140 158 179 214 242
per Household |




Table 3b: Historical and Future Population Growth Assumption for BAU, Moderate and
BPO Scenarios for Oke-Agunla Village 2009 — 2029
(7 Persons Per Household)
Scenarios | Parameters 2010 2015 2020 2025 2030
Population at
3.0% Annual 1050 1217 1411 1453 1685
BAU Growth Rate
Average
Households 150 174 202 208 241
per Village
Population at 2.7%
Annual Growth 1050 1200 1371 1566 1789
MOD Rate
Average
Households 150 172 196 224 256
per Village
Population at 2.5%
Annual Growth 1050 1188 1344 1605 1816
Rate
BPO Average Number
of Villagers 150 170 192 229 259
per Household

Source: Projected from Field Survey 2010 and 2020

3.3 Technical Data and Socio-Economic Parameters Used as Input for Model Runs for the
Study.

It could be ob)s/erved from the stock of end-use appliances and energy intensity for energy services analysis
in Eriti Village (2020-2030) presented in Table 4 obtained from the base year survey result, that 23 percent
of the household’s population had access to solar panels as a source of energy generation with solar bulbs
as the end-use appliances to provide lighting for the required energy services for them. It also showed that
68 percent of the villagers still depended on fuel wood usage for instance, as a source of energy generation
with 3-stones open air firewood stoves end-use appliances to provide cooking heat services for them. This
cooking option is projected to reduce drastically to 30 percent by 2030 under the BPO Scenario.

Likewise, the case of Oke-Agunla village presented in Table 5 followed the same trend with 25 percent of
the household’s population in possession of solar panels as a source of energy generation, using solar bulbs
as the end-use appliances to provide lighting for their required energy services. 70 percent of these villagers
still heavily rely on fuel wood as a source of energy generation, with 3-stones firewood stoves as the end-
use appliances to provide cooking services for them. Table 6 revealed the survey data for energy intensity
calculation (kwWh/Household/Day) per village to be 0.72, 0.48, 0.24 and 1.98, for gasoline powered
incandescent bulbs, gasoline powered florescent tubes, solar bulbs and kerosene powered lantern for
lighting respectively. The energy intensity calculation (kwh/Household/Day) per village for entertainment
is also 0.48, 0.9, 0.78 Radio, TV and Video respectively. Tables 7 also presented the calculated intensity
for Ventilation, Refrigeration, Process Heat and Cooking 0.36, 3.6, 0.009, 7.9, and 25.6 respectively.



Table 4: Stock of End-Use Appliances for Energy Services Analysis in Eriti Village
(2020-2030)

Energy Services 2020 2025 2030
Incandescent Bulbs Lighting 12 5 0
Florescent Bulbs & Other Lighting 10 5 0
Solar Bulbs Lighting 23 25 40
Kerosene Lighting 55 65 60

Total Lighting 100 100 100

3-Stones Firewood Cooking 68 45 30
Kerosene Cooking 12 15 18
Improved Firewood Cooking 20 45 52

Total Cooking 100 100 100

Radio Entertainment 8 10 15

TV Entertainment 6 13 15

Video Entertainment 6 13 15
Refrigeration 3 10 15

Process Heat 8 15 20
Ventilation 10 20 25

Note: As at 2020 no additional stock in the solar technical equipment recorded from 2010 Profile

Table 5: Stock of End-Use Appliances for Energy Services Analysis in Oke-Agunla
Village (2020-2030)

Energy Services 2020 2025 2030
Incandescent Bulbs Lighting 10 5 0
Florescent Bulbs Lighting 11 5 0
Solar Bulbs Lighting 25 25 40
Kerosene Lighting 56 65 60

Total Lighting 100 100 100
3-Stones Firewood Cooking 70 45 30
Kerosene Cooking 12 15 18
Improved Firewood Cooking 18 45 52

Total Cooking 100 100 100
Radio Entertainment 15 18 20
TV Entertainment 7 13 15
Video Entertainment 7 13 15
Refrigeration 5 10 15
Process Heat 15 20 25
Ventilation 10 20 25

Note: As at 2020 no additional stock in the solar technical equipment recorded from 2010 Profile

4.0 Analysis of Total Energy Demand Split by Various Energy Services in the Two Villages.

The results obtained from the model runs and critical issues emanating from the analysis were also pointed
out as presented in Tables 8 and 9. In Table 8, it showed that Eriti village had the largest total energy
demand of 3,773 kWh per day for the based year 2020. It rose to 4,366 kWh per day by 2025 and declined
slightly to 4,075.2 kWh per day by 2030. The total energy demand for energy services in Oke-Agunla
village as presented in Table 9, were 3,256.3 kWh per day, 4,729.8 kWh per day and 3,870.3 kWh per day
in 2020, 2025 and 2030 respectively. Out of this, total energy demand for cooking maintain a domineering
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Table 6: Energy Use Data (KWh/household/day) for Energy Intensity Calculation for Lighting and
Entertainment in for Eriti & Oke-Agunla Villages (2020)

Lighting Entertainment
End-Use Appliances Incandescent. | Florescent Solar Kerosene Radio TV Video
Bulbs Bulbs Bulbs '
Average Usage Hours
per Household per 6 6 6 6 6
Day
Appliance Energy 100 100 100 *37 100 100 100
Efficiency (%)
Appliance 60 40 20 | 025lire | 80 150 130
Wattage
Average No of
Appliances
in Use per Household 2 2 198 1 .
per Day
Daily Per Household
Energy Use in 0.72 0.48 0.24 1.98 0.48 0.9 0.78
Kilowatt Hours

Source:
Stove.

*(Adegbulugbe et. al., 1995), Energy Efficiency of 25% is also adopted for Improved Firewood

Table 7: Energy Use Data (KWh/Household/Day) for Energy Intensity Calculation for Ventilation, Refrigeration, Process
Heat and Cooking for Eriti & Oke-Agunla Villages (2020)

Cooking
Various Fans for Fridge for Grinders for 3-Stones  |Improved
End-Use Appliances Ventilation | Refrigeration Process Heat | '<erosene |Firewood [Firewood
Stoves  [Stoves Stoves
Average Usage Hours
per Household per Day 6 6 3 4 3 3
Appliance Energy . .
Efficiency (%) 100 100 100 37 12 25
Appliance Wattage 1.0
60 600 3 Litre 10kg 5kg
Average No of
Appliances in Use per 1 1 1 1 1 1
Household per Day
Daily Per Household
Energy Use in 0.36 36 0.009 7.9 25.6 12.8
Kilowatt Hours

Note: (i)

10 kg of hard firewood is equivalent of 0.01 Ton and 0.0022 Tons of Oil

Equivalent (TOE). This translates to 25.58 KWh. (Source: E/DI Energy Card, USA).

Source:
Stove.

*(Adegbulugbe et. al., 1995), Energy Efficiency of 25% is also adopted for Improved Firewood
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share of 94 percent and 92 percent share for Eriti and Oke-Agunla villages respectively. This is far higher
than 87 percent recorded cooking share in the findings of Solar Cooking Archive (2011). If this were to be
taken as a reflection of the general trend in the Nigerian rural villages, it means that government efforts
over the years to reduce incessant dependency of the rural populace on fuel wood usage have not yielded
much result. It then calls for drastic review of existing government policy over this and the need for quick
action to reverse the trend.

In the total Energy demand profile per village, lighting is next to cooking with 5.1 percent share in Eriti
village and 6.1 percent share in Oke-Agunla village. The daily energy demand share for entertainment was
0.5 percent and 8.7 percent in Eriti and Oke-Agunla respectively, while the share for refrigeration and
ventilation energy services were also less than 1 percent shares in each of the villages. Further analysis
showed that, although kerosene powered lighting for the two villages was just about 5 percent share, an
insignificant amount of only lest than 0.3 percent of this total lighting for the two villages were powered by
solar bulbs, whereas the shares of inefficient florescent lamps was as high as 0.5 percent of the total
lighting demand for Oke-Agula village in particular. This connotes a level of ignorance on the part of the
villagers on financial and energy savings accruable by substituting energy efficient bulbs with florescent
and incandescent bulbs. Thus, there is a need to raise the level of awareness of the villagers on this and
subsequently enforce the required energy efficient measures for the village. Policy to move rural dwellers
away from domineering use of kerosene for lighting to solar bulbs usage should be adopted. This should be
complemented with policy that supports use of kerosene for cooking.

Table 8: Energy Demand Pattern for Energy Services in Eriti Village (2020-2030)

Year 2020 2025 Best Policy Option
Energy Services KWh/Day Share KWS/Da Share KV;/;]/D Share
Incandescent Bulbs Lighting 102 0.6 7 0.2% 0.0 0.0%
Florescent Bulbs Lighting 16.8 0.4% 5.1 0.1% 0.0 0.0%
Solar Bulbs Lighting 8.4 0.2% 11.8 0.27% 13.4 0.33%
Kerosene Lighting 152.5 4.0% 233.0 5.3% 263.5 6.5%
Total Lighting 187.7 5.0% 257.7 59% | 276.9 6.8%
3-Stones Firewood Cooking 2437.1 64.6% 2465.3 56.5% | 1858.6 45.6%
Kerosene Cooking 752.1 19.9% 253.6 5.8% | 304.3 7.5%
Improved Firewood Cooking 358.4 9.5% 12326 | 28.2% | 14244 | 35.0%
Total Cooking 3,547.6 94.0% 3,951.5 90.5% | 3,587.3 88.0%
Radio 54 0.1% 10.3 0.2% 174 0.4%
TV 6.6 0.2% 25.0 0.57% 32.7 0.8%
Video 5.3 0.1% 25.0 0.6%% 8.1 0.2%
Total Entertainment 17.2 0.5% 60.3 1.4% 58.2 1.4%
Refrigeration 15.1 0.4% 77.0 1.8% 130.7 3.2%
Process Heat 0.3 0.01% 0.2 0'8(?4 04 0.011%
Ventilation 5.0 0.1% 19.3 0.4% 21.8 0.5%
Grand Total 3,773.0 100% 4,366.0 1?)2'0 4,075.2 100.0%
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4.1 Analysis of Energy Demand Split for Entertainment, Refrigeration, Process Heat and
Ventilation in the Two Villages.

The distribution of energy demand for entertainment by various end-use-appliances used to provide the
service is presented in Tables 8 and 9. The specific daily energy demand by TV for Eriti and stood at 6.6
kWh (0.2% share), 25.0 kWh (0.57% share) and 32.7 kWh (0.8% share) 2020, 2025 and 2030 respectively.
Following the same pattern, the daily energy demand by TV in Oke-Agunla were 9.5 kWh (0.29% share),
26.8 kWh (0.57% share), 35.0 (0.90% share) in 2020, 2025 and 2030 respectively. The daily energy
demand by both video and radio appliances also recorded less than 1 percent share each in the two villages.
The generally low total energy demand shares of less than 1 percent for both entertainment and ventilation
services, about 2.5 percent and 3.6 percent shares each for process heat and refrigeration services
respectively, in the overall energy demand split for all energy services, even by 2029, in the two villages,
were attributable to poor access to electricity, due to high incident of poverty experience by the Villagers.

Table 9: Energy Demand Pattern for Energy Services in Oke-Agunla Village
(2020-2030)

Year 2020 2025 jpect Policy Option
Energy Services KwWh/Day Share KWh/Day Share KWh/Day | Share
Incanﬁ:agsgteinnthulbs 10.8 0.33% 8.2 0.17% 0.0 0.00%
FIorEsi,;irtlitnzulbs 16.6 051% 55 0.12% 00 0.00%
Solar Bulbs Lighting 83 0.25% 126 0.27% 24.9 0.64%
Kerosene Lighting 163.4 5.02% 294.7 6.23% 307.7 7.95%
Total Lighting 199.0 6.11% 321.1 6.79% 332.6 8.59%
3-Stones Firewood 2508.8 77.05% 2638.1 55.78% 11935 30.84%
Cooking
Kerosene Cooking 142.2 4.37% 271.4 5.74% 368.3 9.52%
Improved Eirewood 3456 10.61% 1319.0 27.89% 1723.9 44.54%
Cooking
Total Cooking 2996.6 92.03% 42285 89.40% 3285.7 84.89%
Radio 10.8 0.33% 19.8 0.42% 23.2 0.60%
TV 9.5 0.29% 26.8 0.57% 35.0 0.90%
Video 8.2 0.25% 26.8 0.57% 30.3 0.78%
Total Entertainment 28.4 0.87% 73.4 1.55% 88.5 2.29%
Refrigeration 27.0 0.83% 87.1 1.84% 139.9 3.61%
Process Heat 0.2 0.006% 0.4 0.009% 0.4 0.011%
Ventilation 5.0 0.15% 19.3 0.41% 23.3 0.60%
Grand Total 3256.3 100.00% 4729.8 100.00% 3870.3 | 100.00%

Secondly, it is also occasioned by poor stock of these appliances such as fridges food preservation and
vaccine refrigeration, fans for ventilation, electric pepper grinders for food processing and process heat by
the villagers. Government intervention through solar PV deployment will be a good avenue for increasing
their living standard. The study observed that over 95 percent of the food stuff grinding activities by the
villagers in all the study areas were catered for using grinding stones, mortars and pestles which proves to
be grossly inefficient, cumbersome and time consuming. The same is the case for ventilation. Hand fans are
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commonly use by over 90 percent of the villagers population. It was also discovered that frequent cooking
and incessant use of firewood persists due to lack of electricity based food refrigeration appliances that
could preserve the food for a longer time and minimize rate of cooking for the usually large households
families. This lack of refrigerating facilities also impact negatively on the health of the villagers. Therefore,
provision of solar PVs to the rural areas of Nigeria for food and vaccine refrigeration has strong positive
effects on policy of firewood usage reduction and environmental mitigation.

5.0. Recommendation

i Government support for solar PV intervention to the rural areas is appropriate and should
be further encouraged. However, its effectiveness rest squarely on its utilization for low
wattage appliances for lighting, radio, television and video entertainment; food and
vaccine preservation through refrigeration; ventilation and water pumping for provision
of portable water and farm irrigation.

ii. Due to the continued domineering share of fuel wood in energy mix of the study areas,
there is an urgent need for a review of government forest reserve policy as it affects
desertification, deforestation and soil erosion problems in the northern, western and
eastern parts of the country respectively.

iii. Due to remoteness of the study areas, and higher cost of connecting them to the national
grid, government policy of providing the rural dwellers with stand alone solar PV system
is commendable. However, more of such villages should be identified and provided with
solar PV systems.

iv. Fuel substitution policy for displacement of kerosene usage for lighting with solar PVs
should be aggressively pursued.

V. Fuel switches policy in favour of kerosene to displace firewood for cooking should also
be pursued.

Vi. Policy that promotes drastic reduction of firewood usage for cooking should also be

adopted through substitution of 3-stone firewood stoves with improved firewood stoves.

6.0 REFERENCES

Adegbulugbe, A.O. (1992): Energy Masterplan for Rural Development: Nigeria, Case Study, Vol. 1-1V,
Study report of an EEC — Sponsored project submitted to the EEC Delegation in Nigeria.

Adegbulugbe, O.A and Akinbami, J.F.K (1995): Urban Households Energy Use Pattern in Nigeria, Natural
Resource Forum, 19 (2):125-133.

Akinboro F, Adejumobi LA, Makinde V. (2012): Solar energy installation in Nigeria: Observations,
prospect, problems and solution. Transnational Journal of Science and Technology, 2012;2(4):73-
84.

Akinbami, J.F.K. (2003): An Analysis of the Demand and Supply of Electricity and Green-House-Gases
Emissions of the Nigerian Electrical Power Industry, Ph. D. Dissertation, Technology, Planning
and Development Unit, Obafemi Awolowo University, lle-Ife.

Akinwale Y, Adepoju A. (2019): Factors influencing willingness to adopt renewable energy technologies
among micro and small enterprises in Lagos State Nigeria. International Journal of Sustainable
Energy Planning and Management, 2019;19:69-82.

Akinwale Y, Ogundari I, llevbare O, Adepoju A. (2014): A descriptive analysis of public understanding
and attitudes of renewable energy resources towards energy access and development in Nigeria.
International Journal of Energy Economics and Policy.2014;4(4):636-646, Available:
http://www.econjournals.com/index.php/ijeep/article/view/909

Awosope, C. A., (2014): Nigeria Electricity Industry: Issues, Challenges And Solutions, 38th Public
Lecture, Covenant University, Public Lecture Series. VVol. 3, No. 2, October, 2014, ISSN
2006..0327, Published by Covenant University Press, Km. 10 Idiroko Road, Canaan Land, P.M.B
1023, Ota, Ogun State, Nigeria



http://www.econjournals.com/index.php/ijeep/article/view/909

14

Centre for Energy Economics (2003): Gas Monetization in Nigeria, Case study from New Era, in Qil, Gas
and Power Value Creation, published by Bureau of Economic Geology, Jackson School of
Geosciences, the University of Texas at Austin, USA.

ECN (2004): Nigeria Energy Demand and Power Planning Study for the period 2000-2030. Part 1: Energy
Demand Projections. Technical Report No ECN/EPA/04/01 Energy Commission of Nigeria
(ECN), Abuja, 2004.

ECN (2005): Renewable Energy Master Plan Final Draft Report, by Energy Commission of Nigeria (ECN),
Federal Republic of Nigeria, Abuja, 2005.

ECN (2007): National Energy Databank: Compendium of Renewable Energy Systems Developed in
Nigeria, Edited by B.A. Azare and B. Ayuba, published by Energy Commission of Nigeria,
Federal Republic of Nigeria., Abuja, 2007.

ECN (2015): National Energy Policy; Draft Revised Edition (NEP) (2013). Energy Commission of Nigeria,
Abuja: Federal Republic of Nigeria.

ECN/UNDP (2005): National Workshop on Review of Renewable Energy Master Plan (REMP),
Organized by Energy Commission of Nigeria (ECN) and United Nations Development Program
(UNDP), held at Sheraton Hotel, Abuja.

FAO (2005): Global Forest Resources Assessmen. FAO Forestry Paper 147: Progress towards sustainable
forest management.

FAO (2016): The role of wood energy in Africa. Definitions, conventions and conversion factors. Forestry
Department http://www.fao.org/docrep/x2740e/x2740e05.htm

FGN (2004): Report of the Inter-ministerial Committee on the Available Energy Resources and Estimated

Quantity of Electricity Derivable from these Resources, Federal Republic of Nigeria (FGN),
Abuja.

FGN (2006): Nigeria’s Electricity Sector, Executive Report, by the Sub-Committee of the Presidential
Advisory Committee on 25 years Electric Power Development Plan, January 2006, Federal
Republic of Nigeria (FGN), Abuja.

Francois, M. (2007): Energy Efficiency: A Worldwide Review Indicators, Policies and Evaluation, a paper
presented at the ADEME- World Energy Council (WEC) Workshop on Energy Efficiency Policies
Abuja, January 8-9 2007.

Howells, M.1., Alfstada, T., Victor, D.G., Goldsteinc, G. and Remmed, U. (2005): A Model of Household
Energy Services in a Low-Income Rural African village, Energy Policy Journal 33:1833-1851.

IER/CERD/5 EEC Project No: 6100.52.41.027 (1992), Energy Masterplan for Rural Development in
Nigeria — Project Report Vol. 1I: Energy Demand Analysis, by Institute for Energy Economics and
Rational Use of Energy (IER), University of Stuttgart, Germany and Centre for Energy Research
and Development, Obafemi Awolowo University, lle-Ife, Nigeria.

IER/CERD/6 EEC Project No: 6100.52.41.027 (1992): Energy Masterplan for Rural Development in
Nigeria — Project Report Vol. I11: Energy Supply Analysis, by Institute for Energy Economics and
Rational Use of Energy (IER), University of Stuttgart, Germany and Centre for Energy Research
and Development, Obafemi Awolowo University, Ile-1fe, Nigeria.

llogje, O.C., Olayande S. O. and Yusuf A. O. (2004): Report on an indicative survey of Sectoral Energy
Consumption in Nigeria. Energy Commission of Nigeria (ECN), Abuja.

Ismail OS, Ajide OO, Akingbesote F. (2012): Performance assessment of installed solar PV system: A case
study of Oke-Agunla in Nigeria. Engineering 2012;4(08):453.
Available: https://doi:10.4236/eng.2012.48059
Jesuleye, O.A, Siyanbola, W.O., llori, M.O and Sanni, S.A. (2007): Energy Demand Analysis of Port-
Harcourt Refinery, Nigeria and its Policy Implications, Energy Policy Journal 35:1338-1345.
Jesuleye O. A., Siyanbola W. O. and llori M. O. (2010).: ‘Emerging Technology Penetration: The case of
Solar Electricity in Nigeria', Chapter Contribution in a book titled ‘Nanotechnology and
Microelectronics: Global Diffusion, Economics and Policy (Hardcover) edited by Ndubuisi
Ekekwe and being published by 1GI Global Disseminator of Knowledge, Hershey PA 17033-1240,
us.
Jesuleye O.A, Siyanbola W.O. and llori M.O. (2011): Policy Influence of Solar PV Diffusion into the
Nigerian Rural Energy Mix. A Chapter Contribution in a book titled, Disruptive Technologies,



https://doi:10.4236/eng.2012.48059

15

Innovation and Global Redesign: Emerging Implications, edited by Ndubuisi Ekekwe and Nazrul
Islam, published by IGI Global Disseminator of Knowledge, Hershey PA 7033-1240, USA, ISBN
978-1-4666-0134-5 (Hardbook).

Jesuleye O.A., Siyanbola W.O., llori M.O., Akinbami J-F.K and Ogundari 1.0 (2012): “Solar
Photovoltaics Contribution to Energy Services in Selected Remote Villages in Nigeria”, Nigeria
Journal of Solar Energy, published by Solar Energy Society of Nigeria 23: 304-141

Jesuleye O.A. (2017), Solar PV Demand for Lighting in Nigerian Remote Villages

International Journal of Management and Applied Science, ISSN:2394-7926, Volume-3, Issue-
10, Oct.-2017 http://iraj.in.
Kowsari R. (2013): Twisted energy ladder: Complexities and unintended consequences in the transition to

modern energy services, unpublished PhD Dissertation, University of British Columbia.

Ministry of Power (2015): National Renewable Energy and Energy Efficiency Policy (NREEEP), approved
by the Federal Executive Council, Federal Republic of Nigeria for the Nigerian Electricity Sector.

Obio, I. B. and Lim, S. (2004): CDM and Investment Opportunity in Nigeria: Scheme for Project Design
and Implementation to Attain Sustainable Development Benefits. A Technical Report of the
National Stakeholders Workshop on the Clean Development Mechanism (CDM), jointly
sponsored by Canada-Nigeria Climate Capacity Development Project, Canadian International
Development Agency and Federal Ministry of Environment, Abuja.

PHCN (2005): Meeting the Challenges of Power Sector Development: Generation, Transmission and
Distribution Expansion. Paper 1 in Presidential Retreat on Power Generation and Supply, held on
2nd December, Power Holding Company of Nigeria (PHCN), Abuja.

PHCN (2006): Power Holding Company of Nigeria (PHCN) Annual Report, 2006, Abuja, Nigeria.

Puzzolo E., Stanistreet D., Pope D., Bruce N. & Rehfuess E. 2013. Factors influencing the large-scale
uptake by households of cleaner and more efficient household energy technologies. A systematic
review. London: EPPI-Centre, Social Science Research Unit, Institute of Education, University of
London.

REA (2005): Electric Power Sector Reform Act, Rural Electrification Agency (REA), Wuse Zone 4 Abuja,
Nigeria.

Sambo, A.S. (2005): Renewable Energy for Rural Development: The Nigerian Perspective, Journal of
Science and Technology Vision (ISESCO) 1:12 - 22.

Sambo, A.S. (2007): A Keynote Address titled “Solar Energy Utilization in the National Energy
Emergency Plan” presented at the National Solar Energy Forum (NASEF) and Awareness
Program on Solar Energy held at Rockview Hotel, Abuja, on November 28-29.

Schlag, N. & Zuzarte, F. 2008. Market Barriers to Clean Cooking Fuels in Sub-Saharan Africa: A Review
of Literature. Stockholm Environment Institute, Stockholm

Solar Cooking Archive, 2011. Fuelwood as percentage of energy consumption in developing countries.
Retrieved on 23th August, 2012
from:http://solarcooking.org/fuelwood.htm.http://solarcooking.org/fuelwood.htm.

World Bank (2007): Nigeria Public and Private Electricity Provision as Barrier to Manufacturing
Competitiveness accessed from www.worldbank.org/afr/findings on February 10 2007.

World Bank (2010): Gross National Income Per Capita 2009, Atlas Method And PPP, World Development
Indicators Database, World Bank, Revised 9 July 2010.

Yassin, . (2007): Potentials of Energy Efficiency in North African Countries and GEF Financed Project in
Egypt, a paper presented at the ADEME- World Energy Council (WEC) Workshop on Energy
Efficiency Policies Abuja, January 8-9 2007

Zuru, A.A. (2007): Sustainable Rural Solar Energy Projects in Nigeria: A Case Study of Some Pilot
Projects. A paper presented at the National Solar Energy Forum (NASEF) and Awareness
Program on Solar Energy held at Rockview Hotel, Abuja, on November 28-29.

Awosope, C. A., (2014): Nigeria Electricity Industry: Issues, Challenges And Solutions, 38th Public
Lecture, Covenant University, Public Lecture Series. Vol. 3, No. 2, October, 2014, ISSN
2006..0327, Published by Covenant University Press, Km. 10 Idiroko Road, Canaan Land, P.M.B
1023, Ota, Ogun State, Nigeria


http://iraj.in/
http://www.worldbank.org/afr/findings%20on%20February%2010%202007

	Data Article
	2.0   The Study Objectives and Socio-Economic Parameters for Data Analysis in the Study Areas.
	A total of 241 questionnaires were administered to Solar PV users to elicit information on alternative energy sources (kerosene, diesel, gasoline, solar panels, fuel wood, charcoal kerosene etc.) for provision of energy services (lighting, ventilation...
	Kowsari R. (2013):  Twisted energy ladder: Complexities and unintended consequences in the transition to modern energy services, unpublished PhD Dissertation, University of British Columbia.
	Ministry of Power (2015): National Renewable Energy and Energy Efficiency Policy (NREEEP), approved by the Federal Executive Council, Federal Republic of Nigeria for  the Nigerian Electricity Sector.


