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A B S T R A C T   

The ever-increasing demand for electricity, as well as its impact on the environment, necessitates expanding the 
power generation mix of Nigeria by utilizing sustainable energy sources. Power generation planning that is 
sustainable and efficient must meet various objectives, many of which conflict with one another. Using multi- 
objective optimization, a model for Nigeria’s power supply architecture was developed to integrate indige-
nous energy sources for a sustainable power generation mix. The model has three conflicting objectives: reducing 
power generating costs, reducing CO2 emissions, and increasing jobs. Hybrid Structural Interaction Matrix was 
utilized to compute the weights of the three objectives for the multi-objective model to be modified into a single- 
objective model. According to the simulations, Nigeria could address its power supply deficit by generating up to 
2,100 TWh of power by 2050. Over the projected period, large hydropower plants and solar PV will be the 
leading option for Nigeria’s power generation mix. Furthermore, power generation from solar thermal, incin-
erator, nuclear, gas plant, combined plant, and diesel engine will all be part of the power supply mix by 2050. In 
terms of jobs expected to be created, about 2.05 million jobs will be added by 2050 from the construction and 
operation of power generation plants. CO2 emissions will attain 266 MtCO2 by 2050. The cost of power gener-
ation will decline from a maximum of 36 billion US$ in 2030 to 27.1 billion US$ in 2050. Findings conclude that 
Nigeria can meet its power supply obligations by harnessing indigenous energy sources into an optimal power 
supply mix.   

1. Introduction 

A sustainable power supply mix entails meeting today’s power re-
quirements while not risking future generations’ capacity to achieve 
theirs [1]. Since its inception and implementation, sustainable devel-
opment has been the subject of a plethora of research on various themes, 
levels, and viewpoints [2]. Nigeria must solve its problem of inadequate 
power supply to stay competitive and relevant among nations, especially 
as the COVID-19 pandemic has wreaked havoc on the economy [3]. 
Nigeria, fortunately, has a diverse abundant range of energy sources 
from which to draw and establish a sustainable power supply mix that 
would satisfy the growing power demand, conserve the environment, 
and reduce greenhouse gas (GHG) emissions [4]. Despite its abundance 
of power-generating sources, Nigeria is struggling to fulfill its rapidly 
increasing power demand and is plagued by rolling blackouts in most 

parts of the country [5]. Electricity is available to just 55.4% of the 
population, with electrification rates lower in the east and rural areas 
[6]. 

The utilization of RE (renewable energy) sources is regarded as a 
crucial component of sustainable energy systems [7]. The major chal-
lenges confronting Nigeria such as unemployment and security threats 
will all be addressed through industrialization and this can only be 
achieved by steady, economical, and environment-friendly power sup-
ply [6]. 

Policymakers and researchers who want to develop an environ-
mentally friendly power supply system need to use energy modelling 
and optimization techniques to ensure that different objectives such as 
cost, emissions, jobs, etc., are met [8]. Modelers have been developing 
optimization models of energy systems since the 1990s [9–13]. Costs or 
emissions are optimized to develop optimal power supply mixes for 
regions, cities, and nations [14–22]. 

Abbreviations: PP, Power plant; HSIM, Hybrid Structural Interaction Matrix; HTSD, Hierarchical Tree Structural Diagram; PES, Power Energy System; MCDM, 
Multiple-Criteria Decision-Making; GHG, Greenhouse gases. 
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Power planning has become a complicated issue involving several 
factors due to the relationship between electricity consumption, pro-
tection of the environment, economic growth, and civic responsibility 
[23]. As a result, approaches for energy modelling and optimization that 
can integrate numerous objectives to develop a power policy are of great 
importance. Determining the optimal power generation mix that will 
fulfill electricity demand whilst fulfilling numerous limitations is the 
fundamental modelling concept behind long-term energy planning. 
Some important outputs of such techniques include the kind of power 
technology used, the quantity of installed power capacity, time to 
develop and operate the technology, and necessary fuel sources. 
Numerous studies looking at the socio-economic optimality of power 
planning have focused on using cost optimization models like MESSAGE, 
MARKAL, TIMES, etc. (see, for example, Refs. [24–33]). The strategic 
planning of power planning systems, on the other hand, inevitably in-
corporates several competing objectives [34–36]. Previous studies on 
multi-objective optimization addressed environmental or social objec-
tives by transforming them into cost-equivalent objectives [37] or by 
viewing them as constraints with lower and higher bounds [38]. How-
ever, multi-objective optimization is more realistic because it can 
explicitly assign an objective function to each sustainability (cost, 
emissions, jobs, land, social opposition, etc.) criterion without the need 
for complicated equations. Prior multi-objective studies mostly 
concentrated on costs and emissions while ignoring the social factors. 
Ren et al. [39] investigated the operation strategy of a decentralized 
energy source while balancing energy cost minimization with environ-
mental effect minimizing. Zhang et al. [40] examined the Japanese 
power generation system from an economic and environmental stand-
point. In Taiwan, Ko et al. [41] used a multi-objective optimization to 
reduce power generating costs and CO2 emissions. Purwanto et al. [42] 
created a conceptual framework for a long-term power generating mix in 
Indonesia that incorporated two goals: lowest generation cost and 
lowest CO2 emissions. Mahbub et al. [43] discovered optimal scenarios 
for addressing the constraints of lowering energy costs and CO2 emis-
sions in Italy. Pratama et al. [44] assessed different development sce-
narios for Indonesian electricity production based on economic and 
environmental trade-offs. Tekiner et al. [45], on the other hand, inves-
tigated three goal functions; nevertheless, both non-cost criteria 
addressed air emissions such as CO2 and NOx. There is still the need to 
develop a multi-objective optimization model for determining trade-offs 
between several conflicting factors of sustainability. In this study, 

multi-objective optimization was used to integrate indigenous energy 
sources to develop a sustainable power generation mix by minimizing 
power generating costs, minimizing CO2 emissions, and maximizing the 
number of jobs created from the construction and operation of power 
plants. 

The Hybrid Structural Interaction Matrix (HSIM), a weighted tech-
nique that is ideally suited to dealing with energy decision-making is-
sues, was utilized in this study to calculate the weights of the three 
objectives to solve the multi-objective power optimization model [46]. 
The same approach was utilized to analyze the factors contributing to 
Nigeria’s rising demand for electricity. 

Nigeria, as one of the top producers of oil and gas all over the world, 
has an urgent need to develop a long-term plan for its increasing elec-
tricity needs [47]. Nigeria also has substantial RE sources. When 
compared to the 28 TWh produced in 2016 [48], Nigeria’s power pro-
duction in 2021 increased to 36.4 TWh [48]. The industrial sector 
consumes 94.2% of the nation’s electricity, trailed by the residential and 
commercial sectors, which each consume 4.04 and 1.8% [49]. 

RE sources such as sun, wind, biomass, and hydro are abundant in 
Nigeria. Every area of Nigeria receives a lot of solar radiation, with a 
range of 5,500–6,500 Wh/m2 [50]. In reality, according to some studies 
[51,52], solar PV power generation is feasible throughout Nigeria. In the 
northern regions of the nation, the wind can achieve speeds of up to 7.5 
m/s [53]. In terms of biomass production, Nigeria generates 144 million 
tonnes annually [54]. A total of 277 scattered locations in the nation can 
produce minor amounts of hydropower [55], and numerous rivers can 
be dammed to produce huge amounts of hydropower [56]. Despite this, 
Nigeria’s RE resources have not yet been fully exploited. 

Nigeria’s carbon footprint cannot be underestimated given that they 
make up about 0.37% of the world’s CO2 emissions in 2020 [57]. In 
Nigeria’s energy sector, CO2 emissions from power production systems 
made up around 10.2% of total emissions [58]. Nigerian policymakers 
are very concerned about reducing GHG emissions from the power in-
dustry. Nigeria plans to achieve net zero carbon emissions by 2060 by 
the President’s pronouncement [59]. The power industry can unavoid-
ably be a significant contributor to future carbon emission reduction 
efforts. 

Nigeria now has an unemployment rate of over 33% [60], which is 
substantially higher than the world average. Due to these alarming 
numbers, the administration has decided to concentrate on labor indices 
in any national development programs. One-way power supply systems 

Nomenclature 

f1 Electricity generation cost objective function, (US$) 
f2 CO2 emissions objective function for energy sources, (Mt) 
f3 Jobs objective function, (%) 
f4 Multi-objective function with three objectives 
w1 Weight of cost objective function 
w2 Weight of CO2 emissions objective function 
w3 Weight of job creation objective function 
G Power being generated, (MWh) 
sLCOE Simplified Levelized Cost of Electricity, (US$/MWh) 
r Discount rate 
C Capital expenditure of newly installed power plant, (US 

$/MW) 
O Operating and maintenance costs, (US$/MW, US$/MWh) 
F Fuel cost, (US$/MWh) 
Ꜫ Power plant heat rate/thermal to electricity efficiency 
CRF Cost recovery factor 
Cf Capacity factor 
∅ Learning rate elasticity 
N Cumulative capacity 

CO2EF CO2 emission factor, (ton CO2/MWh) 
D Electricity demand, MWh 
Fs Fuel supply, (MWh/year) 
i Index for technology type 
t Index for a time horizon 
new Index for new power plant 
ext Index for existing power plant 
Fix Index for a fixed value 
Var Index for variable value 
bi Jobs created in construction phase of the power sector by 

technology i (GWh) 
hi Jobs created in operation phase of the power sector by 

technology i (GWh) 
X Net electricity generation (MWh) 
ρ Self-consumption of technology (%) 
ωi Maximum share of technology (%) 
CT Construction time of technology (Year) 
INVC Investment cost of technology ($/MW) 
NAC Newly added capacity of technology (MW) 
bgC Budget required for constructing new capacities ($)  
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may be able to meet some of the increasing labor demand is by being 
able to employ numerous people from the design, development, and 
operation to decommissioning of Nigeria’s power infrastructure. 

Studies on sustainable power supply mix in Nigeria are hard to come 
by, according to the literature review that was conducted. Olusola et al. 
[61] provided a strategy to electrify Nigeria completely by 2030 that 
was sustainable, renewable, and economical. In Nigeria, Bello et al. [62] 
used carbon emission pinch analysis, which includes sector-level mac-
ro-planning for energy. Blechinger et al. [63] used energy system sim-
ulations and geographic information system tools to develop a least-cost 
electrification strategy for five states in Nigeria. Ibrahim and Kirkil [64] 
estimated Nigeria’s long-term power supply from 2010 to 2040. Sambo 
A [65]. used MAED to forecast energy consumption. Audu et al. [66] 
determined the long-term energy consumption in Nigeria. Amlabu et al. 
[67] explored four Nigerian regional power supply scenarios. Ezennaya 
et al. [68] utilized Time Series Analysis to anticipate Nigerian power 
consumption from 2013 to 2030. Oyelami and Adewumi [69] utilized 
the Harvey logistic model to forecast Nigerian power investment value 
from 2005 to 2026. Using LEAP, Emodi et al. [70] evaluated Nigeria’s 
energy circumstance in the following scenarios: baseline, LCM (Low 
carbon moderate), LCA (Low carbon advanced), and GO (Green Opti-
mistic). Adedokun [71] predicted electricity consumption in Nigeria 
using the ARIMA model to see how likely it was that Nigeria would be in 
the top 20 by 2020. To the best of our knowledge, there are no other 
studies paying attention to Nigeria’s electricity generation outlook by 
addressing economic, environmental, and social objectives. 

1.1. Nigerian power sector 

Nigeria’s growing electricity demand is 80% lower than it should be 
based on population and income levels [72]. Having a per capita elec-
tricity consumption rate that ranks among the world’s poorest, there is 
little or no development in all sectors of the economy; industries are 
struggling to survive, agriculture is still not commercial, and education 
and employment are all impacted by the low electricity supply. In 
developing countries with fewer people, such as Tunisia and South Af-
rica, electricity consumption is 10–30 times Nigeria’s. With the 
COVID-19 pandemic causing major economic setbacks worldwide, 
Nigeria must urgently address the issue of low electricity supply to 
compete with its peer countries. Fig. 1 depicts various African countries’ 
per capita power consumption, with Nigeria having the lowest at 137 
kWh and South Africa having the highest at 4,944 kWh, Botswana at 1, 

435 kWh, Zimbabwe at 898 kWh, Namibia at 1,541 kWh, and Libya at 3, 
871 kWh [73]. 

With a growing population, rising income, industrialization, and 
increased agricultural activity, Nigeria’s electricity demand will in-
crease, putting additional pressure on the country’s already inadequate 
electricity supply. Managing the increasing electricity demand is 
necessary to achieve equilibrium with the power supply. 

History of the Nigerian power system dated back to when the Lagos 
Colony was served by two power plants completed in 1886. The 
Nigerian Electricity Supply Company (NESCO) was created in 1929, 
making it the country’s first utility corporation [74]. Afterward, in 1951, 
the Energy Corporation of Nigeria (ECN) was established to supervise 
electricity transmission and distribution [74], and in 1962, the Niger 
Dams Authority (NDA) was established [75]. Electricity generation fell 
under the purview of the NDA, with transmission and distribution falling 
under the purview of the ECN. It was in 1972 that the ECN and the NDA 
amalgamated to become the National Electric Power Authority (NEPA), 
which was later converted into the Power Holding Company of Nigeria 
(PHCN) in 2005. The distribution section of Nigeria’s power supply 
system has now been completely privatized, resulting in the establish-
ment of Kano, Kaduna, Jos, Eko, Benin, Abuja, Enugu, Port-Harcourt, 
Yola, Ikeja, and Ibadan Electricity Distribution companies, as depicted 
in Fig. 2 [76]. Despite the country’s lengthy history of electricity re-
forms, the power industry has developed slowly at most. The on-grid 
electricity generation in Nigeria is dominated by gas and hydropower, 
which account for 81% and 19% respectively, of total installed capacity 
[77]. Fig. 2 depicts the organization of Nigeria’s power sector, which is 
divided into generation, transmission, and distribution [78]. The 
Nigerian Electricity Supply Industry (NESI) has 22 gas and three hy-
droelectric on-grid units that can produce 12,522 MW, but the available 
capacity is only 7,141 MW [79]. Presently, Manitoba (Canada) Hydro 
International manages the Nigerian Transmission Company. The na-
tional grid transmission lines are 330 kV and are about 5,524 km long 
[80]. Fig. 2 also indicates Nigeria’s power distribution system which 
comprises of 11 power distribution companies. Over 24,000 km of the 
distribution grid, operating at 33 kV and 11 kV, are in operation [74,78]. 

The amount of power that can be generated and transmitted is 
limited by problems associated with the power plants, such as mainte-
nance and repairs. There are also insufficient water supplies, demand 
imbalances, not enough gas, and line restrictions because of the poor 
grid infrastructure [81]. Among other things, the mismatch between the 
growing power demand and supply has resulted to over-reliance on 
backup diesel generators. Because of these issues, huge sums of money 
are pumped into the power sector on a daily basis. 

For a long time, the government ran and controlled the power sector. 
There was never enough electricity for the state-owned company, NEPA 
[82]. Since the democratization of Nigeria in 1999, the Federal Gov-
ernment has invested massively in the power industry, but with little 
success [82]. Privatization of electricity assets was one of the govern-
ment’s primary reform initiatives [78]. Various policy initiatives were 
implemented to achieve this goal [74]. The Electric Power Industry 
Reform Act (ESPR) of 2005 allowed private players into the formerly 
monopolized sector. Nigeria has a lot of potential for RE. Still, it doesn’t 
have RE-based power plants that generate electricity for the country’s 
grid right now with the exception of hydropower. “Nigeria’s solar and 
wind resources are in abundance based on data from NASA [83], 
reprocessed by the German Aerospace Center [84], and converted to 
total load hours by Bogdanov and Breyer [85,86]. However, the Niger-
ian government’s deliberate and supportive policy direction towards a 
progressive RE master plan is essential [87]. It is anticipated that such a 
regulatory, legal, and institutional framework would support RE 
development in Nigeria [78]. The Nigerian government adopted the 
National Renewable Energy and Efficiency Policy (NREEEP) in 2015. It 
is the country’s first policy for renewable energy and describes how it 
will be used in the future. By 2030, the government wants to double its 
on-grid power [80]. In NREEEP 2015, it says that this goal was set when Fig. 1. Selected African countries’ per capita power consumption (kWh) [73].  
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the NREAP and NEEAP were made. In the NREEEP 2015 report, on-grid 
RE supply is expected to grow from 1.3% to 16% in 2030, a significant 
change. In 2016, the goal was changed to 30% by 2030, all of which 
have not been achieved” [80]. 

1.2. Energy sources 

Nigeria is deficient when it comes to energy supply, even though it 
has a lot of fossil fuels and RE sources of its own. Fossil fuels are the 
country’s most utilized source of energy. While RE is unavailable in the 
power mix of the nation with the exception of hydropower as already 
stated. The power supply mix comprises 10,142 MW of natural gas 
(81%). The remainder is hydropower, which accounts for 2,380 MW, or 
19% of the total installed capacity [89]. 

It has been projected that Nigeria’s RE potential (hydro, wind, solar, 
biomass, and geothermal) is above 68,000 MW. The government may 
have considered this when developing laws to promote RE. In 2005, the 
government unveiled the Renewable Energy Master Plan (REMP), which 
aimed to double the country’s overall energy production by 2025 
through growing renewable energy usage. Short-term: In 2005–2007, 
the REMP aimed to contribute 13%–23% in the medium term 
(2008–2015), and 36% in the long term (2016–2025) [89]. 

On the current assessment, Nigeria’s recoverable oil reserves are 
28.5 billion barrels, with an average daily output of roughly 2.5 million 
barrels, including condensates. As exploration and appraisal drilling and 
deep offshore exploration have continued to accumulate reserves, the 
average oil depletion rate is just 15%. Over 166 trillion cubic feet (TCF) 
of Nigeria’s gas reserves include associated and non-associated gas. 
Nigeria is one of the ten nations with the world’s largest proven gas 
reserves. 

The Niger Delta has roughly 500 oil fields. The remainder is found on 
land. In all, 193 of these fields produce oil, while 23 have been shut 
down [90]. 

2. Methodology 

A sustainable power supply model for Nigeria was developed using 
multi-objective optimization and is deliberated in this section. This 
model optimized three competing objectives by minimizing power 
generating costs, minimizing CO2 emissions, and maximizing job crea-
tion for the developed optimal power supply mix. While the constraints 
are power demand-supply, power supply resource availability, genera-
tion constraint of power plants, budget, and targets of CO2 emissions. 
From the base year (2010) to our projected target year (2050), a five- 
year interval was used to run the optimization model. A summary of 

the six step methodology was summarized below with Fig. 3 being a 
schematic representation of the steps that were successively followed for 
the development of the sustainable power supply mix for Nigeria.  

• Step 1: Power system 

The Power Energy System (PES) is created in step 1 for modelling 
purposes which highlights the power supply chain from energy sources 
to electricity end-users. Nigeria’s available energy sources such as 
diesel, hydro, wind, solar, nuclear, natural gas, etc., are used in different 
technologies. Concerning power transmission and distribution, distrib-
uted technologies generate electricity near load centers, while central-
ized technologies generate electricity and then being transmitted 
through power grids.  

• Step 2: Power model development 

Based on the PES, a long-term power planning model is developed in 
step 2. To address power supply and sustainability concerns in Nigeria, 
three objectives were developed: (1) minimization of cost; (2) minimi-
zation of CO2 emissions; (3) and maximization of jobs. Constraints to the 
optimization model include supply-demand, generation limitations, 
resource availability, budgetary restrictions, and an emissions target.  

• Step 3: Data and assumptions 

When running the model, it is necessary to collect the required data, 
which was done in step 3. For a nation to develop an energy plan, data 
and assumptions regarding the techno-economic, environment, power 
demand projection, cost of energy resources, job creation, and statistics 
on CO2 emissions used were collected.  

• Stage 4: Multi-Criteria Decision Making 

This step involves employing the MCDM approach to the three ob-
jectives: converting the objectives into a single objective by using a 
weighted approach to allocate weights to each objective function in the 
model. The Hybrid Structural Interaction Matrix (HSIM) method was 
utilized in this step.  

• Step 5: Running the developed model 

This involves testing the model that was developed using the data 
obtained in step 3. 

Fig. 2. Overview of the power system chain [88].  
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• Step 6: Interpretation of results 

The optimal power generation mix, CO2 emissions, cost, and the jobs 
created from the construction and operation of power plants were then 
interpreted and analyzed. 

2.1. Minimization of power generation costs for the model 

The primary priority is to cut electricity generation costs as much as 
possible (f1). In the model, it uses sLCOE in Eq. (2) & Eq. (3) to deter-
mine f1 in Eq. (1). sLCOE takes into account the costs of building new 
power plants (C), the payback period for old power plants (O), the price 
of fuel (F), and other factors. For the cost objective function, the equa-
tions look like this: 

f 1=
∑T

t=1

∑I

i=1
(1+ r− t)

(
Gnew

it sLCOEnew
it +Gext

it sLCOEext
it

)
(1)  

sLCOEnew
it =

([
Cnew

it CRFi
]
+ Ofix,it

8760Cf ,it

)

+ Ovar,i + Fitεit (2)  

sLCOEext
it =

Ofixed,it

8760Cf ,it
+ Ovar,it + Fitεit (3)  

CRFi =
r(1 + r)n

(1 + r)n
− 1

(4) 

The decision variables in the model are CRF for cost recovery factor 
in Eq. (4), Cf for capacity factor, ε for efficiency of transforming heat into 
electricity, r for the discounted rate, and t for year. The relationship 
between installed capacity and capital expenditures for a certain year 
horizon is an input parameter to a learning curve model. According to a 
cumulative installed capacity prediction, the amount of capital invest-
ment may be estimated: 

Ct =Co⋅N∅
t (5)  

1 − 2∅ (6) 

Eq. (6), which signifies the rate of technical learning, Ct in Eq. (5) is 
the decrease in future capital expenditures as a percentage that occurs 
with each capacity doubling up (Nt). How quickly individuals learn is 
determined by the progress ratio. The capital expenditure in the base 
year is denoted by the symbol Co (2010). 

2.2. The reduction of CO2 emissions from power production facilities 

It is also an objective to reduce CO2 emissions (f2) represented by Eq. 
(7) during the lifecycle of the energy-generating technology. The CO2 
life cycle emissions of each power plant are determined by the CO2 
emission factor (E) being multiplied by the quantity of energy that is 
produced by the power plant: 

f 2=
∑T

t=1

∑I

i=1
CO2emissionfactorit⋅Git (7)  

2.3. Maximization of job opportunities 

The job objective function (f3) maximizes total job years, as its so-
cially more acceptable to have higher employment rates than lower 
rates. Eq. (8) represents the whole job objective function. The job cre-
ation objective function f3 was obtained by multiplying the amount of 
power produced by the construction and operation job creation factors 
of each technology. 

f 3=
∑T

t=1

∑I

i=1
(bi + hi)Gnew

it +
∑T

t=1

∑I

i=1
hiGext

it (8)  

2.4. Multi-objective function 

The optimal power generation mix was obtained as a result of opti-
mizing the three objectives considered in this study as represented by 

Fig. 3. Schematic representation of the methodology.  
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the multi-objective model in Eq. (9) [91]. The objective function is 
expressed as follows: 

f 4=w1⋅f 1 + w2⋅f 2 + w3⋅f 3 (9)  

Where w1, w2, and w3 are the weighted factors of f1, f2, and f3. The 
optimization model in this situation is constrained by five constraints, 
which are mentioned in the next section. 

2.5. Constraints for the developed model 

This section summarizes the restrictions taken into consideration in 
the model. In the following section, the model’s resilience needs are met 
by constraints. 

2.5.1. Power demand-supply constraint 
The overall amount of energy produced by all kinds of power plants 

should be sufficient to fulfill the whole amount of electricity required in 
a given year horizon. This is represented by Eq. (10): 

∑I

i=1

(
Gnew

it +Gext
it

)
≥ Dt (10)  

where Dt denotes the demand for electricity in the year t. 

2.5.2. Power supply resource availability 
For year t, the amounts of fossil fuel used by power generation sys-

tems must not exceed the maximum amount of fossil fuel generated by 
the relevant fuel type and allotted to power generation technologies for 
the same year which is depicted in Eq. (11). 

∑I

i=1
Gnew⋅

it εit +
∑I

i=1
Gext

it ⋅εit ≤ Fsit (11) 

It was decided to add the RE penetration constraint into the model to 
guarantee that the RE objectives are met on a period-by-period basis. By 
the study, the RE objectives were established at 20, 35, and 50% for the 
years 2030, 2040, and 2050. 
∑9

i=2

(
Gext

it + Gnew
it

)
⋅8760Cfi

∑I
i=1

(
Gext

it + Gnew
it

)
⋅8760Cfi

≥ RENTargets (12)  

2.5.3. Generation constraint of power plants 
Restrictions on electricity generation are related to the use of current 

and additional capacity and the proportion of various technologies in an 
overall power generation system. 

Xnew
it = 8760(1 − ρ)CfiGnew

it (13)  

Xext
it ≤ 8760(1 − ρ)CfiGext

it (14)  

X ≤ ωit
(
Xnew

it +Xext
it

)
(15) 

Each newly installed technology’s annual net power generation is 
estimated using Eq. (13). Eq. (14) determines the maximum amount of 
power that may be produced from the current capacity in a given year. 
To avoid the excessive generation of any power technology, Eq. (15) 
mandates that each technology may only generate a specified fraction of 
the total yearly power generation. 

2.5.4. Budget constraint 
Budget constraints are imposed on capital expenditures because the 

capital expenses of constructing new infrastructures are relatively high. 

∑I

i=1

r(1 + r)CTi

(1 + r)CTi − 1
⋅ INVCit ⋅ NACit ≤ bgC (16) 

In Eq. (16), the annual investment cost of developing power plants is 
restricted to a specific upper limit. 

2.5.5. Targets of CO2 emissions 
The carbon emissions reduction objective also served as a constraint, 

with the total quantity of CO2eq emissions being limited to a maximum as 
highlighted in Eq. (17): 

∑I

i=1

( (
Gext

it +Gnew
it

)
⋅ 8760Cfi ⋅ CO2emissionfactori

)
≤ CO2emission target

(17)  

3. Study and data assumptions 

Existing techno-economic, environmental, power demand projec-
tion, cost of energy sources, job creation, and CO2 emissions data for the 
Nigerian power system was obtained from various literature to 
demonstrate the multi-objective model’s application. The base year is 
2010 and the forecast period is for 40 years, the projection started from 
2011 to 2050 with an interval of 5 years. 

The assessment of power demand in on-grid and off-grid systems can 
either be done as a combined demand or as separate demands, 
depending on the methodology that is used. Examples include a study 
conducted by the (Energy Commission of Nigeria) ECN on the energy 
implications of Nigeria’s Vision 2020. Such that the Model for Analysis 
of Energy Demand (MAED) was used to project that Nigeria’s total 
electricity demand (combined on-grid and off-grid) by 2030 will be 
approximately 668.75, 1138.20, 1,343.22, and 1,821.80 TWh depend-
ing on the reference, high growth, optimistic I, and optimistic II sce-
narios, respectively [92]. In a separate piece of study, the Multi-tier 
framework for electricity access that was developed by the World Bank 
was utilized to estimate that Nigeria’s on-grid electricity demand by 
2030 will be approximately 59.3, 64.3, and 74.2 TWh, respectively, for 
business-as-usual, moderate, and green transition scenarios. This esti-
mate was made using the Multi-tier framework for electricity access. 
According to the findings of the study, the power consumption off-grid 
in the year 2030 would be around 143.4, 135.6, and 130.8 TWh for 
the three similar scenarios [93], with the maximum demand being 
approximately 143.4 TWh. 

3.1. Power conversion data 

Nuclear power plants, gas turbines, biomass, large and small hy-
dropower plants, wind turbines, geothermal, solar thermal, and solar 
photovoltaic power plants, etc., are among the power conversion tech-
nologies considered in this study. The features of each technology are 
summarized in Table 1, which includes cost variables, technical infor-
mation, and capacity limits. For most technologies, the techno-economic 
characteristics are considered to remain constant across the whole 
analytical horizon. When the learning rate is taken into account, how-
ever, it is expected that the investment cost for certain renewable 
technologies would fall. The growing capacity limitation for each phase 
is partly alleviated as the planning horizon approaches its end. The total 
number of direct, indirect, and induced full-time-equivalent (FTE) 
employment produced by each technology in each phase is shown in 
Table 2. Table 3 shows the CO2 emission factors resulting from fossil fuel 
combustion. 

3.2. HSIM ranking 

The HSIM approach is one of the strategies that may be used for 
making decisions with many objectives and doing analyses. Within the 
context of this study, HSIM was utilized to ascertain the relative 
importance of factors such as cost, CO2 emissions, and job creation. 
According to HSIM, a particular element pair may interact with one 
another in several distinct ways. On the other hand, only an interaction 
that is founded on a particular contextual relationship applies to the 
situation that is currently taking place. In most cases, consideration is 
given to the orientations of the components that affect a system while 
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making contextual linkages. 
As a consequence of this, the HSIM model is intrinsically intertwined 

with the concept of orientation and direction. As a result of this, if eij =

1, then eji = 0, which indicates that transitivity exists. Because of this, it 
will be impossible for components i and j to successfully interact with 
one another if elements j and i interact effectively [94]. 

This is mathematically stated in Eq. (18) as: 

eij =

{
1
0

if i depends on activity j,
if i does not depend on activity j, (18) 

The technique for establishing the HSIM for a given set of variables is 

Table 1 
Power generation systems’ technical and economic characteristics [95–106].  

Technology Construction time 
(year) 

Lifetime 
(year) 

Capacity 
factor (%) 

Self-consumption 
(%) 

power capacity 
(GW) 

Efficiency 
(%) 

Capital cost 
($/kW) 

Fixed O & 
M 
cost 
($/kW) 

Variable O 
& M 
cost ($/kW) 

Steam PP 5 30 70 6.8 3750 38 900 9500 0.48 
Combined Con 5 35 70 1.9 – 32 700 4400 0.42 
Combined Adv 5 35 80 1.9 – 47 1140 21000 2.6 
Gas Turbine 

Conv 
2 12 60 0.8 5000 34 550 4500 0.6 

Gas Turbine 
Adv 

3 15 60 0.8 846 40 780 24000 4.3 

Coal Conv 3 30 75 5.5 – 35 1600 64000 – 
Coal Adv 4 50 80 6.5 – 34 2200 88000 – 
IGCC 4 40 80 10 – 45 3700 92000 6.5 
Diesel engine 1 14 70 6.5 25000 40 550 3800 0.75 
Nuclear Conv 7 45 80 10 – 32 4000 74000 0.7 
Nuclear Adv 8 60 85 8 – 33 4200 69000 0.5 
Hydro Large 7 45 18 0.5 1940 100 1200 10800 – 
Hydro Small 4 40 35 0.5 64 100 2000 14000 – 
Fuel Cell 0 5 60 – – 47 4460 40000 – 
Wind Turbine 2 25 30 1.4 – 100 1400 48000 – 
Solar PV 1 30 18 – 400 100 1200 24000 – 
Solar thermal 2 35 38 – – 100 4300 64000 – 
Geothermal PP 7 30 8 8 – 100 5800 84000 1.1 
Landfill 2 20 70 3 – 30 3300 2000 1.7 
Incinerator 3 30 75 5 – 31 6400 64000 – 
Solar PV (DG) 0 30 17 – – 100 1500 37000 – 
Gas Engine 1 3 90 0.7 5500 26 770 8000 5.1  

Table 2 
Effective factors in the development of jobs in the power generating industry 
[107].  

Power 
technology 

Technology construction stage 
(GWh) 

Technology operation stage 
(GWh) 

Steam PP 0.82 0.15 
Combined Con 0.16 0.32 
Combined Adv 0.31 0.35 
Gas Turbine 

Conv 
0.83 0.64 

Gas Turbine Adv 1.07 1.07 
Coal Conv 0.73 1.31 
Coal Adv 0.08 0.26 
IGCC 0.26 0.20 
Diesel engine 0.16 0.32 
Nuclear Conv 0.26 0.20 
Nuclear Adv 0.20 0.26 
Hydro Large 0.20 0.82 
Hydro Small 0.20 0.82 
Fuel Cell 0.10 0.11 
Wind Turbine 0.3 0.08 
Solar PV 0.06 0.83 
Solar thermal 1.10 1.70 
Geothermal PP 0.05 0.51 
Landfill 0.13 0.73 
Incinerator 0.13 0.73 
Solar PV (DG) 0.60 0.83 
Gas Engine 0,03 0.16  

Table 3 
Factors affecting CO2 emissions and fuel costs [108,109].  

Technology Fuel price (Cent/MJ) CO2 emission (kg/GJ) 

Gas 0.41 56.2 
Coal 0.22 95.6 
Oil 0.53 77.6 
Diesel 0.92 74.4  

Fig. 4. Diagram of the HSIM development process [94].  

H.A. Ibrahim and M.K. Ayomoh                                                                                                                                                                                                            



Energy Strategy Reviews 44 (2022) 100962

8

represented in Fig. 4 in a step-by-step manner and HSIM in Table 4. 
The models used for calculating the weights of the objectives are 

highlighted in Eq. (19), Eq. (20), Eq. (21), and Eq. (22): 

IRFi =

{
NSFi

TNF
xMSR

}

+

{
b

TNF
(MSR − C)

}

(19)  

c=
MPSF

TNF
xMSR 20  

b=NSFi + 1 (21)  

Nwi =
x

1
/n
i

∑n
i=1x

1
/n
i

(22)  

“where IRFi is the intensity of factor i’s significance rating, NSFi is the 
number of subordinate factors to particular factor i, MPSF is the most 
number of subordinate elements that can be considered, C constant, b =
TNF the proportion of variations, TNF is the number of variables in total, 
MSR the highest possible scale rating, Nwi is the factor’s normalized 
weight i, N number of variables, and x i is the original rate of factor i 
before normalization.” [46]. 

Table 5 displays the weights of each of the objectives considered in 
this study and their degree of importance. The scale rating was between 
0 and 9, with 0 being the lowest possible score and 9 representing the 
greatest possible score [110]. The number of subordinate factors that 
may be accessed by a component is what ultimately decides the principle 
that will be used to weigh or give a degree of importance to those ele-
ments. As a result, the values were found to be appropriate for the 
weights of cost, CO2, and job’s objective functions which are 0.330, 
0.340, and 0.330, respectively. 

4. Results and discussion 

The planning for Nigeria’s sustainable power supply was carried out 
with consideration given to the following three objectives: reducing 
costs, reducing CO2 emissions, and increasing jobs. The model was 
solved by utilizing a modelling program called GAMS (General Alge-
braic Modelling System). 

4.1. Demand for electricity in Nigeria 

Electricity demand in Nigeria from the household, service, industrial, 
transportation, and agricultural sectors in the base year is 187 TWh 
which is projected to be 299 TWh in 2020 [111]. Fig. 5 depicts how the 
electricity demand will attain 2,003 TWh by 2050. Among the electricity 
demand sectors, the household sector has the highest demand which will 
increase from 71 TWh in 2010 to 1,218 TWh by 2050. This is followed 
by the service, industrial, and transportation sectors. 

4.2. Results obtained from the simulation 

4.2.1. Power generation by technologies 
The optimum trajectory of Nigeria’s overall power generation is 

represented in Fig. 6. From the base year to 2050, the projected power 
supply increased from around 218 TWh to about 2,100 TWh. The 

Hydropower large power plant and solar PV aggressively penetrated the 
power supply mix over the projected period. 

The base year of 2010 in the power supply mix is made up of 10% Gas 
Turbine Conventional, 5% Diesel engine, 6% Hydropower large, and 
79% Gas engine. Fossil fuels dominate the power generation mix in the 
base year which accounts for 94% and renewable energy is 6%. By the 
year 2050, renewable energy will largely be integrated into the power 
supply mix which will be made up of 23% Combined advanced, 11% Gas 
turbine conventional, 3% Gas Turbine advanced, 8% Nuclear advanced, 
12% Hydropower large, 1% Hydropower small, 2% Wind turbine, 15% 
solar PV, 12% Solar thermal, 7% Incinerator, and 6% Gas engine. 
Renewable energy sources will make up at least 49% of the power supply 
mix, nuclear energy which is mostly classified as an alternative energy 
source is 8%, and the remaining 48% is for fossil fuels. Renewable en-
ergy sources massively increased by about 716% in the power genera-
tion mix from the base year to the projected period (2050). Gas power 
plants remain heavily in the power supply mix because of the low price 
of natural gas. Considering the environmental impact of coal which is 
often at times referred to as the dirtiest form of fossil fuels and the need 
to adhere to emission regulations, coal power plants are unavailable in 
the power supply mix. In addition, steam power plants have been 
eliminated during the planning period. While gas power plants have 
been considerably present during the planning period because of the low 
cost of gas but have still been significantly reduced during the planning 
horizon. 

4.2.2. Emissions from the power supply mix 
The sole GHG that was taken into consideration in this study was CO2 

emissions since it is the most prevalent GHG in the energy sector. The 
pattern of emissions that are expected to take place between the base 
year and 2050 is shown graphically in Fig. 7. According to the study, 
there has been an ongoing increase in CO2 emissions of varying mag-
nitudes. The emissions of CO2 will increase from 111 million tonnes of 
CO2 (MtCO2) in the base year to about 266 MtCO2 in the year 2050. The 
result shows significant dependency on technologies that rely on fossil 
fuels for the generation of electricity, this is mostly attributable to the 
cheaper cost of natural gas; this dependence has led to the development 
and rise of CO2 emissions. The CO2 emissions rapidly increased at first, 
but then leveled off and remained constant from 2030 to 2045, and then 

Table 4 
HSIM demonstrating the pair-wise connection between cost, CO2, emissions, 
and jobs.  

i j 

Cost CO2 Jobs 

Cost 0 1 0 
CO2 0 0 0 
Jobs 1 1 0  

Table 5 
Normalized weights of cost, CO2, emissions, and jobs.  

Element number C IRFi 1
n

xi 
Nwi 

Cost 6 5.000 1.080 0.330 
CO2 6 9.000 1.110 0.340 
Jobs 6 5.000 1.080 0.330   

Total 3.270 1.000  

Fig. 5. Nigeria’s electricity demand from 2010-to 2050 [111].  
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gradually reached the peak level of 266 MtCO2 in 2050. 
A more aggressive penetration of renewable energy sources will go a 

long way toward helping Nigeria decrease its national GHG emissions 
inventory and supporting the country’s efforts toward reaching a variety 
of international climate commitments. There is an urgent requirement 
for concerted efforts to accelerate the deployment of renewable energy 
technology across the nation. Therefore, obstacles that are responsible 
for the slow transition to renewable energy sources such as the absence 
of incentives, subsidies, grants, scarcity of renewable energy technolo-
gies experts, inadequate research and development capabilities, gov-
ernment bureaucracy, etc., need to be minimized or even eliminated for 
the transition to occur. 

4.2.3. Jobs created 
The employment impact of the power generation planning is dis-

played in Fig. 8. The capacity to generate power expanded by around 
865% throughout the planned period, and the number of jobs that were 
created increased by more than 3,068%. This indicates that a 1% in-
crease in power generation will result in a 3.54% rise in the number of 
jobs created. The overall number of jobs in the base year was approxi-
mately 66 thousand, but that number is projected to rise to 963 thousand 
by 2030 and peaked at almost 2.05 million jobs by 2050. This implies 
that there is great potential for job creation if power generation is 
expanded to harness all the available energy sources in Nigeria including 
fossil fuels, renewable energy, and alternative energy. Even though this 
study only considered jobs that will be created from the construction and 
operation of power generation technologies, there is much more room 

for job creation if the manufacturing of parts for the power plants is 
considered together with decommissioning jobs. As a consequence of 
this, the potential for employment in Nigeria will increase significantly if 
these are included. The preceding information indicates that a shift in 
strategy toward the incorporation of renewable energy sources into the 
power generating process has the ability not only to industrialize the 
economy but also to bring down the extremely high unemployment rate 
that exists in the country. 

Fig. 6. Nigeria’s electricity supply projection from 2010 to 2050.  

Fig. 7. Nigeria’s CO2 emissions from power generation.  Fig. 8. Persons employed from PP construction and operation 2010–2050.  

Fig. 9. Fuel consumed for power generation.  
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4.2.4. Power generation fuel consumption 
As can be seen in Fig. 9, the total amount of fuel that was used for the 

production of electricity in the base year was 13,814 PJ. The fuel con-
sumption as projected from the base year increased and stabilized at 
34,074 PJ from 2035 until 2045 when consumption of fuel remained 
constant. The fuel consumed for power generation during the study 
period peaked at 37,694 PJ in 2050 which might be ascribed to the rapid 
integration of various sources of energy to satisfy the growing electricity 
demand. The amount of fuel used had increased by a staggering 146% 
between the years 2011 and 2035, and by 11% between 2035 and 2050. 
As highlighted earlier, there is an aggressive integration of energy 
sources throughout the power planning horizon, this is because of the 
growing electricity demand. As Nigeria is a developing nation factors 
such as industrialization, GDP growth, income growth, population 
growth, literacy, urbanization, etc., are driving factors for the increment 
of electricity demand [63]. 

4.2.5. Costs of implementing the power supply system 
Fig. 10 displays the costs of power generation throughout the plan-

ning period. These costs are comprised of constant O&M expenses, 
variable O&M costs, and capital costs. The results demonstrate a rising 
expansion of annual investments throughout the energy planning hori-
zon. The costs of generating in the base year are as follows: fixed O&M 
costs amount to 24.5 billion US$; variable O&M costs amount to 7.2 
billion US$; and capital costs total 900 million US$. The whole cost of 
producing electricity is projected to drop to roughly 27.1 billion US$ by 
the year 2050. The enormous expenditures made on new power pro-
duction facilities led to the power generation capital cost reaching its all- 
time high of 45 billion US$ in the year 2020. The rapid rise in capital 
costs can be attributed to the investments made in expanding hydro-
power large plants, incinerator power plants, and gas turbine conversion 
facilities. In 2020, the fixed costs reached their maximum level of 36 
billion US$. The cost of overall generating was at its highest in the year 
2030, coming in at 13.4 billion US$. This can be attributed to the 
decreased costs of operation, maintenance, and fuel that have resulted 
from the introduction of solar power generation plants and wind tur-
bines, as well as the expansion of hydropower plants and the construc-
tion of small hydropower plants and incinerator power plants, among 
other types of power plants. The significant decrease in the prices of 
producing electricity as a result of the widespread adoption of renew-
able energy technology is the most significant benefit that conventional 
energy sources do not offer in comparison to renewable energy sources. 
On the other hand, this does not necessarily imply that the initial capital 
investment required for renewable energy technology is less than that 
required for conventional technologies. It is important to make it clear 
that these costs are only associated with the energy system when they 
are considered in isolation, and that they do not represent the total net 
cost to the nation. When all opportunities are considered together, an 

energy system with a high proportion of renewable power will have the 
lowest overall cost. When viewed from an economic perspective, the 
total annual cost of an energy system that is 100% sustainable will, over 
time, be lower. During the transition period, there will be an increase in 
capital expenditures, but the cost of gasoline will continue to go down. 
This will result in energy independence as well as energy security for 
Nigeria given that the country’s energy system will mostly be based on 
local solar, hydro, biomass, and wind resources. 

4.3. Comparison of results and outlook 

In this part of the study, to obtain a more comprehensive under-
standing of power planning in Nigeria, relevant papers were compared 
with the findings of this study. An investigation was carried out to 
determine whether or not it is possible to run a power supply system 
entirely on renewable sources of energy in Nigeria. The findings of this 
study are consistent with the outcomes of the Renewable Energy Sce-
nario (REN) 1, including the amount of CO2 emissions, the number of 
jobs produced, and the power supply mix [111]. After reaching a peak of 
approximately 280 MtCO2 in 2040, the REN1 scenario’s CO2 emissions 
began a steady fall that eventually brought them to levels very close to 
zero. As a result of the fact that the REN1 scenario was built on the 
premise of reaching a power supply mix consisting of 100% renewable 
energy by the year 2050, fossil fuel power plants were fully eliminated 
from the power mix to accomplish this goal. On the other hand, the 
purpose of this study is to figure out how to get the best possible com-
bination of sources of power while minimizing wasteful spending and 
emissions of greenhouse gases and boosting employment opportunities. 
Therefore, fossil fuel power plants continued to be a part of the mix of 
power supplies, which is responsible for the rise in CO2 emissions from 
240 MtCO2 in the year 2040 to 266 MtCO2 by the year 2050, instead of 
decreasing to zero as predicted by the research that was compared. 

The LEAP energy modelling tool was utilized by Emodi et al. [70] to 
devise a low carbon emission energy development plan for Nigeria from 
the years 2010–2040. According to the research, the reference scenario 
predicts that the energy demand will rise to 3,075 PJ by 2040, with a 
corresponding increase in greenhouse gas emissions of 201.2 Mt CO2. In 
the GO scenario, more aggressive policy action by the Nigerian gov-
ernment would lead to a drop in both energy demand (2,249 PJ) and 
GHG emission (124.4 MtCO2) in the year 2040. The demand for energy 
and GHG emission substantially dropped by the year 2040 because of 
energy efficiency and conservation measures being implemented in the 
GO scenario. Emodi et al. [70] obtained that CO2 emissions will attain 
240 MtCO2 by the year 2040, which is obviously in line with our find-
ings. Because of the larger participation of fossil fuel plants in the energy 
mix throughout the planning era, the energy demand is significantly 
higher in this location. 

According to the results of the studies reviewed, Nigeria holds the 
potential to meet its energy needs and minimize its emissions of GHG by 
using energy sources that are available to the nation. As a consequence 
of this, it is necessary to work as swiftly as possible toward the goal of 
integrating all of these energy sources to form an optimal power supply 
mix. Most significantly, it was obtained that massive hydropower plants 
and solar PV will be the dominating technologies for power supply over 
the planned timeframe. As a consequence of this, the Federal Govern-
ment of Nigeria (FGN) has to position solar PV, which are also known as 
solar cells, at the core of its policies addressing the distribution of 
electricity. Within a short period, the FGN has to initiate policies and 
regulatory frameworks that can advance solar PV technologies as well as 
other RE technologies across the nation. Even if there have been some 
efforts made in this respect, such as the introduction of feed-in tariffs 
and the decrease of import duties on RE Technologies, the FGN has to 
establish new policies to speed up the distribution of RE Technologies 
across the country. A future goal policy ought to be the adoption of a RE 
portfolio standard. This standard ought to make it obligatory for all 
power producers and distributors, respectively, to create energy from Fig. 10. Power generation costs.  
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renewable sources and to acquire electricity from businesses that 
generate electricity using renewable sources. The nationwide shift to the 
use of renewable energy sources will be accelerated as a result of the 
execution of this initiative. The two recognized and most feasible RE 
Technologies (solar PV and hydropower large plants) are plagued by the 
variability of supply, and this will become a hindrance to the transition 
to total renewables if it is not addressed. As a result of this, technologies 
for the storage of power, such as batteries and pumped hydro, will be 
necessary to offer flexibility within the system and ensure that the 
quantity of energy demand is always equal to the amount that is 
supplied. 

5. Conclusion 

Energy accessibility and security as well as the mitigation of climate 
change at a cost that is affordable are the modern focal points of studies 
for economies that are still in the process of developing or underdevel-
opment all over the world. The three goals that were addressed in this 
research all have a significant connection to the use of renewable energy 
sources (minimization of costs, minimization of CO2 emissions, and 
maximization of jobs). In the course of this study, an effort was made to 
investigate the best possible power supply mix by utilizing the GAMS 
model. This was done to reduce costs and emissions and increase job 
opportunities. According to the findings, Nigeria would have the capa-
bility to generate 2,100 TWh of power by the year 2050. In addition, 
solar PV and hydropower large would account for the majority of 
Nigeria’s long-term energy mix during the period that was forecast. In 
addition, by the year 2050, the power supply mix will include the 
generation of electricity from solar thermal plants, incinerators, nuclear 
power plants, gas plants, combined plants, and diesel engines. It was 
found that the construction and operation of power generation plants 
will contribute around 2.05 million jobs to the economy by the year 
2050. These positions will be created over the next three decades. By the 
year 2050, CO2 emissions will have attained 266 MtCO2. The cost of 
producing electricity is projected to go down from its peak of 36 billion 
US dollars in 2030 to 27.1 billion US$ in 2050. It was found feasible to 
satisfy Nigeria’s ever-increasing demand for electricity by tapping into 
indigenous energy sources. It was also obtained from the results, that it 
is feasible for Nigeria’s economy to keep up with the nation’s growing 
demand for power despite the country’s relatively high power system 
costs. Although there are many advantages to a sustainable power 
supply system, an active and passionate governmental intervention 
would be necessary to propel the development of renewable energy 
technology in Nigeria. This is the case even though there are many 
benefits to such a system. To make renewable energy sources more 
competitive, it is necessary to remove the obstacles that are causing the 
slow transition to these sources. These obstacles include fossil fuel 
subsidies and grants, inadequate infrastructure, inadequate training of 
personnel, lack of public awareness, and so on. 

The lack of data and the significant assumptions that were formed in 
the course of this study were the two primary obstacles that stood in the 
way of significant progress being accomplished. The projection of future 
prices of natural gas, diesel, coal, and oil will be extremely difficult to 
get right because of the unpredictability of a variety of factors, such as 
fuel prices. The nations that make up the (Organization for Economic 
Co-operation and Development) OECD have contributed towards the 
development and operation of power plants in underdeveloped and 
developing economies. As a consequence of this, the results will not be 
precise, and one must use some degree of discretion while interpreting 
and analyzing the results. Despite this, it is felt that the findings provide 
an excellent basis for addressing the issues with Nigeria’s electricity 
supply and reducing the emissions of GHG’s. This research will be 
expanded in the future to include developing several scenarios and 
comparing the results of those scenarios, in addition to investigating 
several additional competing objectives for the optimization model. 
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How this study maps U4RIA goals 

The basic values of U4RIA, namely Ubuntu, retrievability, reus-
ability, repeatability, reconstructability, interoperability, and audit-
ability, were incorporated into this research. The Ubuntu concept was 
instilled via the collaboration of numerous partners. The demand for 
community engagement spanning indigenous societal members, 
academia, government agencies, business practitioners, medical experts, 
legal practitioners, and others in the identification and prioritization of 
driving factors for energy mix in power generation led to the creation 
and description of Ubuntu in U4RIA. Ubuntu is significantly linked in 
this study to the interactive synergy among people of various back-
grounds for the sake of achieving a cooperative goal. The simplicity with 
which sourced data and information that formed the primary motive for 
energy mix for sustainable power supply for Nigeria may be tracked was 
the subject of this research. This is expected to become increasingly 
essential as the push for decarbonization, green energy, and mixed 
renewable energy sources becomes completely entrenched as energy 
policy in various African and developing countries in the not-too-distant 
future. Links, websites, journals, conferences, webinars, videos, and 
audio sources of information have all been gathered and saved for 
convenient access. 

Reusability was considered in this study under two headings: 
reusability of resource materials and reusability of the documentation in 
the article, both of which are important for future energy policy in 
Nigeria. The resource materials’ reusability is enabled by their retriev-
ability, while the study paper’s reusability to lead the design of sus-
tainable green energy policy in emerging economies is facilitated by 
transparency in the documentation. The adaptability of the suggested 
paradigm reinforces U4RIA’s repeatability component. In this study, the 
term reconstructability was attained using the notion of systematic 
traceability for prospective improvement. The proposed multi-objective 
energy mix model incorporated this. To satisfy a given purpose, the 
model can be extended or reduced in all of its portions. System thinking 
was used to create interoperability. 
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