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Abstract  Original Research Article 

 

1 Introduction 

Power supply in most parts of the developing 

countries has been made possible by the 

public or national grids as well as the use of 

diesel generating plants (Van et al., 2010). It 

is also of utmost importance to note that the 

national grids alone in developing countries 

are not able to provide adequate and stable 

power supply, this is as a result of consistent 

shutdowns due to the lack of proper 

maintenance work, inadequate funding, and 

the lack of skilled personnel (Ukoba et al., 

2024), needed to perform the necessary 

Copyright © 2026 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 

4.0 International License (CC BY-NC 4.0). 

Reports have shown that almost all developing countries experience challenges in accessing efficient 

information and communication technology (ICT) infrastructures in their localities, with the main reason being 

inadequate power supply needed to power the facilities. In this research, we will look into the different sources 

of non-conventional/renewable energy supply that can be used to power up ICT infrastructures, promoting 

sustainability, and we will base our findings on three developing countries (Nigeria, Kenya, and India). 

While making use of a mixed methodology for the review process, as it gives us a complete understanding of 

the different aspects, involving the case studies, technical papers on both the technicalities, financial 

implications, social and environmental effects of using non-conventional sources of energy to power ICT 

infrastructures. Studies also show that deploying alternative sources of energy will considerably lower service 

providers’ overhead costs over time, improve equipment running time online at different base stations, and 

reduce the environmental effects that the use of diesel-generating plants can cause. Deployment of renewable 

energy can boost digital literacy and the usage of digital communications services in rural areas, as it opens up 

access to education, gender equality, financial sector growth, and goes as far as bridging the rural-to-urban 

digital divide. Though there are several benefits in using renewable energy, there are also challenges that 

hamper its operations. This paper encourages the use of sustainable energy to power up ICT infrastructures 

globally and especially in developing countries, which can bring about digital inclusion. 

Keywords: non-conventional energy, renewable energy, developing economies, telecommunication 

infrastructure, power supply, rural areas. 

https://isapublisher.com/isajet/


ISA Journal of Engineering and Technology (ISAJET) | ISSN: 3049-1843 | Volume 3 | Issue 2 | 2026 

 ISA Journal of Engineering and Technology (ISAJET) | Published by ISA Publisher  45 

 

maintenance work whenever the need arises. 

Most rural areas do not even have electricity 

infrastructures deployed in their localities 

(Lozano et al., 2021), not to mention their 

usage. Due to the unavailability of stable 

power supply, some of the ICT infrastructure 

service providers have now resorted to self-

help by using both renewable energy and 

diesel-powered generating plants, which are 

quite expensive to own and keep, (Sanni et 

al., 2021); (Kaygusuz, K., 2012); (Oyedepo,S., 

2014) together with the vast amount of carbon 

emissions that are being released to the 

environment daily. With the problems above 

being experienced in the developing 

countries, the traditional means of providing 

power supply to ICT infrastructures can no 

longer be relied upon (Hu et al., 2022). 

In the same way, there are global and 

environmental problems that arise (climate 

change, pollution) whenever one uses the 

diesel-powered generating plants 

(Woldegiyorgis et al., 2025);  (Al Rashdi et al., 

2024). Since the diesel plants uses fossil 

fuels to run the plants, it should also be noted 

that the vast availability of the used fossil 

fuels are gradually being exhausted, (Shafiee 

et al., 2009); (Kumar et al., 2010) which is 

troubling and therefore making people and 

organizations to look at sustainable energy 

system that can be decentralized, and 

environmentally friendly energy solutions 

(Alanne et al., 2006). This makes it very 

important to provide ICT facilities with 

different sources of energy. 

The non-conventional/alternative 

sources of energy covering wind, solar and 

the hybrid system are natural, and readily 

available to use if well configured with 

necessary capacity to provide flexible, clean 

and affordable power supply, (Strielkowski et 

al., 2021) for ICT infrastructures to areas with 

inadequate power supply to meet up with the 

United Nations Sustainable Development 

Goals (SDGs), in the form of SDG 7 

representing (Affordable and Clean 

Energy), SDG 9 representing (Industry, 

Innovation, and Infrastructure), and SDG 

13 representing (Climate Action), (Dinneya-

Onuoha, E., 2025); (Tigu et al., 2024); 

(Amoros et al., (2023). 

There have been initiatives in some 

developing countries to provide ICT 

infrastructures that rely on these non-

conventional energy as their primary source for 

providing power supply (Strielkowski et al., 

2021); (Farooq et al., 2016), and to enable the 

delivery of efficient services to the affected 

localities, (Singh et al,.2023). For instance, in 

Kenya, Mawingu Networks is providing 

electricity using solar Photovoltaic cells for 

their Wi-Fi services deployment in the affected 

community, (1 world, 2020). In India, the 

green towers project is replacing several 

mobile towers with a hybrid of solar and 

diesel-supplied generating plants as a 

means of power supply, (Deveela et al., 

2024); (Kaur et al., 2019). And in Nigeria, 

there is a gradual shift by service operators 

to use different ways to power up their 

network stations (Ohanu et al., 2024), while 

making use of a combination of solar and 

battery management system to reduce their 

operational cost and provide stable power to 

their facilities, (Owebor et al., 2021); 

(Alotaibi et al., 2020), together with diesel 

generating plants which will serve the purpose 

of recharging the batteries during bad weather 

conditions and at night (Zegueur et al., 2023); 

(Trevizan et al., 2021); (Marqusee et al., 2021). 

Even with the enormous benefits 

associated with the use of renewable means of 

power supply, there still exist considerable 

challenges that can hamper the full 

deployment of this innovation (Bertheau et al. 

2020); (Ma, Z., 2025). Issues like the initial 

installation cost and training are usually 

costly and demanding for some organizations 

to handle (Bertheau et al. 2020). Issues of 

proper policies regarding the regulation and 

implementation of renewable energy, as there 

affect the ICT sector, need to be sorted out 

without delay as well (Ma, Z., 2025). 

This paper will be looking at the different 
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case scenario that hampers the installation of 

efficient ICT infrastructures in rural areas, 

as we base our facts on the different sources 

of energy supply in some selected developing 

countries. We will also assess the different 

deployment cases, energy cost dynamics, 

environmental benefits, and technological 

patterns. Finally, the paper will give a general 

recommendation on the importance of non-

conventional energy to an organization’s 

daily operations to improve sustainability, 

accessibility, and resilience of ICT 

infrastructures. 

 

1.1 Research Problem 

In what way can non-conventional sources of 

energy be deployed to ensure sufficient 

power supply to the ICT infrastructure, 

which can promote sustainability together 

with digital inclusion in the developing 

countries? 

 

1.2 Objectives of the Paper 

– To realize how vital non-conventional energy 

is as a source of power supply for the 

developing countries. 

– To have a complete assessment of the 

economic, environmental, and social impacts 

of having ICT infrastructures being powered 

by non-conventional sources of energy. 

– To find out the main factors (technological, 

financial, and policy) acting as obstructions to 

the use of ICT infrastructures which are 

powered by alternative sources of energy. 

– To be able to suggest to government agencies, 

investors, and service providers on how to 

reach sustainable ICT solutions. 

 

2 Methodology 

This paper makes use of a mixed 

methodology to gather and analyze data from 

several literature to assess the installations, 

effectiveness, as well as the effects of using 

different sources of non-conventional energy 

to power up ICT infrastructures in the rural 

areas, (Cao et al., 2021); (Tellarini et al., 

2024). The methodology is to show a 

complete knowledge of the used renewable 

energy sources needed for ICT 

infrastructures in areas of their technical 

feasibility, economic sustainability, social 

impacts, as well as the respective 

governmental policies towards their 

deployment (Zahid et al., 2025). The research 

work is aligned with the interpretive case 

study research, (Walsham, G., 1995)., as a way 

in which information is obtained that meets 

the standards of systems and infrastructural 

studies. 

 

2.1 Research Design 

This paperwork is based on a comparative 

case study approach (Heeks, R., 2008), that 

involves three countries (Kenya, Nigeria, and 

India), all being termed as developing 

economies. The countries have been selected 

as a result of their involvement with non-

conventional energy and its support for ICT 

infrastructure, the design gives a detailed 

analysis of the actual use of these services, 

and enables a transverse study differentiation. 

 

Below are the main design factors used for 

this research work: 

 

– Investigative: To select the different kinds of 

non-conventional sources of energy that can 

be used for ICT infrastructures. 

– Illustrative: To find out how the systems 

operate, the cost implications, as well as the 

advantages of using this system. 

– Critical: To access both the socio-economic 

as well as the environmental results obtained 

in the case of using non-conventional sources 

of energy to provide power to ICT 

infrastructures. 
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2.2 Study Area and Case Selection 

This research paper has picked out three 

developing countries as a case study based on 

the following reasons: 

– Continuous power supply challenges, 

(Magazzino et al., 2023) 

– The availability and usage of ICT 

infrastructures whose power supply is from 

non-conventional energy, (Paul et al., 

2012); (Baffour et al., 2025) 

– Customization of technological installations, 

strategy of implementation, as well as 

geographical locations according to available 

needs (Ordonez et al., 2023) 

 

The countries selected are: 

– Kenya (East Africa): For the usage of solar 

photovoltaic cells to provide power to their 

mobile towers and Wi-Fi networks. 

– India (South Asia): For their ability to use 

the hybrid system (combination of photo 

voltaic cells and diesel used generating 

plants) to power the rural areas. 

– Nigeria (West Africa): The usage of solar 

photovoltaic (PV) mini grids to provide a 

stable power supply to support the different 

telecommunication facilities. 

The research will study to understand 

different implemented cases from the 

mentioned countries for adequate assessment, 

as well as the use of data from existing studies 

(stakeholder access and other kinds of 

energy ICT prototypes). 

 

2.3 Data Collection Methods 

The data collected are obtained from existing 

literature, based on the following details: 

 

– The different operational methods together 

with sustainability reports 

– Different peer reviewed databases and 

journal articles (IEEE, Scopus, MDPI, 

Elsevier, Google Scholar, Web of Science 

etc.) 

– Different governmental policies from the 

cited articles 

– Selected case studies on the subject matter 

– Reports from non-governmental 

organizations, as well as the World Bank 

– White and technical papers, as well as 

reports on the energy and ICT sectors in the 

cited countries. 

 

The above-mentioned gives resounding 

knowledge, with adequate background that is 

related to the operations of the study 

research area. 

 

2.4 Data Analysis 

To analyze the data in this research work, 

different data were collected and processed 

according to the following format: 

 

– Thematic Coding: The research have made 

use of the NVivo application with support for 

the identification and separation of multiple 

information that may appear along the line, 

used to provide a code case study data and 

employ a qualitative methodology, (Allsop et 

al., 2022) 

– Cross Case Analysis: An organized pattern 

was made to assess different product analysis, 

(Mathess et al., 2020) based on the three 

country’s technological setups, economic 

implications, different governmental policies 

according to the different countries, as well as 

the socio-economic effects on the people. 

– Cost and Sustainability Assessment: 

Reviews based on quantitative data, the 

research made an in-depth analysis of the 

potential cost implications between the 

alternative sources of energy to the fossil-

fuel power supplied ICT infrastructure 
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(Olabi et al., 2023), as we use phrases like 

CapEx, OpEx, and environmental effects like 

the emissions which may have been released to 

the environment. 

 

2.5 Validation and Reliability 

In an effort to achieve validity together with 

reliability of the work, this research made use 

of a data triangulation process, which involves 

getting materials from a number of different 

trusted sources, to make sure that the results are 

validated, (Bans-Akutey et al., 2021). Results 

were also obtained from peer review feedback 

data that has been obtained from different 

categories of professionals in order to validate 

the results (Steer et al., 2021). 

 

2.6 Limitations 

The following are the limitations with the 

research work: 

– Since the research is based on just three 

countries, it means the study’s focus is 

literally around the mentioned countries 

without being generalized among all the 

developing countries, even though the 

circumstances are usually the same across all 

developing countries. 

– Since this work is primarily a qualitative 

review, the referenced information has been 

based on previous literature and reports 

without having any direct contact with 

infrastructure operators. 

– As the mentioned countries are sovereign 

nations, the research understands that their 

government policies are different and may 

have effects on the comparability section, 

except when international standards are used. 

Though we have mentioned some 

limitations, they can actually be ignored 

because most developing economies have 

similar challenges (Muhihi et al., 2022). The 

data obtained states the different ways in 

which the alternative sources of energy can 

provide needed support in terms of power 

supply for ICT infrastructure. 

 

3 Results 

The results here are based on literature review 

and case study findings covering the three 

listed countries (Kenya, India, and Nigeria). 

These findings indicate using non-

conventional sources of energy in powering up 

communities with installed ICT 

infrastructures. The gotten results are placed 

into five different categories, namely: 

technical performance, energy system 

performance, economic viability, 

environmental and societal effects, related 

policies (Ferreira et al., 2023). 

 

i. Technical Performance 

Data from previous literature as presented 

in this paper shows that the non-conventional 

energy sources can power up ICT 

infrastructures the same way as the regular 

sources of power supply do, (Saba et al., 

2024), whenever and at any time there have 

been deployed, especially in areas with 

unstable or unreliable power supply, as seen 

in table 1. which shows the technical 

performances of alternative sources of energy 

according to average time online, energy 

reliability and flexibility in the mentioned 

countries. However, for this to be possible, 

there must be a systemic transformation of 

how the alternative power supply is 

generated, stored, and used (Worku, M., 

2022).; (Li et al., 2020); (Adeyinka et al., 

2024). The results show the following: 

 

– Online Time Enhancement: Non-

conventional sources of energy (Solar) 

powers ICT infrastructure installation in 

Nigeria if well installed can achieve up to 

about 92% of online time with the use of 

batteries as storage system (Dowling et al. 

2020); (Paudel et el., 2011), which is against 
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the about <85% in diesel generating plants 

power supply alone in the stations. As 

different factors like exhausted diesel supply, 

technical problems may arise that will cause 

the plant to shut down (Marqusee et al., 2020); 

(Trevizan et al, 2021). 

 

– Energy Reliability: In rural Kenya, non-

conventional sources of energy are being 

used to form micro grids, the systems can 

provide an estimate of up to 10 hrs. of stable 

power supply (Day et al. 2019); (Mulumba et 

al., 2023) irrespective of the prevailing 

weather condition, but with a battery storage 

support. 

– Flexibility: While in rural India, as a result of 

the flexibility, a movable alternative source of 

energy (solar system) gives room for 

modifications at different stages for custom 

use (Debnath et al., 2022); (Garg et al., 2021), 

making it possible to enhance the operational 

ability to cover more points as deemed fit in 

each period of time.

 

 

 

Table 1. Technical Performance of Alternative Energy Deployments 

 

Count

ry 

Type of 

System Used 

Avera

ge 

Online 

Time 

Energy  

Reliability 

/ Battery 

Support 

System 

Flexibility Referen

ce 

Nigeria Joint usage of 

Solar and 

Diesel 

generating plants 

for ICT 

Infrastructure 

22hours 

(91.66

%) 

Diesel powered 

generators 

readily available 

to provide 

backup 

System is 

configured for 

automatic 

changeover in the 

event of failure 

from 

one system 

(Dowling 

2 et al. 

2020); 

(Paudel 

et el., 

2011), 

Kenya Solar system 

deployed as 

Microgrid to 

serve ICT 

infrastructure 

12hours 

(50%) 

Use of effective 

battery 

system to 

support the ICT 

hubs for up to 4 

hours 

Ability to supply 

power 

even in bad 

weather conditions 

(Day et 

al. 2019); 

(Dowling 

2 et al. 

2020); 

 

India Solar with 

Battery & 

Router system 

14hours 

(58.33

%) 

6 hours backup 

plan 

with batteries 

Room  for  

system  up- 

grade to support 

more 

terminals 

(Debnath 

et al., 

2022);(G

arg et al., 

2021) 
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Fig. 1. Average Online Time Comparisons 

Brief: The figure 1, shows that Nigeria leads with 22 hours (91.66%), followed by India with 14 hours 

(58.33%), and Kenya with 12 ((50%) hours as the research unfolds.
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ii. Energy System Performance 

Previous research to date has demonstrated 

that non-conventional energy sources can also 

be used to supply power to different country’s 

use, for industrial use in a variety of ways and 

at different times (Saba et al., 2024), thereby 

enabling rural electrification as being possible 

with diesel-powered systems. Examples in 

table 2 demonstrate that alternative sources of 

energy system performance, power supply 

time in hours, possible duration when the 

deployed system can shut down, as well as 

energy cost reduction. 

– In Nigeria, the hybrid system, which combines 

both the installed diesel generating power 

plants with a solar system, can function well by 

providing the needed power supply to ICT 

infrastructures at all times, keeping the stations 

running without disruptions (Agbo et al., 

2021); (Akangbe et al., 2025) 

– In Kenya, the installed solar photovoltaic cells 

coming in the form of micro grids have been 

providing the required power supply (Patel et 

al., 2019) to their installed ICT infrastructures, 

which amount to about 50% of the time taken 

for the equipment to stay online. Taking a 

critical look at it, you observe a good way of 

reducing the cost of purchasing diesel for the 

sites, as well as reducing unforeseen problems 

that can come up as a result of logistics. 

– In India, deployment of both wind and solar to 

the needed areas is  able to provide stable 

and needed power supply to the ICT 

infrastructures, irrespective of the time and 

weather conditions, as both are used 

interchangeably, (Kumar et al. 2010)

–  

 

Table 2. Energy System Performance 

 

Coun

try 

Type of System 

Used 

Daily 

Power 

Supply 

(hrs) 

System 

Offline 

Time (per 

month) 

Energy Cost  

Reduction 

Referen

ce 

Nigeri

a 

Joint usage of 

Solar and 

Diesel powered 

plants 

23 <1 hour 95.8% 

(depending on 

usage needs) 

(Akangb

e et al., 

2025);(

Agbo et 

al., 

2021). 

Kenya Photo voltaic 

solar cells 

22.5 3 hours 93.7% (Wagner 

et al., 

2021); 

(Ogweno 

et al., 

2024); 

[13] 

India Solar+wind+diesel  

com- 

bination 

23.5 2 hours 97.9% (Patel et 

al., 

2019);( 

Naikodi, 

A., 

2010).; 

[19]; [93] 
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Brief: The figure 2 shows a comparative analysis of daily power supply as 

well as energy cost reduction between Nigeria, Kenya, and India. 

 

 
 

Fig. 2. Energy Cost Reduction 

 

 

iii. Economic Viability and Cost Issue 

Studies also show that renewable sources of 

energy usually have a very high cost of initial 

deployment and operational cost (Hassan et al., 

2023); (Owen, A., 2006), but over a long period 

of time, the benefits associated with non-

conventional energy deployment will cover up 

the initial cost of deployment as represented in 

illustration in table 3. 

– Capital Expenditure (CapEx): It is said 

that initial deployments for renewable energy 

cost take up to about 10-20% if not more of the 

initial cost than that of the diesel generating 

plants, (Baurzhan, S., 2017) 

– Operational Expenditure (OpEx): Studies 

also show that the diesel needed for the power 

generating plants, as well as the cost for 

maintenance, are significantly brought down 

to the region of about 70%, which will yield a  

return on investment (ROI) within a time 

frame range of about 3-6 years, (Hassan et al., 

2023), but able to deliver sustained net 

positive returns beyond the mentioned time 

frame. 

– Cost per User: Most times, u s i n g  n o n -

c o n v e n t i o n a l  e n e r g y  sources i s  

c a p a b l e  o f  lowering operational cost for 

installed service centers, (Gradzuik et al., 

2022); (Uddin et al., 2025); (Farooq et al., 

2016), and thus makes room for additional 

revenue to the operators, which in turn will 

have a positive effect on the clients by the 

reduction of service charges. And in India, there 

have been cases of reduced cost of internet 

services to the affected areas to about <45%, in 

a period of about 2 years, due to an efficient and 

stable power supply (Sugiarti, S., 2004).

 

 

Table 3. Economic Viability and Cost 

 

Benchmark Solar Photo- 

Voltaic 

System 

Diesel 

Generating 

Plant 

Difference Reference 

Initial cost of 

deployment 

(CapEx) per site 

$15,000–$18,000 $12,000–

$15,000 

+10–20% for 

solar system 

(Baurzhan, 

S., 2017); 

(Hassan et 
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al., 2023) 

Operational cost 

(OpEx) per 

month 

$80–$120 $250–$350 –70% for solar 

system 

(Oviroh et 

al., 

2018);(Ame

r et al., 

2024) 

Approximated 

cost per user 

$5.50 $10.00 –45% per user (Uganda, E., 

2013); (Ha. 

K., 2025) 

ROI waiting 

time 

3–6 years >4 years Faster payback  

with diesel 

generating 

plants, but high 

cost of operations 

overtime make 

them 

uneconomical 

(Olatomiwa 

et al., 2015);

 (Sch

warz et al., 

2022) 

 

 

 

Brief: The figure 3 shows that diesel generating 

plans take an average of 2–4 years to achieve 

ROI, because of the low initial purchase cost, 

but their high operating, maintenance and fuel costs 

make them uneconomical after 5–7 years compared 

to renewable systems. While the renewable systems 

take a longer time of 5-8 years to achieve ROI due 

to the initial purchase cost. However, it can deliver 

sustained net positive returns beyond that period.

 

 

 

 

Fig. 3. ROI Waiting Time 

 

 

iv. Environmental and Societal Effects 

Using nn-conventional/renewable energy 

sources to power up ICT infrastructures has 

unquantifiable environmental and social 

benefits for the people (Paul et al., 2012), as 

seen in table 4, which shows both the level of 

CO2 reduction, growth of digital literacy, 

percentage of women subscription, and the 

types of jobs generated in the industry. 
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– Carbon Emissions Reduction: According 

to the Nigerian government, using more of 

non-conventional energy will positively 

impact the country with about 12 metric tons 

of CO2 being reduced per year from the use 

of diesel power plants (Okafor et al., 2025), 

with a further plan to bring to a reduction of 

up to 47% of green-house emission by the 

year 2030 (Ogunrinde et al., 2018). 

– Educational Outcomes: While the case in 

Kenya shows that the deployment of 

renewable energy to sites with power 

challenges has resulted in more educational 

institutions having internet access, thereby 

observing an increase of about 29% in the 

level of internet usage (Moner-Girona et al., 

2025) which can boost digital literacy just for 

the initial year of deployment alone. 

– Gender Inclusion: In India, about 33-34% of 

those using the deployed services are said to 

be women and the girl child of the 

communities (Samad et al., 2019). Their 

reasons for the subscription are due to their 

ability to gain internet access from their 

homes, which increases their security and 

gives them services whenever needed.

 

 

 

 

Table 4. Environmental and Social Effects 

 

Coun

try 

Level of 

CO2 

Reducti

on per 

year 

Level of 

Digital 

Literacy 

obtained 

Percentage 

of Women 

Subscriber

s (%) 

Impact on 

Women 

Education/J

obs 

Type of 

Jobs 

Generated 

Referen

ce 

Nigeria ±12 55 % 38 Reduces time 

spent on 

household 

chores thereby 

making 

available 

additional time 

to study and 

perform income 

giving 

activities, 

availability of 

adequate power 

supply to study 

Field service 

agents / 

technicians 

(Moner-

Girona et 

al., 

2025); 

(Ogunrin

de et al., 

2018).; 

(Zegueur 

et al.,  

2023) 

 

Kenya ±9 +30% 

(school 

survey) 

48 Improves 

quality time of 

study at home, 

increases 

academic 

completion rate, 

simulation of 

local medium 

scale enterprises 

Solar system   

deployment 

technician & 

ICT 

educators 

(Moner-

Girona et 

al., 

2025);(R

otich et 

al., 2024); 

(Koima, 

J., 2024). 
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India ±10 +22% 

(after 6 

months) 

33-34 Improves 

evening study 

time, 

empowerment 
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deployment 

personnel 

(Dey et 

al., 2022); 

(Samad et 

al., 2019) 

 

 

 
 

Fig. 4. C02 Reduction 

 

 

Brief: This figure 4 shows the level of C02 reduction, digital literacy percentage, as well as women’s 

subscription percentage in the referenced countries (Nigeria, Kenya, and India). 

 

 

V. Related Policies 

Reviews obtained as a result of these studies shows that all the mentioned countries have their policies and patterns 

to regulate alternative energy deployment to suite their respective needs, in the table 5 we see the different levels 

on how the mentioned countries have their policies on the subject matter, technical skills and the challenges there 

faced.
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Table 5. Main Challenges in Deploying Alternative Energy for ICT Systems in Developing 

Economies 

 

Hurdles Nigeria Kenya India Reference 

Policy / Regulatory 

Gaps 
✓✓ ✓ ✓ (Nwozor et al., 

2021);( 

Gordon, E., 

2018);(Behera 

et al., 2024) 

Technical Skills 

Shortage 
✓ ✓✓ ✓ (Somoye, O., 

2023); (Osok, 

F., 2010) 

Challenges to 

Accessing Fi- 

nances 

✓✓✓ ✓✓ ✓✓ (Isah et al., 

2023);(Ceden

o et al., 

2024) 

 

Description: ✓ = level: low: ✓ ✓ = level: medium; ✓ ✓ ✓ = level: high 

 

 

– Nigeria: It was observed that the country 

faces problems related to non-conventional 

energy deployment due to the different ICT 

energy-oriented guidelines, together with 

contradictory ways of operation by the 

different agencies and ministries, (Nwozor et 

al., 2021); 

– Kenya: The government has been quite 

supportive with friendly alternative energy 

supply policies, encouraging alternative 

energy-efficient best practices, regularizing 

the pattern of energy consumption, and 

setting up policies that are compatible with 

the other areas in the country to aid adequate 

financing in the rural areas, (Vir, S., 2023); 

(Rotich et al., 2024) 

– India: The country has a huge amount of 

experience regarding non-conventional 

sources of energy, as there are several people 

residing in the rural areas already connected. 

This has created the need to provide 

alternative sources of energy in bits 

according to the local communities in a 

decentralized system, (Kaundinya et al., 

2009). However, issues arising from 

difficulties in obtaining licenses (stringent 

conditions, longer processing time, lack of 

clarity and awareness) are derailing the 

procedures for setting up community 

networks (Srivastava, R., 2017); 

(Streimikiene et al., 2021). 

Irrespective of the challenges faced by the 

different operators or intending investors, there 

has been some progressive interest from 

various state governments in making use of 

non-conventional energy to power up their 

rural areas. 

 

4 Discussion 

The above results from these three 

developing countries (Nigeria, Kenya, and 

India) indicate the capacity of renewable 

energies to provide the needed power supply 

to ICT infrastructures, as the developing 

countries do experience massive power 

outages intermittently. The section below 

discusses the findings of the results 

obtained, covering the technical, economic, 

environmental, and social effects of using 

alternative sources of energy to generate 

electricity to obtain ICT sustainability. 
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4.1 Technical and System Performance 

The results obtained so far have proven that 

with non-conventional sources of energy, 

ICT infrastructures can get the needed 

amount of power that meets the required 

supply for their facilities in the rural areas 

(Saba et al., 2024). It also shows that the 

online time of equipment can reach up to 

90% reliability of the normal diesel 

generating plants. This can be possible with 

a professionally done setup together with a 

battery storage system. 

It has also clarified the initial notion that 

non-conventional sources of energy are 

erratic, and unlikely to power up heavy 

equipment or infrastructures that have a high 

power consumption rate. It has also proved 

related works on renewable energy (Deevela 

et al.,); (Falcone, P., 2023)., who are pushing 

for more use of non-conventional sources of 

energy to power up telecommunication 

infrastructures, especially in developing 

countries. 

 

4.2 Economic Viability 

The financial analysis have shown that the 

upfront cost of deploying a non-conventional 

energy system is quite high, (Pokubo, 

D.,2021), as compared to the diesel 

generating plants, but over a duration of time, 

it will be observed that the non-conventional 

sources of energy save cost, reduce 

operational and maintenance costs as 

experienced with the diesel plants within a 

short period of time. 

Research also show that 

telecommunication operators can generate 

additional revenue in rural areas, which is 

corresponded with findings, (Phillipp, C., 

2025) that say alternative sources of energy 

can increase or open up access to the rural 

economies, (Ramakumar et al., 2007). 

This also raises the need to promote 

financing patterns as: 

– Result-based incentives. 

– Pay-as-you-go solar system renting. 

– The coordination of the public and private 

entities to package generated energy and 

provide connectivity services. 

 

4.3 Environmental Effects 

With the use of non-conventional energy to 

power up ICT infrastructures (Babak et al., 

2024), it will reduce both the need for service 

providers to constantly purchase and 

maintain diesel generating plants as well as 

the reduction of carbon emissions that would 

have been released to the environment, 

(Strielkowski et al., 2021). Thereby 

encouraging energy usage shift as well as the 

decrease in climate change repercussions. 

The presented facts should serve as an 

encouragement towards the use of non-

conventional energy and guide towards 

worldwide energy shift (Gielen et al., 2019). 

 

4.4 Social Effects 

Aside from the more obvious technical and 

financial implications of non-conventional 

energy deployments, the research has also 

been able to prove in detail the social effects 

of having non-conventional energy installed 

in rural areas just for the provision of power 

supply to ICT infrastructure. It has made it 

possible for the rural residents to 

communicate with each other and the outside 

world, created opportunities for local farmers 

to market, sell their goods, and remain 

updated with the world agricultural 

developments and other global updates 

(Ukoba et al., 2024), It has improved access 

to the e-health system, increased access to 

online education, and many more, thereby 

bridging the rural to urban divide. 

The findings also suggest gender-sensitive 

benefits: women and girls gained improved 

access to digital platforms and skills 

development through community ICT hubs. 

This aligns with SDG 5 (Gender Equality) 

and SDG 9 (Industry, Innovation, and 

Infrastructure), (Dinneya-Onuoha, E., 2025); 

(Amoros et al., 2023), which shows that 

technology infrastructure can simultaneously 

serve as a tool for social empowerment and 
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economic inclusion when energy constraints 

are addressed. 

Above all, the reviews have shown how 

women and the girl child are benefiting from 

the ICT centers around the rural 

communities, as they can learn different 

skills, get access to unlimited information 

online that will bring about their 

development. This shows that technological 

infrastructures have the capacity of being 

used as an instrument to bring about social 

endorsement and economic growth in the 

rural areas. 

 

4.5 Related Policies 

As the technical, financial, and transition to 

non-conventional energy take stage, it should 

also be noted that well-balanced government 

action plans are needed to sustain industry 

productivity (Smirnova et al., 2021). It is also 

observed that the relevant policies on 

renewable energy have not been up to the 

international standard in most of the 

developing countries (Kishore et al., 2025). 

From the listed countries, the research has 

seen that Kenya plays a more leading role in 

encouraging the usage of non-conventional 

energy to those in the rural areas, the support 

for general ICT access. For Nigeria, there 

have always been challenges as a result of 

complicated regulations that tend to drive 

away private operators, and for India, the 

difficult nature of the system required for 

obtaining an operations license has made it 

difficult for efficient and smooth operations 

for rural network deployment. 

 

Policy solutions by the respective 

governments are: 

– Synchronized non-conventional energy and 

ICT policies with international standards 

(Smirnova et al., 2021). 

– Provision of enabling environments, 

especially for private investors to thrive in 

their businesses, and also reduce or eliminate 

bottlenecks by government 

agencies/ministries (Ogunrinde et al., 2018); 

(Abdmouleh et al., 2015). 

 

 

– The encouragement of the residents to create 

designs and prototypes that will enable them 

to own facilities as a form of cooperative and 

to serve as centers for ICT-related trainings, 

(Radtke et al., 2024). 

 

4.6 Challenges and Risks Associated 

with Non-conventional Energy 

Deployment 

Non-conventional sources of energy are 

good and of great importance to especially 

rural residents regarding their ICT 

infrastructural needs, but they also have the 

following challenges or risks associated with 

the deployment: 

– Irregularity and unstable solar or wind 

generation due to either bad weather, lack of 

sunlight, or the lack of adequate wind can 

derail reliability if there is not enough battery 

storage system (Ahmed et al., 2024). 

– A main challenge from the installation of non-

conventional energy is the upfront 

deployment cost, which is discouraging, 

particularly to local entrepreneurs if there 

are no government incentives to support 

them (Qadir et al., 2021). 

– The issue of technical know-how is also of 

utmost importance as it is not readily 

available in the rural areas for efficient 

operations of the system (Streimikiene et 

al., 2021). 

– Another recurring challenge in the rural areas 

is the issue of battery discarding and the 

handling of electronic waste (Udendhran et 

al., 2025); (Olaniyan et al., 2024). This can 

become a big problem to the environment if 

adequate measures are not put in place to 

remedy the situation (Olaniyan et al., 2024). 

The mentioned challenges have shown 

how important it is to have an efficient 

management system designed for proper 

deployment at all times that can adequately 

cover up the non-conventional energy 

generation, adequate energy management, a 
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well-planned discarding system, and a 

longer-term maintenance plan. 

 

5 Conclusion 

Non-conventional energy isn’t just an 

alternative source of energy, rather it’s a 

practical and sustainable way to power the 

technologies that connect people and local 

communities. By using solar, wind, and 

other clean energy sources to run ICT 

infrastructure, rural areas can access vital 

services such as e-health, online learning, 

e-governance, and digital finance. These 

opportunities enables the reduction of the 

digital divide and open doors to education, 

innovation, and economic participation and 

most importantly aid with attaining 

Sustainable Development Goals (SDGs), 

namely SDG 5 detailing (Gender 

Equality), SDG 7 detailing (Affordable 

and Clean Energy), then SDG 9 detailing 

(Industry, Innovation, and Infrastructure), 

and SDG 13 (Climate Action) in the 

affected areas. 

Beyond powering devices, non-

conventional energy can transform lives. It 

offers a steady electricity supply where none 

existed before, supports local businesses, 

creates jobs, and empowers women 

advancing key global goals like gender 

equality, clean energy access, innovation, 

and climate action. 

Yet, challenges remain: high setup costs, 

a shortage of skilled technicians, and 

fragmented policies still limit large-scale 

progress. To move forward, we need stronger 

collaboration between governments, educators, 

investors, and communities to build skills, 

reduce costs, and design fair, inclusive 

energy systems. Non-conventional energy 

should no longer be seen as a backup plan, 

but as the basics for a well-connected, equal, 

and sustainable future. 

 

5.1 Recommendations 

Deployment of non-conventional energy 

should be based on  

these factors: 

– Internationally aligned policies that 

encourage the decentralization of power 

generation and distribution by anyone with 

the necessary license, technical ability, and 

finances 

– The respective governments of the listed 

countries should bring up policies that 

support subsidies for prospective investors. 

– Needed training facilities to develop the ICT-

related skills of those in the rural areas 

 

References 

 

Van Kooten, G. C., & Wong, L. (2010). Economics 

of wind power when national grids are 

unreliable. Energy Policy, 38(4), 1991-1998. 

 

Ukoba, K., Yoro, K. O., Eterigho-Ikelegbe, O., 

Ibegbulam, C., & Jen, T. C. (2024). Adaptation of 

solar energy in the Global South: Prospects, 

challenges and opportunities. Heliyon, 10(7). 

 

Lozano, L., & Taboada, E. B. (2021). Elucidating the 

challenges and risks of rural island electrification 

from the end-users’ perspective: A case study in the 

Philippines. Energy Policy, 150, 112143. 

 

Sanni, S. O., Oricha, J. Y., Oyewole, T. O., & 

Bawonda, F. I. (2021). Analysis of backup power 

supply for unreliable grid using hybrid solar 

PV/diesel/biogas system. Energy, 227, 120506. 

 

Kaygusuz, K. (2012). Energy for sustainable 

development: A case of developing 

countries. Renewable and sustainable energy 

reviews, 16(2), 1116-1126. 

 

Oyedepo, S. O. (2014). Towards achieving energy 

for sustainable development in Nigeria. Renewable 

and sustainable energy reviews, 34, 255-272. 

 

Hu, J.L., Chen, Y.C., Yang, Y.P. (2022). 

The development and issues of energy-ict: A 

review of literature with economic and 

managerial view- points. Energies 15(2), 594. 

 



ISA Journal of Engineering and Technology (ISAJET) | ISSN: 3049-1843 | Volume 3 | Issue 2 | 2026 

 ISA Journal of Engineering and Technology (ISAJET) | Published by ISA Publisher  60 

 

Woldegiyorgis, T. A., Li, H. X., Admassu, F. C., 

Gezahegne, M., Kebede, A., Abera, T., ... & Asmare, 

E. (2025). Assessment of a Hybrid Energy System 

for Reliable and Sustainable Power Supply to Boru 

Meda Hospital in Ethiopia. arXiv preprint 

arXiv:2512.22859. 

Al Rashdi, Z., Barghash, H., Al Habsi, F., & Okedu, 

K. E. (2024). Environmental impact assessment of 

different power generation strategies in Oman: A 

comparative life-cycle analysis. Heliyon, 10(18). 

 

Shafiee, S., & Topal, E. (2009). When will fossil fuel 

reserves be diminished?. Energy policy, 37(1), 181-

189. 

 

Kumar, A., Kumar, K., Kaushik, N., Sharma, S., & 

Mishra, S. (2010). Renewable energy in India: 

current status and future potentials. Renewable and 

sustainable energy reviews, 14(8), 2434-2442. 

 

Alanne, K., & Saari, A. (2006). Distributed energy 

generation and sustainable development. Renewable 

and sustainable energy reviews, 10(6), 539-558. 

 

Strielkowski, W., Civín, L., Tarkhanova, E., 

Tvaronavičienė, M., & Petrenko, Y. (2021). 

Renewable energy in the sustainable development of 

electrical power sector: A review. Energies, 14(24), 

8240. 

 

Singh, S. N., Jain, N., Agarwal, U., & Kumawat, M. 

(Eds.). (2023). Optimal Planning and Operation of 

Distributed Energy Resources. Springer. 

 

Dinneya-Onuoha, E. (2025). Unlocking renewable 

energy materials in Nigeria: availability, application, 

and roadmap for sustainability. RSC Sustainability, 

3 (6), 2534-2566. 

 

Tigu, G., Cioranu, A., Miron, A., State, O., & 

Diaconescu, V. (2024). Airport Service Providers in 

Support of SDGs. Businesses, 4(3), 371-388. 

 

Amoros Molina, A., Hellden, D., Alfven, T., Niemi, 

M., Leander, K., Nordenstedt, H., ... & Biermann, O. 

(2023). Integrating the United Nations sustainable 

development goals into higher education globally: a 

scoping review. Global Health Action, 16(1), 

2190649. 

 

Farooq, M. J., Ghazzai, H., Kadri, A., ElSawy, H., & 

Alouini, M. S. (2016). A hybrid energy sharing 

framework for green cellular networks. IEEE 

Transactions on Communications, 65(2), 918-934. 

 

1 World Connected/Mawingu Networks & 

Microsoft: Mawingu: Providing connectivity 

through affordable internet access using  

unlicensed  spectrum  in rural Kenya (2020). 

 

Deevela, N. R., Kandpal, T. C., & Singh, B. (2024). 

A review of renewable energy-based power supply 

options for telecom towers: NR Deevela et 

al. Environment, Development and 

Sustainability, 26(2), 2897-2964. 

 

Kaur, R., Krishnasamy, V., Kandasamy, N. K., & 

Kumar, S. (2019). Discrete multiobjective grey wolf 

algorithm based optimal sizing and sensitivity 

analysis of PV-wind-battery system for rural telecom 

towers. IEEE Systems Journal, 14(1), 729-737. 

 

Ohanu, C. P., Rufai, S. A., & Oluchi, U. C. (2024). 

A comprehensive review of recent developments in 

smart grid through renewable energy resources 

integration. Heliyon, 10(3). 

 

Owebor, K., Diemuodeke, E. O., Briggs, T. A., & 

Imran, M. (2021). Power Situation and renewable 

energy potentials in Nigeria–A case for integrated 

multi-generation technology. Renewable 

Energy, 177, 773-796. 

 

Alotaibi, I., Abido, M. A., Khalid, M., & Savkin, A. 

V. (2020). A comprehensive review of recent 

advances in smart grids: A sustainable future with 

renewable energy resources. Energies, 13(23), 6269. 

 

Zegueur, A., Sebbagh, T., & Metatla, A. (2023). A 

techno-economic study of a hybrid PV–wind–diesel 

standalone power system for a rural 

telecommunication station in northeast 

Algeria. Engineering Proceedings, 56(1), 25. 

 



ISA Journal of Engineering and Technology (ISAJET) | ISSN: 3049-1843 | Volume 3 | Issue 2 | 2026 

 ISA Journal of Engineering and Technology (ISAJET) | Published by ISA Publisher  61 

 

Trevizan, R. D., Headley, A. J., Geer, R., Atcitty, S., 

& Gyuk, I. (2021). Integration of energy storage with 

diesel generation in remote communities. MRS 

Energy & Sustainability, 8(2), 57-74. 

 

Marqusee, J., Becker, W., & Ericson, S. (2021). 

Resilience and economics of microgrids with PV, 

battery storage, and networked diesel 

generators. Advances in Applied Energy, 3, 100049. 

 

Bertheau, P., Dionisio, J., Jütte, C., & Aquino, C. 

(2020). Challenges for implementing renewable 

energy in a cooperative-driven off-grid system in the 

Philippines. Environmental Innovation and Societal 

Transitions, 35, 333-345. 

 

Ma, Z. (2025). Research on the resilience of 

renewable energy in rural areas—Based on the data 

from Shandong Province. PLoS One, 20(8), 

e0329097. 

Cao, J., Zhang, M., & Li, Y. (2021). A Review of 

Data‐Driven Short‐Term Voltage Stability 

Assessment of Power Systems: Concept, Principle, 

and Challenges. Mathematical Problems in 

Engineering, 2021(1), 5920244. 

 

Tellarini, C., Shajalal, M., Castelli, N., Stein, M., 

Boden, A., & Christensen, T. H. (2024). A mixed-

method approach to study the impacts of energy 

micro-generation combined with appliance-level 

feedback on everyday practices. Energy 

Efficiency, 17(8), 94. 

 

Zahid, Z., Zhang, J., Gao, C., & Oláh, J. (2025). ICT-

driven strategies for enhancing energy efficiency in 

G20 economies: moderating the role of governance 

in achieving environmental 

sustainability. Energies, 18(3), 685. 

 

Walsham, G. (1995). Interpretive case studies in IS 

research: nature and method. European Journal of 

information systems, 4(2), 74-81. 

 

Heeks, R. (2008). ICT4D 2.0: The next phase of 

applying ICT for international 

development. Computer, 41(6), 26-33. 

 

Magazzino, C., Drago, C., & Schneider, N. (2023). 

Evidence of supply security and sustainability 

challenges in Nigeria’s power sector. Utilities 

Policy, 82, 101576. 

 

Paul, D. I., & Uhomoibhi, J. (2012). Solar power 

generation for ICT and sustainable development in 

emerging economies. Campus-Wide Information 

Systems, 29(4), 213-225. 

 

Baffour Gyau, E., Adu, D., & Paaga, P. P. (2025). 

Does energy accessibility influence information and 

communication technology infrastructure 

development?. Journal of the Knowledge Economy, 

1-31. 

 

Ordonez, J. A., Jakob, M., Steckel, J. C., & Ward, H. 

(2023). India's just energy transition: Political 

economy challenges across states and 

regions. Energy Policy, 179, 113621. 

 

Allsop, D. B., Chelladurai, J. M., Kimball, E. R., 

Marks, L. D., & Hendricks, J. J. (2022). Qualitative 

methods with Nvivo software: A practical guide for 

analyzing qualitative data. Psych, 4(2), 142-159. 

 

Matthess, M., & Kunkel, S. (2020). Structural 

change and digitalization in developing countries: 

Conceptually linking the two 

transformations. Technology in society, 63, 101428. 

 

Olabi, A. G., Elsaid, K., Obaideen, K., Abdelkareem, 

M. A., Rezk, H., Wilberforce, T., ... & Sayed, E. T. 

(2023). Renewable energy systems: Comparisons, 

challenges and barriers, sustainability indicators, and 

the contribution to UN sustainable development 

goals. International Journal of Thermofluids, 20, 

100498. 

 

Bans-Akutey, A., & Tiimub, B. M. (2021). 

Triangulation in research. Academia 

Letters, 2(3392), 1-7. 

 

Steer, P. J., & Ernst, S. (2021). Peer review-Why, 

when and how. International Journal of Cardiology 

Congenital Heart Disease, 2, 100083. 

 



ISA Journal of Engineering and Technology (ISAJET) | ISSN: 3049-1843 | Volume 3 | Issue 2 | 2026 

 ISA Journal of Engineering and Technology (ISAJET) | Published by ISA Publisher  62 

 

Muhihi, B., & Paschal, L. L. (2022). Rural electricity 

system reliability: Do outages exacerbate spending 

on backup fuel in rural Tanzania?. Journal of Energy 

in Southern Africa, 33(2), 52-64. 

 

Ferreira, P., Rocha, A., Araujo, M., Afonso, J. L., 

Antunes, C. H., Lopes, M. A., ... & Lopes, J. P. 

(2023). Assessing the societal impact of smart grids: 

Outcomes of a collaborative research 

project. Technology in Society, 72, 102164. 

 

Saba, Charles Shaaba; Djemo, Charles Raoul 

Tchuinkam; Ngepah, Nicholas. The crucial roles of 

ICT, renewable energy sources, industrialization, 

and institutional quality in achieving environmental 

sustainability in BRICS. Environmental Science and 

Pollution Research, 2024, vol. 31, no 24, p. 35083-

35114. 

 

Worku, M. Y. (2022). Recent advances in energy 

storage systems for renewable source grid 

integration: a comprehensive 

review. Sustainability, 14(10), 5985. 

 

Li, Y., Wang, C., & Li, G. (2020). A mini-review on 

high-penetration renewable integration into a smarter 

grid. Frontiers in Energy Research, 8, 84. 

 

Adeyinka, A. M., Esan, O. C., Ijaola, A. O., & 

Farayibi, P. K. (2024). Advancements in hybrid 

energy storage systems for enhancing renewable 

energy-to-grid integration. Sustainable Energy 

Research, 11(1), 26. 

 

Dowling, J. A., Rinaldi, K. Z., Ruggles, T. H., Davis, 

S. J., Yuan, M., Tong, F., ... & Caldeira, K. (2020). 

Role of long-duration energy storage in variable 

renewable electricity systems. Joule, 4(9), 1907-

1928. 

 

Paudel, S., Shrestha, J. N., Neto, F. J., Ferreira, J. A., 

& Adhikari, M. (2011, December). Optimization of 

hybrid PV/wind power system for remote telecom 

station. In 2011 International Conference on Power 

and Energy Systems (pp. 1-6). IEEE. 

 

Marqusee, J., & Don II, D. J. (2020). Reliability of 

emergency and standby diesel generators: Impact on 

energy resiliency solutions. Applied energy, 268, 

114918. 

 

Trevizan, R. D., Headley, A. J., Geer, R., Atcitty, S., 

& Gyuk, I. (2021). Integration of energy storage with 

diesel generation in remote communities. MRS 

Energy & Sustainability, 8(2), 57-74. 

 

Day, T., Kurdziel, M. J., & Barasa, M. (2019). The 

role of renewable energy mini-grids in Kenya’s 

electricity sector. Ambition to Action. Cologne. 

 

Mulumba, A. N., & Farzaneh, H. (2023). Techno-

economic analysis and dynamic power simulation of 

a hybrid solar-wind-battery-flywheel system for off-

grid power supply in remote areas in Kenya. Energy 

Conversion and Management: X, 18, 100381. 

 

Debnath, R., Mittal, V., & Jindal, A. (2022). A 

review of challenges from increasing renewable 

generation in the Indian Power Sector: Way forward 

for Electricity (Amendment) Bill 2020. Energy & 

Environment, 33(1), 3-40. 

 

Garg, V. K., Sharma, S., & Kumar, D. (2021). 

Design and analysis of a microgrid system for 

reliable rural electrification. International 

Transactions on Electrical Energy Systems, 31(2), 

e12734. 

 

Agbo, E. P., Edet, C. O., Magu, T. O., Njok, A. O., 

Ekpo, C. M., & Louis, H. (2021). Solar energy: A 

panacea for the electricity generation crisis in 

Nigeria. Heliyon, 7(5). 

 

Akangbe, O., & Sharifi, A. (2025). Nigeria's path to 

green energy transition: Insights from business 

preferences for solar PV adoption. Renewable 

Energy, 253, 123604. 

 

Patel, K., Das, N., & Khan, M. M. K. (2019, 

November). Optimization of hybrid solar, wind and 

diesel energy systems from economic point of view. 

In 2019 29th Australasian Universities Power 

Engineering Conference (AUPEC) (pp. 1-6). IEEE. 

 



ISA Journal of Engineering and Technology (ISAJET) | ISSN: 3049-1843 | Volume 3 | Issue 2 | 2026 

 ISA Journal of Engineering and Technology (ISAJET) | Published by ISA Publisher  63 

 

Kumar, A., Kumar, K., Kaushik, N., Sharma, S., & 

Mishra, S. (2010). Renewable energy in India: 

current status and future potentials. Renewable and 

sustainable energy reviews, 14(8), 2434-2442. 

 

Wagner, N., Rieger, M., Bedi, A. S., Vermeulen, J., 

& Demena, B. A. (2021). The impact of off-grid 

solar home systems in Kenya on energy consumption 

and expenditures. Energy Economics, 99, 105314. 

 

Ogweno, B. E., Wekesa, D. W., & Musonye, F. S. 

(2024). A Predictive model for performance analysis 

of solar PV Systems in Kajiado County, 

Kenya. Journal of Agriculture, Science and 

Technology, 23(3), 81-106. 

 

Naikodi, A. (2010). Solar-wind hybrid power for 

rural Indian cell sites. In 2010 IEEE International 

Energy Conference (pp. 69-72). IEEE. 

 

Hassan, Q., Algburi, S., Sameen, A. Z., Salman, H. 

M., & Jaszczur, M. (2023). A review of hybrid 

renewable energy systems: Solar and wind-powered 

solutions: Challenges, opportunities, and policy 

implications. Results in engineering, 20, 101621. 

 

Owen, A. D. (2006). Renewable energy: Externality 

costs as market barriers. Energy policy, 34(5), 632-

642. 

 

Baurzhan, S., & Jenkins, G. P. (2017). On-grid solar 

PV versus diesel electricity generation in sub-

Saharan Africa: Economics and GHG 

emissions. Sustainability, 9(3), 372. 

 

Gradziuk, P., Klepacki, B., & Stolarski, M. J. 

(2022). Energy Supply within Sustainable 

Agricultural Production: Challenges, Policies and 

Mechanisms (p. 596). MDPI-Multidisciplinary 

Digital Publishing Institute. 

 

Uddin, M., Mo, H., & Dong, D. (2025). Integrated 

energy management for operational cost 

optimization in community microgrids. arXiv 

preprint arXiv:2503.08009. 

 

Sugiarti, S. (2004). Japan International Cooperation 

Agency (JICA). 

 

Oviroh, P. O., & Jen, T. C. (2018). The energy cost 

analysis of hybrid systems and diesel generators in 

powering selected base transceiver station locations 

in Nigeria. Energies, 11(3), 687. 

 

Amer, A., Massoud, A., & Shaban, K. (2024). 

Optimization of hybrid renewable-diesel power 

plants considering operational cost, battery 

degradation, and emissions. Heliyon, 10(6). 

 

Uganda, E., & Kenya, D. (2023). Africa Economic 

Outlook. The Report, Launched on July 27th. 

 

Ha, K. M. (2025). Population decline, political 

economy, and emergency management qualitative 

descriptive research. Humanities and Social 

Sciences Communications, 12(1), 1-8. 

 

Olatomiwa, L., Mekhilef, S., Huda, A. N., & Sanusi, 

K. (2015). Techno‐economic analysis of hybrid PV–

diesel–battery and PV–wind–diesel–battery power 

systems for mobile BTS: the way forward for rural 

development. Energy Science & Engineering, 3(4), 

271-285. 

 

Schwarz, M., Rose, A., Brown, P., 

Chernyakhovskiy, I., & Palchak, D. 

(2022). Opportunities for Hybrid Wind and Solar PV 

Plants in India (No. NREL/TP-6A40-81545). 

National Renewable Energy Laboratory (NREL), 

Golden, CO (United States). 

 

Paul, D. I., & Uhomoibhi, J. (2012). Solar power 

generation for ICT and sustainable development in 

emerging economies. Campus-Wide Information 

Systems, 29(4), 213-225. 

 

Okafor, C. C., Madu, C. N., Nwoye, A. V., Nzekwe, 

C. A., Otunomo, F. A., & Ajaero, C. C. (2025). 

Research on Climate Change Initiatives in Nigeria: 

Identifying Trends, Themes and Future 

Directions. Sustainability, 17(9), 3995. 

 

Ogunrinde, O., Shittu, E., & Dhanda, K. K. (2018). 

Investing in renewable energy: Reconciling regional 



ISA Journal of Engineering and Technology (ISAJET) | ISSN: 3049-1843 | Volume 3 | Issue 2 | 2026 

 ISA Journal of Engineering and Technology (ISAJET) | Published by ISA Publisher  64 

 

policy with renewable energy growth. IEEE 

Engineering Management Review, 46(4), 103-111. 

 

Moner-Girona, M., Fahl, F., Kakoulaki, G., Kim, D. 

H., Maduako, I., Szabo, S., ... & Weiss, D. J. (2025). 

Empowering quality education through sustainable 

and equitable electricity access in African 

schools. Joule, 9(2). 

 

Zegueur, A., Sebbagh, T., & Metatla, A. (2023). A 

techno-economic study of a hybrid PV–wind–diesel 

standalone power system for a rural 

telecommunication station in northeast 

Algeria. Engineering Proceedings, 56(1), 25. 

 

Rotich, I. K., Chepkirui, H., & Musyimi, P. K. 

(2024). Renewable energy status and uptake in 

Kenya. Energy Strategy Reviews, 54, 101453. 

 

Koima, J. (2024). School electrification and 

academic outcomes in rural Kenya. Journal of 

Development Economics, 166, 103178. 

 

Dey, S., Sreenivasulu, A., Veerendra, G. T. N., Rao, 

K. V., & Babu, P. A. (2022). Renewable energy 

present status and future potentials in India: An 

overview. Innovation and Green Development, 1(1), 

100006. 

 

Samad, H. A., & Zhang, F. (2019). Electrification 

and women's empowerment: evidence from rural 

India. World Bank Policy Research Working Paper, 

(8796). 

 

Nwozor, A., Oshewolo, S., Owoeye, G., & Okidu, O. 

(2021). Nigeria's quest for alternative clean energy 

development: A cobweb of opportunities, pitfalls and 

multiple dilemmas. Energy Policy, 149, 112070. 

 

Gordon, E. (2018). The politics of renewable energy 

in East Africa. 

 

Behera, P. K., & Pattnaik, M. (2024). Hybrid energy 

storage integrated wind energy fed DC microgrid 

power distribution control and performance 

assessment. IEEE Transactions on Sustainable 

Energy, 15(3), 1502-1514. 

 

Somoye, O. A. (2023). Energy crisis and renewable 

energy potentials in Nigeria: A review. Renewable 

and Sustainable Energy Reviews, 188, 113794. 

 

Osok, F. O. (2010). Barriers to the development and 

deployment of Renewable Energy Technologies in 

Kenya. The role of social capital in overcoming these 

barriers. University of Oslo. 

 

Isah, A., Dioha, M. O., Debnath, R., Abraham-

Dukuma, M. C., & Butu, H. M. (2023). Financing 

renewable energy: policy insights from Brazil and 

Nigeria. Energy, Sustainability and Society, 13(1), 2. 

 

Cedeno, R. C. B., & Wei, J. (2024). Investigating 

factors to promote energy: Socio-political barriers to 

renewable energy sector in India. The Electricity 

Journal, 37(2), 107366. 

 

Vir, S. C. (Ed.). (2023). Child, Adolescent and 

Woman Nutrition in India: Public Policies, 

Programmes and Progress. Taylor & Francis. 

 

Kaundinya, D. P., Balachandra, P., & Ravindranath, 

N. H. (2009). Grid-connected versus stand-alone 

energy systems for decentralized power. A review of 

literature. Renewable and sustainable energy 

reviews, 13(8), 2041-2050. 

 

Srivastava, R. (2017). Community Networks: 

Regulatory issues and gaps–Experiences from 

India. Digital Empowerment Foundation, New 

Delhi, India. 

 

Streimikiene, D., Baležentis, T., Volkov, A., 

Morkūnas, M., Žičkienė, A., & Streimikis, J. (2021). 

Barriers and drivers of renewable energy penetration 

in rural areas. Energies, 14(20), 6452. 

 

Deevela, N. R., Kandpal, T. C., & Singh, B. (2024). 

A review of renewable energy based power supply 

options for telecom towers: NR Deevela et 

al. Environment, Development and 

Sustainability, 26(2), 2897-2964. 

 

Falcone, P. M. (2023). Sustainable energy policies in 



ISA Journal of Engineering and Technology (ISAJET) | ISSN: 3049-1843 | Volume 3 | Issue 2 | 2026 

 ISA Journal of Engineering and Technology (ISAJET) | Published by ISA Publisher  65 

 

developing countries: a review of challenges and 

opportunities. Energies, 16(18), 6682. 

 

Pokubo, D. (2021). Investigating the feasibility of 

utilising renewable energy sources in West African 

households–a case study of Nigeria (Doctoral 

dissertation, Nottingham Trent University). 

 

Philipp, C. S. (2025). Public Opinion on Energy 

Transition-The Impact of Representation in the 

Public Debate. 

 

Ramakumar, R., & Hughes, W. L. (2007). 

Renewable energy sources and rural development in 

developing countries. IEEE Transactions on 

Education, 24(3), 242-251. 

Babak, V., & Zaporozhets, A. (2024). Systems, 

Decision and Control in Energy VI. Springer. 

 

Gielen, D., Boshell, F., Saygin, D., Bazilian, M. D., 

Wagner, N., & Gorini, R. (2019). The role of 

renewable energy in the global energy 

transformation. Energy strategy reviews, 24, 38-50. 

 

Kishore, T. S., Kumar, P. U., & Ippili, V. (2025). 

Review of global sustainable solar energy policies: 

Significance and impact. Innovation and Green 

Development, 4(2), 100224. 

 

Smirnova, E., Kot, S., Kolpak, E., & Shestak, V. 

(2021). Governmental support and renewable energy 

production: A cross-country review. Energy, 230, 

120903. 

 

Ogunrinde, O., Shittu, E., & Dhanda, K. K. (2018). 

Investing in renewable energy: Reconciling regional 

policy with renewable energy growth. IEEE 

Engineering Management Review, 46(4), 103-111. 

 

Abdmouleh, Z., Alammari, R. A., & Gastli, A. 

(2015). Review of policies encouraging renewable 

energy integration & best practices. Renewable and 

Sustainable Energy Reviews, 45, 249-262. 

 

Radtke, J., & Renn, O. (2024). Participation in 

energy transitions: A comparison of policy 

styles. Energy Research & Social Science, 118, 

103743. 

 

Ahmed, M. M. R., Mirsaeidi, S., Koondhar, M. A., 

Karami, N., Tag-Eldin, E. M., Ghamry, N. A., ... & 

Sharaf, A. M. (2024). Mitigating uncertainty 

problems of renewable energy resources through 

efficient integration of hybrid solar PV/wind systems 

into power networks. IEEe Access, 12, 30311-

30328. 

 

Qadir, S. A., Al-Motairi, H., Tahir, F., & Al-Fagih, 

L. (2021). Incentives and strategies for financing the 

renewable energy transition: A review. Energy 

Reports, 7, 3590-3606. 

 

Udendhran, R., Mohan, T. R., Uthra, R. A., 

Selvakumarasamy, S., Dinesh, G., Mukhopadhyay, 

M., ... & Chakraborty, P. (2025). Transitioning to 

sustainable E-vehicle systems–Global perspectives 

on the challenges, policies, and 

opportunities. Journal of Hazardous Materials 

Advances, 17, 100619. 

 

Olaniyan, A., Caux, S., & Maussion, P. (2024). Rural 

electrification in Nigeria: A review of impacts and 

effects of frugal energy generation based on some of 

e-waste components. Heliyon, 10(11).

 


