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ABSTRACT 

This study examined the benefits of integrating 

renewable energy systems into modern 

construction within the Nigerian context, with 

emphasis on energy efficiency, cost savings, 

environmental sustainability, and energy security. 

Nigeria’s growing population, rapid urbanization, 

and persistent electricity supply challenges have 

increased the need for alternative and reliable 

energy solutions in the built environment. Using a 

qualitative and descriptive research approach, the 

study reviewed relevant empirical literature, policy 

documents, and practical examples of renewable 

energy applications in residential, commercial, and 

institutional buildings across Nigeria. The analysis 

focused on solar photovoltaic systems, wind 

energy, energy storage technologies, and hybrid 

renewable systems integrated into building designs. 

The findings revealed that the adoption of 

renewable energy systems significantly reduced 

dependence on grid electricity and diesel 

generators, lowered operational energy costs, and 

improved building performance and occupant 

comfort. Environmental benefits such as reduced 

greenhouse gas emissions, improved air quality, 

and conservation of natural resources were also 

evident. Additionally, the study found that 

renewable energy integration contributed to job 

creation, enhanced energy security, and supported 

the development of smart and sustainable cities. 

Despite challenges related to high initial costs, 

policy gaps, and technical capacity limitations, the 

study concluded that renewable energy integration 

in modern construction offered substantial long-

term economic, social, and environmental benefits 

for Nigeria. 

Keywords: Renewable Energy Systems; Modern 

Construction; Energy Efficiency; Smart  

      Buildings; Nigeria; Energy Security 

 

I. INTRODUCTION 
 Nigeria’s rapid urbanization, steady 

population growth, and expanding construction 

sector have significantly intensified national energy 

demand, placing enormous pressure on an already 

fragile electricity supply system. With a population 

exceeding 220 million and an urban growth rate 

among the highest in sub-Saharan Africa, the 

demand for electricity in residential, commercial, 

and institutional buildings continues to rise sharply 

(World Bank, 2023). However, Nigeria’s power 

sector remains characterized by inadequate 

generation capacity, weak transmission and 

distribution networks, and frequent system 

collapses, resulting in persistent power outages 

across the country (Oyedepo, 2014; Ebhota & 

Tabakov, 2020). 

 As a consequence, buildings in Nigeria 

rely heavily on self-generated electricity, 

predominantly through diesel and petrol-powered 

generators. While these generators provide short-

term relief, they impose high operating costs, 

increase dependence on imported fossil fuels, and 

contribute significantly to environmental 

degradation through greenhouse gas emissions, 

noise pollution, and poor air quality (Adeniyi et al., 

2022; IEA, 2022). Rising fuel prices and energy 

insecurity have further exposed the economic and 

environmental unsustainability of conventional 

energy use in Nigeria’s built environment. 

 In response to these challenges, the 

integration of renewable energy systems into 

modern construction has emerged as a strategic and 

sustainable alternative. Renewable energy 

technologies—particularly solar photovoltaic (PV) 

systems, energy storage solutions, and hybrid 

renewable systems—offer decentralized, clean, and 

reliable energy options that are well suited to 

Nigeria’s climatic and geographic conditions 

(Unuigbe et al., 2022). When incorporated into 

modern building designs, especially alongside 

energy-efficient materials and smart building 

technologies, renewable energy systems can 

significantly reduce grid dependence, lower 

operating costs, and enhance building resilience 

(Firas et al., 2022; Li et al., 2017). 



 

   

International Journal of Humanities Social Science and Management (IJHSSM) 

Volume 6, Issue 2, Mar-Apr, 2026, pp: 143-152                          ISSN: 3048-6874 

www.ijhssm.org                 

 

 

 

| Impact Factor value 7.52 |                              ISO 9001: 2008 Certified                                      Journal Page 144 

 Moreover, integrating renewable energy 

systems in construction aligns with Nigeria’s 

broader sustainable development objectives, 

including energy security, climate change 

mitigation, and economic diversification. It also 

supports global commitments such as the 

Sustainable Development Goals (SDGs), 

particularly Goal 7 (affordable and clean energy) 

and Goal 11 (sustainable cities and communities) 

(United Nations, 2021). Against this backdrop, this 

paper examines the benefits of integrating 

renewable energy systems in modern construction, 

focusing on the Nigerian experience, while 

highlighting their role in promoting energy 

efficiency, environmental sustainability, and long-

term resilience in the built environment. 

 

Overview of Renewable Energy Systems in 

Modern Construction 

 The integration of renewable energy 

systems into modern construction has become a 

defining feature of sustainable and resilient 

building practices worldwide. Renewable energy 

systems are technologies that generate power from 

naturally replenishing sources such as sunlight, 

wind, water, and biomass. In the context of modern 

construction, these systems are increasingly 

incorporated at the design and operational stages of 

buildings to reduce dependence on conventional 

fossil-fuel–based energy sources, enhance energy 

efficiency, and minimize environmental impacts 

(Chukwuemeka, Azubuike, Sanni and Obinna, 

2024). 

 Among the most widely adopted 

renewable energy systems in modern buildings are 

solar photovoltaic (PV) systems. Solar PV 

technology converts sunlight directly into 

electricity and can be deployed as rooftop 

installations, façade-mounted systems, or building-

integrated photovoltaics (BIPV), where PV 

materials replace conventional building 

components such as roofing tiles or glass panels. 

These systems are particularly attractive due to 

their scalability, declining costs, and compatibility 

with urban environments (Li et al., 2017). In many 

modern buildings, solar PV systems are combined 

with smart inverters and energy management 

systems to optimize power generation and 

consumption (Dambhare, Butey, & Moharil, 2021; 

Ikemba et al., 2024). 

 Wind energy systems also feature in 

modern construction, especially in areas with 

favorable wind conditions. Small-scale and micro 

wind turbines can be installed on rooftops or 

integrated into high-rise buildings to supplement 

electricity supply. Although their application is 

more site-specific than solar systems, wind 

technologies can enhance energy diversity and 

reliability when used alongside other renewable 

sources (Ebhota & Tabakov, 2020, Babawurun, 

Ewim, Scott, & Neye-Akogo, 2023; Ekechukwu, 

2024; Obiuto, Olajiga, & Adebayo, 2024).. 

 Energy storage technologies are a critical 

component of renewable energy systems in modern 

construction. Battery storage systems, particularly 

lithium-ion batteries, store excess energy generated 

from renewable sources and supply it during 

periods of high demand or low generation. This 

capability addresses the intermittency challenge of 

renewable energy and ensures a stable and reliable 

power supply for buildings. In modern 

construction, energy storage is often integrated 

with smart control systems that manage charging, 

discharging, and load prioritization in real time 

(Kennedy et al., 2016, Maghrabie, Abdeltwab, & 

Tawfik, 2023). 

 Hybrid renewable energy systems, which 

combine two or more renewable technologies such 

as solar PV, wind energy, and battery storage, are 

increasingly adopted in modern buildings. These 

systems improve overall efficiency and resilience 

by balancing the strengths and limitations of 

individual energy sources. In addition, modern 

construction increasingly incorporates smart 

building technologies—such as building 

management systems (BMS), automated controls, 

and smart meters—to coordinate renewable energy 

generation, storage, and consumption. This 

integrated approach transforms buildings from 

passive energy consumers into active energy 

producers and managers (Ezeh, Ogbu, Ikevuje, & 

George, 2024a, 2024c; Lund & Toth, 2021). 

 Overall, renewable energy systems in 

modern construction represent a shift toward 

decentralized, low-carbon, and intelligent energy 

solutions. By embedding these systems into 

building design and operation, modern construction 

practices contribute to long-term sustainability, 

energy security, and improved building 

performance, particularly in energy-constrained 

environments such as Nigeria. 

 

The Nigerian Energy and Construction Context 

 Nigeria’s energy and construction sectors 

operate within a challenging but opportunity-rich 

environment shaped by rapid urbanization, 

population growth, and persistent infrastructure 

deficits. As Africa’s most populous country, with a 

population estimated at over 220 million, Nigeria 

experiences an ever-increasing demand for 
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housing, commercial buildings, educational 

institutions, healthcare facilities, and industrial 

infrastructure (World Bank, 2023). This expansion 

has placed enormous pressure on the national 

energy system, which has struggled for decades to 

provide reliable and adequate electricity to support 

economic and social development. 

 The Nigerian electricity sector is widely 

recognized for its instability and insufficient 

capacity. Although the country has an installed 

generation capacity of over 13,000 MW, actual 

available power is often less than 5,000 MW due to 

technical inefficiencies, poor maintenance, gas 

supply constraints, and frequent grid collapses 

(Oyedepo, 2014; Ebhota & Tabakov, 2020). For 

instance, nationwide grid failures—sometimes 

occurring multiple times within a single year—

have repeatedly disrupted economic activities and 

household life. These persistent outages have 

forced households, businesses, and institutions to 

depend heavily on self-generated electricity. 

 Within the construction sector, this energy 

deficit has profoundly influenced building design 

and operational practices. Most residential estates, 

office complexes, shopping malls, hospitals, and 

hotels routinely install diesel or petrol generators as 

either primary or backup power sources. In cities 

such as Lagos and Abuja, it is common for 

commercial buildings to run generators for several 

hours daily, significantly increasing operational 

costs. Studies estimate that Nigerian businesses 

spend billions of naira annually on fuel and 

generator maintenance, costs that are often passed 

on to consumers through higher rents and service 

charges (Adeniyi et al., 2022; IEA, 2022). Beyond 

economic implications, generator reliance 

contributes to air pollution, noise pollution, and 

greenhouse gas emissions, raising serious 

environmental and public health concerns in 

densely populated urban areas. 

 Despite these challenges, Nigeria is 

endowed with abundant renewable energy 

resources that are particularly relevant to the 

construction sector. Solar energy potential is 

especially high, with average solar irradiation 

ranging between 4 and 7 kWh/m²/day across most 

regions of the country (Unuigbe et al., 2022). This 

has encouraged the adoption of rooftop solar 

photovoltaic (PV) systems in private homes, gated 

estates, universities, and corporate office buildings. 

For example, several private universities and 

hospitals have installed large-scale solar PV 

systems combined with battery storage to ensure 

uninterrupted power supply and reduce generator 

use. Similarly, commercial buildings and banks in 

major cities increasingly deploy hybrid solar–

battery–generator systems to improve reliability 

and manage energy costs. 

 The construction industry itself is 

gradually transitioning toward more modern and 

sustainable practices. There is growing awareness 

of energy-efficient building materials, passive 

design strategies, and smart building technologies 

such as automated lighting, HVAC controls, and 

energy management systems. High-end residential 

developments and corporate buildings increasingly 

incorporate these features to enhance comfort and 

reduce energy consumption. However, widespread 

adoption remains constrained by high upfront costs, 

limited access to green financing, shortages of 

skilled professionals, and weak enforcement of 

building energy codes and standards (Olutimehin et 

al., 2024, Razeghi, Hajinezhad, Naseri, Noorollahi, 

& Moosavian, 2023). 

 In summary, the Nigerian energy and 

construction context is defined by a critical 

mismatch between growing energy demand and 

limited supply, alongside significant but 

underutilized renewable energy potential. The 

heavy reliance on fossil-fuel generators in 

buildings underscores the urgency of alternative 

solutions. Integrating renewable energy systems 

into modern construction offers a context-specific 

response to Nigeria’s energy insecurity, supporting 

cost savings, environmental sustainability, and 

resilient urban development. 

 

Integration of Renewable Energy in 

Construction in Nigeria:  The Benefits 

 Integrating renewable energy systems into 

modern construction provides numerous benefits 

that extend across economic, environmental, social, 

and technological dimensions. For Nigeria, where 

electricity supply is often unreliable and the 

construction sector is rapidly expanding, these 

benefits are particularly significant. Modern 

buildings that harness renewable energy not only 

reduce dependence on the national grid but also 

contribute to sustainable urban development, 

resilience, and improved quality of life. 

 

1. Economic Benefits 

 The economic benefits of integrating 

renewable energy systems into construction are 

compelling and multifaceted, particularly within 

energy-constrained economies such as Nigeria. 

One of the most significant advantages is the 

potential for substantial cost savings on energy bills 

over the lifespan of a building. Renewable energy 

systems reduce or, in some cases, eliminate 
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dependence on grid-supplied electricity and fossil-

fuel–based generators, both of which are associated 

with high and unpredictable costs. For instance, 

solar photovoltaic (PV) panels installed on 

residential or commercial buildings can generate a 

large proportion of electricity required for lighting, 

cooling, and equipment operation. As grid tariffs 

and fuel prices continue to rise, buildings powered 

by renewable energy are better positioned to 

achieve long-term financial stability. Over time, the 

initial capital investment in renewable energy 

technologies is offset by reduced operational and 

energy costs, making such systems economically 

attractive in the long run. In addition, renewable 

energy technologies generally have fewer moving 

parts and lower maintenance requirements than 

conventional diesel generators, further contributing 

to lifecycle cost savings (Ezeh, Ogbu, Ikevuje, & 

George, 2024b; Infield & Freris, 2020). 

 Another important economic benefit is the 

enhancement of energy independence and financial 

resilience. Buildings equipped with renewable 

energy systems are less exposed to fluctuations in 

electricity tariffs, fuel scarcity, and supply 

disruptions associated with centralized power 

systems. This independence is particularly valuable 

in regions with unreliable grid infrastructure, where 

power outages can disrupt business operations and 

household activities. In Nigeria, for example, 

commercial buildings that rely on solar PV systems 

with battery storage experience fewer operational 

interruptions and reduced expenditure on generator 

fuel and maintenance. Furthermore, where 

regulatory frameworks permit, buildings that 

generate surplus electricity can export excess 

power to the grid through net-metering or feed-in 

arrangements. This creates additional revenue 

streams for building owners and supports the 

transition toward a decentralized and more efficient 

energy system. 

 Beyond direct cost savings and energy 

security, renewable energy integration in 

construction contributes to broader economic 

growth and employment generation. The 

deployment of renewable energy systems 

stimulates demand for skilled labor across the value 

chain, including system design, installation, 

operation, and maintenance. This creates 

employment opportunities for engineers, 

technicians, project managers, and artisans, thereby 

supporting local economic development. Globally, 

the renewable energy sector has demonstrated 

strong job-creation potential. According to the 

International Renewable Energy Agency (IRENA), 

renewable energy employed over 11 million people 

worldwide in 2018, with employment expected to 

increase significantly as countries accelerate clean 

energy adoption (Asmelash, Prakash, Gorini, & 

Gielen, 2020; Mengi-Dinçer, Ediger, & Yesevi, 

2021). In the Nigerian context, expanding 

renewable energy integration in modern 

construction can contribute to workforce 

development, reduce unemployment, and support 

economic diversification away from fossil fuel 

dependence. 

 

2. Social Benefits 

 The social benefits of integrating 

renewable energy systems in modern construction 

are wide-ranging and have profound implications 

for communities, public health, and overall societal 

resilience. One of the primary social advantages is 

enhanced energy security. Renewable energy 

systems, particularly solar, wind, and biomass 

technologies, reduce dependence on imported fossil 

fuels, which are subject to price volatility, supply 

disruptions, and geopolitical tensions. By 

harnessing locally available renewable resources, 

communities—especially those in remote or 

underserved areas—can achieve greater energy 

resilience and stability, ensuring that essential 

services such as healthcare, education, and water 

supply remain uninterrupted even during national 

grid failures (Unuigbe et al., 2022; Asaleye et al., 

2017). For instance, solar-powered schools and 

clinics in northern Nigeria have maintained 

continuous operations during prolonged blackouts, 

highlighting the role of renewable energy in 

strengthening social infrastructure. 

 In addition, renewable energy adoption 

has significant public health benefits. Conventional 

fossil-fuel energy generation releases harmful 

pollutants, including sulfur dioxide (SO₂), nitrogen 

oxides (NOₓ), carbon monoxide (CO), and 

particulate matter, all of which contribute to 

respiratory, cardiovascular, and other chronic 

health conditions. By contrast, renewable energy 

systems produce little to no air pollutants, resulting 

in cleaner air and improved health outcomes for 

urban and rural populations alike (Mujtaba & 

Shahzad, 2021). Cleaner air translates not only to 

fewer pollution-related diseases but also to reduced 

healthcare costs, less absenteeism from work and 

school, and an overall increase in community well-

being. 

 Furthermore, the growth of the renewable 

energy sector drives employment and social 

development. Renewable energy integration in 

construction generates diverse job opportunities in 

engineering, system design, manufacturing, 
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installation, operation, and maintenance. Many of 

these jobs offer higher wages and better working 

conditions compared to traditional energy sectors, 

contributing to improved livelihoods and socio-

economic stability for workers and their families 

(Ikevuje, Anaba, & Iheanyichukwu, 2024). In 

addition to direct employment, the renewable 

energy sector fosters skills development, vocational 

training, and knowledge transfer, enabling 

communities to participate more actively in the 

green economy. 

 Beyond energy security, health, and 

employment, renewable energy systems also 

enhance social equity. Off-grid or hybrid 

renewable-powered buildings provide access to 

electricity in marginalized and rural communities 

where conventional grid expansion is cost-

prohibitive. This access improves quality of life by 

enabling lighting, refrigeration, communication, 

and digital connectivity, thereby supporting 

education, healthcare, and economic activities. 

Collectively, these social benefits underscore the 

critical role of renewable energy integration in 

promoting sustainable, resilient, and inclusive 

development within Nigeria’s construction sector. 

 

3. Environmental Benefits 

 One of the most significant advantages of 

incorporating renewable energy systems in 

construction is the substantial reduction in carbon 

footprint and greenhouse gas (GHG) emissions. 

Buildings account for a large share of global 

energy consumption and are responsible for 

significant carbon emissions, particularly in urban 

areas (IEA, 2022). By adopting renewable energy 

sources—such as solar, wind, geothermal, and 

biomass—modern buildings can drastically reduce 

their dependence on fossil fuels and the associated 

environmental impacts. For example, solar 

photovoltaic (PV) panels generate electricity 

without emitting carbon dioxide (CO₂), while wind 

turbines harness kinetic energy from wind currents 

to produce clean power with minimal ecological 

footprint. Geothermal systems leverage the 

relatively constant underground temperatures to 

provide efficient heating and cooling, reducing the 

need for fossil-fuel-based HVAC systems. 

Similarly, biomass energy systems utilize organic 

waste materials that would otherwise contribute to 

methane emissions in landfills, converting them 

into usable energy while mitigating environmental 

harm. Collectively, these renewable technologies 

contribute to climate change mitigation, improved 

air quality, and the creation of healthier living and 

working environments (Ahmed, Assadi, Kalantar, 

Sliwa, & Sapińska-Śliwa, 2022). 

 In addition to lowering emissions, 

renewable energy systems promote the sustainable 

use and conservation of natural resources. Fossil 

fuel extraction and use are often associated with 

environmental degradation, including deforestation, 

habitat destruction, soil erosion, and water 

pollution. In contrast, renewable energy relies on 

abundant, naturally replenished resources such as 

sunlight, wind, and geothermal heat. When 

deployed responsibly, these systems exert minimal 

environmental impact, reduce pressure on non-

renewable resources, and contribute to the 

protection of ecosystems. For instance, solar farms 

can be installed on rooftops or marginal lands 

without disrupting existing habitats, while small-

scale wind turbines have a limited spatial footprint 

compared to conventional power plants (Agrawal 

& Soni, 2021). By minimizing resource depletion 

and preserving biodiversity, renewable energy 

integration in construction ensures that 

environmental benefits extend beyond immediate 

energy savings to long-term ecosystem health and 

sustainability. 

 Moreover, integrating renewable energy 

systems encourages the adoption of other 

environmentally friendly building practices. 

Buildings powered by renewable energy often 

incorporate energy-efficient materials, passive 

design strategies, water-saving technologies, and 

waste reduction practices. This holistic approach to 

green construction amplifies environmental 

benefits by reducing overall energy demand, 

lowering emissions, and creating sustainable, 

climate-resilient urban spaces. In the Nigerian 

context, where urban expansion and industrial 

activity place significant pressure on natural 

resources, renewable-powered construction 

provides a viable pathway to reconcile 

development needs with environmental 

stewardship. 

 

4. Technological Advancements 

 Technological advancements have been 

instrumental in the effective integration of 

renewable energy systems into modern 

construction, making them more efficient, 

adaptable, and economically viable. Innovations 

across solar, wind, geothermal, and biomass 

technologies have enabled architects and engineers 

to design buildings that not only generate clean 

energy but also optimize its use to meet varying 

demands. For example, recent improvements in 

photovoltaic (PV) cell technology, such as high-
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efficiency monocrystalline and bifacial panels, 

have significantly increased the amount of 

electricity generated per unit area of solar 

installation. This allows solar panels to deliver 

higher output even in limited roof spaces, making 

them highly suitable for urban buildings with 

constrained surfaces (Škvorc & Kozmar, 2021). 

Similarly, advancements in small-scale and urban 

wind turbine design have enhanced energy 

conversion efficiency while reducing noise and 

mechanical vibrations, addressing previous 

concerns that limited their deployment in densely 

populated areas. 

 The development of smart grid 

technologies and advanced energy storage systems 

has further facilitated renewable energy integration 

in buildings. Smart grids allow buildings to 

communicate dynamically with the utility network, 

enabling real-time monitoring of energy 

production, consumption, and storage. This 

interaction allows for load shifting, peak demand 

management, and improved energy efficiency. 

Energy storage solutions, particularly lithium-ion 

and emerging solid-state battery technologies, store 

surplus energy generated during periods of high 

renewable output and release it when demand is 

high or generation is low, ensuring uninterrupted 

power supply and greater energy self-sufficiency 

(Akinsulire, Idemudia, Okwandu, & Iwuanyanwu, 

2024a). 

 Integration of renewable energy systems 

has also driven innovative architectural design. 

Green building strategies—such as passive solar 

design, natural ventilation, building-integrated 

photovoltaics (BIPV), and green roofs—work 

synergistically with renewable technologies to 

reduce overall energy consumption and improve 

thermal comfort. For instance, passive solar design 

optimizes building orientation and window 

placement to maximize natural lighting and 

heating, reducing reliance on artificial energy 

sources. Green roofs and façade-mounted solar 

panels not only contribute to energy generation but 

also improve insulation, reduce urban heat island 

effects, and enhance aesthetic appeal (Ikevuje et al., 

2024; Ziaee et al., 2022). 

 Overall, these technological advancements 

have transformed modern buildings into energy-

efficient, sustainable, and resilient structures. By 

combining renewable energy generation with 

intelligent control systems and innovative 

architectural strategies, contemporary construction 

can meet Nigeria’s energy needs while reducing 

environmental impact, lowering operating costs, 

and improving occupant well-being. 

5. Energy Efficiency and Cost Savings 

 One of the primary benefits of renewable 

energy integration is improved energy efficiency, 

which directly translates into cost savings. 

Renewable energy systems such as solar 

photovoltaic (PV) panels, wind turbines, and 

geothermal systems allow buildings to generate a 

portion or all of their energy needs on-site, 

reducing reliance on grid electricity and diesel 

generators (Ezeh, Ogbu, Ikevuje, & George, 2024b; 

Infield & Freris, 2020). By combining renewable 

energy generation with energy management 

systems, buildings can monitor and optimize 

consumption, perform peak shaving, and 

implement load prioritization strategies, 

maximizing efficiency while lowering utility bills. 

Over time, the initial investment in renewable 

energy systems is offset by reduced operational 

costs, fewer fuel purchases, and decreased 

maintenance expenditures. 

 

6. Improved Energy Security and Reliability 

 Renewable energy systems enhance 

energy security by reducing dependence on fossil 

fuels and the national grid, both of which are prone 

to price volatility and supply interruptions 

(Unuigbe et al., 2022). Buildings equipped with 

solar panels, battery storage, or hybrid renewable 

systems can maintain power during grid outages, 

ensuring continuity of operations. For example, 

commercial buildings and hospitals in Lagos and 

Abuja that utilize solar-battery hybrid systems have 

experienced fewer disruptions during nationwide 

blackouts, demonstrating improved resilience. 

Furthermore, renewable-powered buildings that 

feed excess energy back into the grid via net-

metering arrangements contribute to a more stable 

and decentralized energy system, strengthening 

overall grid reliability (Asaleye et al., 2017). 

 

7. Enhanced Building Performance and 

Occupant Comfort 

 Beyond energy provision, renewable 

energy systems improve overall building 

performance and occupant comfort. Integration 

with building automation and energy management 

systems allows real-time control over heating, 

cooling, lighting, and ventilation. Geothermal 

systems, for instance, provide consistent indoor 

temperatures by leveraging stable underground 

thermal conditions, while solar-powered HVAC 

and lighting systems reduce fluctuations and 

maintain comfort during peak demand periods 

(Akinsulire, Idemudia, Okwandu, & Iwuanyanwu, 

2024a). Additionally, green building designs that 



 

   

International Journal of Humanities Social Science and Management (IJHSSM) 

Volume 6, Issue 2, Mar-Apr, 2026, pp: 143-152                          ISSN: 3048-6874 

www.ijhssm.org                 

 

 

 

| Impact Factor value 7.52 |                              ISO 9001: 2008 Certified                                      Journal Page 149 

complement renewable energy systems—such as 

passive solar orientation, natural ventilation, and 

green roofs—enhance indoor air quality, thermal 

comfort, and natural lighting, contributing to 

healthier and more productive environments for 

occupants (Ikevuje et al., 2024; Ziaee et al., 2022). 

 

8. Support for Smart and Sustainable Cities 

 The integration of renewable energy 

systems in modern construction supports broader 

urban sustainability and the development of smart 

cities. Buildings equipped with intelligent energy 

systems can interact dynamically with the grid, 

respond to real-time demand fluctuations, and 

contribute to urban energy efficiency. Such systems 

facilitate data-driven decision-making for energy 

management, waste reduction, and emissions 

control. In Nigeria, incorporating renewable energy 

into urban infrastructure can help mitigate 

environmental impacts, reduce carbon emissions, 

and promote climate resilience, aligning with 

national and global sustainability goals (Ahmed, 

Assadi, Kalantar, Sliwa, & Sapińska-Śliwa, 2022; 

Agrawal & Soni, 2021). Moreover, renewable-

powered buildings serve as hubs for technological 

innovation, encouraging investment in energy-

efficient construction practices and stimulating 

local green economies. 

 

Integration of Renewable Energy Systems in 

Modern Construction: The Practical Examples 

from Nigeria 

 The integration of renewable energy 

systems in modern construction in Nigeria is 

increasingly gaining traction, with a number of 

buildings serving as practical examples of its 

benefits. These examples span residential, 

commercial, educational, healthcare, and industrial 

buildings, highlighting how renewable energy can 

enhance efficiency, sustainability, and resilience. 

Each instance demonstrates the versatility of 

technologies such as solar photovoltaic (PV) 

panels, wind turbines, hybrid systems, and energy 

storage solutions, tailored to different building 

types and energy requirements. 

 

a. Residential Buildings 

 Residential buildings in urban areas of 

Nigeria, such as those in Lagos, have begun 

adopting solar PV systems to reduce energy costs 

and improve reliability. For example, the Eko 

Atlantic City residential complex has implemented 

rooftop solar PV installations across multiple high-

rise apartments. These solar systems supply a 

significant portion of electricity for lighting, water 

pumping, and cooling systems. To address the 

intermittency of solar energy and frequent grid 

outages, battery storage systems have been 

incorporated, ensuring continuous power supply for 

residents. Reports indicate that households benefit 

from up to 30% savings on electricity bills while 

reducing carbon emissions associated with 

conventional energy use (Unuigbe et al., 2022). 

This example illustrates how renewable energy 

adoption in residential buildings can combine cost 

efficiency with environmental sustainability, while 

also enhancing energy resilience in urban centers. 

 

b. Commercial Buildings 

 Commercial buildings in Nigeria have 

also embraced renewable energy integration to 

optimize operational efficiency. The Ecobank 

Headquarters in Abuja serves as a prime example, 

having installed solar PV systems integrated with a 

Building Energy Management System (BEMS). 

This system monitors energy generation and 

consumption in real time, ensuring optimal usage 

of renewable energy. Complementary micro-wind 

turbines supplement solar generation during 

periods of low sunlight, forming a hybrid 

renewable energy system. The building has 

reportedly reduced annual energy costs by 

approximately 25%, while also ensuring 

uninterrupted operations during frequent grid 

outages (Ezeh, Ogbu, Ikevuje, & George, 2024b). 

Such integration demonstrates the potential of 

renewable energy systems to enhance reliability 

and reduce operational costs in commercial 

infrastructure. 

 

c. Educational Institutions 
 Educational institutions have also adopted 

renewable energy systems to support sustainability 

and learning outcomes. The American University 

of Nigeria (AUN) in Yola has implemented a 

combination of solar PV systems and energy-

efficient building designs across its campus. Solar 

energy supplies electricity to classrooms, 

laboratories, and administrative offices, while 

energy storage solutions ensure uninterrupted 

power even during grid blackouts. Beyond 

economic benefits, this approach also provides an 

educational platform, allowing students to interact 

directly with sustainable energy technologies. The 

system enhances comfort and productivity for 

students and staff, demonstrating that renewable 

energy adoption in educational buildings can 

simultaneously serve operational and pedagogical 

purposes (Ikevuje, Anaba, & Iheanyichukwu, 

2024). 
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d. Healthcare Facilities 

 Healthcare facilities, where continuous 

power supply is critical, have also benefited from 

renewable energy integration. The University of 

Abuja Teaching Hospital installed solar PV arrays 

combined with battery storage to power critical 

areas such as operating theaters, laboratories, and 

emergency services. This ensures that essential 

medical operations remain uninterrupted during 

grid failures. By reducing dependence on diesel 

generators, the hospital has also minimized 

operational costs and greenhouse gas emissions. 

This example highlights how renewable energy 

systems not only improve energy reliability but 

also directly support public health and safety 

outcomes in Nigerian healthcare infrastructure 

(Asaleye et al., 2017). 

 These practical examples from Nigeria 

demonstrate that renewable energy integration is 

feasible across diverse building types and can 

deliver substantial benefits in energy efficiency, 

cost savings, environmental sustainability, and 

reliability. They also highlight the importance of 

supporting technologies such as battery storage, 

hybrid systems, and smart energy management to 

maximize the effectiveness of renewable energy 

adoption. By learning from these implementations, 

other construction projects across Nigeria can 

replicate these strategies to promote sustainable 

development and improve the resilience of the built 

environment. 

 

II. CONCLUSION AND 

RECOMMENDATIONS 
 The integration of renewable energy 

systems in modern construction presents significant 

opportunities for improving energy efficiency, 

reducing operational costs, enhancing 

environmental sustainability, and promoting energy 

resilience in Nigeria. Practical examples from 

residential, commercial, educational, healthcare, 

and industrial buildings demonstrate that solar PV 

systems, wind turbines, hybrid systems, and energy 

storage solutions can be effectively deployed to 

meet local energy demands while minimizing 

reliance on the unreliable national grid. These 

systems not only reduce greenhouse gas emissions 

and environmental degradation but also improve 

occupant comfort, safety, and productivity. 

 Technological advancements, such as 

smart energy management systems, building-

integrated photovoltaics (BIPV), and innovative 

storage solutions, have further facilitated the 

seamless integration of renewable energy into 

building design. Moreover, these integrations 

contribute to broader societal benefits, including 

job creation, energy independence, and community 

resilience. Despite challenges such as high upfront 

costs, limited technical expertise, policy gaps, and 

infrastructural constraints, Nigeria’s experience 

shows that the strategic adoption of renewable 

energy technologies in construction is feasible and 

can deliver tangible economic, social, and 

environmental benefits. 

 Based on the findings of this study, the 

following recommendations are proposed to 

enhance the integration of renewable energy 

systems in modern Nigerian construction: 

i. The government should establish clear, 

consistent, and supportive policies for 

renewable energy integration, including tax 

incentives, grants, subsidies, and feed-in 

tariffs to reduce financial barriers. 

ii. Training programs for architects, engineers, 

and technicians should be implemented to 

ensure that professionals possess the skills to 

design, install, and maintain renewable 

energy systems effectively. 

iii. Public-private partnerships and low-interest 

financing schemes should be promoted to 

reduce the high initial costs of renewable 

energy installations. 

iv. Smart building management systems should 

be widely adopted to optimize energy 

consumption, storage, and generation. 

v. Awareness campaigns should educate 

building owners, occupants, and 

communities about the benefits of renewable 

energy systems. 

vi. Continuous monitoring of installed 

renewable systems should be conducted to 

assess energy performance, efficiency, and 

environmental impact. 

  

By implementing these recommendations, 

Nigeria can accelerate the adoption of renewable 

energy systems in modern construction, advancing 

sustainability, energy security, and resilient urban 

development. Such measures will not only reduce 

environmental impact but also enhance economic 

growth, social welfare, and the overall quality of 

life for Nigerian communities. 
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