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Abstract- This study explores the application of solar 

energy and building integration technology in 

residential buildings in Nigeria, highlighting their 

potentials for energy efficiency and sustainability. 

Various solar technologies, including solar thermal, 

photovoltaic, and optical, are examined for their 

suitability in residential buildings. Building design 

and construction strategies that optimize solar 

energy absorption are also discussed. The study 

recommends incorporating solar energy systems into 

building design, evaluating suitable technologies, 

and implementing energy-efficient systems to 

maximize benefits. Policy incentives, education, and 

energy storage solutions are also addressed. The 

findings suggest that integrating solar energy and 

building technology can create sustainable, energy-

efficient, and environmentally friendly homes for a 

better future. 

 

I. INTRODUCTION 

 

The built environment plays a crucial role in human 

life, providing shelter, comfort, and sustenance. 

However, the construction and operation of buildings 

also have significant environmental implications, 

including energy consumption, greenhouse gas 

emissions, and resource depletion. The residential 

sector, in particular, accounts for a substantial portion 

of energy consumption and carbon emissions globally. 

 

In recent years, there has been a growing interest in 

sustainable building practices and renewable energy 

integration in residential buildings. Solar energy, in 

particular, has emerged as a viable option for powering 

homes and reducing reliance on fossil fuels. 

 

Despite the potential benefits of solar energy in 

residential buildings, there are still significant barriers 

to widespread adoption, including high upfront costs, 

lack of awareness, and limited knowledge of building 

integration technologies. 

 

This study aims to investigate the application of solar 

energy and residential building integration 

technology, exploring the technical, economic, and 

environmental feasibility of these systems. By 

examining the current state of the technology, 

identifying challenges and opportunities, and 

analyzing case studies, this research seeks to 

contribute to the development of sustainable and 

energy-efficient residential buildings. 

 

Electricity is known to be crucial to the socio-

economic development especially in Nigeria, which is 

one of the biggest economies and most populous in 

Africa. The inability to generate and supply 

sustainable electricity in the country is a risk that could 

cripple the Gross Domestic Product (GDP) (Aliyu, 

Dada and Adam, 2015) 

 

Nigeria has potentially abundant sunshine throughout 

the year and that makes it full thirsty for solar energy 

generation. Despite the abundant sunshine, solar 

energy contributes a tiny fraction of power generation 

in Nigeria (Abdullahi, Suresh, Remukppa and Oloke, 

2017). The country receives maximum sunlight 

exposure, potential for solar photovoltaic (PV) and in 

solar belt which heightens its solar potential but 

regrettably, the opportunities for harnessing the 

renewable energies remained narrow and 

impracticable compared to the conventional electricity 

(Sambo and Bala, 2012).  The primary drivers for the 

solar power uptake in the country are attributed to 

research centres and energy institutions, initiatives 

apart from the huge electricity production deficits. 

Besides the learning and research institutions, 

government and international agencies' activities have 

led to the development of the largest solar-PV plants 
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across the country (Ohunakin, Adaramola, Oyewola 

and Fagbenle, 2014). 

 

Building energy saving needs solar energy, but the 

promotion of solar energy has to be integrated with the 

constructions. Building energy consumption accounts 

for 25% to 40% of the total energy consumption, 

together with transportation and industry as the three 

major energy-consuming households, building energy 

efficiency plays an important role in the national 

energy conservation strategies (Ma and Xue, 2013). 

This study therefore focuses on solar energy and 

building integration technology and application in the 

residential building, and explored a new way and 

thinking for the close combination of the solar 

technology and residence. 

 

II. SOLAR ENERGY AND BUILDING 

INTEGRATION TECHNOLOGY 

 

According to Ma and Xue (2013) the application of 

solar energy and building integration technology in 

residential buildings, mainly has three aspect: solar 

thermal technology, solar photovoltaic technology, 

solar optical technology, and mainly set on roofs, 

balconies, exterior walls and somewhere with ample 

sunshine. 

 

2.1 Solar Thermal Technology 

The technology involves using solar collectors or 

mirrors to focus sunlight onto a fluid, which Solar 

thermal technology uses the sun's energy to generate 

heat or steam, which can be used for various 

applications such as: (1). Water heating, (2) Space 

heating (3) Cooling (through absorption chillers) (4) 

Industrial processes (5) Electricity generation (through 

concentrated solar power) is then used to transfer the 

heat. Some common types of solar thermal technology 

include: (i) Flat-plate collectors (ii) Evacuated tube 

collectors (iii) Concentrated solar power (CSP) 

systems. (iv) Solar water heaters (v) Solar air heaters 

Solar thermal technology offers several benefits, 

including: reduced energy costs, lower greenhouse gas 

emissions, increased energy independence, long 

system lifespan (up to 30 years or more), low 

maintenance requirements, etc. 

 

In designing the integration of solar hot water system 

and residential buildings, not only need to consider the 

layout of solar hot water system, but need to further 

improve the form of the system itself. Traditional solar 

hot water system with vacuum tube cannot meet the 

needs of the ever-changing layout and style of the 

residential buildings, beyond that, it has other 

deficiencies, such as the installation is very difficult, 

easy to destroy the waterproof layer of the roof, have 

security risks if the lightning protection and drought 

exclusion device are not in place, vacuum tube belongs 

to quick-wear part and the maintenance ratio is high, 

water pipes exposed to the outdoor cause large heat 

loss, etc. In short, the traditional solar hot water system 

with vacuum tube cannot meet the need of integration 

of solar energy and building either in quality or in 

performance. Now, the flat plate solar collector system 

is gradually replacing the solar hot water system with 

vacuum tube, for it has higher adaptability, and the 

installation of it can better achieve the perfect 

combination with the construction (Wang, 2010 

Integrating solar collector with the roofs, balcony rails 

of the south façade, bay windows and walls, can make 

the appearance of residential buildings be overall 

unified, and have rich hierarchies (Xu and Qin, 2012) 

When installed on the sloping roof, the solar collector 

can be embedded in the roof like a sunroof or flat out 

on the roof, integrating with the construction to 

increase the building beauty. When installed on the flat 

roof, the flat-plate solar collector can act as roof 

covering or insulation layer, not only conforms to the 

residential modeling requirements, but also avoids the 

repeated investment and reduce the cost (See fig 1). In 

addition, the flat-plate solar collector can be combined 

with balconies, bay windows, outside walls of 

residential buildings, to maximize the use of solar 

energy and provide new ways and means to the 

residential façade design, and achieve the aim of 

multi-purpose as well. However, the technology also 

has some limitations and challenges, such as: 

intermittent energy supply (dependent on sunlight), 

high upfront costs, space requirements, energy storage 

challenges, system efficiency variations depending on 

weather conditions, etc. 

 

Overall, solar thermal technology has the potential to 

play a significant role in the transition to a more 

sustainable and renewable energy-based future. 
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Fig 1: Ways of solar collector combined with 

residential buildings. 

 

2.2 Solar Photovoltaic Technology 

Solar photovoltaic technology applied in residential 

buildings is mainly used for photovoltaic conversion 

and lighting. BIPV (Building Integrated Photovoltaic) 

is a new concept for the application of solar power on 

the surface of building structure to provide electricity 

(Zhang, 2011). Photovoltaic arrays do not take up 

additional floor space when integrated with the 

construction, and is the best installation way of 

photovoltaic generation system, thus attracting much 

attention. BIPV can be divided into two categories 

according to the forms that photovoltaic array 

integrated with the buildings (Jin,.2011) One is the 

combination of photovoltaic array with building, 

installing the PV array on the building, and the 

building play a supporting role as a photovoltaic 

carrier (Figure 2) The other is the integration of 

photovoltaic array with building, PV modules appear 

as the building material, and the photovoltaic array 

becomes the integral part of the construction, such as 

photoelectric tile roof, photoelectric curtain wall and 

photoelectric lighting roof, etc 

 

Solar Photovoltaic (PV) technology converts sunlight 

into electricity using photovoltaic cells, also known as 

solar panels. Here's an overview of how it works: (i) 

Solar panels are installed on a building's roof or in a 

solar array. (ii) The panels are exposed to sunlight, 

which excites the electrons in the photovoltaic cells. 

(iii) The excited electrons generate an electrical 

current.(iv) The current is sent through an inverter, 

which converts the DC power into AC power. (v) The 

AC power is fed into the building's electrical system, 

where it can power electrical devices. (vi) Any excess 

energy is fed back into the grid through a process 

called net metering. 

 

Solar PV technology offers several benefits, including: 

Renewable energy source, Zero greenhouse gas 

emission, Energy independence, Low maintenance 

requirements, Long system lifespan (up to 30 years or 

more), reduced energy costs, etc. 

 

Solar PV systems can be integrated into buildings in 

various ways, including: (1) Roof-mounted systems 

(2) Building-integrated photovoltaics (BIPV) - solar 

panels are integrated into the building envelope (3) 

Solar facades - solar panels are integrated into the 

building's façade (Figure 3).  (4) Solar roofs - solar 

panels are integrated into the building's roof (5) 

Ground-mounted systems - solar panels are installed 

on the ground near the building. 

 

Overall, Solar PV technology is a clean, reliable, and 

cost-effective way to generate electricity and reduce 

our reliance on fossil fuels. 

 

 
Figure 2: Typical applications of PV shading on 

buildings 

 

 
Figure 3:  Building façade with integrated 

photovoltaic panel 

 

2.3 Solar Optical Technology 

Solar optical technology refers to the use of optical 

components, such as lenses and mirrors, to concentrate 

and direct sunlight onto a specific area or device. This 

technology is often used in solar concentrator systems, 

which generate heat or electricity by focusing sunlight 

onto a receiver or photovoltaic cell. 

 

There are several types of solar optical technologies, 

including: (1) Concentrated Photovoltaic (CPV) 

systems: use lenses or mirrors to focus sunlight onto a   

photovoltaic cell, increasing energy production.(2) 

Concentrated Solar Power (CSP) systems: use mirrors 



© JUL 2024 | IRE Journals | Volume 8 Issue 1 | ISSN: 2456-8880 

IRE 1706013          ICONIC RESEARCH AND ENGINEERING JOURNALS 391 

or lenses to focus sunlight onto a receiver, generating 

heat for electricity production or industrial processes. 

(3) Solar Optical Collectors: use mirrors or lenses to 

focus sunlight onto a pipe or tube, heating a fluid for 

hot water or space heating. 

 

The main use of the solar optical technology in 

residential buildings is for lighting, natural light can 

enter into the function rooms through the light guide 

tube, thus improve the indoor day lighting situation, 

such as underground garage, equipment room and 

storage room. Due to the utilization of the solar optical 

system is also subjected to the impact of the climate, it 

is suitable for the regions that have abundant natural 

light and less cloudy sky (Wang and Shi, 2003). The 

light guide tube is mainly composed of three parts: a 

light collector for collecting the daylight; tubing 

portion for transmitting light; the light exit portion for 

controlling the distribution of the light in the room. 

Using the light guide tube on the roof must ensure that 

there have no obstructions, and well water treatment to 

avoid leaking during the installation (Figure 4). 

Moreover, as the instability of the natural light, the 

light guild tubes must in combination with the 

adjustable artificial light, so as to be an effective 

supplement when the daylight is insufficient. Solar 

optical technology offers several benefits, including:  

Increased energy output, improved efficiency, reduced 

costs, and enhanced sustainability 

 

However, it also has some challenges and limitations, 

such as:  High upfront costs, Complexity in design and 

installation, Maintenance requirements, Dependence 

on direct sunlight. Overall, solar optical technology 

has the potential to play a significant role in the 

transition to a more sustainable and renewable energy-

based future. 

 

 

 
Figure 4. Solar optical system on the roof 

 

III. BUILDING INTEGRATION OF SOLAR 

ENERGY 

 

In recent times, innovation in thermal solar and photo-

voltaics provide possibilities of its introduction in the 

building fenestration and facade. Professionals in the 

fields of environmental design, technology, 

engineering and management are seriously bothered 

about this development. The design, construction and 

maintenance of energy efficient buildings for the 

Nigerian environment will mark a stride towards 

proactively meeting global expectations. 

 

The Nation is blessed with an annual average daily 

sunshine of 6.25 hours and an annual average daily 

solar radiation of about 5.25 KW/m² per day. This 

translates to about 4.851 x 10¹² KWh of energy per day 

from the sun as stated by Okafor and Joe-Uzuegbu 

(2010). 

 

In the field of environmental design, technology, 

engineering and management, the design, construction 

and maintenance of energy-efficient buildings for the 

Nigerian environment will be a significant step toward 

internationally recognized standards  The nation's 

average daily solar radiation is around 5.25 kilowatt-
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hours per square meter per day, and daily sunshine is 

around 6.25 hours  A high-quality 1200-watt wave 

inverter costs about N120,000, while a 200Ah dry cell 

maintenance-free battery costs between N35,000 and 

N40,000. Consequently, it would cost between N2.5 

and N4.0 million to install a 2.5 kilowatt system with 

a 35-year lifespan  

 

The construction industry is responsible for most of 

the world's energy use and contributes to ecological 

hazards by releasing greenhouse gases. However, the 

solution to these problems lies in the application and 

introduction of renewable energy resources. This 

involves combining sustainable architectural design 

practices with allied built environment professions 

like engineering, technology and information and 

communication technology (ICT). 

 

Building integration of renewable energy resources 

(RES) has the benefits of creating more room on the 

structure for the installation of the required area of the 

RES systems and of substituting the RES component 

for the traditional building component, increasing the 

economic viability of the systems (Elamah et al, 

2023). In the event that this concept is used, numerous 

practical problems, such as rainfall sealing and 

protection from overheating (avoiding higher cooling 

demands during the summer), must be handled in 

addition to the aesthetic and architectural obstacles of 

building integration. In the winter, the building can be 

heated using the surplus thermal energy (Soteris, 

2013). Due to the fact that solar incidence angle 

impacts and façade application for RES are latitude-

dependent, these factors must be taken into account. 

Although countries near the equator have high 

incidence angles (the sun is higher in the sky), they 

have greater energy availability than those at higher 

latitudes (Soteris, 2013).. Prior until recently, small-

scale residential buildings were the main focus of 

research and development on energy efficiency and 

the use of renewable energy in the building sector, and 

significant progress has been made in lowering energy 

use in these types of structures. High energy costs and 

rigorous building regulations in mid- and northern 

European climes have mostly led to residential 

buildings that use relatively little energy for space 

heating. The term "building-integrated photo-voltaic" 

(BIPV) refers to materials that have many uses and can 

produce power while also sustaining a structure. 

IV. BUILDING DESIGN AND 

CONSTRUCTION STRATEGIES FOR 

OPTIMIZATION OF SOLAR ENERGY 

 

Absorption 

The building design and construction strategies for 

optimizing solar energy absorption in buildings 

include the following: 

1. Passive design strategies 

These strategies focus on using natural resources and 

site-specific conditions to improve energy efficiency 

and comfort. Examples include building orientation, 

material selection, and window placement (Islam and 

Alam, 2020) 

2. Building orientation towards the sun  

This passive solar technique involves aligning the 

building to face the sun directly, allowing for 

maximum solar energy absorption (Rahim and Al-

Mamun, 2019) 

3. Selecting materials with favorable light dispersion 

or thermal mass properties ²: 

Using materials that can absorb and release heat, such 

as concrete or brick, can help regulate the building's 

temperature and reduce energy demand. 

3. Optimizing building form  

Studies have focused on optimizing building design to 

reduce energy demand and integrate onsite renewable 

energy systems, such as solar panels (Wang and Yi, 

2019) 

4. Window placement and sizing  

Optimizing window size and placement can help 

reduce energy consumption by minimizing heat loss 

and maximizing natural light. 

5.  Roof and wall thickness 

Using appropriate thickness for roofs and walls can 

help reduce heat transfer and energy consumption. 

6. Integration of onsite renewable energy systems 

Incorporating solar panels or other renewable energy 

systems into the building design can help reduce 

energy demand and increase energy efficiency. 

7. Building performance optimization process  

This process involves evaluating day lighting and 

energy performance simultaneously to optimize 

building design and reduce energy consumption. 

8. Climate design  

Considering the local climate and designing the 

building accordingly can help optimize solar energy 

absorption and reduce energy demand (Al-Mamun and 

Hassan, 2018) 
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V. CONCLUSION AND 

RECOMMENDATIONS 

 

Solar energy can be effectively integrated into 

residential buildings to provide energy efficiency and 

sustainability. The various solar technologies, 

including solar thermal, photovoltaic, and optical, can 

be applied in residential buildings. Building 

integration technology enables seamless integration of 

solar systems into building design and functionality. 

The study therefore recommends the following:1. 

Incorporate solar energy systems into residential 

building design and construction by the designers and 

constructors 2. The designers should consider building 

orientation, insulation, and window placement to 

optimize solar energy absorption during design. 3. 

Evaluate suitable solar technologies for specific 

residential building needs. 4. Implement energy-

efficient systems and appliances to maximize solar 

energy benefits. 5. Encourage policy incentives and 

education to promote widespread adoption of solar 

energy in residential buildings. 6. There should be 

continuous monitor and evaluate solar energy 

performance to optimize system efficiency and 

building sustainability. 7. Consider integrating energy 

storage solutions to enhance solar energy reliability 

and grid resilience. By adopting solar energy and 

residential building integration technology, we can 

create sustainable, energy-efficient and 

environmentally friendly homes for a better future. 
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