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FUTURE-READY BUILDINGS: 
NIGERIA’S TRANSITION TO 
LOW-CARBON, CLIMATE-
RESPONSIVE HOUSING

REVIEW ARTICLE1

  https://doi.org/10.38140/as.v32i1.9122

ABSTRACT
The global climate crisis is compelling nations to adopt 
building resilience practices to facilitate the transition to 
a low-carbon and sustainable future. In tropical regions, 
where the impact of climate change is predicted to be 
most adverse, elevated outdoor temperatures may render 
existing housing unliveable. In Nigeria, much attention 
is not paid to designing climate-responsive buildings, 
making new and existing buildings vulnerable to extreme 
future climates. This study evaluates Nigeria’s readiness 
to transition to low-carbon and climate-responsive 
housing, using a mixed-methods approach, incorporating 
both qualitative and quantitative data. Weather data for 
2020 and future projections for 2100 (based on RCP 8.5 
scenarios) were generated using Meteonorm (v8) and 
analysed using Python in Jupyter Notebook. In addition, 
68 peer-reviewed references were sourced from reputable 
online databases and informed a thematic analysis. The 
results show an average temperature increase of 5.2°C 
by 2100, with significant regional variability, highlighting 
the urgent need for climate-responsive building strategies. 
The thematic analysis identified financial constraints, 
weak policy frameworks, as well as technological and 
knowledge gaps as the primary barriers to sustainable 
building adoption in Nigeria. The study concludes 
that, for the habitability and sustainability of buildings, 
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future-proofing strategies must prioritise solar shading, thermal mass insulation, passive cooling 
and ventilation, renewable energy integration, and low embodied energy materials. These 
measures must be supported by robust policies, incentives, and an effective building assessment 
framework to ensure the resilience and sustainability of Nigeria’s housing supply.

ABSTRAK
Die wêreldwye klimaatkrisis dwing lande om veerkragtigheidspraktyke aan te neem om 
die oorgang na ‘n lae-koolstof en volhoubare toekoms te vergemaklik. In tropiese streke, 
waar klimaatsverandering die ergste sal wees, kan verhoogde buitetemperature bestaande 
behuising onbewoonbaar maak. In Nigerië word nie veel aandag gegee aan die ontwerp van 
klimaat-responsiewe geboue nie, wat nuwe en bestaande geboue kwesbaar maak vir uiterste 
toekomstige klimate. Hierdie studie evalueer Nigerië se gereedheid om oor te skakel na 
laekoolstof- en klimaat-responsiewe behuising, met ‘n gemengde metode-benadering wat beide 
kwalitatiewe en kwantitatiewe data insluit. Weerdata vir 2020 en toekomstige projeksies vir 2100 
(gebaseer op RCP 8.5-scenario’s) is gegenereer met Meteonorm (v8) en ontleed met Python 
in Jupyter Notebook. Daar is ook 68 verwysings van betroubare aanlyn databasisse verkry en 
tematiese ontleding uitgevoer. Die resultate toon ‘n gemiddelde temperatuurverhoging van 5.2°C 
teen 2100, met beduidende streekveranderlikheid, wat die dringende behoefte aan klimaat-
responsiewe boustrategieë beklemtoon. Die studie identifiseer finansiële beperkings, swak 
beleidsraamwerke en kennisgapings as die grootste hindernisse. Dit beveel die prioritisering van 
sonskadu, termiese massa-isolasie, passiewe verkoeling, hernubare energie-integrasie en lae-
beliggaamde energiemateriaal aan.

1.	 INTRODUCTION
The rising climate crisis, evidenced by rising temperatures and deteriorating 
climatic conditions, poses serious threats to global and local building 
resilience. Without immediate and pre-emptive interventions, future 
buildings and generations will endure the dire consequences of societal 
inaction (Emetere, Afolalu & Peters, 2021: 5). In Nigeria, limited attention 
is paid to the design of climate-resilient buildings with low global warming 
impact (Akinola et al., 2020: 9), significantly contributing to the country’s 
rising carbon emissions. The vast majority of existing contemporary 
buildings rely heavily on non-renewable cooling systems, increasing energy 
consumption, and environmental strain (Lawal et al., 2024: 7, 8). However, 
climate-responsive building strategies are gradually gaining attention as a 
feasible approach to enhancing resilience and reducing carbon footprints 
(Umana et al., 2024). Yet, a clear strategic framework, supported by well-
defined guidelines and policy reinforcements, remains lacking. Climate 
resilience strategies are recognised as essential for ensuring building 
sustainability in a changing climate (Unegbu et al., 2024a: 13). Green 
building strategies such as green roofs (Iwuanyanwu et al., 2024: 8; Ojelabi, 
Mohammed & Oladiran, 2024: 7), window glazing optimisation (Okpalike 
et al., 2022: 5-7; Alegbe & Mtaver, 2023: 7, 8), solar shading (Alegbe et 
al., 2023), and the use of low embodied carbon materials (Alegbe & 
Hammed, 2024; Basil et al., 2019: 5) can mitigate these challenges. These 
strategies not only enhance resilience, but also improve societal well-
being, by supporting energy efficiency, indoor air quality, and long-term cost 
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savings (Ekhaese, Adejuwon & Evbuoma, 2021; Abdulsalam et al., 2024). 
Incorporating green building systems and smart technologies enhance 
the overall sustainability value of buildings (Otegbulu, 2018: 19; Imafidon, 
Enwerem & Boye, 2024: 8, 14). Despite the growing global acceptance 
of green building practices and climate-responsive building strategies, 
their adoption and implementation in Nigeria remains significantly below 
expectations (Toriola-Coker et al., 2021; Iwuagwu & Onyegiri, 2019: 7).

The challenges in the industry are deeply rooted in technopolitical issues, 
awareness and perception barriers, as well as sociocultural influences 
(Akindele et al., 2023: 10-16). Sustainable construction encompasses a 
wide range of disciplines, including site planning, architectural design, and 
waste management (Osuizugbo et al., 2020: 8), which, when compared 
to conventional construction methods, offer significant socio-economic 
and environmental benefits (Windapo et al., 2021). Emerging trends 
in the Nigerian construction industry include the use of local materials 
and sustainable construction techniques, but alignment with global 
advancements is restrained (Evelyn, 2023: 6-8). For instance, while the 
relationship between building design and its environmental performance 
is recognised, their implementation for building energy efficiency is not 
applied (Omoragbon, Al-Maiyah & Coates, 2023). Inadequate use of 
localised building materials and the lack of building evaluation, which are 
critical for energy efficiency, remain underexplored in the industry (Ukpong 
& Ackley, 2019: 10).

In sub-Saharan Africa, economic concerns often impede the development 
of the green building market, taking precedence over environmental 
considerations (Addy et al., 2021). This stems from the urgent need to 
address pressing challenges such as poverty and housing shortages. 
With over 60 million Nigerians relying on non-renewable alternative power 
sources, environmental concerns and the transition to a sustainable future 
is further aggravated (Geissler, Österreicher & Macharm, 2018; Nwozor et 
al., 2021). Other barriers such as users’ behavioural negligence (Omuh et 
al., 2018), clients’ low awareness and resistance to sustainable building 
designs (Babalola & Harinarain, 2024: 5; Opoko et al., 2022: 10), as 
well as weak policy frameworks from regulatory bodies (Imafidon et al., 
2024: 11, 12; Tunji-Olayeni & David, 2024) hinder the transition towards 
a more resilient and sustainable built environment. While the challenges 
impeding the sustainable transformation of Nigeria’s built environment are 
multifaceted, they can be resolved by using the right approaches.

This study critically investigates the state of Nigeria’s built environment 
industry regarding its readiness to transition towards a climate-resilient, 
low-carbon housing, identifying existing gaps, challenges and approaches 
for a sustainable future. It examines emission representative concentration 



Alegbe et al. 2025 Acta Structilia 32(1): 91-143

94

pathways (RCPs) and temperature anomalies for projected climate 
scenarios for each region in the country. It further conducts a thematic 
review of relevant literature on the Nigerian built-environment industry 
and, finally, proposes a set of climate-responsive design strategies to 
recommend actionable measures for future-proofing buildings in the 
country. 

2.	 LITERATURE REVIEW
2.1	 Building design and sustainability challenges in 

Nigeria
By 2050, urban households are projected to consume more energy than 
their rural counterparts, due to mass migration to cities (Dioha & Kumar, 
2020: 10-13). This urbanisation necessitates innovative approaches to 
offset escalating energy demands through sustainable building design. 
Following the COVID-19 pandemic, there has been a notable shift towards 
integrating climate considerations into building design, highlighting the 
importance of indoor well-being and sustainability (Evelyn, 2023: 4). This 
heightened focus shows the need for human-centric, green buildings 
achieved through an integrated design process that prioritises key metrics. 
As noted by Ikudayisi et al. (2022: 13), these metrics such as project, 
process, team, and client attributes are crucial for ensuring successful 
sustainability outcomes in building projects.

The Nigerian building industry has set ambitious targets to reduce energy 
consumption and global warming potential in buildings. Intelligent building 
design, particularly through the optimisation of building envelopes, has 
shown significant potential for enhancing energy efficiency (Ochedi & 
Taki, 2022: 13). However, while developed nations are advancing rapidly 
in adopting modern building technologies, developing countries such as 
Nigeria face substantial barriers, including financial constraints, a shortage 
of technical expertise, and weak policy frameworks (Imafidon et al., 
2024: 15). Moreover, Nigeria’s growing housing deficit, persistent energy 
challenges, and environmental issues further complicate efforts to align 
with global climate goals (Onososen, Osanyin & Adeyemo, 2019: 2,10).

Nigeria’s climate, characterised by extreme temperatures and high 
humidity, leads to a heavy reliance on non-renewable energy-powered 
mechanical cooling systems for indoor comfort – an unsustainable practice. 
In contrast, traditional buildings employed passive cooling techniques, 
such as extended roof eaves, cooling balconies, and high headrooms, 
reducing energy demand (Nwalusi et al., 2022: 8). The adoption of modern 
architectural designs has displaced these passive cooling strategies, 
emphasising the need for integrating traditional practices with contemporary 
building techniques.
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Nigeria faces a divide between policies aimed at phasing out fossil 
fuel-based energy generation and those promoting renewable energy 
technologies, which has stagnated efforts to decouple the country’s energy 
systems (Okoh & Okpanachi, 2023). Despite widespread recognition 
of these deficiencies, the adoption of sustainable construction methods 
remains limited. This issue extends beyond private residential buildings, 
with public structures such as museums lacking essential low-carbon 
strategies (Adewale & Ene, 2024). High-end shopping malls and hospitals 
also continue to rely heavily on non-renewable energy sources (Izobo-
Martins et al., 2022: 10-18; Adeniran, Netswera & Marcus, 2024: 3). The 
tourism sector, a major energy-consuming industry, offers significant 
opportunities for improving energy efficiency; yet the high initial costs 
of building decarbonisation and regulatory challenges hinder progress 
(James et al., 2022: 13; Amasuomo, 2021: 64). Furthermore, technological 
limitations, socio-economic factors, public resistance, and low awareness 
exacerbate the slow adoption of low-carbon measures in the building sector 
(Rimamtanung & Charles, 2023; Muhammad et al., 2020).

While much attention has been paid to reducing operational energy in 
buildings, the growing importance of embodied carbon reduction must also 
be considered to meet long-term climate goals (Röck et al., 2020: 10; Khan 
et al., 2022: 16; Hu, 2023; Fang et al., 2023). Alarmingly, many modern 
buildings in Nigeria fail to meet basic sustainability standards (Ekhaese et 
al., 2021: 5,8), highlighting the need for a standardised policy framework 
with stricter regulations. In addition, tensions between preserving 
architectural heritage and embracing contemporary designs complicate 
efforts to achieve sustainability. In some instances, renovation offers a 
more sustainable alternative to new construction, providing both cultural 
preservation and material waste reduction benefits (Savoie, Sapinski & 
Laroche, 2025).

The challenges regarding building sustainability in Nigeria demand 
innovative policies, practices, and technologies to guide the sector toward 
a more sustainable future.

2.2	 Global practices in transitioning to resilient futures
The transition to a low-carbon and resilient future demands holistic 
strategies that encompass urban design, landscape, building design, 
energy systems, and consumer behaviour, with countries making significant 
progresses to mitigate climate change. Several nations have promoted 
zero-energy buildings and continually refine methods to reduce their global 
warming impact. For instance, the adoption of frameworks with time-
varying building characteristics in Canberra demonstrated a 23% reduction 
in building energy demand (Rostam & Abbasi, 2023: 8). The integration 
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of passive measures such as super-insulation and energy-efficient HVAC 
systems in Algiers led to a remarkable 59% reduction in energy use and 
44% decrease in emissions, by leveraging renewable energy sources 
such as solar photovoltaics (Makhloufi & Louafi, 2024: 11). However, as 
climate patterns evolve, the challenge of adapting building designs to future 
climate scenarios remains critical. A study in the UK indicates that net-zero 
energy buildings (NZEBs) can reduce GHG emissions by an impressive 
89%, even as cooling demands increases, due to changing climate (Viganò 
et al., 2024: 20). Achieving outstanding energy reduction in buildings 
requires innovative optimisation techniques such as the Energy Demand 
and Supply Simultaneous Optimisation (EdeSSOpt) method applied in 
Italy, which proved to be effective in designing cost-efficient buildings that 
remain resilient across diverse future climate scenarios (Bilardo, Ferrara & 
Fabrizio, 2019: 3). These examples connote that resilience is not only about 
immediate outcomes, but also about planning for long-term sustainability.

Advancements in digital technologies are revolutionising the construction 
industry and accelerating the shift towards a low-carbon future. Building 
Information Modelling (BIM), for instance, has emerged as a transformative 
tool that enhances life cycle management, waste reduction, clash detection, 
and energy performance in buildings (Alsehaimi et al., 2024). Beyond this, 
technologies such as digital twin (DT) and the Internet of Things (IoT) are 
facilitating smarter and more integrated systems for energy management 
and building operations. These innovations streamline construction 
processes, improve decision-making, and ensure that projects meet and 
even exceed sustainability targets (Ghalandar & Lindkvist, 2023). However, 
transitioning to a resilient future is not only a technological endeavour; it 
also requires societal collaboration. Energy communities, for instance, 
play a pivotal role in promoting collective energy resilience (Moroni et al., 
2019). The Supporting Consumer Co-Ownership in Renewable Energies 
(SCORE) project, piloted in the Czech Republic and Poland, exemplifies 
this approach. By encouraging renewable energy systems co-ownership, 
the project supports consumer engagement and reduces reliance on 
fossil fuels, which are integral in addressing energy inequities, especially 
in marginalised communities grappling with social disinvestment and 
deindustrialisation (Torabi Moghadam et al., 2020: 10-14; Bates et al., 
2024: 8). 

As global emphasis on sustainability intensifies, accountability has become 
a cornerstone of progress evaluation. Sustainability reporting frameworks 
such as those provided by the Sustainability Accounting Standards Board 
have empowered businesses to transparently disclose their sustainability 
practices (Job & Khanna, 2024: 9). This ensures that efforts towards low-
carbon futures are effective, measurable, and align with global goals. 
Equally important is the consideration of geographical and micro-climatic 
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contexts in building design, as exemplified in a study in the UK, where a 
two-tiered ensemble clustering method was employed to identify granular 
climate zones based on future projections. According to Xie et al. (2024: 2, 
8), this approach offers scalable solutions to enhance climate-responsive 
building designs globally. In addition, universal design principles, which 
cater to the changing needs of occupants over their lifespans, are being 
integrated into building practices, in order to address challenges such as 
aging populations and evolving lifestyles (Romagnoli & Villani, 2024). These 
schemes ensure that buildings withstand both extreme climate adversities 
and changing individual needs.

2.3	 Climate projections and building decarbonisation
Climate change is the greatest threat to human survival, with two-thirds 
of the 1°C temperature rise since the industrial revolution occurring post-
1986, making the last few decades the warmest in recorded history (PWC 
Nigeria, n.d.). According to climate projections, Nigeria is expected to face 
significant temperature increases, with annual temperature anomalies 
projected to rise by 0.35°C by 2035, 1.09°C by 2045, and 5.8°C by 
2100, compared to 2025 levels by the World Bank Group (WBG, n.d.). 
As illustrated in Figure 1, a time series graph traces these temperature 
anomalies from 1951 to 2100, using shared socio-economic pathways 
(SSPs) in a multi-model ensemble. These SSPs offer valuable insights into 
potential future climates, shaped by carbon emissions, mitigation efforts, 
and development trajectories. In addition, Figure 2 presents a boxplot of 
average monthly surface temperatures across Nigeria spanning 150 years, 
from the mid-20th century to the 22nd century. Together, these projections 
show the urgent need to future-proof housing developments through the 
adoption of climate-responsive design strategies. 
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Figure 1:	 Projected average mean surface air temperature (°C) in Nigeria

Source:	 WGB, n.d.

Figure 2:	 Projected average mean surface air temperature (°C) in Nigeria-SSP8.5

Source:	 WBG, n.d.
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One of the urgent priorities for the Nigerian construction industry is 
decarbonising the building sector, driven by the growing demand for cement-
based materials. The Green Building Council of Nigeria (GBCN) identified 
cement production as contributing 43% of the country’s greenhouse gas 
emissions, owing to its highly carbon-intensive manufacturing process 
(Ekugbe, 2024). Alarmingly, this figure surpasses the global average 
of 32%. Urbanisation and population growth are the principal carbon 
emissions drivers that continue to significantly shape Nigeria’s emission 
trends, determining its trajectory (Abam et al., 2023: 10; Abubakar & 
Aina, 2019: 7). Despite these challenges, the adoption of renewable 
energy technologies, which are essential for building decarbonisation, 
remains minimal (Ekung, Ohama & Tiokpat, 2020: 8). Aggravating the 
decarbonisation challenges further, many of the existing housing supply, 
influenced by modern architectural styles, were neither designed to be 
future-proof nor adapted to the local climate conditions (Soliman, Ibrahim 
& Ibrahim, 2022: 3).

2.4	 Nigeria’s pathway: Policies and practices 
As remarked by Alhassan et al. (2022: 5, 10), Nigeria lags in the shift to a 
resilient future, primarily because traditional building designs and practices 
continue to dominate. In response, the Federal Executive Council, in 2022, 
approved the Energy Transition Plan (ETP), the first in Africa, which outlines 
a pathway to achieve net-zero emissions by 2060 (PWC Nigeria, n.d.). This 
plan prioritises decarbonising high-emission sectors through the adoption 
of renewable energy and biogas-based technologies. During COP26, the 
Nigerian government further pledged to commit to afforestation and reduce 
methane emissions by 30% by 2030, aligning national efforts with global 
climate action goals. To achieve meaningful and effective results, these 
promising developments will, nonetheless, require robust frameworks that 
extend beyond documentation.

When evaluated against low-carbon design alternatives, the vast majority 
of the current housing supply is found to be largely unsustainable (Ogunde 
et al., 2018). Property management practices do not adequately address 
the negative environmental impacts of buildings during their operational 
phases (Ogunba, Dabara & Gbadegesin, 2023: 7). Retrofitting buildings 
can help make them more energy-efficient, offering a cost-effective and 
environmentally friendly alternative to rebuilding (Omoragbon et al., 2023: 
11, 12). Addressing energy inefficiency in Nigeria is a significant challenge, 
due to the reliance on the already strained national grid (Mato et al., 2023: 
4). To curb this, Iwuagwu and Onyegiri (2019: 7) proposed using passive 
energy use strategies to reduce the pressure on the grid. In addition, 
sustainable practices such as the use of energy-saving bulbs and digital 
metering can support energy efficiency in buildings (Ogunba et al., 2023: 
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7). However, normalised unsustainable building practices and limited 
access to technologies truncate emission reduction objectives (Omopariola 
et al., 2024; Umana et al., 2024: 7). Regardless, Otegbulu (2018) purported 
that building occupants are willing to embrace low-carbon building features, 
provided they enhance indoor living standards.

Policies, practices, and educational interventions also play a critical role 
in Nigeria’s transition to a low-carbon future. Government incentives are 
effective in promoting sustainable building practices and, if appropriately 
scaled, could support green building attainment and drive better adoption 
rates (Saka, Olanipekun & Omotayo, 2021). In addition, the awareness of 
sustainable construction among academics and industry professionals is 
growing, but at a slow pace (Oluwunmi et al., 2019: 7; Unegbu et al., 2024b: 
6). To resolve this, targeted educational programmes for professionals 
could bridge this gap and accelerate the shift to carbon-neutral construction 
processes (Akinshipe, Oluleye & Aigbavboa, 2019: 6). Nevertheless, 
limited knowledge of sustainable construction technologies and the failure 
to translate research outcomes into innovations continue to discourage 
low-carbon building practices (Osuizugbo et al., 2024). On a positive 
note, integrating climate-resilient strategies in buildings offers substantial 
prospects for reducing greenhouse gas emissions in buildings, with 
stringent policies and robust models playing significant roles (Muhammad 
et al., 2020: 9).

3.	 METHODOLOGY
3.1	 Research design
This study employed a mixed-methods approach, combining quantitative 
and qualitative analyses to evaluate Nigeria’s transition to low-carbon and 
climate-resilient buildings. A mixed-methods approach integrates multiple 
data sources (Zou et al., 2018: 7; Kinnebrew et al., 2020: 13) and may 
involve a combination of literature review and building simulation (Chohan 
et al., 2024: 6), interviews and questionnaires (Adegoke et al., 2023: 5; 
Ahmad et al., 2019: 5), or climate data analysis and building performance 
evaluation (Lops et al., 2024: 4). 

In this study, quantitative analysis involved weather data collection, using 
Meteonorm – a climate data generator – with a focus on temperature 
extremes for 2020 and 2100. This involved analysing historical and 
projected weather patterns to ascertain their potential impact on buildings 
(Tootkaboni et al., 2021: 6). Qualitative data was gathered from a thematic 
analysis of reviewed literature, including journal articles, theses, and reports 
sourced from reputable databases. Thematic analysis has been widely 
applied in built-environment research such as in Azli et al. (2024: 6), Opoku, 



Alegbe et al. 2025 Acta Structilia 32(1): 91-143

101

Agyekum and Ayarkwa (2019: 6), and Zailani, Mogbo and Kolo (2024: 3) 
to extract insights. In this study, it ensures that the research is contextually 
grounded, aligning with current discourse in Nigeria’s built-environment 
industry. A structured approach to data analysis was followed, with 
statistical validation ensuring the reliability of weather data, while thematic 
analysis was used to categorise qualitative findings. The validated results 
were synthesised to formulate building strategies and recommendations 
aimed at advancing low-carbon and climate-resilient building practices, 
contributing to sustainable development within Nigeria’s built environment. 
This use of mixed-methods approach thus facilitates a bidirectional 
integration, such that climate data identifies where the challenges are most 
critical, while thematic analysis explains why those challenges persist and 
how they might be addressed. The approach offers a replicable model for 
other regions facing similar sustainability transitions. By grounding technical 
projections in place-based socio-institutional realities, the framework 
ensures that adaptation strategies are not only evidence driven but also 
contextually practicable. Researchers in other tropical or rapidly urbanising 
regions can adapt this model to prioritise interventions, enhance planning, 
and design equitable, future-ready buildings.

3.2	 Data collection 
Weather data for 37 locations across Nigeria were generated, using 
Meteonorm (v8) based on geographical coordinates established in a 
previous study by Alegbe and Mtaver (2023: 6). These coordinates were 
obtained in batch, using a Python script with the Geopy library, specifying 
each state capital in Nigeria in the format geolocator.geocode(“State_
Capital, Country”). The extracted coordinates were then verified using the 
Google Maps API to ensure accuracy. Each verified location was entered 
into the weather generator tool to produce weather data for the reference 
years. Meteonorm integrates data from over 8,000 weather stations, five 
geostationary satellites, and a globally calibrated aerosol climatology to offer 
reliable climate data (Remund et al., 2020). It has been applied in several 
building climate resilience studies, including Escandón et al. (2023: 3) and 
Tsoka (2023: 5), to generate time-series hourly weather data for assessing 
future building performance. Meteonorm provides a range of weather 
metrics, including temperature, solar radiation, humidity, precipitation, wind 
speed, atmospheric pressure, and cloud cover, as well as climate change 
projection. However, this study focused solely on temperature data for 2020 
and 2100, given its critical role in influencing building energy performance, 
particularly under future climates conditions. This focus aligns with methods 
from previous building energy studies, including Pandit and Bhattarai (2018: 
2), Dodoo (2020: 2), Wang et al. (2022: 3), and Fu and Liu (2023: 3-5). The 
data set reflects Nigeria’s diverse climatic zones and their implications for 
building resilience.
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Qualitative data were collected from reputable online sources, prioritising 
literature on low-carbon buildings, sustainable construction, and climate 
goals. Initially, 68 peer-reviewed articles were collected from Scopus, 
Google Scholar, and the Directory of Open Access Journals (DOAJ) 
databases. The search focused on articles specific to Nigeria, published 
between 2018 and 2024, using “low-carbon buildings”, “climate resilience”, 
“green buildings”, and “sustainable construction” as keywords. Boolean 
operations were used to retrieve articles with similar terminologies. Fifteen 
additional articles were sourced from Scopus to gain a broader perspective 
on sustainability practices and recent technologies supporting global 
resilient building initiatives. The overall data collection included peer-
reviewed journal papers, conference proceedings, published PhD theses, 
electronic articles, book sections, and government reports from the fields of 
energy, engineering, and environmental studies.

3.3	 Data analysis
Weather data were first organised in Excel and pre-processed using 
Python in Jupyter Notebook, focusing on data cleaning and organisation. 
Python-based preprocessing techniques improve efficiency in handling 
large and complex, multi-source data, reducing the possibilities of errors 
(Liu et al., 2024; Grotov et al., 2022; Negrini, Shabadi & Urban, 2023). The 
primary weather parameters organised were daily maximum and minimum 
temperatures, along with seasonal averages and annual extremes. 
Statistical methods were then used to calculate the mean, standard 
deviation, class width, and range of temperature anomalies across the 
country. Trend analysis, using a linear regression model, was employed to 
determine the rate of temperature increase over time. In addition, correlation 
analysis was performed to assess the relationship between temperature 
changes across different regions. Correlation analysis measures the 
strength and direction of relationships between variables, typically using 
Pearson’s correlation coefficient (r), which ranges from -1 to +1 (Sampaio 
et al., 2024). A coefficient of +1 indicates a perfect positive correlation, -1 
a perfect negative correlation, and 0 no linear relationship, with values 
between these extremes representing varying strengths of correlation.

Data were clustered using K-means algorithms in Python to categorise the 
37 locations based on similarities in temperature data and the magnitude of 
temperature anomalies observed over the 80-year interval. This approach 
facilitates a clear understanding of regional variations and helps identify 
areas requiring more stringent adaptation measures (Patil & Karthikeyan, 
2020). The number of clusters was determined, using the Elbow Method, 
and the algorithm was implemented in Python, using the “KMeans” 
function from the sklearn.cluster module in scikit-learn machine learning 
library. Each location was assigned to one of three clusters (0, 1, or 2), 
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representing distinct temperature patterns. These labels are arbitrary but 
correspond to classifications such as high, moderate, and low temperature 
zones, aiding in climate-responsive building strategies.

For the qualitative data, thematic analysis was performed to identify 
trends, challenges, and pathways critical to supporting the transition to a 
low-carbon and resilient future (Zailani et al., 2024: 3). A coding technique 
was used to identify recurring labels from the literature findings to extract 
insights that align with the current state of climate-responsive buildings in 
Nigeria and the barriers to their adoption. These labels were further grouped 
into six broad themes to inform recommendations for advancing low-carbon 
building practices in Nigeria. Critically, the cross-analysis of both projected 
temperature and literature data sets enabled a data-informed clustering of 
risk zones to thematic constraints, reinforcing the need for differentiated 
strategies that align climate risk with geo-political realities. 

3.4	 Validation process
3.4.1	 Weather data validation
A validation process was conducted to ensure the reliability of the 
weather data study, by comparing temperature projections collected using 
Meteonorm for RCP 8.5 (CMIP5) with that of CMIP6 SSP5-8.5 projections, 
as sourced from World Bank Group. The validation process compares 
temperature values for the years 2020 and 2100 from both climate models, 
as shown in Table 1. The central estimate represents the most likely 
projection, while the lower bound (10th percentile) and the upper bound (90th 
percentile) represent lower and extreme warming scenarios, respectively.

Table 1:	 Climate models annual average comparison

Annual averages

Year RCP 8.5 SSP5-8.5 (central) SSP5-8.5 (low) SSP5-8.5 (high)

2020 27.08°C 27.68°C 27.00°C 28.26°C

2100 31.58°C 32.08°C 30.27°C 34.26°C

The following statistical measures were applied to quantitatively assess the 
agreement between the data sets.

Mean Bias Error (MBE) measures the average difference between RCP 
8.5 and SSP5-8.5 (central) projections. A positive MBE indicates that the 
Meteonorm data overestimates the values, while a negative MBE signifies 
an underestimation.
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Root Mean Square Error (RMSE) evaluates the magnitude of discrepancies 
between the data sets, where a lower RMSE indicates better accuracy and 
closer agreement between the values.
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SSP5-8.5 projections, demonstrating a strong correlation and reliability of the 
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the entire data set to conform that no new themes emerged from the additional 
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Table 2 compares average monthly temperature statistics for 2020 and 2100. Key 
metrics include the mean temperature, standard deviation, minimum and maximum 
recorded temperatures (with their corresponding locations). In 2020, mean 
temperature ranged from 25.24°C in August to 29.56°C in April, with variations in 
standard deviations, indicating the extent of monthly temperature fluctuations. 
Compared to the baseline year, extreme temperatures in 2100 differed by 5.2 °C, 
while the minimum temperatures showed a variation of 4.4°C (Figure 3). In addition, 
regional variability is observed, with locations such as Jos experiencing cooler 
temperatures compared to hotter regions such as Sokoto (Figure 4). By 2100, 
monthly temperature averages are projected to increase significantly ranging from 
30.65°C in January to 34.20°C in April. These projected increases show the potential 
impact on building resilience and highlight the need for climate-responsive 
measures.  
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 = Mean of RCP 8.5 values

The validation results indicate a strong agreement between the RCP 8.5 
and SSP-8.5 data sets. The Mean Bias Error (MBE) of -0.55°C indicates 
a slight underestimation by RCP 8.5 compared to SSP5-8.5 percentiles. 
This could be due to differences in climate modelling frameworks (CMIP5 
vs CMIP6), updated emission scenario assumptions, variations in model 
ensembles with higher climate sensitivities and regional or temporal 
variability in projections. The Root Mean Square Error (RMSE) and Mean 
Absolute Error (MAE), both at 0.55°C, confirm minimal deviations, indicating 
a good alignment between the data sets. In addition, the Coefficient of 
Determination (R2) of 0.94 (94%) suggests that 94% of the variation in RCP 
8.5 data is explained by SSP5-8.5 projections, demonstrating a strong 
correlation and reliability of the projected weather values.
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3.4.2	 Validation of thematic review
The following validation techniques were employed to ensure the validity 
and reliability of the review.

•	 Consensus coding: The authors independently reviewed the 
literature and identified codes and broader themes, which were 
then compared with the thematic review. A consensus was 
reached on which codes and themes were valid and should be 
retained or renamed.

•	 Saturation check: After agreeing on the identified themes, the 
authors rechecked the entire data set to conform that no new 
themes emerged from the additional literature, ensuring that data 
saturation was achieved.

4.	 RESULTS 
4.1	 Temperature variations and correlations
Table 2 compares average monthly temperature statistics for 2020 and 
2100. Key metrics include the mean temperature, standard deviation, 
minimum and maximum recorded temperatures (with their corresponding 
locations). In 2020, mean temperature ranged from 25.24°C in August 
to 29.56°C in April, with variations in standard deviations, indicating the 
extent of monthly temperature fluctuations. Compared to the baseline 
year, extreme temperatures in 2100 differed by 5.2 °C, while the minimum 
temperatures showed a variation of 4.4°C (Figure 3). In addition, regional 
variability is observed, with locations such as Jos experiencing cooler 
temperatures compared to hotter regions such as Sokoto (Figure 4). By 
2100, monthly temperature averages are projected to increase significantly 
ranging from 30.65°C in January to 34.20°C in April. These projected 
increases show the potential impact on building resilience and highlight the 
need for climate-responsive measures. 



Alegbe et al. 2025 Acta Structilia 32(1): 91-143

106

Ta
bl

e 
2:

	
C

om
pa

ris
on

 o
f m

ea
n 

m
on

th
ly

 te
m

pe
ra

tu
re

 s
ta

tis
tic

s 
fo

r 2
02

0 
an

d 
21

00
 a

cr
os

s 
N

ig
er

ia

20
20

21
00

M
on

th
M

ea
n 

(⁰C
)

S
ta

nd
ar

d 
de

vi
at

io
n 

(⁰C
)

M
in

 (⁰
C

) 
(L

oc
at

io
n)

M
ax

 (⁰
C

) (
Lo

ca
tio

n)
M

on
th

M
ea

n 
(⁰C

)
S

ta
nd

ar
d 

D
ev

ia
tio

n 
(⁰C

)
M

in
 (⁰

C
) 

(L
oc

at
io

n)
M

ax
 (⁰

C
) (

Lo
ca

tio
n)

Ja
nu

ar
y

25
.9

24
2.

52
6

20
.4

 (J
os

)
28

.1
 (U

yo
)

Ja
nu

ar
y

30
.6

46
2.

47
3

25
.1

 (J
os

)
32

.7
 (L

afi
a,

 M
in

na
, 

Uy
o)

Fe
br

ua
ry

27
.7

92
1.

85
2

23
.0

 (J
os

)
30

.4
 (L

afi
a,

 M
in

na
)

Fe
br

ua
ry

32
.4

05
1.

78
0

27
.6

 (J
os

)
35

.0
 (L

afi
a,

 M
in

na
)

M
ar

ch
29

.2
27

1.
66

0
25

.6
 (J

os
)

33
.4

 (B
en

in
 C

ity
)

M
ar

ch
33

.8
57

1.
80

9
30

.4
 (J

os
)

38
.4

 (B
irn

in
 K

eb
bi

)

A
pr

il
29

.5
59

2.
45

5
26

.2
 (J

os
)

35
.0

 (S
ok

ot
o)

A
pr

il
34

.2
00

2.
75

9
31

.0
 (J

os
)

40
.2

 (S
ok

ot
o)

M
ay

28
.7

05
2.

57
6

24
.4

 (J
os

)
34

.7
 (S

ok
ot

o)
M

ay
33

.1
65

2.
92

0
28

.9
 (J

os
)

40
.0

 (S
ok

ot
o)

Ju
ne

27
.1

08
2.

22
7

22
.5

 (J
os

)
32

.4
 (S

ok
ot

o)
Ju

ne
31

.5
35

2.
50

4
26

.9
 (J

os
)

37
.6

 (S
ok

ot
o)

Ju
ly

25
.9

00
1.

60
1

21
.6

 (J
os

)
29

.9
 (S

ok
ot

o)
Ju

ly
30

.0
22

1.
81

1
25

.7
 (J

os
)

34
.8

 (S
ok

ot
o)

A
ug

us
t

25
.2

43
1.

28
8

21
.1

 (J
os

)
28

.3
 (S

ok
ot

o)
A

ug
us

t
29

.0
70

1.
42

1
24

.8
 (J

os
)

32
.7

 (S
ok

ot
o)

Se
pt

em
be

r
25

.8
38

1.
53

3
21

.8
 (J

os
)

29
.7

 (S
ok

ot
o)

Se
pt

em
be

r
29

.9
60

1.
83

7
25

.8
 (J

os
)

34
.7

 (S
ok

ot
o)

O
ct

ob
er

26
.7

00
1.

68
7

22
.6

 (J
os

)
31

.0
 (S

ok
ot

o)
O

ct
ob

er
31

.2
87

2.
10

3
27

.2
 (J

os
)

36
.5

 (S
ok

ot
o)

N
ov

em
be

r
26

.9
05

1.
37

0
22

.5
 (J

os
)

29
.8

 (B
irn

in
 K

eb
bi

)
N

ov
em

be
r

31
.8

76
1.

43
1

27
.6

 (J
os

)
35

.4
 (S

ok
ot

o)

D
ec

em
be

r
26

.0
27

2.
30

1
20

.5
 (J

os
)

28
.2

 (A
be

ok
ut

a,
 

Ik
ej

a)
D

ec
em

be
r

30
.8

95
2.

21
8

25
.3

 (J
os

)
32

.9
 (I

ke
ja

, L
afi

a,
 

M
in

na
)



Alegbe et al. 2025 Acta Structilia 32(1): 91-143

107

Figure 3:	 Recorded maximum and minimum temperatures- 2020 vs 2100.
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Figure 4: Comparison of annual mean temperatures for 2020 and 2100 
 
A correlation heatmap (Figure 5) illustrates the relationship between mean monthly 
temperatures in 2020 and 2100 across locations, showing strong positive correlations 
between corresponding months and weaker correlations elsewhere. Correlation 
coefficients range from -0.41 (moderate negative) to 1 (perfect positive), with the 
strongest correlations along the primary diagonal, such as January 2020 and January 
2100 (r = 1), indicating proportional temperature increases. Negative correlations 
suggest seasonal shifts and increased climate variability, emphasising the need for 
adaptive, climate-responsive building designs. 
 

 
Figure 5: Correlation heat map 2020 vs 2100 

State Id 
1- Abakaliki 
2- Abeokuta 
3- Abuja 
4- Akure 
5- Asaba 
6- Awka 
7- Bauchi 
8- Benin City 
9- Birnin Kebbi 
10- Calabar 
11- Damaturu 
12- Dutse 
13- Ekiti 
14- Enugu 
15- Gombe 
16- Gusau 
17- Ibadan 
18- Ikeja 

State Id 
19- Ilorin 
20- Jalingo 
21- Jos 
22- Kaduna 
23- Kano 
24- Katsina 
25- Lafia 
26- Lokoja 
27- Maiduguri 
28- Makurdi 
29- Minna 
30- Osogbo 
31- Owerri 
32- Portharcourt 
33- Sokoto 
34- Umuahia 
35- Uyo 
36- Yenagoa 
37- Yola 

Figure 4:	 Comparison of annual mean temperatures for 2020 and 2100

A correlation heatmap (Figure 5) illustrates the relationship between 
mean monthly temperatures in 2020 and 2100 across locations, showing 
strong positive correlations between corresponding months and weaker 
correlations elsewhere. Correlation coefficients range from -0.41 (moderate 
negative) to 1 (perfect positive), with the strongest correlations along 
the primary diagonal, such as January 2020 and January 2100 (r = 1), 
indicating proportional temperature increases. Negative correlations 
suggest seasonal shifts and increased climate variability, emphasising the 
need for adaptive, climate-responsive building designs.
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Figure 5:	 Correlation heat map 2020 vs 2100

4.2	 Cluster groups and patterns
K-means algorithms in Python was used to cluster Nigerian state capitals 
based on their temperature patterns in 2020 and 2100. This approach 
provides insights into regional temperature variances, which can have 
significant localised implications for building resilience. Table 3 presents 
the locations, their assigned cluster IDs, corresponding colour codes, and 
cluster groupings. The cluster plot in Figure 6 further depicts the state 
clusters based on observed temperature patterns.

Table 3:	 Cluster group of Nigerian capitals

Location ID Cluster 
group

Cluster 
colour

Location ID Cluster 
group

Cluster 
colour

Abakaliki 1 0 Jalingo 20 0

Abeokuta 2 0 Jos 21 1

Abuja 3 2 Kaduna 22 2

Akure 4 0 Kano 23 0

Asaba 5 0 Katsina 24 2

Awka 6 0 Lafia 25 2
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Location ID Cluster 
group

Cluster 
colour

Location ID Cluster 
group

Cluster 
colour

Bauchi 7 1 Lokoja 26 0

Benin City 8 0 Maiduguri 27 2

Birnin Kebbi 9 2 Makurdi 28 0

Calabar 10 0 Minna 29 2

Damaturu 11 2 Osogbo 30 0

Dutse 12 0 Owerri 31 0

Ekiti 13 0 Portharcourt 32 0

Enugu 14 0 Sokoto 33 2

Gombe 15 0 Umuahia 34 0

Gusau 16 2 Uyo 35 0

Ibadan 17 0 Yenagoa 36 0

Ikeja 18 0 Jalingo 37 0

Ilorin 19 0

Figure 6:	 Clusters based on temperature patterns for the locations (2020 vs 2100)
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5.	 DISCUSSION
5.1	 Thematic analysis
This analysis identified key factors influencing the adoption of low-carbon 
buildings in Nigeria, with a particular focus on future-proofing the built 
environment. Recurring labels using findings from 68 scholarly articles 
were manually identified and grouped into six major themes presented 
in Table 4. “Financial constraints” and “Lack of awareness” emerged 
as the most cyclical labels, appearing across economic, financial, and 
sociocultural discussions, highlighting their overarching significance. The 
theme “Policy and regulatory barriers” emerges as the most prominent in 
the literature, buttressing the critical role of governance and institutional 
frameworks in shaping Nigeria’s transition to a low-carbon future. 
Conversely, “Adaptive building strategies”, while crucial for addressing 
resilience and sustainability, was the least discussed theme, suggesting 
a gap in practical, solution-oriented research. Less frequent labels such 
as “Security concerns” and “Socio-economic instability” reflect situational 
barriers with localised implications. 

Table 4:	 Themes and codes derived from the literature review

S/N Theme Labels
1 Policy and 

regulatory barriers
- Enforcement of sustainability policies 
- Green building rating system 
- Regulatory gaps and ambiguities 
- Policy framework 
- Government support and political will 
- Regulatory compliance mechanisms 
- Stakeholder engagement in policy development

2 Economic 
and financial 
challenges

- Costs of sustainable construction and low-carbon 
technologies 
- Funding opportunities for green projects 
- Financial incentives and subsidies for stakeholders 
- Economic conditions impacting sustainability investments 
- Cost-benefit concerns for retrofit measures 
- Green construction investments predisposition

3 Technological and 
knowledge gaps

- Access to green technologies 
- Technical expertise in sustainable construction and 
practices 
- Knowledge of low-carbon construction among 
professionals 
- Sustainable construction training programmes  
- Integration of low-carbon building design in institutions’ 
curricula 
- Transfer of research outcomes to practice 
- Awareness of energy-efficient building materials
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S/N Theme Labels
4 Cultural and social 

perceptions
- Perception to changes in construction practices 
- Assent to sustainable solutions 
- Prioritisation of low-carbon building strategies by clients 
- Heritage conservation and green building designs 
- Awareness of sustainability benefits 
- Misconceptions about the cost of green construction 
- Sociocultural attachment to conventional materials 
- Opinion of benefits of low-carbon housing solutions

5 Global vs local 
practices

- Disparity between global standards and local realities 
- Adaptation of global best practices to local contexts 
- Localised solutions for low-carbon buildings 
- Comparison of Nigeria’s progress with other countries 
- Lessons from international practices 
- Partnerships with global sustainability organisations 
- Challenges in replicating successful global models

6 Adaptive building 
strategies

- Implementation of passive design techniques 
- Use of energy-efficient materials and designs 
- Integration of renewable energy systems in buildings 
- Adoption of green roofs and reflective surfaces 
- Strategies for climate-resilient construction 
- Natural ventilation systems 
- Retrofitting existing buildings for efficiency 
- Promotion of low-carbon construction methods 
- Community-driven sustainable initiatives

Policy and regulatory barriers: One of the most significant barriers 
identified in the literature is the challenge of navigating Nigeria’s regulatory 
environment for low-carbon buildings. This theme finds immediate 
relevance when cross-examined with temperature projections. For instance, 
regions projected to experience the greatest warming are often undeserved 
in terms of policy enforcement and building regulation, showing how weak 
governance exacerbates climate vulnerability. According to Adeniran et al. 
(2024: 3-5), the issue lies in the weak enforcement of regulations, which 
hampers green building (GB) adoption and practices. Similarly, Babalola 
and Harinarain (2024: 11-13) argue that lack of alignment between various 
industry stakeholders, including government, architects, and clients, 
further complicates building sustainability efforts. Despite the presence of 
GB policies in Nigeria, there is lack of political will and poor awareness 
to drive these policies forward (Unegbu et al., 2024b: 9). The absence of 
strong policy frameworks and regulatory enforcement delays the country’s 
progress towards GB adoption and climate goals realisation. Mostly, the 
regulatory gap is often accompanied by clients’ limited awareness of the 
benefits of green buildings. As noted by Olowosile, Oke and Aigbavboa 
(2019: 5-7), clients do not prioritise sustainability in their building projects, 
due to poor understanding of the rudiments of sustainable buildings and 
the long-term benefits. Therefore, the challenge extends beyond policy 
formulation to its enactment and enforcement.
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Economic and financial challenges: Economic factors, especially financial 
constraints, is a key player in Nigeria’s transition to a low-carbon future. 
The vast majority of construction professionals are sensitive to sustainable 
building practices, but the initial cost that prohibits implementation is 
remarked to be excessive (Omopariola et al., 2024; Muhammad et al., 
2020: 10). With the predicted rise in temperature, the escalating need for 
mechanical cooling in high-risk regions intensifies operational costs, a 
burden many cannot bear without support. Further deepening the challenge 
is the widespread lack of financial incentives from both the government 
at all levels and the private sector supporting sustainable construction 
initiatives. In fact, Aghimien et al. (2018: 8) observed that the financial 
constraints faced by builders are decisive, considering the unwillingness 
of clients to bear the high costs accompanying energy-efficient buildings. 
Despite the evidence of rising temperature anomalies, especially in the 
north-western and north-central states, households and developers in 
these zones are likely to postpone or reject energy-efficient upgrades, due 
to affordability issues, revealing a disconnect between climatic urgency and 
socio-economic capacity. The financial strain also impacts on the long-term 
operational costs associated with low-carbon technologies, contributing 
to the reluctance in sustainable building adoption. Lekan et al. (2024: 8, 
12) also pointed out that green building projects, which are integral to low-
carbon transition, face financial barriers, impeding their implementation 
in the existing housing supply. This critical challenge can be resolved 
through policy reforms and financial incentives, in order to reduce the initial 
investment required to adopt green buildings (Saka et al., 2021).

Technological and knowledge gaps: Knowledge gaps and technological 
challenges, including a lack of technical expertise, significantly hinder 
the adoption of low-carbon buildings in Nigeria. Several studies such as 
Osuizugbo et al. (2024: 9), Tunji-Olayeni and David (2024: 8-10) as well as 
Osuizugbo, et al. (2024: 10-16) indicated that there is a widespread limited 
knowledge of energy-efficient technologies and systems in the construction 
industry. The absence of predictive tools and limited knowledge of building 
performance by professionals in regions with substantial increase in 
temperature diminishes the capacity to act on climate data. Thus, the 
statistical correlation between climate change and building performance 
cannot drive change, unless it is translated into practice through training 
and education. Nonetheless, some architects are aware of sustainable 
building design but require advanced knowledge of integrated low-carbon 
construction processes, in order to align them with design and practical 
applications (Opoko et al., 2022; Akinshipe et al., 2019: 4). These 
knowledge and skill gaps, as further emphasised by Hamza et al. (2019: 
7-10), result from lack of relevant sustainability-focused curricula in the 
Nigerian education system.
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Cultural and social perceptions: Cultural and social perceptions play 
a decisive role in influencing the acceptance of green building practices 
in Nigeria (Alhassan et al., 2022: 6; Omuh et al., 2018). A study by 
Unegbu et al. (2024b: 8, 11) noted that many industry stakeholders are 
hesitant in implementing sustainable housing solutions because they are 
accustomed to traditional construction methods. As Akindele et al. (2023: 
9-12) further emphasised, there is often a resistance to change when it 
concerns unfamiliar construction systems and technologies, thus, requiring 
a relearning process. This inertia along with clients’ reluctance to invest in 
green technologies are obstacles mitigating low-carbon buildings transition 
in Nigeria. There is also a growing recognition of the environmental and 
economic benefits of green buildings in Nigeria. For instance, studies 
show that some residents are inclined towards upgrading their buildings for 
improved living conditions, enhanced energy efficiency, and better market 
value. This indicates that, while cultural and social discernments may 
differ, a segment of the population is more receptive to sustainable building 
practices, provided there are clear benefits and incentives. This insight 
must guide how temperature projections are communicated to communities 
moving beyond raw statistics to narratives of improved quality of life.

Global vs local practices: While Nigeria is making efforts to align with 
climate goals involving environmental sustainability, there is a significant 
gap between local praxes and global best practices (Iwuagwu & Onyegiri, 
2019: 6, 7; Abubakar & Aina, 2019: 5). The built environment industry 
struggles with technological constraints, limited expertise, and a lack 
of consistent regulatory frameworks, placing it far behind international 
standards for building sustainability (Osuizugbo et al., 2024; Tunji-Olayeni 
& David, 2024: 11). Despite evidence from the temperature model that 
cold regions will experience a drastic shift in their thermal profiles, these 
locations lack the needed mechanisms to emulate best global practices. 
Notwithstanding, the growing global emphasis on climate change mitigation 
provides an opportunity for developing countries such as Nigeria to adopt 
best practices from other parts of the world, through innovations and 
international collaborations, in order to bridge the existing gap. As noted 
by Unegbu et al. (2024a: 13), Nigeria can benefit from the lessons learned 
in developed regions, where net-zero and future-proof buildings are 
becoming a norm. In particular, the integration of smart technologies such 
as photovoltaic panels, building monitoring systems, and energy-saving 
cooling systems can help modernise the existing housing supply for energy 
efficiency. 

Adaptive building strategies: Although the least discussed in literature, 
this theme finds new significance in light of the temperature data. It signifies 
that, while quantitative models offer precise projections, they remain 
underutilised in guiding design practices. Building adaptation for climate 
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resilience benefits from integrated sustainable materials, passive design 
principles, and innovative technologies. Strategies such as solar shading, 
passive ventilation, and building envelope optimisation can improve energy 
efficiency and occupant comfort in tropical climates (Gamero-Salinas et al., 
2021; Chiradeja & Ngaopitakkul, 2019: 21; Arman, 2019). Locally sourced 
materials also reduce building emission and enhance thermal comfort, 
although their application has been ineffective, due to social and economic 
perceptions (Onwuzuruike & Onwuzuruike, 2023: 1-3). In addition, 
technological innovations such as smart building systems could enhance 
building adaptability, but challenges such as high initial and maintenance 
costs and the complexities of integrating these technologies with building 
design pose significant obstacles (Osuizugbo et al., 2024; Iwuanyanwu 
et al., 2024: 10). The clustering exercise should serve as a blueprint of 
targeted implementation of adaptive design elements in regions that need 
them the most. These strategies, though well understood in theory, require 
mainstreaming through policy, subsidies, and public-private partnerships, in 
order to become widespread.

5.2	 Temperature anomalies across locations
The analysis of temperature data for 2020 and 2100 reveals critical insights 
into the climatic challenges Nigeria may face in the coming decades. In the 
baseline year 2020, average monthly temperatures ranged moderately, with 
April and August identified as the warmest and coolest months, respectively. 
By 2100, projections indicate an elevated rise in average temperatures 
across all months. Variability in average monthly temperatures, evidenced 
by standard deviation, were low in 2020, indicating a degree of uniformity 
in climatic conditions nationwide. In contrast, projections for 2100 were 
inconsistent, especially in May and October, suggesting amplified localised 
climate disparities that could pose unique challenges for building resilience 
in different regions of the country. Extreme temperature in 2100 differs by 
5.2°C compared to the baseline year. This result aligns closely with the 
5.8°C temperature anomaly recorded between 2025 and 2100 by the 
World Bank Group in section 2.2. The result of the observed temperature 
anomalies in this study is consistent with findings from related studies 
such as Shiru et al. (2020: 8), King et al. (2024: 23), and Ilori and Ajayi 
(2020: 17), with recorded anomalies of up to 5.5°C in future climates. The 
sharp increase in projected temperatures accentuates the urgency for 
transitioning to low-carbon and climate-responsive housing solutions.

To assess spatial vulnerability, K-Means clustering was used to group the 
37 state capitals based on projected temperature differences (Table 3, 
Section 4.2). The resulting clusters become particularly meaningful when 
viewed through the lens of the thematic analysis, as discussed below.
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Cluster 0: 
Regions in this group exhibit moderate temperature increases of 
approximately 4.25°C from 2020 to 2100. This cluster encompasses 25 
capitals (68% of the country) and represents regions, mostly from the 
southern part of the country that are likely to experience moderate warming. 
These regions mostly suffer from barriers such as low green building 
awareness, inertia in policy implementation, and mild disconnection from 
global innovation cycles. Without proactive intervention, these moderately 
affected areas may be caught off guard as climate trends continue to 
intensify. Adaptive building strategies for these areas should focus on 
mitigating heat stress through reflective surfaces, solar control, ventilation, 
and passive cooling. 

Cluster 1: 
With an average temperature of 23.41°C and 27.93°C in 2020 and 2100, 
respectively, these regions are the coldest in the country but with a 
temperature increase of about 4.5°C. This cluster includes only two state 
capitals, Jos and Bauchi (Table 2 and Figure 6), representing only 5% of 
the total locations. The technological and knowledge limitations identified in 
the literature suggest that these regions are similarly ill-prepared to respond 
to changes to future energy demands. Although these locations will remain 
relatively colder, adaptive measures will still be required to manage the 
unexpected temperature increase effectively. This result corroborates with 
findings by Alegbe and Mtaver (2023: 12) who pointed out that both Jos 
and Bauchi, although the coldest, would experience the most temperature 
increase and cooling energy demand in the future. 

Cluster 2: 
This group represents regions with the most significant temperature 
increases, averaging about 5°C. These areas, comprising 27% of the 
locations, are particularly vulnerable to overheating risks and increased 
energy demands for cooling. States in this cluster often overlap with areas 
cited in the literature as suffering from regulatory failure, limited awareness, 
and poor financial capacity – themes that severely undermine their ability to 
adapt. Despite their exposure to exacerbating thermal stress, these areas 
lack effective enforcement of building codes with the majority of them lacking 
access to technologies that integrate passive cooling systems in buildings. 
Strategies for these regions should prioritise climate-responsive measures 
such as energy-efficient cooling systems, green building materials, and 
renewable energy integration, in order to achieve thermal comfort. The dual 
burden of environmental vulnerability and institutional capacity represents 
the most urgent risk nexus in the Nigerian built environment.
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Correlation analysis between monthly temperatures in 2020 and 2100 
revealed strong positive relationships (0.93-1.0) between corresponding 
months such as January 2020 and January 2100 (correlation coefficient: 
1.0), March 2020 and March 2100 (0.98), as well as November 2020 and 
November 2100 (0.93). These linear relationships suggest consistent 
seasonal patterns across the period, indicating that climate-responsive 
buildings could remain adaptive under future conditions. However, 
weaker or negative correlations in some months suggest potential shifts 
in temperature trends and anomalies. This insight has important design 
implications such that buildings that can accommodate unpredictable 
climate changes can be designed and optimised, using predictable seasonal 
cues, provided practitioners are trained in interpreting and applying such 
data, bridging the knowledge and educational gaps as identified in the 
thematic review. The temperature analysis not only informs future climate 
risks, but it also gives a precise, geographically grounded context in which 
thematic challenges become more urgent and actionable. This reinforces 
the argument that adaptive design and policy must be both data driven 
and context sensitive, acknowledging the interconnectedness between 
environmental impact and systemic readiness. Without this integration, 
even the best scientific projections risk becoming academically interesting 
without practical relevance.

6.	 APPROACHES TO ADVANCING FUTURE BUILDINGS 
FOR CLIMATE RESILIENCE AND SUSTAINABILITY

The transition to a low-carbon resilient future in Nigeria’s building industry 
requires a multifaceted approach. Building on the findings of the mixed-
methods study approach and data analysis, Table 5 summarises key 
design approaches and strategies for resilient buildings within the Nigerian 
context. These strategies are broadly classified into seven different focus 
areas, namely (F1) climate resilience; (F2) material selection; (F3) energy 
systems and efficiency; (F4) comfort and functionality; (F5) sustainable 
practices; (F6) adaptive reuse, and (F7) disaster-resilient features. Based 
on Nigeria’s unique challenges and opportunities, the research suggests 
and outlines four pathways to achieving climate-responsive and resilient 
future buildings, aligning them with the identified focus areas.
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These approaches are derived from a combination of literature findings 
and temperature anomaly analysis that predicts extreme regional warming 
of up to 5.2°C by 2100. This alarming trend requires tailored building 
strategies across the climatic zones in Nigeria. For instance, states in 
Cluster 2 face the greatest overheating risks and must urgently adopt 
energy-efficient cooling systems, reflective cooling systems, reflective 
materials, and advanced insulation technologies. In contrast, Cluster 0, 
which includes most of the southern capitals, will experience moderate 
temperature increases but still require cooling, ventilation, and landscaping 
strategies, in order to mitigate the heat effect. These differentiated needs 
expose the implementation gap identified in the thematic analysis. Although 
adaptive building strategies are crucial, they remain the least discussed 
and practised. Thus, the recommendations in Table 5 integrate both climate 
insights and practice-based thematic findings to propose responsive, 
region-specific solutions.
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6.1	 Optimising building design and retrofits for climate 
resilience

The growing demand for renovations in cities presents a viable 
opportunity to modernise the existing housing supply for enhanced energy 
performance. Retrofitting buildings is a significant step towards achieving 
carbon emissions goals (Table 5 – F1-F7), given the enormous number 
of energy-intensive buildings in Nigeria. Retrofitting measures enhance 
building energy performance and thermal comfort, while aligning with global 
sustainability objectives (Idowu et al., 2024: 2; Alegbe & Mtaver, 2023: 12; 
Lekan et al., 2024: 10-12). As highlighted by Ogunjuyigbe, Ayodele and 
Ogunmuyiwa (2020: 19), building retrofitting can vary in scale, from energy-
efficient lighting fixture installation to whole building appliances replacement. 
Besides, insulating buildings and optimising building parameters such as 
walls, windows, and roofs enhances natural ventilation, indoor comfort, 
and energy efficiency (Ali-Tagba, Baneto & Lucache, 2024: 8; Kabanshi et 
al., 2023; Marincu, Dan & Moga, 2024; Okonta, 2023: 12). Measures such 
as replacing energy-intensive appliances with high-efficiency alternatives 
(Table 5 – F3) can reduce the building’s energy use intensity by as much 
as 46.3% (Onyenokporo & Ochedi, 2019: 20). Moreover, adaptive design 
strategies that incorporate low embodied energy materials are essential for 
emission reduction and buildings’ thermal comfort enhancement (Okonta, 
2023: 3-5), and should be a major focus in low-income housing, where 
poor insulation and construction techniques remain prevalent. According to 
Sholanke et al. (2022: 15), early-stage design that prioritises the lifecycle 
of buildings can help identify building aspects that require optimisation, 
contributing to their long-term resilience.

6.2	 Innovative technology and construction practices 
for a low-carbon future

The use of innovative technologies plays a pivotal role in positioning 
Nigeria’s built environment industry towards sustainability. Some widely 
used technologies include photovoltaic panels, cool roofs, integrated EV 
charging spots, and energy-efficient windows, lighting, and HVAC systems 
(Table 5 – F2). These technologies demonstrate significant potential for 
reducing the environmental impact of buildings. Despite their long-term 
benefits of reduced operational costs, their adoption faces regulatory and 
financial hurdles (Unegbu et al., 2024c: 9-11). Similarly, smart technologies 
can enhance building energy efficiency, but concerns such as cybersecurity 
risks must be sufficiently addressed (Umana et al., 2024: 9). However, Oke 
et al. (2024: 10) noted that integrating energy economics into sustainable 
construction offers a pragmatic approach towards building resilience. 
In addition, leveraging bioenergy and natural gas provides a transitional 
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pathway for Nigeria to embrace a low-carbon economy (Okoh & Okpanachi, 
2023: 6, 8). These advancements, however, must be supported by capacity-
building initiatives to address knowledge gaps among stakeholders and 
industry professionals. Doing so, the technologies integration is guaranteed 
to align with both local contexts and global sustainability.

6.3	 Green building assessment, rating and policy 
interventions

Policy intervention and assessment frameworks are vital for steering 
sustainable construction practices in Nigeria. To meet its 20% carbon 
emissions reduction target by 2030, GB policies in Nigeria must prioritise 
energy efficiency and renewable energy integration in building projects 
(Nwagwu, Akin & Hertwich, 2024: 15), but the absence of a comprehensive 
GB assessment tool creates a significant gap (Atanda & Olukoya, 
2019). Prioritising energy efficiency in buildings using building energy 
management systems can help increase operational efficiency (Table 5 – 
F3). Without sustainable architectural practices, supported by actionable 
assessment system, achieving GB development will remain unrealistic 
(Emmanuel, Chukwuemeka & Kalu, 2020: 2, 9). While policies such as the 
Nigerian Building Code and the Nigerian Building Energy Efficiency Code 
exist, enforcement to achieve their intended sustainability impact is weak 
(Isang, 2023: 9; Abisuga & Okuntade, 2020). These policies often fail to 
incorporate climate-responsive measures tailored to addressing Nigeria’s 
unique environmental challenges (Geissler, Österreicher & Macharm, 
2018: 17). Institutional limitations further exacerbate these challenges, as 
they can be more detrimental, compared to other factors influencing GB 
adoption. The lack of dedicated bodies to formulate and control the use of 
GB technologies continues to impede their espousal (Ganiyu et al., 2020: 
6). Consequently, strengthening institutional capacity and implementing 
clear policy guidelines are imperative. Certification for GBs in Nigeria also 
remains low, owing to the lack of structured frameworks and institutional 
support (Ebekozien et al., 2022). In addition, environment-oriented research 
must shift its focus towards understanding the social and economic factors 
influencing the adoption of GB practices in the country (Mushi, Nguluma 
& Kihila, 2022: 7-9). By addressing these deficiencies and aligning efforts 
with global best practices, Nigeria can encourage greater uptake of GB 
and construction.
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6.4	 Stakeholder and public inclusion
Several studies on the assessment of green buildings (GBs) in Nigeria 
conclude that stakeholder and public inclusion, particularly building users, is 
a critical pathway for fostering the adoption of low-carbon, climate-resilient 
building practices. Lack of awareness about the benefits of sustainable 
practices and climate-responsive buildings is cited as a significant barrier to 
GB adoption in Nigeria (Unegbu et al., 2024a: 13; Omopariola et al., 2024; 
Alhassan et al., 2022: 6). It is, therefore, essential to enlighten the public 
and engage industry stakeholders in the decision-making processes to 
address resistance to change and improve acceptance of GB technologies 
and construction methods. Public sensitisation campaigns and participatory 
approaches involving industry professionals, government bodies, and the 
end-users can help increase responsiveness (Table 5 – F5). 

Oluwunmi et al. (2019: 10) also observed that ignorance of the economic 
and environmental benefits of climate-responsive buildings impedes the 
attainment of climate goals. Consequently, strengthening communication 
between policymakers and industry stakeholders can help align their 
distinct priorities to build a shared commitment towards achieving low 
emission targets. Proactive efforts should, therefore, focus on empowering 
local communities through education and advocacy to drive awareness of 
the environmental benefits of sustainable building practices. By involving 
diverse stakeholders, it is possible to co-create solutions tailored to specific 
socio-economic and cultural contexts, fostering greater buy-in and ensuring 
that low-carbon, climate-sensitive strategies are not only accepted, but also 
widely implemented.

7.	 CONCLUSIONS AND RECOMMENDATIONS
7.1	 Conclusions
Globally, various attempts are made to future-proof buildings against the 
impact of climate change. The built-environment industry offers significant 
opportunities for carbon emissions reduction and climate change mitigation. 
However, developing regions are struggling to align with global sustainability 
objectives. This study examines Nigeria’s readiness to transition to a low-
carbon and sustainable built environment, by analysing carbon emissions 
pathways, green building practices, and climate resilience strategies. Using 
quantitative weather data (2020 and 2100, RCP 8.5) for 37 geographical 
locations and a thematic review of 68 scholarly articles, the findings are:
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A.	 Temperature anomalies 
•	 By 2100, the mean maximum and minimum temperature anomalies 

are projected to increase by 5.2°C and 4.4°C, respectively, 
highlighting future heat stress and the need for passive cooling 
techniques in buildings.

•	 Despite stable seasonal patterns amidst rising temperatures, the 
most significant temperature fluctuations occurred in May, while 
August is the lowest. 

•	 The K-Means clustering algorithms clustered the locations into 
three distinct groups based on the average temperatures and 
variations. Twenty-five locations were grouped into the first 
cluster (Cluster 0), two regions were grouped into the second 
cluster (Cluster 1), and ten regions were grouped into the third 
cluster (Cluster 2). Cluster 2 represents locations needing urgent 
strategies for heat stress while Cluster 0, though with more 
temperature anomalies than Cluster 1, represents the coldest 
regions in the country.

B.	 Thematic review
•	 Six key themes from the thematic review were identified: Policy 

and regulatory barriers, economic and financial challenges, 
technological and knowledge gaps, cultural and social perceptions, 
global vs local perspectives, and adaptive building strategies. 

•	 Financial constraints and lack of awareness are the most recurring 
labels across the literature, while policy and regulatory barriers 
is the most discussed theme, emphasising the roles they play 
in promoting green building practices. Conversely, despite their 
significance in the transition to a low-carbon future, adaptive 
building strategies are the least emphasised. 

C.	 Future-proofing strategies for buildings in Nigeria
•	 A multifaceted approach is needed to future-proof buildings, 

focusing on climate resilience, material selection, energy systems 
and efficiency, comfort and functionality, sustainable practices, 
adaptive reuse, and disaster resilience.

•	 Key strategies include building form and envelope parameters 
optimisation, proper orientation, blue-green landscape integration, 
low-carbon materials selection, super insulating the building 
envelope, deploying building management and energy-efficient 
systems, and incorporating green leasing techniques.

•	 Retrofitting existing buildings and emphasising occupant 
awareness are critical for improving sustainability.
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The findings highlight a critical discrepancy between projected climate 
realities and current building practices. While the projected temperature 
analysis signals widespread warming, the thematic review reveals that 
key barriers such as financial constraints, lack of awareness, and policy 
inertia persist. This dual lens reinforces the urgency for transitioning to low-
carbon, climate-resilience housing, using an integrated approach.

7.2	 Recommendations 
By synthesising temperature projection data with thematic insights from 
related literature, this study offers an integrated, region-specific set of 
recommendations that align future climate stress with on-ground barriers, 
thus fulfilling the core objective of the study approach. The following 
recommendations suggest key areas that offer actionable strategies 
to advance Nigeria’s transition to a low-carbon and climate-resilient 
built environment.

Regionally targeted building codes and policy enforcement. Temperature 
projections show that states in Cluster 2 are most vulnerable to heat stress, 
yet they often coincide with areas where regulatory enforcement is weakest. 
To address this, sub-national building codes should include mandatory 
design standards with clear accountability mechanisms. Enforcing existing 
GB codes and establishing dedicated regulatory bodies are essential steps 
to promote compliance. 

Integrated financial incentives based on climate risk. Findings from 
literature reveal that affordability remains a major concern. By linking retrofit 
grants and energy-efficient appliance subsidies to the severity of projected 
warming (e.g., prioritising Cluster 2), policies can ensure both climate 
justice and measurable mitigation outcomes. In addition, providing low-
interest loans and fostering public-private partnerships to fund sustainable 
building projects through financing models such as the green bonds and 
collaborations with international bodies such as the UNDP and World Bank 
can alleviate financial barriers.

Public awareness and behavioural alignment with climate trends. Cultural 
resistance remains a recuring theme across the reviewed literature. For 
clusters with low thermal stress, the urgency may seem distant, but the 
risks are real. Therefore, public campaigns should localise temperature 
anomalies to reframe climate resilience as a community need, addressing 
the “cultural and social perceptions” barrier. Support partnerships 
among government agencies, private developers, and communities are 
essential to co-create climate-responsive solutions, while community-
driven initiatives such as urban greening projects and cooperative energy 
systems should be prioritised to ensure inclusivity and equitable access to 
sustainable housing.
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Mainstreaming climate data in built environment education. One of the 
major barriers to adaptive practice in the country is the knowledge and 
technology gaps. Embedding climate modelling, building simulation, 
and regional vulnerability mapping into built environment curricula would 
produce professionals capable of designing for projected realities.

Translating global best practice into local action. Findings under the “global 
vs local practices” theme (Section 5.1) show Nigeria’s adaptation strategies 
lag behind. However, with clear temperature-based vulnerability data, 
tested global solutions such as net-zero retrofits, and modular shading 
systems can be tailored to suit existing buildings and economic realities.

Expanding future research. Future studies should broaden their scope 
to include underrepresented regions and address diverse environmental 
contexts. Research focused on state-specific challenges will inform 
regionally tailored policies and practices, ensuring an equitable and 
effective transition to a sustainable built environment.

This study is limited by the geographical concentration of the literature on 
sustainable and GB practices in Nigeria. Most of the studies focused on 
states in the southern part of the country and the Federal Capital Territory, 
with fewer studies from the northern region. This narrow scope may affect 
the generalisability and comprehensiveness of the findings from the 
thematic analysis as follows.

Regional variability in low-carbon transition. Nigeria’s diverse climate 
and socio-economic landscape entail that the feasibility and impact 
of GB practices may vary across regions, possibly underrepresenting 
the distinctive challenges and prospects for implementing low-carbon 
construction systems in underrepresented states. 

Bias in policy and technological insights. The regions represented in the 
literature may benefit from government support, technological access or 
public awareness, skewing findings towards an overly optimistic view of the 
country’s readiness for a resilient and sustainable future.

Limited representation of local perspectives. The limited studies from 
other states may overlook region-specific barriers, opportunities and 
local contexts, especially in rural or underrepresented areas, restraining 
actionable insights for stakeholders in those regions.
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