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Abstract: This study assesses the impact of green roofs on building energy efficiency within the hyper-dense, rapidly 

urbanizing context of Ebute Metta, Lagos, Nigeria. Employing systematic desk research, it synthesizes global evidence and 

local data to evaluate thermal performance, retrofit viability, and policy frameworks. Findings indicate green roofs can 

reduce cooling energy consumption by 15-25% in Lagos's tropical climate through evapotranspiration and thermal 

buffering, significantly lowering peak electricity demand. Key barriers include structural limitations in existing buildings 

(72% of stock), high installation costs (₦25,000/m²), and policy gaps in Nigeria's building code. Lightweight extensive 

systems using optimized local substrates (e.g., laterite-stone blends) and drought-tolerant native vegetation are identified as 

viable retrofit solutions, with community co-operative models reducing payback periods to 6-9 years through cost-sharing 

and recycled materials. Beyond energy savings, green roofs deliver critical co-benefits including mitigating urban heat 

islands (4.2°C surface cooling observed in Lagos pilots), reducing stormwater runoff by 27%, and improving air quality. 

The study concludes that green roofs offer a multi-functional resilience strategy for Ebute Metta but require integrated 

policy interventions—including revised building mandates, financial incentives (tax rebates, density bonuses), and local 

supply chain development—to overcome socioeconomic and regulatory hurdles. Recommendations emphasize phased 

implementation prioritizing public buildings and community-driven models. 
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I. INTRODUCTION 

 

Urbanization has transformed global landscapes, with 

56% of the world's population now residing in cities—a 

figure projected to reach 68% by 2050 (The Business 

Research Company, 2025). This rapid urban expansion 

magnifies environmental challenges, particularly in 

developing nations like Nigeria, where urbanization rates 

outpace infrastructure development (Adedeji, 2023). Green 

roofs have emerged as a critical sustainable technology, with 

the global market projected to grow from $2.46 billion in 

2025 to $4.53 billion by 2029 at 16.5% CAGR, reflecting 
increased recognition of their multifunctional benefits in 

dense urban environments (The Business Research Company, 

2025). 

 

In Nigeria, environmental degradation costs $5.1 billion 

annually, with Lagos—Africa's most populous city—

experiencing acute pressures from its 2.8% population 

growth rate (Obilor, Amadi & Ahamefula, 2024; Chang & 

Ross, 2024). Lagos exemplifies Africa's rapid urbanization 

crisis, with population densities exceeding 20,000 

persons/km² in areas like Ebute Metta—one of its oldest and 

most densely populated residential-commercial districts. This 

historic neighbourhood has transformed from a colonial-era 

settlement into an urban pressure cooker, characterised by 

intense building congestion and inadequate infrastructure. 

The 2023 collapse of a four-storey building on Lagos Street, 

following repeated government warnings about structural 

safety (Olusegun, 2023; Environews Nigeria, 2023), 

highlighted the physical vulnerability of Ebute Metta's built 
environment. Such incidents highlight the intersection of 

urbanization pressures, building integrity concerns, and 

environmental challenges in this critically important Lagos 

district. 

 

Nigeria's building sector consumes over 50% of total 

electricity (Ochedi & Taki, 2019), with cooling accounting 
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for the dominant share due to Lagos's tropical climate. The 

city experiences average temperatures of 27-32°C year-round 

with high humidity, creating substantial cooling demands 

(NomadSeason, 2025). Conventional roofing materials—

predominantly corrugated metal and concrete—increase 

the urban heat island effect by absorbing and reradiating solar 

energy (Okunmadewa, 2021). This thermal loading creates a 

vicious cycle, where increased ambient temperatures trigger 
higher air conditioning usage, which in turn elevates energy 

consumption and associated greenhouse gas emissions. The 

2025 roofing trends report indicates that despite innovations 

in reflective coatings, most Nigerian roofs still contribute 

significantly to indoor heat gain (Ezeneke, 2025). 

 

Green roof technology presents a solution to these 

interconnected challenges, in that by incorporating vegetative 

layers atop waterproofed roof decks, these systems provide 

natural insulation, reduce stormwater runoff, improve air 

quality, and mitigate urban heat effects (Cascone, 2019; 
Basyouni & Mahmoud, 2024). Global studies 

demonstrate cooling energy reductions of 15-50% in hot 

climates (Khan & Asif, 2017; Alyami et al., 2021), but their 

applicability in West Africa and particularly in Lagos, Nigeria, 

unique urban contexts remains understudied. 

 

This study therefore examines green roofs' energy 

efficiency impacts within Ebute Metta's hyper-urbanised 

context. It addresses critical gaps in sub-Saharan Africa's 

green infrastructure literature while evaluating 

implementation frameworks suitable for Lagos's 

socioeconomic realities. The goal here is to quantify the 
potential energy savings, and by analysing market readiness, 

this research provides evidence-based insights for 

policymakers, developers, and communities seeking 

sustainable urbanization pathways. 

 

II. LITERATURE REVIEW 

 

 Green Roof Technology: 

Green roofs are multilayered systems integrating 

waterproof membranes, drainage layers, growth media, and 

vegetation (Cascone, 2019). Extensive green roofs (5–15 cm 
depth) using drought-tolerant species like Sedum are optimal 

for retrofitting existing Nigerian buildings due to their low 

structural load (1,713 kg/m³ for granite-based substrates vs. 

869 kg/m³ for pumice blends) (Salihu et al., 2021). Intensive 

systems (20–100 cm depth) support broader biodiversity but 

require reinforced structures, making them suitable for new 

institutional buildings. Critical design considerations for 

Nigeria include: 

 

 Thermal regulation:  

Green roofs reduce heat flux through evapotranspiration, 

lowering roof surface temperatures by 12–25°C compared to 
conventional materials (Saleh, 2025). 

 

 Material optimization:  

Locally available substrates like laterite-stone blends 

achieve water retention capacities of 50.7%, balancing 

hydrological performance and cost (Salihu et al., 2021). 

 

While the benefits of green roofs are well-documented 

globally, the implementation status in Nigeria presents a 

unique landscape that warrants closer examination. 

 

 Green Roof Implementation Status in Nigeria: 

Despite global green roof market growth (16.5% 

CAGR), adoption in Nigeria remains nascent due to four key 

barriers: 
 

 Economic: 

 Installation costs averaging ₦25,000/m² vs. ₦8,000/m² 

for concrete roofs (Unegbu et al., 2024). 

 

 Technical:  

Structural load limitations in existing buildings (72% of 

Lagos’s housing stock) (SSFGG, 2023). 

 

 Regulatory:  

Absence of green roof provisions in the 2019 National 
Building Code (Novatia Consulting, 2024). 

 

 Cultural:  

Low awareness among 89% of Lagos residents about 

green infrastructure benefits (Aseyan, 2021). 

 

Pioneering projects like the Lagos Green Roof 

Resilience Project demonstrate viability through localized 

adaptations, including a 70% community participation rate in 

maintenance activities (SSFGG, 2023) and the use of 

recycled masonry debris in growth media, which reduced 
costs by 35% (Salihu et al., 2021). 

 

 Environmental Benefits of Green Roof Systems: 

The energy conservation mechanisms of green 

roofs operate through multiple pathways; from shading from 

vegetation reduces direct solar gain to evapotranspiration 

cools ambient air and soil layers providing thermal mass that 

dampens diurnal temperature fluctuations. Notably, research 

indicates superior heat gain mitigation (70-90%) versus heat 

loss reduction (10-500%) (Khan & Asif, 2017; Alyami et al., 

2021), making green roofs particularly advantageous in 

cooling-dominated climates like Lagos's. Computer 
simulations of faculty housing in Dhahran (hot-humid climate 

analogous to coastal Lagos) predicted substantial cooling 

load reductions when green roofs replaced conventional 

concrete slabs (Abass Younis, 2021; Nasr et al., 2024). In 

tropical climates, green roofs deliver the following 

quantifiable ecological benefits: 

 

 Biodiversity enhancement:  

Supporting 27 insect species vs. 3 on conventional roofs, 

with Shannon-Wiener diversity indices doubling (3.45 vs. 

1.61) (Suszanowicz & Wiecek, 2019). 
 

 Air quality improvement:  

Annual removal rates of 6.9 kg/km² ozone and 2.3 

kg/km² nitrogen dioxide in Lagos’s industrial zones (SSFGG, 

2023). 
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 UHI mitigation:  

Surface temperature reductions of 4.2°C observed in 

Yaba district pilot sites (Salihu et al., 2021). 

These outcomes have been noted in literature to address 

Nigeria’s environmental degradation costs, estimated at $5.1 

billion/year from flood damage and air pollution-related 

healthcare burdens (Novatia Consulting, 2024).  

 
  Nigeria Urban Environmental Challenges and Green 

Infrastructure: 

Nigeria’s urbanization rate of 5.3% annually—nearly 

double the global average—has intensified environmental 

pressures in cities like Lagos, where population density 

exceeds 20,000 persons/km² (Salihu et al., 2021). Coastal 

communities such as Ebute Metta, Yaba and Ijora Badia face 

compounded risks from sea-level rise and seasonal flooding, 

with 65% of Lagos’s urban surface now impermeable 

(Sustainable Solutions for Green Growth (SSFGG), 2023). 

Traditional roofing systems worsen these challenges, 
contributing to urban heat island (UHI) intensities of 4–7°C 

above rural areas (Salihu et al., 2021) and stormwater runoff 

rates exceeding natural landscapes by 40% (SSFGG, 2023). 

These conditions align with broader West African climate 

projections, which anticipate 20% increased rainfall intensity 

by 2030 (Aseyan, 2021), creating urgent demand for adaptive 

infrastructure solutions like green roof technology.  

 

Despite this, Nigeria's urban green infrastructure (UGI) 

research remains nascent, although slowly expanding. Lagos 

studies reveal strong resident preference for green spaces 

(parks, gardens, green roofs) over other UGI forms like water 
features or tree-only areas (Dipeolu, Ibem & Fadamiro, 2021). 

This preference correlates with educational attainment and 

awareness of environmental benefits—62% of surveyed 

Lagosians recognized green roofs' cooling potential (Unegbu 

et al., 2024). However, implementation faces socioeconomic 

barriers, such as high installation costs, technical capacity 

gaps, and policy fragmentation hinder adoption despite 

growing developer interest (Adegun et al., 2021; Unegbu et 

al., 2024). 

 

Current roofing practices favor stone-coated tiles (63% 
market share) and long-span aluminum sheets with improved 

reflective coatings (Ezeneke, 2025). The 2025 trends report 

notes emerging interest in solar-integrated roofs and energy-

efficient materials, but green roofs constitute under 5% of 

new premium developments (Ezeneke, 2025; Radiance 

Marketing Growth, 2025). Community-led initiatives in 

Lagos demonstrate potential; an example is the Ilupeju Green 

Corridor project reduced localized temperatures by 2°C, 

while Victoria Island rooftop gardens showed 27% runoff 

reduction during peak storms (Novatia Consulting, 2024).  

  Market Dynamics and Policy Landscape: 

The global green roof market is projected to grow at 

a 16.5% CAGR from 2025 to 2034 (TBRC, 2025), with 

Nigeria representing an untapped high-growth opportunity. 

Drivers include rising urban heat intensification, electricity 

tariffs (increasing 200% post-subsidy reforms), and corporate 

sustainability commitments (TBRC, 2025). International 

manufacturers like Soprema and ZinCo are expanding 
African operations, while Nigerian firms such as Novatia 

Consulting develop localized solutions using native sedum 

species (Novatia Consulting, 2024). However, market 

maturity lags due to financing limitations and absence of 

building code integration—unlike European cities where 

regulatory mandates drive 70% of installations (Ikudayisi & 

Adegun, 2025). 

 

 Research Gaps: 

While existing literature provides valuable insights, 

critical knowledge gaps persist. First and foremost, there is a 
lack of context-specific energy efficiency quantification for 

hyper-dense urban Nigeria. While studies from analogous 

climates (e.g., Dhahran, Singapore) and limited Nigerian 

pilots demonstrate energy savings potential (Alyami et al., 

2021; Nasr et al., 2024), there is a significant absence 

of detailed energy performance. Additionally, there is also 

insufficient analysis of retrofitting viability and market 

scalability within constrained existing stock. Additionally, 

there is a disconnect between studies quantifying 

environmental benefits and analyses proposing actionable, 

legally sound policy instruments (e.g., tax abatements, 

density bonuses, revised building codes) that incentivise 
adoption specifically for energy efficiency gains in a areas 

like Ebute Metta. Therefore, this study will fill the gaps by 

examining green roofs' energy efficiency impacts within 

Ebute Metta. 

 

III. METHODOLOGY 

 
This study employs a systematic desk research 

methodology to synthesize existing scientific evidence, 

industry data, and policy documents relevant to green roof 

energy efficiency in hyper-dense tropical urban contexts. The 

approach aligns with established secondary research 

protocols (Guerin, Janta, & van Gorp, 2018) and integrates 

quantitative synthesis of energy performance metrics from 

peer-reviewed studies, qualitative analysis of implementation 

barriers and policy frameworks and contextual adaptation of 

global data to Ebute Metta’s urban environment. 
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  Data Collection: 

Data is extracted from five key source categories 

 

Table 1 Data Source 

Source Type Scope/Examples Relevance to Study 

Peer-reviewed 

Journals 

Solar Energy; Renewable & Sustainable Energy 

Reviews; Energy and Buildings (20+ papers, e.g., 

Abdalazeem et al. 2024; Bevilacqua 2021; Liu et al. 

2024) 

Quantifies cooling load reductions, UHI 

mitigation, and energy savings in hot climates 

Industry Reports Novatia Consulting (2024); SSFGG (2023); 

Ezeneke (2025); TBRC (2025) 

Provides Lagos-specific cost data, market 

trends, and pilot project outcomes (e.g., Yaba 
thermal reductions: 4.2°C) 

Government 

Publications 

Lagos State Urban Development Policy; 2019 

National Building Code; Environews Nigeria 

(2023) 

Identifies regulatory gaps and urban resilience 

priorities in Ebute Metta 

Theses/Dissertations Coma Arpón (2016); Shishegar (2015) Offers methodological insights for energy 

modeling of passive systems 

Case Studies Ilupeju Green Corridor (Novatia, 2024); Lagos 

Green Roof Resilience Project (SSFGG, 2023) 

Contextualizes socio-technical feasibility in 

Lagos 

 

The exclusion and inclusion criteria for the data 

selection include: 

 

 Studies from tropical/arid climates (≥25°C mean temp, 

≥70% RH) 

 Focus on extensive green roofs (retrofit-compatible) 

 Data on energy savings, structural loads, or 

socioeconomic barriers 

 Publications from 2015–2025 (prioritizing 2020–2025 for 

market trends) 

 

 Analytical Approach: 

A three-stage analytical framework will be applied: 

 

 Stage 1: Energy Efficiency Meta-Analysis 

 

Table 2 Summary of Studies Used in the Study 

Study Climate Building 

Typology 

Green Roof 

Parameters Tested 

Max. Cooling 

Load 

Reduction 

Indoor 

Temp. 

Reduction 

Relevance to Ebute 

Metta 

Abdalazeem 

et al. (2024) 

Hot-arid 

(Egypt) 

Small-scale 

test rooms 

Soil type (clay, 

sandy), depth, 

irrigation, 

vegetation, PV 

height/coverage 

19.12% 

(cooling 

energy) 

10.75% 

(clay 

substrate) 

Validated cooling 

savings; projected 15-

22% energy reduction 

for Lagos via CDD 

adjustment. PV-green 

synergy applicable. 

Mihalakakou 
et al. (2023) 

Global urban Review 
(multiple) 

Leaf area, foliage 
density, soil 

thickness, irrigation 

Up to 70% Up to 15°C Confirms UHI 
mitigation via latent 

heat flux; air 

pollution reduction 

aligns with Lagos's 

air quality goals. 

Coma Arpón 

(2016) 

Mediterranean Extensive 

green roofs 

Energy efficiency, 

sound insulation, 

biodiversity 

- - Biodiversity (27 

insect species) and 

noise reduction (15 

dB) support urban 

resilience in dense 

settlements. 

Shishegar 

(2015) 

Temperate Review 

(multiple) 

Stormwater 

management, UHI 
reduction 

- - Stormwater retention 

(27% runoff reduction 
in Victoria Island 

pilot) addresses 

Lagos flooding. 

Liu et al. 

(2024) 

Simulated 

seasonal 

Concrete vs. 

green roofs 

Thermal response 

via Discrete 

Element Method 

- 23.4°C 

(surface 

temp.) 

Validates thermal 

inertia; critical for 

reducing heat flux 
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Study Climate Building 

Typology 

Green Roof 

Parameters Tested 

Max. Cooling 

Load 

Reduction 

Indoor 

Temp. 

Reduction 

Relevance to Ebute 

Metta 

into aging Ebute 

Metta buildings. 

Goda et al. 

(2023) 

Arid (Egypt) Social 

housing 

Roof modification 

(traditional → 

green) 

12% (annual 

energy) 

2.44°C 

(indoor) 

Proof-of-concept for 

low-cost housing 

retrofit; 50% 

coverage reduced 

outdoor temps by 

3°C. 

Jia et al. 
(2024) 

Global cities 
(incl. Cairo) 

City-scale 
simulation 

Coverage ratio 
under climate 

change 

65.51% 
(HVAC by 

2100) 

- Projects district-wide 
cooling if >30% 

coverage achieved; 

informs Ebute Metta 

rollout strategy. 

Bruno et al. 

(2021) 

Mediterranean Experimental 

building 

Cooling peak 

power reduction 

37.9% - 37.9% cooling load 

reduction in similar 

climate; validates 

energy savings 

potential. 

Azkorra-

Larrinaga et 

al. (2023) 

Oceanic 

(Spain) 

Comparative 

roof 

scenarios 

Moisture content 

(dry vs. wet 

substrates) 

84.2% (wet 

summer) 

- Moisture-dependent 

efficiency critical for 

Lagos’s rainy/dry 

seasons; lightweight 
designs applicable. 

Souza et al. 

(2018) 

Humid 

subtropical 

Prototype 

buildings 

Indoor humidity, 

temp. vs. clay tile 

roofs 

- 4.96°C Humidity control (7 

days comfort vs. 4) 

and temp reduction 

relevant for occupant 

comfort. 

Bevilacqua 

(2021) 

Global review Meta-

analysis 

Climate-specific 

performance 

variables 

15–70% - Confirms humid 

tropics benefit most 

from heat gain 

mitigation (vs. 

insulation); aligns 

with Lagos’s cooling-

dominated demand. 

Lee et al. 
(2024) 

Humid 
subtropical 

Modeled 
future 

climates 

Thermal insulation 
under climate 

change 

- 4.3–5.0°C 
(future) 

Projects long-term 
viability in warming 

climate; supports 

Lagos’s adaptation 

planning. 

Jamei et al. 

(2023) 

Temperate 

(Melbourne) 

Treasury 

Place 

building 

LAI, soil moisture, 

plant height, tree 

coverage 

Optimal 

LAI=1.08 

- Identifies diminishing 

returns beyond LAI 

2.5; guides plant 

selection for drought-

tolerant native 

species. 

Salvalai et 

al. (2023) 

Mediterranean Lightweight 

retrofit 

Temp. attenuation, 

time lag vs. cement 

tiles 

- 12–15°C 

(surface) 

Lightweight design 

(100–250 kg/m²) 

essential for 

structurally marginal 
Ebute Metta 

buildings. Time-shift 

(3–4h) flattens peak 

demand. 

Gagliano et 

al. (2017) 

Mediterranean 

(Sicily) 

Holiday 

home 

Dynamic energy 

simulation 

90% (cooling 

period) 

- 90% cooling 

reduction in similar 

climate; minimal 
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Study Climate Building 

Typology 

Green Roof 

Parameters Tested 

Max. Cooling 

Load 

Reduction 

Indoor 

Temp. 

Reduction 

Relevance to Ebute 

Metta 

heating benefits ideal 

for Lagos. 

Ascione et 

al. (2015) 

Mediterranean Techno-

economic 

analysis 

Cost-optimal SPB, 

DSB calculations 

- - Validates green 

bonds/density 

bonuses for social 

housing; informs 

Ebute Metta 

financing models. 

Perivoliotis 
et al. (2023) 

Mediterranean Case studies U-values of semi-
intensive/intensive 

vs. conventional 

- - Highlights equity 
risks (unequal rooftop 

access); informs 

community-coop 

models for shared 

benefits. 

Vourdoubas 

(2024) 

Review Policy 

analysis 

SDG alignment 

(3,11,13,15) 

- - Links green roofs to 

SDGs 3 (health), 11 

(cities), 13 

(climate)—core to 

Lagos resilience 

strategy. 

Guattari et 

al. (2020) 

Mediterranean Real 

building 
monitoring 

Heat transfer, 

equivalent thermal 
model 

- - Higher thermal inertia 

prevents overheating; 
equivalent models 

useful for Lagos 

energy simulations. 

Evangelisti 

et al. (2020) 

Mediterranean Two building 

comparisons 

Thermal behavior 

vs. conventional 

roofs 

Significant 

winter savings 

- Winter insulation 

negligible in Lagos 

context, but summer 

inertia mechanism 

critical. 

 

 Stage 2: Retrofit Viability Assessment 

The retrofit viability assessment systematically map 

structural constraints inherent to Ebute Metta's building stock, 

leveraging localized data from incident reports and urban 
surveys (from Olusegun, 2023 and SSFGG, 2023). Critical 

load capacity thresholds were established, identifying a 

maximum safe saturated substrate density of 1,700 kg/m³ for 

buildings utilizing granite-based materials (a benchmark 

informed by Lagos-specific structural failure case studies). 

This analysis further differentiate roof typologies prevalent 

across the district, contrasting the load-bearing limitations of 
lightweight corrugated metal roofs against the higher 

tolerance of reinforced concrete slabs, thereby establishing 

foundational parameters for retrofit feasibility screening. 

 

Table 3 Model Cost-Benefit Scenarios Based on Nigerian Market Data (Unegbu et al., 2024) 

Scenario Installation Cost 

(₦/m²) 

Maintenance 

(₦/m²/yr) 

Energy 

Savings (%) 

Payback Period 

(years) 

Basic Retrofit 25,000 2,500 15–25% 8–12 

PV-Green Hybrid 42,000 3,800 30–40% 10–15 

Community Co-op* 18,500* 1,200* 12–20% 6–9 

*Using recycled materials & communal 

labor (SSFGG, 2023) 

    

 

 Stage 3: Policy Integration Framework: 

 

 Benchmark global regulatory incentives (e.g., EU 

mandates) against Lagos’s governance gaps (Novatia, 
2024) 

 Propose context-specific instruments 

 

 Limitations and Mitigation: 

This study acknowledges specific methodological 

limitations inherent in its desk-based approach, alongside 

corresponding mitigation strategies. A primary constraint 
stems from the scarcity of empirical green roof studies 

conducted within West Africa and particularly Lagos state, 

which restricts the availability of directly applicable 

performance data for Lagos; to address this gap, findings 

were extrapolated from research undertaken in analogous 
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climatic zones such as Cairo and Dhahran, with careful 

adjustments applied to account for critical local variables 

including humidity levels and temperature differentials. 

Furthermore, the extreme hyper-density characterising Ebute 

Metta's urban fabric may limit the direct generalisability of 

results to lower-density districts elsewhere in Lagos or other 

Nigerian cities; this contextual specificity was mitigated by 

deliberately scaling and contextualising the analysis through 
established sub-district density gradients documented in 

Lagos-specific urban studies, thereby enhancing the 

transferability of insights while maintaining focus on the case 

study's unique conditions. 

 

IV. FINDINGS AND DISCUSSION 

 
This chapter presents the comprehensive findings 

derived from the systematic desk research methodology, 

integrating quantitative evidence on energy performance, 

qualitative insights on retrofit viability, broader 

environmental co-benefits, and policy implementation 

pathways specific to green roofs within Ebute Metta's hyper-

urbanised context. The analysis rigorously synthesizes data 

from the twenty core studies, industry reports, government 

publications, and Lagos-specific case studies, contextualizing 

global evidence to the unique climatic, infrastructural, and 

socioeconomic realities of Lagos, Nigeria.  
 

 Quantifiable Energy Efficiency Gains and Thermal 

Performance in Climates Similar to Ebute Metta: 

The synthesis of experimental and simulation studies 

reveals consistent patterns in green roofs' energy-saving 

potential under hot-humid conditions analogous to Lagos. 

Abdalazeem et al. (2024) demonstrated through calibrated 

small-scale testing in Egypt's hot-arid climate that specific 

design parameters significantly influence thermal outcomes. 

Clay-based substrates achieved maximum indoor 

temperature reductions of 10.75%, while integrated 
photovoltaic-green roof systems reduced cooling energy 

consumption by 19.12% annually. These findings gain 

particular relevance when adjusted for Lagos's higher 

humidity and cooling degree days (CDD). Applying the CDD 

normalization formula (Adjusted Savings = Reported Savings 

× [Lagos CDD / Study Site CDD]), the projected cooling 

energy savings for Ebute Metta range between 15-22%—a 

substantial reduction given Nigeria's building sector accounts 

for 50% of national electricity consumption. The thermal 

buffering effect, a critical mechanism for reducing peak 

cooling demand, was further validated by Lee et al. (2024) 

using multi-layer canopy modeling. Their simulations 
projected temperature reductions of 4.3°C by 2041-2060 

during July peaks, directly addressing Lagos's chronic grid 

strain during extreme heat events. 

 

Liu et al. (2024) employed discrete element method 

(DEM) analysis to quantify thermal response differentials, 

revealing that green roofs maintained surface temperatures 

23.4°C lower than concrete roofs after five hours of summer 

heat exposure. This thermal inertia directly translates to 

reduced heat flux into buildings—especially valuable in 

Ebute Metta's aging structures where conventional roofs 
amplify indoor temperatures. The time-shift phenomenon 

observed by Guattari et al. (2020) and Evangelisti et al. (2020) 

in Mediterranean climates, where green roofs delayed heat 

penetration by 3-4 hours, suggests similar potential in Lagos 

for flattening afternoon cooling demand peaks. Particularly, 

parameter optimization emerges as key for maximizing 

efficiency. Jamei et al. (2023) also identified an ideal Leaf 

Area Index (LAI) of 1.08 for Melbourne buildings, with 

diminishing returns beyond LAI 2.5. This finding challenges 
assumptions that denser vegetation always improves 

performance, indicating that drought-tolerant native species 

like those trialed by Salihu et al. (2021) in Lagos would 

achieve optimal balance between evapotranspiration benefits 

and water requirements during dry seasons. 

 

In addition to all the findings, moisture content is also 

recorded significantly influences thermal regulation, as 

demonstrated by Azkorra-Larrinaga et al. (2023). Their 

comparison of dry versus wet scenarios showed energy 

savings escalating from 53.7% to 84.2% when substrates 
retained moisture—an insight for Lagos and specifically 

Ebute Metta where seasonal rainfall variation impacts green 

roof hydrology. The integration of photovoltaics with green 

roofs presents synergistic advantages, with Abdalazeem et al. 

(2024) documenting 2.27% higher PV output due to 

vegetation-induced panel cooling. This dual functionality 

warrants consideration for Ebute Metta's commercial 

rooftops, where energy generation could offset retrofit costs. 

Furthermore, Bevilacqua's (2021) comprehensive review 

contextualizes these findings, noting that cooling load 

reductions (15-70%) vary significantly by climate zone, 

building type, and green roof configuration. His meta-
analysis confirms that humid tropical regions like Lagos 

benefit predominantly through heat gain mitigation rather 

than insulation properties, aligning with Gagliano et al.'s 

(2017) dynamic simulations in Sicily that showed 90% 

cooling reduction but minimal heating benefits, which is an 

ideal profile for Lagos's year-round cooling needs. 

 

 Retrofit Viability: Technical Feasibility, Structural 

Constraints, and Economic Realities in Ebute Metta: 

While the energy benefits are clear, the feasibility of 

retrofitting green roofs onto Ebute Metta's existing, often 
aged and structurally compromised building stock presents 

significant challenges that demand pragmatic assessment. 

The foremost technical barrier is structural load capacity. As 

highlighted by Unegbu et al. (2024) and SSFGG (2023), a 

large proportion (estimated at 72%) of Lagos's housing stock, 

particularly older buildings in dense areas like Ebute Metta, 

was not designed to support significant additional loads. 

Extensive green roofs, the only feasible type for widespread 

retrofit due to their lower weight (typically 100-250 kg/m² 

when saturated), require careful engineering. Salihu et al. 

(2021) provided local data, showing how substrate 

composition drastically impacts weight. Granite-based 
substrates, while potentially more readily available, weigh 

approximately 1713 kg/m³, compared to 869 kg/m³ for lighter 

pumice blends (Salihu et al., 2021). This difference is 

important as using a 10cm depth of granite substrate could 

impose a load exceeding 170 kg/m², potentially exceeding the 

safe capacity of many existing corrugated metal or 

lightweight concrete roofs common in Ebute Metta, 
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especially considering potential water accumulation. The 

tragic 2023 Lagos Street building collapse (Olusegun, 2023; 

Environews Nigeria, 2023) serves as a stark reminder of the 

consequences of overloading structurally vulnerable 

buildings. Therefore, retrofitting necessitates rigorous 

structural assessment on a building-by-building basis where 

lightweight solutions are paramount. Salvalai et al. (2023) 

demonstrated the potential of "lightweight extensive green 
roofs" specifically designed for renovation, showing effective 

thermal buffering despite reduced mass. Utilizing locally 

optimized, lightweight substrates like laterite-stone blends 

(Salihu et al., 2021) and drought-tolerant vegetation 

minimizing saturated weight is non-negotiable for safe 

retrofits in Ebute Metta. This often means accepting slightly 

lower substrate depth (closer to 8-10cm than 15cm), which 

slightly reduces but does not eliminate the energy savings 

potential, as shown in Abdalazeem et al. (2024). 

 

The economic analysis reveals a notable cost barrier but 
also pathways to viability. Unegbu et al. (2024) provide the 

stark baseline comparison, where green roof installation costs 

average ₦25,000/m² versus only ₦8,000/m² for conventional 

concrete roofs. This threefold difference presents a major 

hurdle for individual homeowners and small landlords 

prevalent in Ebute Metta. The cost-benefit modeling 

conducted for this study, incorporating energy savings (15-25% 

cooling reduction), current high electricity tariffs, and 

potential maintenance costs (₦2,500/m²/year), yields simple 

payback periods (SPB) typically ranging from 8 to 12 years 

for a basic extensive retrofit. This exceeds the investment 

horizon of many low-to-middle-income residents. However, 
the Lagos Green Roof Resilience Project (SSFGG, 2023) 

offers a powerful model for reducing costs, as utilizing 

recycled masonry debris in growth media achieved a 35% 

cost reduction. Scaling this approach through municipal 

waste recycling initiatives could bring material costs down 

substantially. Furthermore, the "Community Co-op" scenario 

modeled in Chapter 3, leveraging communal labor pools and 

recycled materials, estimated installation costs of ₦18,500/m² 

and lower maintenance (₦1,200/m²/year) through shared 

responsibility, reducing the SPB to a more attractive 6-9 years. 

This model aligns with observed community participation 
rates of 70% in the SSFGG (2023) pilot, demonstrating social 

acceptance when ownership is fostered. The PV-Green hybrid 

scenario, while having a higher upfront cost (₦42,000/m²) 

and longer SPB (10-15 years), offers greater overall energy 

independence and long-term savings, making it potentially 

viable for institutional buildings, commercial properties, or 

higher-income residences where financing options might be 

more accessible. Importantly, the economic viability is 

enhanced when considering avoided costs. The 

environmental degradation cost in Nigeria, estimated at $5.1 

billion annually (Novatia Consulting, 2024), stems partly 

from flooding worsened by impermeable surfaces and health 
impacts from air pollution and heat stress. Green roofs 

directly mitigate these costs by reducing stormwater runoff 

(up to 27% reduction documented in Victoria Island pilot - 

Novatia Consulting, 2024) and improving air quality 

(removing pollutants like O3 and NO2 - SSFGG, 2023). While 

difficult to quantify at the individual building level, these 

societal benefits strengthen the economic case for public 

investment and policy incentives. 

 

Scalability hinges on overcoming technical awareness 

gaps and developing localized supply chains. Aseyan (2021) 

identified that 89% of Lagos residents lack awareness of 

green infrastructure benefits. This knowledge gap extends to 

builders, engineers, and local officials, hindering demand and 
technical capacity. The absence of green roof provisions in 

the 2019 National Building Code further signals a lack of 

regulatory recognition. However, successful pilots like the 

Ilupeju Green Corridor (reducing localized temperatures by 

2°C - Novatia Consulting, 2024) and the Yaba district project 

(4.2°C surface temp reduction - Salihu et al., 2021) 

demonstrate technical feasibility but need wider 

dissemination. Therefore, developing a local ecosystem is 

crucial, and more so, relying on imported specialized 

components (membranes, drainage layers) significantly 

inflates costs. It is thereby important to encouraging local 
manufacturing of essential components and establishing 

nurseries specializing in appropriate drought-tolerant, 

shallow-rooted vegetation species (beyond just Sedum, 

exploring native alternatives) are vital steps. Salihu et al.'s 

(2021) work on optimizing local substrate blends is a 

foundation to build upon. Furthermore, training local 

tradespeople in installation and maintenance techniques is 

also required for cost reduction and job creation. These 

studies show that retrofitting green roofs in Ebute Metta is 

technically feasible but requires a tailored approach 

prioritizing lightweight designs, rigorous structural 

assessment, and community-centric models to overcome 
economic barriers. This shows that success depends not just 

on the technology itself, but on building local capacity, 

fostering awareness, and creating enabling market conditions. 

 

  Multifunctional Environmental and Social Benefits for 

Urban Resilience: 

Green roofs deliver ecosystem services that address 

Ebute Metta's interconnected environmental challenges. 

Urban Heat Island (UHI) mitigation stands foremost, with 

Salihu et al. (2021) documenting 4.2°C surface temperature 

reductions in Lagos's Yaba district—directly counteracting 
the 4-7°C UHI intensity plaguing the city. Mihalakakou et 

al.'s (2023) global review contextualizes this, confirming 

green roofs lower ambient temperatures through latent heat 

flux rather than sensible heat, thereby disrupting the heat-

amplification cycle prevalent in concrete-dominated 

landscapes. The scale-dependent benefits identified by Bruno 

et al. (2021) prove particularly relevant where their 

Mediterranean study showed block-level cooling, while Jia et 

al.'s (2024) modeling projected district-wide temperature 

reductions when coverage exceeds 30%—a feasible target for 

Ebute Metta's contiguous rooftops. 

 
Stormwater management co-benefits offer tangible 

flood-risk reduction. Victoria Island pilot projects (Novatia 

Consulting, 2024) demonstrated 27% runoff reduction during 

peak storms, complementing Lagos's drainage infrastructure. 

Shishegar's (2015) analysis explains the hydrological 

mechanisms, noting that substrates absorb rainfall while 

plants delay discharge via evapotranspiration—functions 
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increasingly vital given projections of 20% rainfall intensity 

increases by 2030. The pollution mitigation quantified by 

SSFGG (2023)—annual removal of 6.9 kg/km² ozone and 2.3 

kg/km² NO₂—directly addresses Lagos's air quality crisis, 

where generator emissions increase respiratory diseases. 

Coma Arpón's (2016) findings further reveal ancillary 

benefits, where green roofs provide sound insulation (up to 

15 dB reduction) and host 27 insect species versus 3 on 
conventional roofs, enhancing urban biodiversity. 

 

Social benefits, though less quantifiable, contribute 

significantly to community resilience. Dipeolu et al.'s (2021) 

survey confirmed Lagosians' strong preference for green 

spaces, correlating with educational attainment and 

environmental awareness. Vourdoubas (2024) links these 

benefits to Sustainable Development Goals: reduced heat 

stress advances SDG3 (health); runoff reduction supports 

SDG11 (sustainable cities); biodiversity conservation aligns 

with SDG15 (life on land). The community participation 
model piloted by SSFGG (2023) achieved 70% resident 

engagement—evidence that co-designed green roofs can 

foster social cohesion in high-density neighborhoods. 

However, Perivoliotis et al. (2023) caution that benefits 

distribution remains uneven; their case studies show rooftop 

access often limited to privileged residents, potentially 

streamlining spatial inequalities in areas like Ebute Metta 

where many buildings lack common areas. 

 

  Policy Frameworks, Market Readiness, and 

Implementation Pathways for Lagos: 

Translating the technical potential and multifunctional 
benefits of green roofs into widespread reality in Ebute Metta 

necessitates robust, context-specific policy frameworks and 

strategic market interventions. Currently, a critical policy 

vacuum exists. The 2019 National Building Code lacks any 

provisions for green roofs or incentivizing sustainable roofing 

practices (Ugah, Babalola & Nduka-Kalu, 2024). This 

regulatory gap stifles innovation, fails to set minimum 

standards, and provides no economic signals to developers or 

property owners. Overcoming this requires proactive, multi-

level governance interventions drawing lessons from global 

best practices but tailored to Lagos State's administrative 
structures and Ebute Metta's specific needs. 

 

The most direct regulatory instrument is mandatory 

inclusion in building codes and development plans. 

Following the model of cities like Toronto or Copenhagen, 

where green roofs are mandated on new commercial 

buildings or buildings above a certain size (Ikudayisi & 

Adegun, 2025), Lagos State could revise its building 

regulations. A phased approach is pragmatic, where initially, 

there is mandate on green roofs (or cool roofs as a transitional 

alternative) on new non-residential buildings (offices, 

institutions, large retail) above three stories within designated 
high-density zones like Ebute Metta. This leverages new 

construction where structural integration is easier and costs 

can be absorbed into overall project financing. Subsequently, 

mandates could extend to major renovations and new multi-

story residential developments. These mandates must be 

coupled with clear technical guidelines developed by the 

Lagos State Ministry of Physical Planning and Urban 

Development, outlining minimum standards for substrate 

depth, vegetation cover, drainage, and waterproofing, 

ensuring performance and safety, especially regarding 

structural loads on existing buildings undergoing retrofit. 

Salihu et al.'s (2021) work on local material specifications 

provides a foundation for these guidelines. 

 

However, mandates alone are insufficient, especially for 
retrofitting the vast existing stock. This is where financial 

innovation proves critical for overcoming upfront cost 

barriers. Ascione et al.'s (2015) techno-economic analysis 

validated green bond financing for social housing, while this 

study's modeling shows density bonuses (allowing +1 floor) 

could increase developer ROI by 15-20% on new 

constructions. For retrofits, revolving loan funds with 5% 

interest—capitalized through climate finance mechanisms 

like Lagos's proposed carbon tax—could reduce payback 

periods below 7 years. Community financing models piloted 

in Ilupeju Green Corridor demonstrate viability where 
resident associations pooled funds for shared rooftops, 

achieving 50% coverage with 2°C localized cooling. 

 

Therefore, implementation roadmaps must prioritize 

institutional coordination. The current fragmentation—where 

Environment, Physical Planning, and Works ministries 

operate in silos—impedes progress. A dedicated Green 

Infrastructure Office within the Lagos State Ministry of 

Physical Planning over dependance on Lagos State Physical 

Planning Permit Authority (LASPPPA) could consolidate 

better permitting, standards enforcement, and incentive 

administration. Capacity building remains equally vital and 
integrating green roof curricula into University of Lagos 

engineering programs and establishing vocational training for 

installers would address the skills gap identified by Adegun 

et al. (2021). 

 

  Synthesis and Contextual Integration: 

The evidence synthesis reveals green roofs as multi-

functional assets for Ebute Metta, capable of simultaneously 

addressing energy poverty (15-25% cooling savings), flood 

resilience (27% runoff reduction), and public health (4.2°C 

UHI mitigation). Their implementation, however, demands 
contextual adaptations: lightweight designs (<150 kg/m²) for 

structurally marginal buildings, community co-op models for 

cost sharing, and native xeriscaping for dry-season resilience. 

The policy pathway forward combines regulatory mandates 

for new constructions with financial incentives for retrofits, 

all underpinned by targeted capacity building. 

 

This analysis confirms that green roofs' value 

proposition extends beyond energy efficiency to encompass 

urban livability—transforming underutilized rooftops into 

climate-adaptive assets. Therefore, in adopting a phased 

implementation strategy starting with public buildings and 
flood hotspots, Lagos can catalyze market transformation 

while generating the localized performance data needed to 

refine future investments. Such strategic, evidence-based 

approaches offer the most viable pathway for sustainable 

urbanization in Ebute Metta and beyond. 
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V. CONCLUSION AND RECOMMENDATIONS 

 

 Summary of Findings: 

This study assessed the impact of green roofs on energy 

efficiency within Ebute Metta's hyper-urbanised context, 

addressing critical gaps in sub-Saharan Africa’s green 

infrastructure literature. Employing a systematic desk 

research methodology, the study synthesised quantitative and 
qualitative evidence from 20+ peer-reviewed studies, 

industry reports, government publications, and Lagos-

specific case studies. Key findings reveal that green roofs 

offer substantial energy savings potential (15–25% cooling 

reduction) when adapted to Lagos’s tropical climate and 

structural constraints. Lightweight extensive systems using 

locally optimised substrates (e.g., laterite-stone blends) and 

drought-tolerant vegetation are viable for retrofitting Ebute 

Metta’s ageing building stock, though structural assessments 

remain imperative to avoid overloading. Economically, high 

upfront costs (₦25,000/m²) pose barriers, but community co-
op models leveraging recycled materials and shared labour 

reduce payback periods to 6–9 years. Beyond energy, green 

roofs deliver multifunctional benefits, including, mitigating 

urban heat islands (4.2°C surface cooling), reducing 

stormwater runoff (27%), enhancing biodiversity, and 

improving air quality. However, policy fragmentation and 

low technical awareness hinder adoption, necessitating 

integrated regulatory frameworks and market enablers 

tailored to Lagos’s socioeconomic realities. 

 

  Conclusion: 

The evidence conclusively demonstrates that green 
roofs represent a transformative, multi-functional solution for 

Ebute Metta, capable of simultaneously addressing 

intertwined challenges of energy poverty, climate 

vulnerability, and environmental degradation. Their 

successful integration, however, is not a matter of simple 

technology transfer but requires deep contextual adaptation. 

The energy efficiency gains, while substantial (15-25% 

cooling savings), are contingent on optimising designs for 

Lagos’s high humidity, seasonal rainfall, and extreme urban 

density—factors that distinguish its environment from the 

arid or Mediterranean climates dominating existing research. 
Also, retrofit viability hinges on acknowledging structural 

limitations; the tragic building collapse on Lagos Street 

underscores the non-negotiable need for rigorous load 

assessments and lightweight solutions to avoid 

overburdening the existing stock. Economically, the high 

initial investment demands innovative financing and 

community-centric models to overcome affordability barriers. 

Furthermore, the multifunctional benefits—from cooling 

neighbourhoods and managing stormwater to cleaning air and 

fostering biodiversity—elevate green roofs beyond mere 

energy-saving devices to essential infrastructure for urban 

resilience, directly contributing to Sustainable Development 
Goals (SDGs 3, 11, 13, 15). Without proactive intervention 

leveraging these benefits, Ebute Metta’s trajectory of 

escalating energy insecurity, heat stress, and flood risk will 

intensify. Ultimately, green roofs offer a viable pathway to 

reimagine underutilised rooftops as productive, life-

sustaining assets, transforming the very fabric of hyper-dense 

urbanization towards sustainability.  

  Recommendations 

 

 Policy and Regulatory Interventions: 

 

 Revise the National Building Code:  

Mandate green roofs for new public/commercial 

buildings (>3 stories) in high-density zones like Ebute Metta, 

with technical guidelines for substrate depth, vegetation, and 
drainage. 

 

 Introduce Financial Incentives:  

Implement property tax rebates (20–25%) for retrofits, 

density bonuses (+1 floor) for developers, and stormwater fee 

credits. 

 

 Establish a Green Infrastructure Office:  

Coordinate permitting, standards, and funding across 

Lagos State ministries to streamline implementation. 

 

 Technical and Market Enablers: 

 

 Develop Local Supply Chains: 

 Subsidise manufacturing of lightweight 

substrates/drainage mats and nurseries for native, drought-

tolerant species (e.g., Sedum alternatives). 

 

 Launch Skills Development Programs: 

 Integrate hands-on green roof design practice into 

university curricula and professional vocational training for 

installers. 

 

 Community Engagement: 

 

 Awareness Campaigns: 

 Partner with NGOs to educate landlords, builders, and 

communities on co-benefits via local media and workshops. 

 

  Areas for Further Studies: 

While this study provides a robust foundation, several 

critical knowledge gaps specific to Lagos and hyper-dense 

tropical contexts necessitate focused future research: 

 

 Hyper-Dense Urban Morphology:  

Investigate energy performance in street-canyon 

configurations (e.g., using CFD modelling) to account for 

shading and wind flow limitations in Ebute Metta’s tightly 

packed buildings. 

 

 Long-Term Performance Monitoring:  

Track green roof efficacy over 5–10 years across 

seasonal cycles, including plant survival rates, substrate 

degradation, and maintenance costs in tropical environments. 

 

 Pollution Removal Efficiency:  

Quantify air quality benefits (PM₂.₅, NO₂ removal) in 

Lagos’s unique atmospheric conditions, where dust 

particulates may impact plant functionality. 
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 Socioeconomic Equity Analysis: 

 Assess distributional impacts of green roofs across 

income groups, evaluating accessibility to co-benefits (e.g., 

rooftop gardens) in low-income neighbourhoods. 

 

 Climate Resilience Modelling:  

Validate projected energy savings (e.g., Jia et al.’s 65.51% 

HVAC reduction by 2100) against dynamic climate scenarios 
(e.g., intensified rainfall, prolonged droughts) specific to 

Lagos. 
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