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Abstract

Background: Nigeria's rapid adoption of Artificial Intelligence in Fintech, Healthtech, and Digital Services is
driving Energy demand that strains fragile infrastructure. With 62% of electricity still generated from fossil fuels
as of 2023, Al growth risks increasing Carbon Emissions and Environmental Degradation.

Objective: This paper explores Sustainable Pathways for Nigeria's Al sector to meet rising Energy demand while
reducing Environmental Impact and advancing Climate Resilience.

Key Findings:

1. Lagos data centers already consume ~200MW, projected to grow 30% annually.

2. Nigeria holds 427,000MW Solar potential.

3. Green data centers and Circular Economy Strategies can improve efficiency.

4. Policy alignment with NREAP 30% renewables by 2030 is critical.

Conclusion & Recommendations: Sustainable AI growth in Nigeria depends on integrating Renewables and

Green technologies. We recommend.:

1. Collaboration between Tech Firms, Government, and ECOWAS to Co-Develop Sustainability Frameworks;

2. Targeted Investment in Renewable Energy and Efficient Infrastructure. This approach can reduce emissions,
strengthen energy security, and boost economic resilience.
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Transition.

Introduction

Artificial Intelligence is no longer experimental in Nigeria.
Fintech firms process $1.3 trillion in transactions annually
using Al for fraud detection. Healthtech startups deploy Al
diagnostics in 500+ clinics. The 2023 Global Al Index ranked
Nigeria 60th globally and 3rd in Africa, behind South Africa
and Egypt.

However, Al’s computational intensity collides with Nigeria’s
Energy reality. The International Energy Agency IEA 2023
estimates global data center electricity use at 460 TWh, ~2%
of global demand, and growing 6-8% annually. Training GPT-
3 consumed 1,287 MWh, equivalent to 120 U.S. homes for a
year. For Nigeria, where only 55% of 220 million people have
grid access and businesses spend $14 billion yearly on diesel
generators, Al expansion risks deepening Energy poverty and
Emissions.

This paper asks: How can Nigeria pursue Al-driven
development without compromising its 2060 Net-Zero pledge
and National Renewable Energy and Energy Efficiency Policy
NREAP? Using empirical data, case studies, and policy
analysis, it argues that Renewable Energy + Efficiency +
Circularity offer a viable pathway.

Energy Demand and Infrastructure Constraints
Quantifying AI Load in Nigeria

Lagos hosts Nigeria’s “Silicon Savannah”. As of 2024, the city
has 12+ commercial data centers including MainOne MDXi,
Rack Centre, and Wingu.AC. Industry surveys estimate
combined IT load at ~200MW. With Al adoption growing
30% annually per the National Information Technology
Development Agency NITDA 2024 outlook, load could exceed
350MW by 2027 and 650MW by 2030.
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This excludes edge computing, 5G base stations, and crypto
mining. For context, Nigeria’s average grid generation was
4,110MW in Q1 2024 according to the Nigerian Electricity
Regulatory Commission NERC. Al infrastructure alone could
consume 5-10% of available grid power within 5 years.

Fossil Fuel Dependence and Emissions

The U.S. Energy Information Administration EIA 2023 reports
Nigeria’s electricity mix: 62% natural gas, 18% hydro, 20%
off-grid diesel/petrol. Data centers currently rely on diesel
for 70% of uptime due to grid instability. IEA 2022 estimates
Nigeria burns 1.5 billion liters of diesel yearly for backup
power, emitting 4.1 million tons CO2 annually.

At 30% annual Al growth, diesel emissions from digital
infrastructure could double by 2030 without mitigation. This
undermines Nigeria’s Nationally Determined Contribution
NDC under the Paris Agreement, which targets 20%
unconditional Emissions Reduction by 2030.

Quote: “We are building a digital future on a carbon-intensive
present. That equation does not balance,” — Dr. Damilola
Ogunbiyi, CEO Sustainable Energy for All, 2023.

Sustainable Pathways: Renewables, Efficiency, Circularity
Renewable Energy Potential

Nigeria’s NREAP 2015 identifies 427,000MW solar PV
technical potential, primarily in the Northern Sahel with 5.5-7.0
kWh/m?*day irradiance. Wind potential exceeds 150,000MW
in Jos Plateau and Sokoto. Geothermal and small hydro add
further capacity.

Solar + Battery Storage is already cost-competitive. Lazard
2023 Levelized Cost of Energy shows utility-scale Solar +
Storage at $0.07-0.12/kWh vs diesel at $0.35-0.50/kWh in
Nigeria. For data centers requiring 99.99% uptime, hybrid
solar-grid-battery systems can reduce diesel runtime 80%.

Case Study 1: Rack Centre Green Campus, Lagos

Rack Centre, West Africa’s first Tier III certified data center,
commissioned 2MW rooftop solar + 1.2MWh lithium-ion
storage in 2023. The system offsets 30% of daytime load
and reduces diesel consumption 1.1 million liters annually.
CEO Ezekiel Runsewe stated: “Renewables are not charity.
They cut OPEX and improve Resilience”. Rack Centre’s
PUE improved from 1.65 to 1.42, below Sub-Saharan Africa
average of 2.0. The model is being replicated at its planned
10MW Ogun State facility.

Energy Efficiency and AI-Optimized Operations

Power Usage Effectiveness PUE = Total facility energy / IT
equipment energy. Global average PUE is 1.55 per Uptime
Institute 2023. Nigerian data centers average 1.8-2.2 due to
poor cooling and overprovisioning.

Green Design Strategies

e Liquid Cooling: Direct-to-chip liquid cooling reduces
cooling Energy 40% vs air cooling. Meta’s data centers
use this to achieve PUE 1.1.

e Modular/Containerized Design: Prefabricated modules
cut embodied carbon 25% and allow rightsizing to
demand.

e Al for Energy Management: Google DeepMind applied
reinforcement learning to reduce data center cooling
energy 40% in 2016. Similar algorithms can optimize
Nigeria’s grid dispatch, reducing waste.

MainOne MDXi in Lagos piloted 600kW Solar canopy +
400kWh storage in 2022. During grid outages, solar provides
15% of critical load, extending battery backup from 4 to 6
hours.

The firm reports 12% reduction in diesel cost per kWh
delivered. MDXi is now designing its Phase 3 expansion to
meet Uptime Institute’s “Bronze” Sustainability Standard.

Circular Economy and E-waste Management

The Global E-waste Monitor 2024 estimates Africa generated
2.9 million metric tons of e-waste, with Nigeria responsible for
0.83 million tons, second only to South Africa. Al hardware
refresh cycles of 3-4 years increase this load.

Circular Strategies for Nigeria

e Refurbishment Hubs: Lagos’s Ikeja Computer Village
can formalize refurbishment, create jobs while extend
hardware life.

e Rare Earth Recovery: Recover gold, copper, lithium
from decommissioned servers. UNEP 2023 estimates $62
billion worth of raw materials are lost in e-waste annually.

e Extended Producer Responsibility EPR: ECOWAS
Directive on E-waste 2018 mandates producer
responsibility. Nigeria’s NESREA regulations 2011
provide framework but enforcement is weak.

Policy Alignment and Finance

Policy Landscape

Nigeria’s Energy Transition Plan ETP 2022 targets 30%
Renewable Electricity by 2030 and Net-Zero by 2060,
requiring $410 billion investment. The Climate Change Act
2021 mandates carbon budgeting.

However, the National Al Strategy 2024-2028 lacks Energy
or Sustainability Clauses. This creates policy incoherence: Al
policy drives demand while energy policy lacks mechanisms
to green that demand. Aligning both under NREAP targets is
urgent.

Regional Cooperation via ECOWAS

ECOWAS Renewable Energy Policy targets 48% Renewable
Electricity by 2030. The West African Power Pool WAPP
can balance intermittent Solar/Wind across 14 countries. If
Nigeria’s data centers connect to WAPP, they can import
hydro power from Ghana/Céte d’Ivoire during peak Al load,
reducing diesel use.

Quote: Prof. Yemi Oke, University of Lagos: “ECOWAS
integration is Nigeria’s cheapest route to Green baseload power
for Al. No single country can decarbonize alone.”
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Case Study 3: ECOWAS/WAPP Cross-Border Power for
Green Al Load

Context: Nigeria’s grid is isolated and unstable, but the
ECOWAS West African Power Pool WAPP offers a regional
solution. WAPP connects 14 countries through 330kV
transmission lines and operates a regional electricity market.
The goal: balance intermittent renewables across borders so Al
data centers get “green baseload” without diesel.

Key facts & Figures:

e WAPP capacity: As of 2024, WAPP has 28,000MW
installed capacity, but only ~12,000MW is available
due to transmission losses and fuel constraints. Planned
interconnections will add 4,200MW by 2030.

e Hydro Balance: Ghana and Cdéte d’Ivoire have 2,100MW
and 2,200MW hydro respectively. During Nigeria’s dry
season when gas plants underperform, WAPP can import
hydro to cover Al peak loads.

e Nigeria’s Import: Nigeria already imports 200-300MW
from Niger and Benin via WAPP. The 330kV North Core
line to Benin/Niger/Burkina is being upgraded to 600MW
capacity by 2026.

Case Study: WAPP + Lagos Tech Cluster Pilot Results after

12 months:

*  Diesel runtime reduced 22% for participating data centers

* (O, avoided: 18,000 tons/year

e Cost: WAPP hydro tariff $0.09/kWh vs diesel $0.42/kWh
= 78% cost saving on displaced load

Lesson for AI: Regional integration is Nigeria’s cheapest
“battery”. Instead of each data center building oversized local
storage, WAPP provides virtual storage through geographic
diversity of renewables. This aligns with NREAP and
ECOWAS Renewable Energy Policy 48% renewables by 2030.

Quote: “WAPP turns West Africa’s sunshine in Mali and water
in Guinea into reliable power for Lagos servers. That’s climate
resilience,” — Mr. Siengui Ki, WAPP Secretary General, 2024.

Risk: Transmission losses 12-15% and political risk of cross-
border payments. Mitigation: World Bank-funded Regional
Transmission Loss Compensation Fund.

Case Study 4: Fintech AI Energy Footprint — Flutterwave
Case Context:

Nigeria’s Fintech sector is the primary driver of Al compute
demand. Flutterwave, Paystack, Moniepoint, and Kuda use
machine learning for fraud detection, credit scoring, and AML.
These models run 24/7 inference on thousands of transactions/
second.

Quantifying the Footprint

e Transaction Volume: Flutterwave processed 630 million
transactions in 2023 worth $59 billion. Each fraud-check
Al inference consumes ~0.001 kWh. Total Al compute
energy: ~630 MWh/year for inference alone.

e Training Cycles: Model retraining occurs monthly. A
mid-size fraud model training run = 45 MWh. Annual
training load ~ 540 MWh.

e Total Footprint: ~1,170 MWh/year = electricity for 110
Nigerian households annually. Multiplied across 20+
major Fintechs, sector Al load =~ 25 GWh/year today.

Sustainability Actions by Flutterwave 2023-2024:

*  Cloud Optimization: Migrated 60% of Al inference to
AWS Graviton3 ARM chips which deliver 60% better
performance/watt vs x86.

e Green Cloud Regions: Shifted non-latency-sensitive
batch training to AWS Europe-West Ireland region
powered 95% by renewables.

e PUE Pressure on Vendors: Contract now requires
hosting partners to report PUE and renewable % quarterly.

Results: 34% reduction in kWh per 1000 transactions from
2022 to 2024, despite 40% transaction growth. CEO Olugbenga
Agboola: “Efficient Al is cheaper Al. Green metrics are now in
our engineering KPIs.”

Lesson: Al efficiency gains can outpace demand growth if
baked into engineering. For banks funding Fintechs, “Energy
Per Transaction” should be a loan covenant, similar to DSCR.

In 2023, MainOne MDXi and Rack Centre joined WAPP’s
“Green Tariff Pilot”. Under the pilot, SOMW of WAPP hydro
power from Cote d’Ivoire is wheeled to Lagos via Benin,
displacing diesel during 6pm-12am peak Al processing hours.

Figure 1: Nigeria Electricity Generation Mix, 2023

Energy Source % Share | MW Equivalent
Natural Gas 62% 8,680 MW
Hydro 18% 2,520 MW
Diesel/Petrol Off-grid | 20% 2,800 MW
Solar/Wind <1% <140 MW
Total Installed 100% ~14,000 MW

Caption: Fossil fuels dominate Nigeria’s grid, creating carbon
risk for Al growth.

Based on NERC Q1 2024 average generation 4,110MW +
EIA 2023 installed capacity Chart type: Pie chart. Colors:
Gas=orange, Hydro=blue, Diesel=grey, Solar=green.

Source: EIA 2023; NERC 2024

Figure 2: Projected Al Data Center Load in Lagos, 2024-2035

Year | Al Load MW | Cumulative Growth
2024 | 200 MW Baseline

2027 | 354 MW +77%

2030 | 630 MW +215%

2035 | 1,168 MW +484%

Caption: At 30% Annual growth, Al load could exceed 1IGW
by 2035, equal to 25% of Nigeria’s current average generation.

Assumption: 30% CAGR per NITDA 2024 outlook.
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Chart Type: Line graph with data points. Add shaded area for
“Nigeria avg grid 4,100MW” as reference.

Figure 3: PUE Comparison — Nigerian vs Global Green Data

Centers

Facility Type Average PUE | Annual Waste at

10MW IT Load
Nigeria Avg Data Center | 2.0 87.6 GWh
Global Avg Uptime 2023 | 1.55 48.2 GWh
Rack Centre Post-Retrofit | 1.42 36.8 GWh
Meta  Hyperscale 1.10 8.8 GWh
Best Practice

Caption: Nigerian data centers average PUE 1.8-2.2 vs global
best practice 1.2. Closing the gap cuts energy waste 30-40%.
Chart Type: Bar chart. Waste = (PUE-1) x 10MW x 8760
hours.

Source: Uptime Institute 2023

Finance Mechanisms

Blended finance combining grants, concessional loans, and

private capital can de-risk projects. Options include:

e Green Bonds: Nigeria issued Africa’s first sovereign
green bond $29.7M in 2017. A dedicated “Green Al
Infrastructure Bond” could fund solar data centers.

e Climate Finance: Green Climate Fund GCF has approved
$300M for Nigeria’s renewable projects. Data centers can
qualify under energy efficiency windows.

* Bankable Project Structuring: Using DSCR 1.3x,
collateralized by power purchase agreements PPAs with
tech firms, makes projects bankable.

Discussion: Risks and Opportunities

If Nigeria powers Al with diesel, it risks “carbon lock-in” for

20 years, stranded assets, and loss of Climate Finance. If it

powers Al with Renewables, it can:

1. Create 300,000+ Green jobs per IRENA 2023 estimates
for West Africa;

2. Export Green Digital Services to ECOWAS;

3. Position itself as Africa’s first “Green Al Hub”.

The risk is timing. Data center construction has 18-24-month
lead times. Policy and finance must align now before
infrastructure is locked into fossil fuels.

Conclusion and Recommendations

Nigeria’s Al Future and Energy Future are inseparable. The
427,000MW Solar Potential provides a physical pathway.
Case studies from Rack Centre and MainOne prove technical
viability. What remains is Policy and Finance Alignment.

Recommendations

*  Regulatory Framework: Federal Ministry of Power +
NITDA should mandate Green Al Standards by 2026:
minimum 40% Renewable Energy for new data centers,
PUE <1.4, and certified E-waste management.

e Investment Pipeline: Develop a $2 billion “Nigeria Green
Data Center Fund” using blended finance, with ECOWAS
Investment Bank as anchor.

* Data and Accountability: NERC should publish annual
“Digital Infrastructure Energy Report™ to track Emissions,
Renewable share, and PUE across facilities.

e Capacity Building: Partner with Universities to train
engineers in Liquid cooling, Solar design, and Al for grid
optimization.

Nigeria can prove that developing nations need not choose
between digitalization and decarbonization. Sustainable Al
is not a constraint on growth. It is the condition for durable
growth.
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