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CHAPTER 1

INTRODUCTION

The Energy Storage Imperative in Nigeria



Nigeria' s Energy Landscape: A Critical

Overview

,

Low Grid Reliability
Only 4, 000-6, 000 MW available vs 13,000 MW capacity,

leading to frequent outages.

Diesel Dependency Crisis

Businesses spend ~$14B annually on polluting generators

to ensure power supply.

Low Electrification Rate

National rate at 55%, dropping below 40% in rural areas,

leaving millions in the dark.

Grid Inefficiencies

Technical losses plague the infrastructure, reaching up

to 46% in some areas.

B The Critical Role of Energy Storage

Energy storage stabilizes the grid, integrates intermittent
renewables, and provides reliable, affordable power to bridge

the gap between supply and demand.




Nigeria s Vast Renewable Energy Potential

Solar Energy: 1,000+ GW Potential

Excellent solar irradiance averaging over 5.5

kWh/m? /day, positioning Nigeria among the highest in

solar potential globally.

* Wind Energy: 100 GW Capacity

Northern regions exhibit significant potential with wind
speeds reaching 12-15 m/s, offering a viable complement

to solar.

[} The Intermittency Challenge
Solar and wind are inherently intermittent. Effective

energy storage is indispensable to harness this

potential reliably.




Study Objectives & Scope

Primary Objectives

Compare Technologies
Conduct technical & economic comparison of Lithium—lon vs. Flow

Batteries.

Analyze Costs (CBA & LCOS)
Perform detailed cost—benefit analysis and calculate Levelized Cost of

Storage.

Assess Environmental & Social Impact
Undertake lifecycle assessment (LCA) to evaluate sustainability

implications.

Evaluate Market Suitability

Determine the best fit for Nigeria' s specific market conditions and

challenges.

Strategic Recommendations

Offer actionable insights for policymakers, developers, and investors.

Project Scope

[ A
— Grid-Scale Focus

Stationary energy storage applications
(MW/MWh scale).

@ Technology Focus
Vanadium Redox Flow Batteries (VRFB) as
the primary flow tech.

. Timeline & Data
Based on 2024-2025 market data and

projected trends.
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Lithium—Ion Batteries: The Dominant Technology

G Core Principle

lcode Catoid Charge dispara Energy is stored and released through the reversible movement
of lithium ions between the cathode (positive) and anode

(negative) during charging/discharging cycles.

¥ Key Components

® Cathode:Typically LFP or NMC (source of lithium ions).
.Anode:Usually graphite (stores lithium ions).

. Electrolyte:Liquid solvent facilitating ion movement.

. Separator:Porous membrane preventing short circuits.

|ad Key Characteristics

High energy density, fast charge/discharge response, and a

mature global supply chain solidify its dominance in the

.ion-ion market.




Flow Batteries: The Long—Duration Contender
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& Core Principle (VRFB)

Energy is stored in liquid electrolytes with vanadium ions in
external tanks. Pumps circulate electrolytes through a cell

stack for electrochemical reactions.

‘ Key Components

e Electrolyte Tanks:Store positive/negative vanadium
solutions.

» Cell Stack:Reaction site separated by an ion—exchange
membrane.

e Pumps/Piping:Facilitate electrolyte circulation.

|ad Key Characteristics

Decouples power (stack) and energy (tank) for easy scaling.
Offers long cycle life and inherent safety with non—flammable

electrolytes.



Core Technology Comparison

B [ithium—Ion Battery

Energy Storage:Solid Electrodes (within cells)

Scaling:Coupled (Fixed ratio per unit)

n

Cycle Life:4, 000 — 8,000 cycles
Safety:Risk of thermal runaway (requires BMS)
Scalability:Module-based (adding more units)

Depth of Discharge:Limited (80% recommended)

-

w Flow Battery (VRFB)

Energy Storage:Liquid Electrolyte (external tanks)
Scaling:Decoupled (Independent scaling)
Cycle Life:15,000 — 20, 000+ cycles

Safety:Inherently safe, non—flammable

of¢ Scalability:Tank-size based (easy capacity

increase)

Depth of Discharge:100% (no degradation)
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Key Performance Indicators (KPIs)

B Lithium—Ion (LFP) Vanadium Flow (VRFB)

E ¢

A‘ Round-Trip Efficiency Round-Trip Efficiency
L__
85-95% (High Efficiency) 70-80% (Stable)

Energy Density (Wh/L)
250-350 (Compact Size)

B
. Cycle Life
i

Energy Density (Wh/L)
20-30 (Modular)

Cycle Life

6,000 - 8,000 Cycles 15, 000 - 20, 000+ Cycles

Operating Temp Range Operating Temp Range

-20° C to 60° C -10° C to 50° C



CAPEX Analysis: Where the Money Goes

B [ithium-Ion System (~$350/kWh) 1 VRFB System (~$600/kWh)

Battery Modules:65% f Electrolyte:45%

’ Power Conversion (PCS):18% Cell Stacks:25%

& [

BOS & Installation:17% PCS & BOS:30%



OPEX Analysis: Long—-Term Running Costs

B Lithium—Ion: Hidden Replacement Costs

e Lower annual maintenance (" $10-15/kWh/year).
e Requires full battery module replacement after 8-
10 years, adding ~50% of initial CAPEX to long—

term costs.

Lithium-lon

Battery Replacement Costs

Vanadium Flow
Battery

« VRFB: Predictable Lifetime Costs

e Higher annual maintenance (" $15-25/kWh/year) due
to pumps/membranes.

e Minimal component replacement over 20 years;
recyclable electrolyte ensures negligible long—

term capital outlay.

Hig
Replacement Costs



Levelized Cost of Storage (LCOS)

B Lcos HEAR 12
A BERA ) A K HE (Total Lifetime Costs
/ Energy Output)

e Lithium-lon LCOS

e== \/anadium Flow Batteries
2h, 4h, 6h, 8h, 10h

—_
o

[0}

B FRTfERE (2-4h) . EETFHIM

BB RS, LCOS JuFEZ N $0. 12-0. 18/kWh, & H T AAMS:

Discharge Duration (hours)
(o))

5. 4
Z |

& KEThERE (8h+): 24U M (VRFB) R A T S S T S S

i ;if%q}jj’ AU G2 b e RS SRR Levelized Cost of Storage ($/kWh)

B SR HOARRA Y AER BRI K 46 a4, BtILE VRFB Sl BT



Economic Viability: ROI & Payback

Application Technology Initial Cost 20-Year Total Payback Period
Peak Shaving (4h) Li—ion $35M $55M 7-9 years
Renewable Shifting (8h) VRFB $60M $75M 8-10 years
Frequency Regulation Li-ion $35M $50M 6-8 years

Key Insight: Long-Term Value vs. Short-Term Returns
WhiTe Li—ion offers faster payback for short—duration grid services, VRFB provides superior long—term value for critical
long—duration renewable integration. The slightly longer payback period for VRFB is offset by its much longer operational

life and lower replacement costs, making it the more economically viable choice for infrastructure projects requiring
sustained performance over decades.
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Full Lifecycle Carbon

B Li-ion: High Embodied Carbon

Relies on energy—intensive mining and processing of
lithium, cobalt, and nickel, leading to higher upfront

emissions.

TN

o VRFB: Sustainable Advantage
Benefits from a much longer lifespan and fully
recyclable electrolyte, significantly reducing

lifecycle environmental impact.

B 20-Year LCA Study Result

VREFB systems emit40-60% less CO2 equivalent per

kWhcompared to Li-ion systems.

Footprint

Cradle-to-Grave CO2 Emissions Comparison:
Li-lon vs. VRFB (20-Year Lifecycle)
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VRFB emits 40-60% less CO2 eq, per kWh

W Li-lon (Light Gray-Blue), VR



Resource Sustainability & Geopolitical Risks

B® [ i-ion Battery Challenges

Q) Concentrated Supply Chains

70%+ lithium from Australia/S. America; cobalt dominated

by DRC, creating high geopolitical risks.

® Ethical & Environmental Concerns

Linked to human rights abuses (child labor) and severe
ecological degradation in mining regions.

® Low Recycling Rates

Less than 5% of Li—ion batteries are recycled, leading

to massive resource waste

c VRFB Advantages & Sustainability

)

Geographically Diverse Supply

Vanadium sourced from China, Russia, South Africa, and
Brazil, significantly reducing supply chain

vulnerabilities.

100% Recyclable Electrolyte

End-of-1ife vanadium electrolyte can be fully recycled
and reused, retaining its value and minimizing waste
Long Cycle Life & Efficiency

Minimal degradation means materials are utilized far

more efficiently over the system’ s lifetime.




Social Impact Assessment

Communit
AN Job Creation @ MLy

A ; ? Health & Safety
cceptance

Significant advantages over Li—

VRFB manufacturing and large-— The inherent safety profile of )
) ) . ) ion technology:
scale deployment, with its VRFBs eliminates major ;
i ) )  Non—toxic, non—flammable
larger physical footprint and community concerns:
) i i _ electrolytes
system complexity, creates more * No risk of fire or explosion . ; _
) ) ' . e Minimal risk during
local jobs in:  Fasier siting near populated ;
. manufacturing &
 Construction areas D
; . ) decommissioning
* Operation * Higher social trust for large
. _ ) * No need for extreme thermal
* Maintenance installations

management






Key Challenges in the Nigerian Market

&3 Regulatory & Policy Uncertainty . Financial Barriers

e Lack of clear regulatory framework for energy storage e High upfront capital costs compounded by limited long—

systems. term financing.

* Inconsistent government policies and weak enforcement

hinder development.

e Currency instability and Naira devaluation pose

significant financial risks.

! Infrastructure Gaps 19 Logistical Hurdles

* Weak and congested grid infrastructure with high ; ; .
. ; ) * Poor transportation networks and inefficient port
losses limits integration.

. ) ) ) operations cause delays.
e Shortage of local technical expertise for installation

;  High costs associated with importing BESS components.
and maintenance.



Market Opportunities & Drivers

D Strong Policy
¢ Support

® Energy Transition Plan (ETP)
Ambitious target of 30% renewable
energy by 2030, necessitating

large—scale storage.

® REA Solar Mini—grids
Active promotion of mini—grids,
which are almost always paired with

battery storage.

_~= Powerful Economic
1 .
— Drivers

® Dicsel Cost Incentive
$14B/year spent on diesel creates
massive economic push for solar-—

plus—storage.

® &1 Demand
Growing urgent demand from
commercial/industrial customers for

reliable power.

! Favorable Tech
Trends

v Declining Technology Costs
Global cost reduction of solar PV
and batteries makes solutions

increasingly affordable.

® International Investment
Rising interest from global
developers, tech providers, and

financiers.



Technology Suitability Matrix for Nigeria

BB Lithium—Ion Battery

@ Best For

Short-duration (2-4h peak shaving), C&I backup, and

small/medium mini—grids.

B Drivers for Nigeria

Lower upfront cost for small systems; fast response

stabilizes weak grids; ideal for diesel replacement.

. Challenges

Heat sensitivity (costly cooling needed); safety concerns

for large installs; high long-term replacement costs.

w« Vanadium Flow Battery (VRFB)

@ Best For

Long—duration (8h+), grid-scale bulk storage, large

microgrids requiring multi—-day autonomy.
B Drivers for Nigeria

Exceptional lifespan aligns with infrastructure projects;

high safety; 100% capacity use maximizes asset value.

. Challenges

Higher upfront cost; larger physical footprint in urban
areas; requires higher technical expertise for

maintenance.



The Hybrid Solution: Combining the Best of

Both Worlds

I Core Concept: Synergy of Technologies

72\ Lithium-Ion (Li-ion)
Fast response for short—-duration services (frequency

regulation, load spikes).

g Vanadium Redox Flow Battery (VRFB)
High capacity for long—duration storage (shifting solar to

peak demand/overnight).

!’ Key Strategic Benefits

Eii Optimized Performance & Cost:lMore cost—effective than single—

technology systems for diverse grid needs.

* Maximized Renewable Penetration:[Enables higher integration of

variable solar and wind energy sources

}} Dual Grid Services:Provides both ancillary power and energy

shifting services, maximizing revenue.

(c((«((««c- ;
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World’ s Largest VRFB: Dalian Flow Battery Energy

Storage Peak—shaving Power Station

Project Specifications

o Capacity:200 MV / 800 Mih
' Technology:Vanadium Redox Flow Battery (VRFB) | i 1“:,-';' - KEFlowEBAER
Q!_, Location:Dalian, China

. Commissioned:2022

Key Achievements

. Provides critical peak—-shaving services to the

Liaoning grid, meeting evening demand.

. Reduces renewable energy curtailment by ~ 18%, Project Overview
improving wind/solar farm economics. The Dalian project represents a milestone in energy
. World s largest VRFB system, proving commercial storage technology, showcasing the scalability and

viability for large-scale deployment reliability of VRFB systems for grid-scale applications.



The “Big Battery”: Hornsdale Power Reserve

¥ Project Specifications

Bl Capacity:150 MW / 193.5 MWh
# Technology:Tesla Megapack (Lithium—Ton)
& Location:South Australia

. Commissioned:2017

!’ Key Achievements

. Revolutionized market with ultra—fast frequency

response, stabilizing the grid post—blackout.
@ Dclivered over $100M AUD savings by reducing

reliance on expensive gas peaker plants.
. Proven immense value for grid stability and energy

arbitrage.




West Africa’ s First Large—Scale Solar+Storage: Walo

Project, Senegal

= Project Specifications
& Capacity:16 MWp Solar / 10 MW / 20 MWh BESS

B Tcchnology:Lithium—Ion Battery System

. Commissioned:2023

N & Key Regional Impact

@ Vest Africa’s first utility-scale BESS, establishing

a critical regional benchmark.

@ cEnhances grid stability, enabling higher penetration
of solar power into Senegal’s national grid.
@ Scrves as a vital model for Nigeria and other nations

developing solar+storage infrastructure.



Transforming Rural Nigeria: ATESS Solar Mini-
grid Project

# Project Specifications
9, Location:0Ogun State, Nigeria
W Capacity:1.2 MWp Solar / 1 MW / 1.7 MWh BESS

B Technology:Lithium—Ton Battery Storage
B Commissioned:2025

W Key Achievements

Provides reliable, clean power to over 10,000 rural

households and small businesses previously without

rid access. .
@ Combines grid-connected and isolated components,

demonstrating flexible rural electrification.
. A prime example of battery storage driving

sustainable development in underserved communities.



Key Takeaways from Global & African Projects

‘ Technology Choice

Always match the battery technology to the specific

application’ s requirements for duration and power.

. Financing

Blended finance structures combining public funds and
private investment are essential to overcome high

upfront costs.

®) Community Engagement
" 4 =

. Policy & Regulation

Clear, supportive, and predictable policies are critical

to attract investment and ensure project bankability.

@ Local Capacity

Building local technical and operational expertise 1is
vital for the long—term sustainability and maintenance

of systems.

Early and ongoing engagement with local communities ensures social acceptance and is key to project success.
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Core Findings Summary

! Technical Superiority

e Li-ion:Superior for short—duration, high—power
applications (frequency regulation).
e VRFB:Excels in long—duration storage with

unmatched cycle life and safety.

‘ Environmental Sustainability

« VRFB has a significantly lower lifecycle carbon
footprint due to recyclable electrolyte and longer

lifespan.

. Economic Viability

e Li-ion:Lower upfront costs, faster payback for
short durations.
e VRFB:Superior long—term value (lower LCOS) for

durations > 4-6 hours.

r Nigeria’ s Optimal Path

 Hybrid systems combining Li—ion and VRFB offer the
most resilient and cost—effective solution for

large—scale grid applications.



Recommendations for Policymakers

Provide Targeted Financial
EI Develop a Clear Regulatory Framework

Incentives

e Establish clear rules for deployment, grid connection, e Offer tax breaks, duty waivers, or grants to reduce
metering, and market participation. upfront costs.

e Define ownership models and revenue streams for e Create a dedicated fund for rural electrification and
storage assets. renewable integration.

‘ Support R&D and Local Manufacturing E Strengthen Grid Infrastructure

e Invest in R&D to adapt storage technologies to
Nigeria’s climate.  Prioritize grid modernization and expansion to

e Incentivize local manufacturing of battery components accommodate higher penetrations of renewables.

to create jobs.



Recommendations for Developers & Investors

. Conduct Thorough Site Assessment

Evaluate application, load profile, solar resource, and
grid conditions. A detailed feasibility study is

essential before selecting technology.

. Leverage Blended Finance

Partner with DFIs, green funds, and international
investors to access long—term capital at lower costs and

share project risks.

‘ Consider Hybrid Systems

For large—scale projects, combine Li—ion and VRFB to
optimize performance, maximize revenue streams, and

future—proof the asset.

gl Build Strong Local Partnerships

Collaborate with reputable local companies for
construction and O&M to ensure project success and

secure a social license to operate.



Recommendations for Technology Providers

@ Adapt to Local Conditions

Develop robust products that withstand Nigeria’s
high ambient temperatures and require minimal

maintenance in remote locations.

:1 Invest in Local Capacity Building

Provide comprehensive training and ongoing technical
support to local partners for installation,

operation, and maintenance.

. Offer Flexible Business Models

Consider innovative models like ”“Storage—as—a-
Service” (SaaS) or battery leasing to reduce upfront

capital burden and accelerate adoption.

. Emphasize Sustainability

Highlight environmental benefits (e.g.,
recyclability of electrolytes) to align with global

ESG goals and attract focused investors.



Future Outlook (2025-2030)

u Rapid Market Growth

Driven by renewable targets and diesel replacement,
significant deployments are expected in both grid-scale

and behind-the—-meter segments.

c‘] Key Growth Enablers

Strong policy support, falling technology costs, and
rising demand for reliable power will be the primary

drivers of expansion.

' Evolving Technology Landscape

Li-ion and VRFB costs will decline. Sodium—ion batteries
may emerge as a viable, lower—cost alternative for

specific applications.

? Persistent Challenges

Critical hurdles include addressing financing gaps,
strengthening the national grid infrastructure, and

building local technical expertise.
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