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Second-life batteries
A lower-cost energy storage solution 
for mini-grids
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The Lab has been developing the evidence base and innovations to deliver the Modern 
Energy Minimum (MEM) of 1,000kWh per person per year to ~260M Africans 

Note: For further information on the Lab, please visit our website: crossboundary.com/labs

Mini-grids have historically hit three 
barriers to scale…

…each of which the Lab addresses… …to bring the Modern Energy 
Minimum to 260M Africans

Testing innovations and scaling 
those that are most effective

Convincing governments mini-grids 
are the least cost option to providing 
electricity to rural communities

Sharing evidence of successful 
innovations to attract investment to 
the mini-grid sector
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2
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260M

Mini-grids provide least cost electricity to 
homes and businesses for ~260M Africans
The Modern Energy Minimum is 1,000kWh 
per person per year

Regulation

Business
model

Investment
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economics
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To date, the Lab has launched 11 prototypes with 27 developers and 1 public utility, across 
9 countries, with tests now live in the field across 120+ sites 

Appliance Financing

Bulk Procurement

Grid Densification

Tariff Reduction

Second life batteries

Modular grids (Mesh grids, distributed mini-
grids)

Developers:

Bulk Procurement

Connecting Beyond the Meter 

Grid Densification

Developers:

Appliance Financing

Bulk Procurement

Grid Competition

Grid Densification

Internet

Metering

Modular Grids

Tariff Reduction

Developers:

Southern Africa

East Africa

West Africa Active Scaling

Main Grid Appliance Financing
Public Utility:

Kenya



The Lab’s prototypes can increase mini-grid IRR to 9.5%. However, to reach an IRR of 
12%, much more needs to be done
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2025 
Focus

Past Projects

Mini-grid today 
(IRR: 9.5%)

Desired 
Mini-grid (IRR: 

12%)

Battery Technology

Appliance 
Financing 3.0

Tariff 
Reduction

Appliance 
Financing 4.0

Appliance Financing 2.0

Tariff Reduction

Mesh Grids/Smart Inverters

Modular Grids

Metering

Grid Densification

Bulk Procurement 1.0

2018 Mini-grid 
(IRR: 0%)

Bulk Procurement 
2.0
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The Second-Life Batteries 
Opportunity
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Second Life Batteries 
Audience Poll

What is your current perception of second-life batteries?
• Strong solution with high potential
• Promising but needs more evidence
• Unsure / neutral
• Skeptical about performance or safety

What do you think is the most important enabler for second-life 
batteries?
• Reliable, high-quality supply of used EV batteries
• Clear standards, testing protocols, and safety guidelines
• Strong business case (pricing, lifetime, warranties)
• Local assembly and refurbishment capacity
• Supportive regulations and import/export policies
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While battery costs have dropped by over 60-70% 
in the last decade, Second-life batteries present an 
opportunity to further drive down this cost.

Benchmark CapEx per connection components breakdown for Nigeria 
($/connection)

994

1046

Management

Land and logistics 

BOS

PV modules

Inverters & EMS

Installation

Distribution

Tax and duties

Second- life batteries

Batteries5%

6%

6%

9%

10%

11%

12%

27%

15% 10%

Contribution to CapEx (%)
First Vs. Second Life

By using second life 
batteries, the contribution to 
CapEx per connection drops 
by 5% from $1,046 to $994

Data from Nigeria show that the cost per 
connection drops 5% from $1,046 to $994 when 
using second-life batteries. 

After distribution costs, batteries remain the largest contributor to CapEx for 
mini-grids

Beyond CapEx savings, second-life Li-ion batteries 
extend material use, lower life-cycle carbon, delay 
recycling, and support local value capture through 
in-country assembly.
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Figure 1: Potential second-life battery inflows to the African continent (GWh)

32%

10 
GWh

50%

EV Battery Capacity in the 
country available for second-
life use in 2025

CAGR (2015-2024)

31%5
GWh

Location of Lab second-life 
battery prototypes

10 
GWh

Second-life EV batteries available today could power a significant portion of all 
the mini-grids required for universal access in SSA

Although four-wheel EV uptake in SSA is modest, 
electric two-wheelers are expanding at  7% CAGR. 
By 2030, their retired packs alone could release  
~0.4 GWh for reuse in mini-grids.

Since 2015, passenger EVs in China, Europe, and 
the United States have deployed ~25 GWh of 
four-wheel battery capacity. 

160,000 mini-grids are required across SSA for 
universal electrification by 2030, corresponding to 
~29 GWh of storage. 

Sources: Mini Grids for Half A Billion People: Market outlook and handbook for decision makers – ESMAP; Global electric car sales, 2014-2024 – Charts – Data & Statistics – IEA; Africa's Competitiveness in Global Battery Supply Chain s (2024) Manufacturing Africa
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Insights from the 
publication
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The lab has been studying the technical performance of second-life Li-ion 
batteries in mini-grids in comparison to new batteries’ performance

The lab is conducting field testing of second-life 
lithium-iron-phosphate (LFP) packs in South Africa 
and Nigeria, as well as one Lithium Nickel Manganese 
Cobalt oxide (NMC) pack in the DRC. 

Data collection and analysis
Data collection: 

• Battery capacity
• Upfront battery costs
• Yearly Operational Expenditure (OpEx) costs - 

BMS Software-as-a-Service (SaaS), insurance, 
cooling, and inspections

Analysis:
• Capacity testing
• Battery degradation estimations

Upfront battery costs (per kWh available capacity) 
will be 35-40% cheaper for second-life batteries, 
compared to new batteries

O&M costs will be the same for second-life and 
new batteries for at least three years

The overall lifetime cost (initial CapEx, OpEx, and 
replacement costs) of a second-life battery is 10-
20% lower than the lifetime cost of new batteries

Second-life batteries will operate at a capacity that 
is sufficient to service a mini-grid for more than six 
years post-deployment

Hypotheses being tested
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Across all three markets, second-life packs cost 11–28% less per 
usable kWh than new batteries at control sites and all fall below the 
lower limit of 2023 ESMAP benchmark ranges.

Across the three countries, supplier-provided lifetime estimates show that 
battery costs are 18% lower in South Africa, 9% lower in Nigeria, and 40% 
higher in the DRC over the mini-grid life.

Overall lifetime battery cost is primarily driven by replacement frequency, 
which depends on the hardware but is also significantly influenced by 
developer operations that can accelerate degradation.

Second-life batteries are cheaper across all designs and markets, 
allowing developers to lower CapEx or install more storage, improving 
reliability, raising revenues, and reducing diesel use.

Initial analysis suggests second-life batteries are cheaper upfront and are 
projected to have lower lifetime costs

210

274

0

50

100

150

200

250

300

350

400

2nd Life 1st Life

-23%

194

270

2nd Life 1st Life

-28%

239

269

2nd Life 1st Life

-11%

South Africa DRC 

250

350

2024 AMDA
Benchmark range for 
Lithium-ion batteries 

634

769

0

100

200

300

400

500

600

700

800

900

1,000

2nd Life 1st Life

-18%

866

618

2nd Life 1st Life

+40%

564
618

2nd Life 1st Life

-9%

NigeriaDRC South Africa

Lifetime Cost of Batteries at a 20-year Minigrid Site ($/kwh)Upfront battery cost ($/kWh)



C
op

yr
ig

ht
 ©

 b
y 

C
ro

ss
Bo

un
da

ry
. C

on
fid

en
tia

l. 
Pr

op
rie

ta
ry

.

13

To realize the potential economic 
benefits of second-life batteries, 
battery degradation will need to 

be carefully managed by 
developers.
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Source: Second life and first life battery costs come from the actual purchase invoices for three test sites and three matche d control s ites . US $214 /kWh is  the  mean of those  three  upfront re ta il price s .
For the  “s ta ir s tep” scenarios , we  assume full pack swaps  at the  s tart of years 6 , 7, or 8 to isolate  the  e ffec t of replace me nt timing. 

Replacement timing drives the staircase:

Total Projected Battery CapEx over the lifetime of the mini -grid ($)

If battery packs last ≥7 years they outperform on lifetime cost and IRR, but at ≤6 
years their advantage fades by year 15–18.

We modeled lifetime CapEx for a ~200 kWh pack 
across replacement scenarios and found that 
economics hinge on replacement frequency. 

6-yr Swap

Three replacements push 
cumulative costs above the 

new-battery line

7-yr Swap 8-yr Swap

Stays just under the 
new battery cost 
through year 7

13% cheaper than an 
original battery over the 

course of the minigrid’s life

Replacement frequency will depend on how quickly the 
battery degrades in the field.
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The  Lab will conduct periodic battery capacity tests with our partners and will 
report how the capacity has degraded since installation

Source: A Compre he ns ive  Revie w on the  Characte ris tic s  and Modeling of Lithium- Ion Batte ry Aging" which shows how Lithium- ion batte rie s  reach an infle ction point before  degrading at a  fas te r ra te  than before . This  point is  something we’re  looking to de tect.

Energy that the battery can discharge (kWh) over time

The Lab will conduct periodic battery capacity 
tests with our partners and will report how the 
capacity has degraded since installation.

The batteries will be fully charged to balance 
the cells, then discharged to 0%, and the energy 
released will be compared to previous recordings 
to determine the degradation rate. 

https://www.researchgate.net/figure/Degradation-of-LFP-cells-cycled-with-varying-DoD-1C-30-The-results-show-a-reduced_fig15_357287820
https://www.researchgate.net/figure/Degradation-of-LFP-cells-cycled-with-varying-DoD-1C-30-The-results-show-a-reduced_fig15_357287820
https://www.researchgate.net/figure/Degradation-of-LFP-cells-cycled-with-varying-DoD-1C-30-The-results-show-a-reduced_fig15_357287820
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We’re estimating charge and discharge energy using battery telemetry data to 
approximate battery degradation

In this plot, we analyze data from a single site in Nigeria. We’re taking a sample day to showcase our calculation. 
We use  a  linear inte rpola tion to replace  miss ing figure s , considering only days  with 70% or more  actual recordings .
We only include  cycle s  that have  a  minimum number of points  to create  the  es timate , and no gaps  longer than 4 hours .  

Battery State of Charge (SOC) progression, over one cycle (%) In this example, we use 30-minute site data on State of 
Charge (%) and energy flows (kWh) entering and leaving 
the battery to identify the maximum and minimum SOC 
points and calculate the energy required between them.

Scaling the measured energy needed to charge to 100% 
or the energy that would be released when discharging 
from 100% gives a proxy for round-trip efficiency, 
which when tracked over time reveals capacity fade.

Key caveats
• Analysis does not capture all drivers of degradation 

(e.g. wiring, charge/discharge rates)
• SOC accuracy depends on batteries reaching 100% 

charge.
• IoT data gaps are interpolated, introducing some 

noise
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The energy required to charge or discharge to and from 100% shows a proxy 
for degradation over time 

In this plot, we analyze data from a single site in Nigeria. We’re taking a sample day to showcase our calculation. 
We use  a  linear inte rpola tion to replace  miss ing figure s , considering only days  with 70% or more  actual recordings .
We only include  cycle s  that have  a  minimum number of points  to create  the  es timate , and no gaps  longer than 4 hours .  

The plot shows the energy needed for a full 100% cycle; 
tracking this over time gives a proxy for fade, allows site 
comparisons, and helps estimate end-of-life.

The battery now stores ~169 kWh for a full cycle - a 
15% loss over 14 months from its initial storage capacity 
of ~200 kWh in 2023.

Energy to charge 
to 100%: 169.0 
kWh

Energy discharged 
from 100%: 157.4 
kWh

Cycle from 
the previous 
slide
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In the interim, developers can lengthen lithium-ion battery life by tailoring proven 
charge-management practices to minigrid conditions

Cycle Ageing from 
charge -discharge

Temperature Stress for warmer 
climates

Calendar Ageing from sitting at 
100% charge

Battery use is unsteady and peaks in 
the evenings

Limit daily depth of discharge to < 70% 
using battery management systems 
(BMS)

Solar charges batteries to 100% for ~ 
3 hours daily

Cap target SOC at 80 - 90% but still 
schedule a full charge-discharge 
weekly

Tropics + sealed containers

Install ventilation, use white paint for 
containers and automatic thermostatic 
fans

Mitigation best practices

Degradation drivers that developers should consider 

Mini -grid Relevance

Common with second-life cells of 
mixed history

Ensure cell traceability (cell/battery 
passports), per-cell grading at 
assembly and warranties

Cells developing imbalances over 
time

High current rate events 

Larger than expected loads coming 
online

Inverter should be 1.2× peak kW and 
stagger high load appliance starts to 
reduce surges in current

Poorly managed charging cycles can 
lead to capacity fade and resistance 
rise

Sitting at a 100% State Of Charge 
(SOC) contributes to lithium plating, 
which blocks energy released 

Higher environmental operating 
temperatures accelerate ageing 
reactions

Charging to 100% is needed otherwise 
cells become imbalanced and this 
leads to replacement

Large surge currents raise local heat 
and increase likelihood of lithium 
plating 



CrossBoundary Innovation Insight22

Over the next year, we will continue to 
track the technical performance of the 
second-life batteries across our sites 
to validate these initial findings 

Track technical performance
Continue tracking capacity retention via SOC and 
efficiency analysis

Monitor operational costs
Track maintenance labour, component swaps, 
cooling, and EMS/BMS licence costs

Track charge-management behaviour
Record adherence to target SOC windows, 
firmware updates, and set-point changes

Conduct a degradation audit
After one year, conduct a comprehensive SOH test 
through capacity testing  

Se cond- life  Batte rie s  -   A lowe r-cos t e ne rgy s torage  solution for mini-grids
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Overview of the Lab’s 
upcoming Alpha Tests with 

SLBs
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The Lab brought together a consortium of partners to design Alpha-tests to 
address key barriers and accelerate bringing second life batteries to scale

Background

• The Innovation lab brought together key 
stakeholders in the battery supply chain to 
collaboratively explore several initiatives for 
scaling the adoption of second-life batteries 
in Africa. 

• This consortium includes SLS Energy, 
Vittoria Technology, Soleil Power and 
Mobility for Africa.

To guide this study, we held two workshops 
focused on identifying the top priority 
interventions needed to unlock the scale up of 
second-life battery adoption.
These sessions examined: 
• The most critical barriers to address
• Where the greatest impact could be made
• Interventions that were most feasible for the 

consortium to implement.

• Determine whether standardized battery 
packs can reduce the cost and deployment 
time of second-life batteries.

• Develop and validate a baseline set of 
diagnostic testing procedures that can be 
adopted industry-wide to ensure safety, 
reliability and performance

• Evaluate how harmonizing cross-border 
regulations might improve access to 
second-life batteries across the continent.

Approach Outcomes
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August 
2025

Second-life alpha 
tests kick off

September 
2025

November 
2025

Diagnostics testing
and working group 

established

Recoverable battery 
pack design 
developed

1st batch of second-life 
packs imported via 

Lagos & Durban routes

Capacity tests 
performed at sites

January
2026

Diagnostics testing 
protocol v1 
developed

March 
2026

Second Capacity 
tests performed at 

sites

June  
20 26

Diagnostics testing 
protocol finalized

Recoverable battery 
pack  design finalized

August
2026

Battery trade-route 
simulation 
complete

De ce mbe r
20 26

Final report & open-
source pack design 

released

Battery trade-route 
report published

Octobe r
20 26

Innovation Insight 
#2 published 
focused on 
technical 

performance

We aim to publish findings by December 2026 – please reach out to 
minigridslabs@crossboundary.com to collaborate!

Battery trade-route simulation

Battery diagnostics testing

Recoverable battery pack

Field testing of batteries

mailto:minigridslabs@crossboundary.com


Unlocking capital for 
sustainable growth in 
underserved markets.

crossboundary.com/labs

For more information please contact:

• minigridslabs@crossboundary.com 

• tombo.banda@crossboundary.com

• helidah.wagude@crossboundary.com

mailto:minigridslabs@crossboundary.com
mailto:minigridslabs@crossboundary.com
mailto:tombo.banda@crossboundary.com
mailto:tombo.banda@crossboundary.com
mailto:helidah.wagude@crossboundary.com
mailto:helidah.wagude@crossboundary.com
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