


Battery Energy Storage in 
Low Carbon Grids

Paul Shearing, ZERO Director:

paul.shearing@eng.ox.ac.uk 

March 2025

Image Credit: Ed Hawkins CC-BY

mailto:paul.shearing@eng.ox.ac.uk


The ZERO Institute
www.zero.ox.ac.uk  

Founded in 2022 our goals are to: 

• Establish Oxford as a centre for thought leadership on the zero carbon energy transition and 
accelerate our research to real world impact.

• Provide leadership in stakeholder engagement, networking and development for the 
community of energy researchers in Oxford.

• Build on existing research based in departments, to address interactions and systems issues 
across disciplines. 

• Provide a single point of contact and a ‘shop window’ for energy research at Oxford, in 
partnership with the Oxford Energy Network.
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The ZERO Institute
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ZERO Carbon Energy Systems Multi Discipline Strengths

Vision: We want to shape the transition to a just and fair global zero-carbon 
energy system, through research that unifies technology, policy, and people. 



The ZERO Institute and OEN
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NETWORK
FOUNDERS

The ZERO Institute Founders Network

ZERO FOUNDERS NETWORK

zero.ox.ac.uk ZERO Founders Network

https://www.linkedin.com/company/zero-founders-network


how?

ZERO FOUNDERS NETWORK  –  1/ welcome

networking 

activities 1/  

mentoring 

 

programme 
2/  

business plan 

 competition 3/  

growth

 funding 4/  

NETWORK
FOUNDERS

building the new home for climate-tech founders and curious minds in Oxford 

twice per term

❑ panel discussions

❑ fireside chats

support network

❑ accessible to startups 

and aspiring founders

❑ open to all career 

levels 

DAY ZERO

❑ annual pitch event

❑ equity-free cash 

prizes

match making

❑ access to growth 

equity financing

❑ database of venture 

capital investors

opportunity
... to register and get involved later today



CONTEXT: NET ZERO AND THE UN SUSTAINABILITY GOALS
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CONTEXT: THE ROLE OF ENERGY STORAGE

9

Batteries for EVs

Batteries for the grid

….. Batteries for electric flight?
…. ‘Batteries’ for long duration storage?
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CONTEXT: THE ROLE OF ENERGY STORAGE
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CONTEXT: 2019 NOBEL PRIZE



Technical Targets – 2018 
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CONTEXT: SEVEN YEARS OF THE FARADAY CHALLENGE



PERSPECTIVE: TIME TO COMMERCIALISATION
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1979

1980

1991

1997

2016

LiCoO2 Discovered
(Oxford, UK)

LixCy Discovered Introduction of graphite 
anode

(the last major innovation in anode 
technology)

Sony commercialise
first Li-ion batteries

The Era of the 
Gigafactory



CONTEXT: THE CONTINUED CHALLENGE FOR BATTERIES

Increasingly Safer,
Sustainable and 
Recyclable

Cheaper and 
Mass 
Producible

Optimised 
for Better 
Performance

Fit for 
Purpose

The Great Application Power/Energy/Chemistry Trade-off

Ref: WMG Discussion Document for the UK Battery Community



PERSPECTIVE: ROLLS ROYCE ‘BACK TO THE FUTURE’?
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PERSPECTIVE: AGRATAS, BMW, STELLANTIS… 
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PERSPECTIVE: AND IT’S NOT JUST THE OEMS….
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PERSPECTIVE: BUT NO ONE SAID IT WOULD BE EASY…
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PERSPECTIVE: THE OPPORTUNITIES FOR ELECTRIC FLIGHT
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LI-ION BATTERIES – JARGON BUSTING….



BATTERIES & THE ELECTRIC MOTOR
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Ca. 44Wh 504Wh0.9Wh

Image Credit: Hubsan
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90 kWh

BATTERIES & THE ELECTRIC MOTOR

100 MWh+

Image Credit: JLR Image Credit: Tesla



COST BREAKDOWN: GEN 1 NISSAN LEAF

BMDCEAIMR_C_Pillot_Presentation_5th_Israeli_Power_Sources_Herzelia_May2015



LITHIUM METAL ELECTRODES 
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GLOBAL LIB PRODUCTION GWH
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GLOBAL LIB PRODUCTION GWH
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GLOBAL LIB PRODUCTION GWH
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PERSPECTIVE:  RAW MATERIALS VOLATILITY

Image Credit: Trading Economics 
Image Credit: Statista



PERSPECTIVE: THE RENAISSANCE OF LFP
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CASE STUDY 1: DISPOSABLE VAPE BATTERIES
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‘Disposable Battery’
- 550 mAh, 3.7V
- 1.3 million batteries disposed of every 

week UK 

- How many Teslas could be 
made every year from 
discarded UK Vape batteries?

1965 Tesla Model S 
vehicles…
 (or more than 5 
million iPhones)



CASE STUDY 2: EOL AUTOMOTIVE BATTERIES
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A Gen 1 Nisssan Leaf Cell has a capacity of 
32Ah (nominal voltage 3.7V) 
At end of life its capacity retention is 80%

Each vehicle contains 192 cells

The Roosecote storage battery is 
49MW/24.5MWh

How many end of life Nissan 
leaf vehicles would need to be 
recycled to service these 
needs?

1347 cars worth… 



CASE STUDY 3: TESLA MEGA-PACK
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The Victoria Big Battery provides 300MW 
and 450MWh of grid services

It is likely constructed from 21700 cells

Assuming a capacity of 4.5Ah and nominal 
voltage of 3.7V

How many individual cells 
make up the big battery?

Ca. 27 million!!



CASE STUDY 4: LONG DURATION STORAGE 
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To balance intermittent renewables over long periods (eg seasonal low 
wind) – the UK could require up to 120TWh of energy storage

Related to 2023 global battery manufacture from 
the ‘Top 5’ – how many years production does this 
equate to? 2023 production of ca. 1.2TWh… so 

about 100 years



THE ERA OF 
THE 
GIGAFACTORY
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BATTERIES: SUPPLY & DEMAND
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Source: Faraday Institution, UK electric vehicle and battery production potential to 2040



GIGA-
FACTORIES IN 
THE UK

Image Credit: British Volt



THE ROYAL 
INSTITUTION 

‘GIGAFACTORY’
1807



Thank You
Paul Shearing, 

ZERO Director:

paul.shearing@eng.ox.ac.uk 
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