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The Defence Operational Energy Strategy

Response Phase 1 (to 2025) Response Phase 2 (2025- Response Phase 3 (2030 onwards)
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> Defence Support Sustainable Support Strategy (SSS)

Initiatives Sustainable 1 Operational Resilience
delivery of I energy inthe | of the Global
platform o](e] o] Strategic

availability transition SERE

Self- Impact of Impact of
sustainment Defence deployed
of operations | commodities food
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SSS Concept Notes
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Towards Self Sufficiency of Operations for Defence
A Defence Support Concept Note
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Sustainable Circular Economics (CE)
for Defence — A Concept Note

Aids in the delivery of
Strategic Initiative 4 and
focuses on 5 benefits
hypothesis areas:

A Energy

A Food

A Water

A Materiel

A Waste

Aids in the delivery of
Strategic Initiatives 1, 2,
4 and 5, and focuses on
how Defence can adopt
Circular economy
principles to improve
resilience of the E2E
Defence supply chain.
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RO T Refuse: preventing the use of raw materials/non-CE products and/or
changing the product with a new one.

R17 Rethink: Review the product design or use a multi-functional product.

R2 - Reduce: reducing the use of raw materials, increase efficiency of products
in use, and reduce the number of products used if operationally sustainable and
advantageous.

R3 - Reuse: product reuse (second-hand, sharing of products and loans).
R4 - Repair: maintenance and repair of defective products.

R5 - Refurbish: refurbishing a product.

R6 - Remanufacture: creating new products from (parts of) old products.
R7 - Repurpose: use discarded product for a different purpose.

R8 - Recycle: processing products to obtain the same level of quality.

RO - Recover energy:i nci neration of residual fIl ows
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Benefits in adopting a CE

1  Cost reduction due to reduced acquisition and longer product life spans.

1  Operational self-sufficiency by minimising disruption of supply chains resulting in competitive advantage over our adversaries and reducing
competition for scarce resources with our allies.

1 Reduced distribution due to sustainable choices, micro-circularity.
1 Reduced use of raw materials and reliance on a single country for resources 1 especially from strategic competitors and adversaries.

1 Innovative routes to market (i.e., raw materials) and regeneration projects allowing Defence to better exploit novel technologies and
approaches that aid in delivering operational advantage.

1 Innovative repair, reuse, remanufacturing and recycling of components and materials, including raw materials and rare earths to maximise
efficiency within Defencebs supply chain and industri al base.

1 Creation and implementation of proximity (i.e.. short shoring) in the supply chain and reduced import dependency (especially from
adversaries and competitors) increasing resilience within the supply chain.

1 Improved maintenance leading to higher quality and/or more reliable and climate resilient capabilities with an increased lifespan and climate
resilience.

T Transparency within Defencebs end to end (E2E) supply chain.
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Energy Market Outlook: Quo Vadis, Net Zero?

Defence Energy Conference
2025

Ministry of Defence, Abbeywood
January 2025 2024
Ashutosh Shastri

This report is solely for the use of the participants at the MoD Strategic Command Conference at the StratCommand HQs in January 2025.
No part of it may be circulated, quoted, or reproduced for distribution outside the MoD organisation without prior written approval from EnerStrat Consulting. Where required to be
circulated within the participant organisation, prior authorisation by EnerStrat Consulting is required. This material contains information of sensitive nature and is/was used by
EnerStrat Consulting during an oral presentation; it is/was not a complete record of the discussion.



BRITISH PERSPECTIVE ON NET ZERO TWO DAYS AFTEt

THE TRUMP INAUGURATION

% Martin Lewis £ @MartinSLewis - 4h ¥l -
Today's Poll: Where does your sentiment currently lie on
green/environmental issues and net zero for the UK?

Asking in the week US says it'll leave UN climate accords & push to drill for
more oil. Has this changed things. Which of these is CLOSEST to your

view?
We need go greener faster 25.4%
UK has it about right now 13.5%
There's no point anymore 22%
I'm always anti net zero @ 39.1%

27,864 votes - 19 hours left
Q 600 11 541 Q 433 ihi 232K [l &

% Martin Lewis @

1§
) @MartinSLewis

Today's Poll: Where does your sentiment
currently lie on green/environmental issues

and net zero for the UK?

Asking in the week US says it'll leave UN
climate accords & push to drill for more oil.
Has this changed things. Which of these is

CLOSEST to your view?

We need go greener faster
UK has it about right now
There's no point anymore

I'm always anti net zero

53,003 votes - Final results

12:20-22/01/2025 - 417K Views
O 1k 1 19K Q 1K

25%
13%
21%
41%
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CHINA IS RUNNING RINGS AROUND THE WESTERN ECONOMIES: FOSSIL FUELS THRIVE UNDER A RENEWA

CARBON EMISSIONS

FROM ENERGY PRODUCTION SHADING BASED ON YO CHANGE (2022-2023)
IN2023 (6% 3% G i 9% %

A %
oé} z 9\'4'

A,

* 1y
R

Rest of 0

Asia Pacific o

2,838 S

+3.4%
(=)

Saudi Indonesia
Arabia 862
+1%

Total Africa

2 P ol 1,788
e 1,599 +1.1%

+4.3%

Footnote: Includes emissions from
energy production, flaring, industrial processes, !
and the transportation and distribution of fossil fuels.
@ Source: Energy Institute, Statistical Review of World Energy
Y

WIND INSTALLATIONS

AS OF 2023

441 895 TOTAL INSTALLED WIND
y MW  TURBINE CAPACITY IN
MEGAWATTS (MW) SHADING BASED ON ANNUAL GROWTH RATE (2013-2023)

pm0%  15%  20%  25% 30%

148,020mw

o 69,459mw
) \ , 44,136
N ) & { A
o= - S
hNNU(% %gg\é%m L .- ' o > &‘@’
@ cHINA £y, M GERMANY 2 INDIA
- 3:,3'% BB 096m 16,989
% N ¢ T4
e @ 2 2
#31% +10.4% 429.5% +10.5% +8.1%
£ SPAIN = UK & BRAZIL ( ) FRANCE (+) CANADA
16:5‘%” 12,308u  11,697w  11,327wv  10,749mw  9,307uw
2 e 2 9 o
+14.5% +3.7% +15.5% +13.4% +14.8% +10.5%

@ TURKIYE D AUSTRALIA <5 NETHERLANDS g POLAND

Source: Energy Institute, 2024 Statistical
Review of World Energy

<> SWEDEN ( ) ITALY

Capacity figures include both onshore and offshore
wind are on an alternating current basis.

@

Can you spot
Britain in this
chart?
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BRITAIN IS AT A REAL RISK ANDEBSTRIALISATION

Per capila eleclricily generalion
Annual average electricity generation per person, measured in kilowatt-hours',
14,000 kWh
United States
12,000 kWh South Korea
= Australia
10,000 kWh
8,000 kWh France
China
6,000 kWh Germany
United Kingdom
4,000 kwh South Africa
Brazil
2,000 kWh
Mlndia
0 kWh

1985 1990 1995 2000 2005 2010 2015 2023

Data source: Ember (2024); Energy Institute - Statistical Review of World Energy (2024); Population based on various sources (2023)
QurWorldinData.org/energy | CC BY

1. Watt-hour: A watt-hour is the energy delivered by one watt of power for one hour. Since one watt is equivalent to one joule per second, a
watt-hour is equivalent to 3600 joules of energy. Metric prefixes are used for multiples of the unit, usually: - kilowatt-hours (kWh}, or a thousand
watt-hours. - Megawatt-hours (MWh), or a million watt-hours. - Gigawatt-hours (GWh), or a billion watt-hours. - Terawatt-hours (TWh), or a trillion

watt-hours.
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THE DON QUIXOTE OF ELECTRICITY DECARBONISATION

C 0
600 500 UK Climate Change Act
2008 is the only one of
its kind.

500 500

400 400

Early and accelerated
decarbonisation actions
underpinned with
carbon budget planning
process

300 300

200 200

(UML) uonesauab A31dU1298 |EhUUY

100 100

Electricity carbon intensity (gCO.e/kWh)

Greater decarbonisation
o 0 implies greater degree of
2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 .. .

electrification how do

Historic electricity supply carbon intensity you deS|g n a flt for
= = = = 2008 CCC pathway carbon intensit
= = = = 2008 CCC Eathwa; total annual gesr(weration future SyStem tOd a.y?

Historic annual electricity generation

A )

E Figure 2 | The CCC 2008 projected electricity demand and emissions intensity compared to actual electricity
decarbonisation

ENERSTRAT CONSULTING
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15001550 Hydrogen + CCUS; UK
Industrial Clusters a N
1. UK will require to grow its RE
Industrial EVs? Hybrids? production not capacity12.5 X in
400 | Demand NGVs? H2? capacity terms the figure could B X!
Electrification of Heavy 2. To pull off Industrial decarbonisation,
Vehicles OR Hydrogen both CCUS and Hydrogen will have to
T . for Freight? grow with aligned policies and business
400 | _fanspor : models,politically possible?
Demand Biomethane? Renewable P yp
Gases? _
12-12.5X 3. No proven solutionsdeployable at
Challenge for scale are as yet on the horizon in
?
Renewable : S YelEEEn !:uel il industrial decarbonisation, where
Electricity 3°n:-e5t'c £ 2 Rl ey solutions exist theyare at FOAK stage
370420 Teating Heat Pumps?
Demand Battery Storage? 4 individual soluti :
Synthethetid Renewable - nalviduat solutions compete in
G};ses’? individual application markets, some
Current ' will succeed while others faihen
330 Electricity should policy makers be picking
122 Demand technology winners?
2021 UK 2021 UK K /
Renewable Final Energy
Energy Consumption
Production H2 terms.

Source: BEIS & DUKES 2021 Data; EnerStrat Analysis ENERSTRAT CONSULTING



UNITED KINGDOM SANKEY DIAGRAM EXPRESSED IN ELECTRICITY TERMS

Energy Flow Chart 2023

(Terawatt hours, 1 TWh= 1,000 GWh)
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BRITISH DEFENERERGWDUSTRIAL COMPLEX: WHAT CAN WE DO TOGETHER IN NATO?

Al 2fftl 02N} 3GS I-yR { KI NI I-yR
same time is difficult decide where to fastfollow and where
to cooperate.

A We have a well developed cleantech VC/PE ecosystem
capitalise now on the OxfordCambridge Arc revival; engage
with the City of London (The Fuellers will be delighted to
engage/assist)

A One idea Defence can try out that NIMB&m in the civilian
world got us into the energy emergency in the UK tod#&yac
on Defence Landexplore partnerships UK shale.

o)

S

O

2YAY3I F aTFl
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THAN T YOU

@enerstrat

For further questions please contact:

ASHUTOSH SHASTRI
ENERSTRAT CONSULTING
ashastri@enerstratonsulting.com
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“A shrinking refining base in Europe, coupled with an |
increased energy demand by Allied military forces, and
projected reliance on liquid fuels, underscores the nee
ensure secure, resilient, and sustainable energy supf The Oil & Pipelines Agency
including fuel, to military forces (better interconnections,

supported with robust storage capabilities).” :

(NATO Energy Transition by Design, Dec 24)

T wm

Supporting MOD’s Energy Transition

28 January 2025
\;‘1""%. ] N 3//’
- : % ma '.,/??;\\/
Minist ROYAL X
of Def%ce NAVY ARMY




OPA: Current and Emerging Activities _
———
e

Operations and Maintenance of the 6 Navy Oil Fuel Depots
Intelligent Customer service to Air Command: Airfield fuel infrastructure
Support to Directorate Overseas Bases: Singapore, Gibraltar, developing Intelligent Customer support to Akt, Asi, Fls g -

Army - Initial discussions held between DCGS / CE OPA: development opportunities
DIO - Plumley/CoGH Salt Caverns

* Extraction and sale of existing product

ADVANCED CLEAN
ENERGY STORAGE

DELTA, UTAH LQJ
l

LOAN
GUARANTEE

504.4 MILLION

* Opportunities: Energy Resilience and Renewables storage — significant growth area
* Hydrogen, CC&S, Compressed Air Energy Storage, LNG, etc

* Example: ‘Advanced Clean Energy Storage’ project — Utah gnenay @ LD

* All feeds National resilience, transition to Net Zero and stability through fluctuation in production, availability and price .
OPA Network: - Tank Storage Association - National Supply Chain back bone
- FETSA (European tank operators)

- NATO

o Gid Mo 750

e £900,000.

beuid




Terminals and Products

Tank Storage Association Storage Capacity — Low Emission Fuels — 500,000m3

Storage Capacity — 11.5 million m3

* Central to the UK supply chain - National storage interface
between sea, road, rail and pipelines for a wide range of energy
vectors

Jet Fuel Petrol

Low Emn

| : : 449,900 = |
*  Membership controls over 300 terminal and distribution hubs - - ll\(r)*:)rgoniar“ f_)gg:
across the UK (22 CNI)

* >50% of UK inland secondary distribution terminals

* Contributes to security, resilience and commerce for the energy,
aviation, maritime, chemical, steel, health, construction,
automotive, food and agriculture industries

» Storage capacity includes strategic reserves (emergencies and
supply disruption) — amid broadening of MOD focus from
Expeditionary to National Defence & Resilience and increased
risk of hybrid warfare (access to energy as a weapon)

* UK Remains a net importer of petroleum products (2023: >half UK <43
diesel and >80% jet fuel imported) mir Grem

UK Terminals 2023. Source: Fuel Oil News




TSA Insights
* UK must maintain domestic stocks to buffer against fluctuations due to uncertain supply routes and product availability
* Resilience measures required for new energy carriers; less reliance on potentially unstable international sources

The International Energy Agency and EC are currently discussing changes to Compulsory Stock Obligations. EC stockpiling study about to
commence:

* Should existing stock obligations increase?

* Should obligations consider future energy carriers (especially biofuels)?

National infra buildout (including MOD’s) requires early investment

Blending of biofuels with conventional hydrocarbons will be required to meet decarbonization targets

e strongly in off scenarios 1o 2030

* Terminals will need to evolve:

Liquid biofuel demand by type and scenario

) I 1 Source: IEA World Energy Outlook 2023
greater blendmg CapaCIty STEPS: Stated Policies Scenario

APS: Announced Pledges Scenario

* Storing advanced biofuels might require changes to infrastructure (e.g, heating) NI Mot 76r0 Erviceions by 2050 Scendrio

* Domestic production of alternative fuels may become decentralized/geographically dispersed — adjustment to fuel supply chains &
new infra required

* Hydrogen supply chain: Hydrogen ‘carriers’ adopted (and their storage) will depend on end use - infra design to align with temperature and
pressure. Additional processing facilities required to convert carrier to useable form

The large-scale adoption of hydrogen up to 2030 is .

uncertain

* In Europe. hydrogen is projected to serve as a means *
to decarbonise heavy industry (and potentially home

heating in the future)

» The energy carriers used in hydrogen transport and

storage remains unclear. Hydrogen carriers include:

« Ammonia
* Methanol

« Liquid organic hydrogen

nergy, 3rd Energy Transition Report.
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* OPAis central to MOD’s storage, distribution and operational capability (controls >50% of MOD fuel stocks globally)
* OPA belongs to the MOD and should be seen as MOD in-house capability

* OPAIs closely engaged with wider UK supply chain industrial / commercial backbone

* With early engagement OPA can inform and support MOD in adapting to a changing landscape

* Make maximum use of the capital expenditure you have got - It needs to be focused more effectively

* Access to expertise is essential

General Themes
) ) Increasing requirement for national and ally resilience, stockpiling /
Energy supply chains will become longer, more complex and more buffer stocks, interconnected storage and distribution networks
vulnerable to disruption — reduced access to fuel (including for new energy carriers)
(UK is a net importer) So What?

MOD and National energy resilience are linked and could be mutually
European refining capacity will diminish (85% reduction by 2050) supporting

Energy storage may present an enticing target
Liquid fuels will remain a Defence core requirement for decades

Current infrastructure is suited to the persistent requirement for

Blending of Bio/Synthetic drop-in fuel into conventional fuel will grow conventional, bio and synthetic liquid fuels.

to address NZ considerations (as availability and cost allow)

So What? Potential requirement to enhance blending, heating (Bio) capabilities

‘Drop-In’ fuels represent the best opportunity for interoperability SEEETE

between allies (hydrogen and methanol can convert to drop-in)

Growth of hydrogen / biofuels / methanol / electrification vectors will

Hydrogen / electrification will mature and begin to meet specific non- necessitate infra development to meet end use

combat fleet demands, but not primary combat platforms.



The Oil & Pipelines Agency

Thanks for your attention.
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Renewable Energy Trials

Flt Lt Richard Griffiths
UK Defence Support Innovation Team

OFFICIAL
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Renewable Enerqgy, evidence from our trials

A Renewable Energy sources

A Battery and Solar.
A Wind and Hydrogen.
A User Benefit
A Make your fuel at point of use.
A No resupply chain. No fuel trucks. No fuel

storage infrastructure. Less storage space,
less of a target.

Systems are modular.

Emission free, no G@ detect.

T> T

A Benefit to Defence:
A Solution to Battlefield electrification.
A Adds resilience and low operating costs,
R2Yy Q0 &AKALI RAS&ASTt o
A ROI 24 yrscompared to diesel.
A Zero Carbon.

Image of HPU2 500kW



Strategic Command How ¢ Self Sustaining Energy Production
Defence Support

‘Hydrogen ‘Eco-System’ Compressor to 300bar MW electrolyser

Phase3iAiOperational, Supportabl

A Description: Development & deep test of FI solution.
Outcome: Deployed, supportable H, ecosystem in FI with
cashable savings in 4-5 years & significant CO,e
reduct i onever séendingwiesel to the FIs againo .

Status: outline proposal

Phaseli iFi rst Usebo

A Description: Use Hydrogen at MoD sites.

A Outcome: H, is credible for use in MOD now but must be
made locally.

Cost: £410K (Actual) Status: complete

energy production
harvesting, Modular

storage & HPU&

management refueller Containerised  pye. = _
solution deployment  deployment d'n Never
Hydrogen [ 7 4 Nov 25 testing Apr 27 lesel to th_e FIS\
Power Unit % ] cars & Jul 26 agal no
(HPU) refueller

for EV
charging

Phase2iiDevel op renewabl e and |hydrogen

ecosystemo

A Description: Test renewable energy harvesting, storage
and management (Project SANTA ANA).

A Outcome: a technically & financially viable hydrogen

ecosystem proposition, with DLODs mature.
Status: under approval




Conclusion

AhLISNI GAZ2YIFE ' ROFYyGF3IS abSOSN) aSyR RASaSt (02 G4KS C

A Fl is our ambition. Huge cost of getting fuel there. Wherever we deploy, fuel movement is expensive in many
ways.

A Renewable energy is often a factor in the tension of the infrastructure budget.
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DSTL support to NATO energy activities, including NATO LCG DSS battery standardisation and
NATO Mil Eng
Dr Darren Browning
Defence Science & Technology Laboratory



dstl

Delivering
Mission Success

Dstl support to NATO energy activities

Including NATO LCG DSS battery standardisation and NATO Mil Eng

Dr Darren Browning
Defence Science & Technology Laboratory

@ 28/02/2025 / © Crown copyright 2025 Dstl
Ministry
of Defence UK OFFICIAL
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Key messages dstl | i,

ADeployed energy
I UK s playing a leading role in shaping NATO Concepts, Guidance & Standards

ABatteries
I UK is working closely with NATO and US on Standardisation - Army (NAAG) focussed

I Opportunities for wider NATO coordination on batteries to aid supply chains



NATO aCtIVItIeS dstl Delivering

Mission Success

ANATO Science for Peace and Security (SPS) i Deployed Camp Energy Efficiency
(& monitoring)

ANATO Military Engineering Centre of Excellence (Mil Eng COE)
ANATO Energy Security Centre of Excellence (EnSec COE)

ANATO Climate Change and Security Centre of Excellence (CCASCOE)
ANATO Land Capability Group Dismounted Soldier Systems (LCG DSS)



NATO Science for Peace and Security (SPS) Projects dstl | oewers

Mission Success

A Previous NATO SPS G5525 successful aims:
I Better common understanding of key energy flows
I Identify opportunities to improve interoperability (energy focus)

I Predict/estimating power and energy requirements of a deployment camp
I UK MOD was an end user for G5525

A New NATO SPS G7933 proposed aims:
I Validating modelling through energy monitoring
I Predicting performance and suitability of promising energy saving technologies and strategies
I Testing promising energy efficient technologies and strategies
I Dstl to be a co-director



NATOOs Mi | . Eng. & Energy Securidstrl pduer®y N t

Mission Success

A NATO Military Engineering Working Group i Infrastructure Management Panel (IMP)

I Writing team for STANAG 4133: Electrical Power Supplies: Standard Types And Rotating Generating
Sets (AC-DC)

A Ensure interoperability between national electrical generators
I Understand future interoperability issues around microgrids
A Explore the need for future STANAG in this space i e.g. Tactical Microgrid Standard (TMS)

A NATO Energy Security COE
I Previous Dstl secondee (Jen Doran)
A Co-authored the Energy Management Handbook
I Dstl (Tim Jackson) Lecturing at Energy Efficiency in Military Operations (EEMOC) course in May 2025

A Operational Energy Concept (OEC)
I Writing team for the OEC i accepted June 2024
I Dstl participation in NATO OEC Experimentation phase during Ex STEADFAST JUPITER 23



Ex Steadfast Jupiter 2023: Hybrid System Results dstl| e,

The use ofolar and operating the generators at their prime efficiency
results in @25% improvementn power generation
- %
Hybrid <

EE Feps Syst. % BT —
2.4

1.9 . &

Considering only useful camp
kWh/L energy (demand) rather than total

energy produced

Fuel Consumption (L)




NATO Land Capability Group Dismounted Soldier Systems dstl | oewers

Mission Success

A Power Team of Experts (Dstl chair)
I To date focussed on power connector standardisation to allow interoperability
I STANAG 469571 Soldier Power Connector
I STANAG 48517 Soldier Data Connector
I STANAG 481917 Interoperable soldier battery charger

A Now focussing on battery standardisation



Batteries: why are they important? dstl e

Mission Success

A Much modern capability is enabled/limited by its batteries

I esp. UAVs (drones), UGVs, EW, DEW, Al, Comms, Soldier Systems etc.
A Relative advantage can be given by a better battery

A Increased electrification will increase reliance on batteries

| o
%| |
X ) i
b 169
i IQQ
g : 8

I Forward Line of Enemy Troops
(FLET) red

Forward Line of Own Troops
(FLOT) blue



Battery Supply dstl | e,

A Battery supply is challenging (and getting harder)
A2 main challengesé

1. Far east dominates the battery supply chain from raw materials through processing to
electrode manufacturer and cell manufacture

2. Electric Vehicles dominating and skewing the battery marketi most def ence bat't
or canodét use EV cell s

I Too large or wrong properties
I EV cells getting ever larger 1 4680s, 46 P, blade cells etc.
I The huge EV market is shifting the battery market away from Defence and MOD needs

I Security of supply will become more important as more defence capabilities rely on Lithium ion batteries



Battery Standardisation dstl | oo

Mission Success

A Battery standardisation could help MOD/NATO in many ways

Tactically 7 reduce and simplify number of batteries carried and also enable scavenging

Logistically i simplify recharging and allow fewer chargers, fewer battery types in stock,
simpler logistics

Security of supply T smooth MOD demand making us a better customer and helping industry
support MOD batteries

Economically T battery cost is related to economies of scale i fewer types of batteries
require less gqualification, less design and tooling and hence are cheaper

A Battery costs massively affected by economy of scale
Internationally T at both tactical and strategic level

A Having common batteries with allies allows flexibility on the battlefield and more supply options



Levels of Standardisation dstl | e

Mission Success

A Battery level i i.e. standardise the form factor (box), voltage range and
connector

I Helps logistics, tactical interoperability

I Can be cell and chemistry agnostic, easy to update through time e.g. drop in
better cells as they become available

I Helps pack manufacturers
I Limited help to supply chain
A Cell format i e.g. 18650 cylindrical

| Helps cell factories i probably the biggest weakness for MOD since more
expensive to set up a cell factory than a battery packaging

I >90 % of US batteries are sub300Whi canot use EV cell s
I But MOD volumes are low and hard to make economical

Source: Panasonic

A Chemistry m & o
. : : : : wlrelolv]  FER B~
| May help material supply chain but may constrain options o s |e [Blle]~
e . . . Ca|Sc|Ti [V |Cr Cu|Zn | Ga| Ge|As | Se|Br | Kr
I Will define some cell properties St [ [z [Wojwo o o Fo P o b [ o IF B

BaflLa|Hf |Ta |W |Re|Os|Ir |Pt |Au|Hg|Tl |Pb|Bi [Pa[At|Rn

I Will make upgrades harder through time

Source: Dstl

UK OFFICIAL



International Battery Standardisation Efforts dstl | e,

A US is leading on this
I New Mil Std 3078 1 Defines preferred batteries both by Mil Prf or COTS (e.g. AAS)
I Aligns with Family of Standard Batteries (FASTBAT)
ANATO i limited activity
I NAAG LCG LE T define shape of 6T for lead acid
I NAAG LCG DSS'i defined connectors for interoperability of soldier batteries
I NAAG LCG DSS'i preliminary work to define the XX90 format battery

A Will be harder to get agreement on other batteries and legacy issues but a NATO family of batteries
IS an aspiration

A Perhaps easier for new batteries that no one has adopted yet e.g. STUB

A Seeking wider NATO engagement



US Family of Standard Batteries (FASTBAT)
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OSCAR

Operational Single-Cell
Accessory Readiness

Lower TRL US lab
developments
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STUB

Small Tactical
Universal Battery

Only 1 US programme
to date (DAPS). UK
experimenting with

CwB

Conformal
Wearable Battery

UK used on
exercises along with
competing formats

XX90

Primary and
Rechargable Batteries

UK and much of
NATO uses
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6T
Lithium
lon Battery

Source: C5ISR
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lead acid and has
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Key messages & Future dstl | i,

A Deployed energy
I Good progress being made
I UK is playing a leading role in shaping NATO Concepts, Guidance & Standards
I Continue engaging with those NATO organisations we already work with T esp. microgrids

A Batteries

I UK is working closely with US on Supply Chain & US and NATO on Standardisation

I Explore future battery supply chains and standardisation wider than LCG DSS and NAAG
A battery supply is a NATO wide issue

I Possible solutions via:
A Security of Supply Centre of Excellence (SOSCOE)
A Energy Security Centre of Excellence (EnSec COE)
A Defence Assured Production Act (DAPA)
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Solar PV In the Net Zero Scenario

O®royaL E=Newcastle
AIRFORCE Umversﬂ:y

Figure 2.17 = Total installed capacity and electricity generation by source
in the NZE Scenario, 2010-2050 [1]

Installed capacity

Electricity generation
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[1] IEA (2023)Net Zero roadmap: A global pathway to keep the’@.§oal in reach

Each day:

173000 TW
reach the
surface of the
Earth
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Solar PV In the Net Zero Scenario Orovar ggewcastle

70 GW
British Energy
~17 GW Security Strategy
Current UK
capacity

J 2025 Pp3J 2030 - 2035 D3 2050 P

4547 GW /f7\YI8§SV\//KIyEIS / 2
. .
Clean Power 2030 Balanced Pathway
Action Plan
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®OroyaL Newcastle

Solar PV Iin the MOD AIRFORCE © University

X MOD operates over 1.4% of the UK land mass ¥

X McKinsey reports that a typical base could support its annual electricity demand witl
40 to 50 acres of solar panels (~ roof area of a-smudd site) =

Decentralised energy
reduces reliance on external

grids, increasing energy

resilience and security.

[2] Ministry of Defence (20244OD Land Holdings: 2000 to 2024
[3] McKinsey & Company (20ZD¢carbonizing defence: Imperative and opportunity From Newcastle. For the world.



Solar PV in the MOD prisse diitiats

X Solar PV can also play a critical role in supportingrodf operations in remote
environments.

X NATO exercise Capable Logistician 2015 saw solar panels air dropped to troops,
allowing them to be independent from power grids, diesel generators and roads.

Solar PV provides a significa o R @
operational advantage, S TR —

Increasing flexibility in
remote environments.

[A]NATO(2018) ! ¢h &{ YI NI 9y SNBH&é¢ SESNDAAS 3IS0Ga dzyRSNBIl & Ay | dzy 3t NE
From Newcastle. For the world.



Importance of Innovation SanRovaL Eyliomeastie

a Istrategic competitionexists between all nations to be the first to capture the military
benefitsofy S SYSNHeé UtelLlSa YR uUSOKy2z2f23aASac
- Defence Operational Energy Strategy, Foreword by CDLS andMilCBS
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Advantages of Emerging PV SaRovaL Ggicweastie

: Lightweight & Flexible 7 Earth Abundant Materials
J U Can be integrated onto J U More secure supply chain <o

more surfaces/roofs for UK markets @

/ Higher Efficiencies - / Low-Light Performance

0 Designed to absorb a Wit «o| 7/~ i Perform better in low
range of light 204 light/cloudy conditions

0.0

400 600 800 1000
Wavelength (nm)

7 Indoor Compatibility * Simple Fabrication
J U Can be tuned to specific J i No energy intensive v

lighting types refining processes @
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Emerging PV for Defence SanRovaL Eyliomeastie

How can these advantages benefit defence operations? i

: 2 W [5]
V.,c"”-’: s 7/ A

==
7 4

Portable Power Generation

Hangar Roof Deployment

[5] U.S. Army (201@rmy evaluating transportable solgowered tents
[6] U.S. Army (20148oldiers of the future will generate their own power From Newcastle. For the world.



ProjectVITAL Regra Growests
«AL< |

O,
To create a living laboratory for the RAF and the MOD to investigate new anc=\Y/ [
emerging technologies for tackling climate change. dy T

Aim:

The VITAL Living Lab and evolutions of Experimentations

Living Lab at RAF Leeming

Concepts Prototypes Solutions Applications

® Design

of new technologies k/ \_/) @%) k/)
Experiments n - I 1 .

under realworld I

d - Experiment n
conditions. VIiTAL Living Lab
he methodological frame /iTAL Experimentations

provided a_framework to ,_\ Cme — W
enable rapid assessment / / [ o0

\\

Doing the science withtakeholders embeddedneans we camndentify the challengeghat are important to them.

From Newcastle. For the world.



ProjectVITAL Regra Growests

X Energy Security in Defence
x ''YyQa {dzZaidl Ayl oAft
Goals

x Collaboration and Stakeholder
Driven Science

X Innovation and Technological
Advancement

x RealWorld Challenges

x  Circularity and Sustainability

From Newcastle. For the world.



The Circular Economy usra et

&Y Recycle

MAINTAIN/

REFURBISH/ REUSE/ PROLONG
RECYCLE REMANUFACTURE REDISTRIBUTE
——p»  PARTS MANUFACTURER ——J PRODUCT MANUFACTURER —)p SERVICE PROVIDER > S M

By implementing a device designed for emud-life reusability, and by offering a service that
facilitates this reuse, we effectively close the loop for a circular economy

From Newcastle. For the world.



