
DEFENCE ENERGY CONFERENCE 

27-28 January 2025

 

ENERGY TRANSITION BY DESIGN

Conference Slides for Delegates

Please note that slides have been 

shared only where presenters are 

content for this to be the case



OFFICIAL

OFFICIAL

The Defence Operational Energy 

Strategy (DOES)

Air Cdre Nick Huntley

Head Operational Energy Authority 



The Defence Operational Energy Strategy

Energy Leadership & Oversight within MoD
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Security Marking

CADMID to CADMIR

Sarah Liggins

Defence Support CC&S AH



5

Sustainable Support Strategy (SSS) 



SSS Concept Notes
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Aids in the delivery of 

Strategic Initiative 4 and 

focuses on 5 benefits 

hypothesis areas:

Å Energy

Å Food

ÅWater

Å Materiel

Å 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.



Van Buren et al 9 óRôs
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¶ R0 ï Refuse: preventing the use of raw materials/non-CE products and/or 

changing the product with a new one.

¶ R1 ï 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.

¶ R9 - Recover energy: incineration of residual flows (productôs end of life.



CADMID to CADMIR
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Benefits in adopting a CE
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¶ Cost reduction due to reduced acquisition and longer product life spans.

¶ 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.

¶ Reduced distribution due to sustainable choices, micro-circularity.

¶ Reduced use of raw materials and reliance on a single country for resources ï especially from strategic competitors and adversaries. 

¶ 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.

¶ Innovative repair, reuse, remanufacturing and recycling of components and materials, including raw materials and rare earths to maximise 

efficiency within Defenceôs supply chain and industrial base.

¶ 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.

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

resilience.

¶ Transparency within Defenceôs end to end (E2E) supply chain.
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Questions?
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Defence Energy Conference 

2025

Ministry of Defence, Abbeywood

January 2025 2024

Ashutosh Shastri

Energy Market Outlook: Quo Vadis, Net Zero?

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. 

STRICTLY CONFIDENTIAL



ENERSTRAT CONSULTING
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BRITISH PERSPECTIVE ON NET ZERO TWO DAYS AFTER 
THE TRUMP INAUGURATION



ENERSTRAT CONSULTING
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CHINA IS RUNNING RINGS AROUND THE WESTERN ECONOMIES: FOSSIL FUELS THRIVE UNDER A RENEWABLE UMBRELLA

Can you spot 
Britain in this 

chart?
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Note the recent sharp drops in Germany 
and the UK 

bƻǘŜ ǘƘŀǘ ǘƘŜ ¦{ ƛǎƴΩǘ ōǳȅƛƴƎ 
decarbonisation just yet, and also exporting 
coal.

Note China per capita electricity 
consumption is now greater than 
DŜǊƳŀƴȅΩǎΦ

BRITAIN IS AT A REAL RISK OF DE-INDUSTRIALISATION
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THE DON QUIXOTE OF ELECTRICITY DECARBONISATION

UK Climate Change Act 
2008 is the only one of 
its kind.

Early and accelerated 
decarbonisation actions 
underpinned with 
carbon budget planning 
process

Greater decarbonisation 
implies greater degree of 
electrification- how do 
you design a fit for 
future system today?



ENERSTRAT CONSULTING

12-12.5X
Challenge for 
Renewable 
Electricity

122

330

370-420

400

400
Industrial 
Demand

Transport 
Demand

Domestic 
Heating 
Demand

Current 
Electricity 
Demand

1500-1550 Hydrogen + CCUS; UK 
Industrial Clusters

EVs? Hybrids?
NGVs? H2? 

Electrification of Heavy 
Vehicles OR Hydrogen 
for Freight? 
Biomethane? Renewable 
Gases? 

Hydrogen Fuel Cells?
H2 ready Biollers?
Heat Pumps?
Battery Storage?
Synthethetic/ Renewable 
Gases? 

2021 UK 
Renewable 
Energy 
Production

2021 UK 
Final Energy 
Consumption 
H2 terms. 

1. UK will require to grow its RE 
production, not capacity, 12.5 X; in 
capacity terms the figure could be 40 X!

2. To pull off Industrial decarbonisation, 
both CCUS and Hydrogen will have to 
grow with aligned policies and business 
models, politically possible?

3. No proven solutions, deployable at 
scale are as yet on the horizon in 
industrial decarbonisation, where 
solutions exist they are at FOAK stage.

4. Individual solutions compete in 
individual application markets, some 
will succeed while others fail- then 
should policy makers be picking 
technology winners?

9[9/¢wLCL/!¢Lhb /I![[9bD9Υ ¦Y ¢w!b{L¢Lhb ¢h άb9¢ ½9whέ

Source: BEIS & DUKES 2021 Data; EnerStrat Analysis
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UNITED KINGDOM SANKEY DIAGRAM EXPRESSED IN ELECTRICITY TERMS

Energy System 
Efficiency = 54%
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BRITISH DEFENCE-ENERGY-INDUSTRIAL COMPLEX: WHAT CAN WE DO TOGETHER IN NATO?

Å/ƻƭƭŀōƻǊŀǘŜ ŀƴŘ {ƘŀǊŜ ŀƴŘ ōŜŎƻƳƛƴƎ ŀ άŦŀǎǘ ŦƻƭƭƻǿŜǊέ ŀǘ ǘƘŜ 
same time is difficult- decide where to fast-follow and where 
to cooperate. 

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

Å One idea Defence can try out that NIMBY-ism in the civilian 
world got us into the energy emergency in the UK today- Frac 
on Defence Land- explore partnerships UK shale.



ENERSTRAT CONSULTING

For further questions please contact:

ASHUTOSH SHASTRI

ENERSTRAT CONSULTING

ashastri@enerstrat-consulting.com

@enerstrat
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Renewable Energy Trials

Flt Lt Richard Griffiths

UK Defence Support Innovation Team 



Å User Benefit
Å  Make your fuel at point of use.
Å  No resupply chain. No fuel trucks. No fuel 

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

Å  Systems are modular.
Å  Emission free, no CO2 to detect.

Renewable Energy, evidence from our trials

Å Benefit to Defence:
Å  Solution to Battlefield electrification.
Å  Adds resilience and low operating costs, 

ŘƻƴΩǘ ǎƘƛǇ ŘƛŜǎŜƭΦ
Å  ROI 2-4 yrs compared to diesel.
Å  Zero Carbon.

Å Renewable Energy sources
Å  Battery and Solar.
Å  Wind and Hydrogen. 



How ς Self Sustaining Energy Production  

Hydrogen 

Power Unit 

(HPU)

for EV 

charging

Hydrogen 

cars &

refueller

Wind & solar 

energy 

harvesting, 

storage & 

management

Hydrogen 

production

Pre-

deployment 

testing

Jul 23 Apr 24
May 24

Jan 25

FI 

deployment

Jul 26

Apr 27

ñNever send 

diesel to the FIs 

againò 

Mobile HPU

Phase 1 ï ñFirst Useò  

Å Description: Use Hydrogen at MoD sites.

ÅOutcome: H2 is credible for use in MOD now but must be 

made locally. 

Phase 2 ï ñDevelop renewable and hydrogen 

ecosystemò

Å Description: Test renewable energy harvesting, storage 

and management (Project SANTA ANA). 

ÅOutcome: a technically & financially viable hydrogen 

ecosystem proposition, with DLODs mature.

Modular 

HPU & 

refueller

Apr 25

Nov 25

Containerised 

solution

Status: completeCost: £410K (Actual)

Status: under approval

Phase 3 ï ñOperational, Supportable & Containerisedò

Å Description: Development & deep test of FI solution. 

Outcome: Deployed, supportable H2 ecosystem in FI with 

cashable savings in 4-5 years & significant CO2e 

reductions from ñnever sending diesel to the FIs againò.

Status: outline proposal

Jul 25



Conclusion

ÅhǇŜǊŀǘƛƻƴŀƭ !ŘǾŀƴǘŀƎŜ άbŜǾŜǊ ǎŜƴŘ ŘƛŜǎŜƭ ǘƻ ǘƘŜ CL ŀƎŀƛƴέ

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

Å Renewable energy is often a factor in the tension of the infrastructure budget. 



DSTL support to NATO energy activities, including NATO LCG DSS battery standardisation and 

NATO Mil Eng

Dr Darren Browning

Defence Science & Technology Laboratory



Including NATO LCG DSS battery standardisation and NATO Mil Eng

Dr Darren Browning

Defence Science & Technology Laboratory

djbrowning@dstl.gov.uk

Dstl support to NATO energy activities 

UK OFFICIAL
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Key messages
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UK OFFICIAL

ÁDeployed energy

ïUK is playing a leading role in shaping NATO Concepts, Guidance & Standards 

ÁBatteries

ïUK is working closely with NATO and US on Standardisation - Army (NAAG) focussed

ïOpportunities for wider NATO coordination on batteries to aid supply chains



NATO activities
Dstl Power Team / Support & Sustainability Programme
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UK OFFICIAL

ÁNATO Science for Peace and Security (SPS) ï Deployed Camp Energy Efficiency 

(& monitoring)

ÁNATO Military Engineering Centre of Excellence (Mil Eng COE) 

ÁNATO Energy Security Centre of Excellence (EnSec COE)

ÁNATO Climate Change and Security Centre of Excellence (CCASCOE) 

ÁNATO Land Capability Group Dismounted Soldier Systems (LCG DSS)



NATO Science for Peace and Security (SPS) Projects 
Deployed Camp Energy Efficiency
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ÁPrevious NATO SPS G5525 successful aims:

ïBetter common understanding of key energy flows

ïIdentify opportunities to improve interoperability (energy focus)

ïPredict/estimating power and energy requirements of a deployment camp

ïUK MOD was an end user for G5525 

ÁNew NATO SPS G7933 proposed aims:

ïValidating modelling through energy monitoring

ïPredicting performance and suitability of promising energy saving technologies and strategies

ïTesting promising energy efficient technologies and strategies

ïDstl to be a co-director 



NATOôs Mil. Eng. & Energy Security Centres of Excellence
Dstl Support
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ÁNATO Military Engineering Working Group ï Infrastructure Management Panel (IMP)

ïWriting team for STANAG 4133: Electrical Power Supplies: Standard Types And Rotating Generating 

Sets (AC-DC) 

ÅEnsure interoperability between national electrical generators 

ïUnderstand future interoperability issues around microgrids

ÅExplore the need for future STANAG in this space ï e.g. Tactical Microgrid Standard (TMS)

ÁNATO Energy Security COE

ïPrevious Dstl secondee (Jen Doran)

ÅCo-authored the Energy Management Handbook

ïDstl (Tim Jackson) Lecturing at Energy Efficiency in Military Operations (EEMOC) course in May 2025 

ÁOperational Energy Concept (OEC)

ïWriting team for the OEC ï accepted June 2024

ïDstl participation in NATO OEC Experimentation phase during Ex STEADFAST JUPITER 23



Ex Steadfast Jupiter 2023: Hybrid System Results 
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The use of solar and operating the generators at their prime efficiency 
results in a 25% improvement in power generation 

1.9
kWh/L

FEPS

2.4
kWh/L

Hybrid 

Syst.

VS
***

Considering only useful camp 

energy (demand) rather than total 

energy produced

Useful camp energy (kWh)

Fuel Consumption (L)



NATO Land Capability Group Dismounted Soldier Systems 
(LCG DSS)
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ÁPower Team of Experts (Dstl chair)

ïTo date focussed on power connector standardisation to allow interoperability

ïSTANAG 4695 ï Soldier Power Connector

ïSTANAG 4851 ï Soldier Data Connector

ïSTANAG 4819 ï Interoperable soldier battery charger

ÁNow focussing on battery standardisation



Batteries: why are they important?
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UK OFFICIAL

ÁMuch modern capability is enabled/limited by its batteries 

ïesp. UAVs (drones), UGVs, EW, DEW, AI, Comms, Soldier Systems etc.

ÁRelative advantage can be given by a better battery 

ÁIncreased electrification will increase reliance on batteries 



Battery Supply
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ÁBattery supply is challenging (and getting harder)

Á2 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 market ï most defence batteries donôt 

or canôt use EV cells

ïToo large or wrong properties

ïEV cells getting ever larger ï 4680s, 46 P, blade cells etc. 

ïThe huge EV market is shifting the battery market away from Defence and MOD needs

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



Battery Standardisation
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ÁBattery standardisation could help MOD/NATO in many ways

ïTactically ï reduce and simplify number of batteries carried and also enable scavenging

ïLogistically ï simplify recharging and allow fewer chargers, fewer battery types in stock, 

simpler logistics

ïSecurity of supply ï smooth MOD demand making us a better customer and helping industry 

support MOD batteries

ïEconomically ï battery cost is related to economies of scale ï fewer types of batteries 

require less qualification, less design and tooling and hence are cheaper

ÅBattery costs massively affected by economy of scale

ïInternationally ï at both tactical and strategic level 

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



Levels of Standardisation

UK OFFICIAL

ÁBattery level ï i.e. standardise the form factor (box), voltage range and 

connector

ï Helps logistics, tactical interoperability

ï Can be cell and chemistry agnostic, easy to update through time e.g. drop in 

better cells as they become available

ï Helps pack manufacturers 

ï Limited help to supply chain

ÁCell format ï e.g. 18650 cylindrical

ï Helps cell factories ï probably the biggest weakness for MOD since more 

expensive to set up a cell factory than a battery packaging

ï > 90 % of US batteries are sub 300 Wh ï canôt use EV cells

ï But MOD volumes are low and hard to make economical

ÁChemistry

ï May help material supply chain but may constrain options

ï Will define some cell properties

ï Will make upgrades harder through time 

Source: Panasonic

Source: C5ISR

Source: BYD

Source: Dstl



International Battery Standardisation Efforts
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ÁUS is leading on this

ïNew Mil Std 3078 ï Defines preferred batteries both by Mil Prf or COTS (e.g. AAs)

ïAligns with Family of Standard Batteries (FASTBAT)

ÁNATO ï limited activity

ïNAAG LCG LE ï define shape of 6T for lead acid

ïNAAG LCG DSS ï defined connectors for interoperability of soldier batteries

ïNAAG LCG DSS ï preliminary work to define the XX90 format battery

ÅWill be harder to get agreement on other batteries and legacy issues but a NATO family of batteries 

is an aspiration

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

ÅSeeking wider NATO engagement



US Family of Standard Batteries (FASTBAT)
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UK and much of 

NATO uses

UK uses same format 

lead acid and has 

experimented with Li 

version

UK used on 

exercises along with 

competing formats

Only 1 US programme 

to date (DAPS). UK 

experimenting with

Source: C5ISR

Lower TRL US lab 

developments



Key messages & Future
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ÁDeployed energy

ïGood progress being made 

ïUK is playing a leading role in shaping NATO Concepts, Guidance & Standards 

ïContinue engaging with those NATO organisations we already work with ï esp. microgrids

ÁBatteries

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

ïExplore future battery supply chains and standardisation wider than LCG DSS and NAAG

Å battery supply is a NATO wide issue

ïPossible solutions via:

ÅSecurity of Supply Centre of Excellence (SOSCOE)

ÅEnergy Security Centre of Excellence (EnSec COE)

ÅDefence Assured Production Act (DAPA)



Discover more

UK OFFICIAL
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https://www.linkedin.com/company/dstl/
https://www.linkedin.com/company/dstl/
https://www.gov.uk/government/organisations/defence-science-and-technology-laboratory
https://www.gov.uk/government/organisations/defence-science-and-technology-laboratory
https://x.com/dstlmod


From Newcastle. For the world.

Advancing Emerging Solar 
Technologies for Defence and 
Sustainability

Defence Energy Conference 2025

Dr Amy Neild
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From Newcastle. For the world.

Solar PV in the Net Zero Scenario

173000 TW 
reach the 

surface of the 
Earth

Each day:

[1]

[1] IEA (2023) Net Zero roadmap: A global pathway to keep the 1.5°C goal in reach



From Newcastle. For the world.

Solar PV in the Net Zero Scenario

2025 2030 2035 2050

~17 GW

45-47 GW

70 GW

85 GW

Current UK 
capacity

Clean Power 2030 
Action Plan

British Energy 
Security Strategy

/ƭƛƳŀǘŜ /ƘŀƴƎŜ /ƻƳƳƛǘǘŜŜΩǎ 
Balanced Pathway



From Newcastle. For the world.

×MOD operates over 1.4% of the UK land mass

×McKinsey reports that a typical base could support its annual electricity demand with 
40 to 50 acres of solar panels (~ roof area of a mid-sized site)

Solar PV in the MOD

Decentralised energy 
reduces reliance on external 
grids, increasing energy 
resilience and security.

[2]

[3]

[2] Ministry of Defence (2024) MOD Land Holdings: 2000 to 2024
[3] McKinsey & Company (2021) Decarbonizing defence: Imperative and opportunity



From Newcastle. For the world.

Solar PV in the MOD

×Solar PV can also play a critical role in supporting off-grid operations in remote 
environments.

×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 significant 
operational advantage, 
increasing flexibility in 
remote environments.

[4] NATO (2015) b!¢h ά{ƳŀǊǘ 9ƴŜǊƎȅέ ŜȄŜǊŎƛǎŜ ƎŜǘǎ ǳƴŘŜǊǿŀȅ ƛƴ IǳƴƎŀǊȅ

[4]



From Newcastle. For the world.

ά! strategic competition exists between all nations to be the first to capture the military 
benefits of ƴŜǿ ŜƴŜǊƎȅ ǘȅǇŜǎ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŜǎέ

  - Defence Operational Energy Strategy, Foreword by CDLS and DCDS MilCap

Importance of Innovation



From Newcastle. For the world.

Advantages of Emerging PV

Lightweight & Flexible

ü Can be integrated onto 
more surfaces/roofs

Higher Efficiencies

ü Designed to absorb a wider 
range of light

Indoor Compatibility

ü Can be tuned to specific 
lighting types

Earth Abundant Materials

ü More secure supply chain 
for UK markets

Low-Light Performance

ü Perform better in low 
light/cloudy conditions

Simple Fabrication

ü No energy intensive 
refining processes



From Newcastle. For the world.

Emerging PV for Defence 

How can these advantages benefit defence operations?

Portable Power Generation

Hangar Roof Deployment

Energy Independence and Security

[5]

[6]

[5] U.S. Army (2010) Army evaluating transportable solar-powered tents
[6] U.S. Army (2014) Soldiers of the future will generate their own power



From Newcastle. For the world.

Living Lab at RAF Leeming 
provided a framework to 
enable rapid assessment 
of new technologies 
under real-world 
conditions.

Project ViTAL

Aim: To create a living laboratory for the RAF and the MOD to investigate new and 
emerging technologies for tackling climate change.

Doing the science with stakeholders embedded means we can identify the challenges that are important to them.



From Newcastle. For the world.

Project ViTAL

× Energy Security in Defence

× ¦YΩǎ {ǳǎǘŀƛƴŀōƛƭƛǘȅ ŀƴŘ 5ŜŦŜƴŎŜ 
Goals

× Collaboration and Stakeholder-
Driven Science

× Innovation and Technological 
Advancement

× Real-World Challenges

× Circularity and Sustainability



From Newcastle. For the world.

The Circular Economy

MAINTAIN/
PROLONGREUSE/

REDISTRIBUTE
REFURBISH/

REMANUFACTURERECYCLE

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


