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Our mission

• United Kingdom National Nuclear Laboratory 
(UKNNL) is government’s lead civil nuclear 
fission laboratory whose mission is twofold: 

1. to enable and deliver nuclear outcomes for 
government, and 

2. to support growth of the UK nuclear sector.

• To achieve this mission, UKNNL will

• Be a custodian of national capabilities and infrastructure 
critical for national and energy security

• Become government’s lead civil technical and strategic 
advisor for nuclear fuels and nuclear materials

• Carry out research to continue securing the safe 
operation of nuclear plants domestically and 
internationally

• Deliver practical nuclear research and enable 
decommissioning programmes

• Provide expertise and facilities to be a platform for the 
private sector to accelerate the deployment of 
technology to market

• Champion and nurture advanced nuclear skills
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last 5 years

“Our most 

important asset 

is our people”
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Advanced Gas – cooled Reactors 
(AGR) coming offline
Decommissioning
(Nuclear Decommissioning 
Authority restructure, 
shift from AGR to PWR)

Recapitalisation of the
Deterrent Programme
(Defence Nuclear Enterprise)

24GW  Generating 
Capacity by 2050 
(large, small and advanced 
reactors and associated fuel cycle)

Emergence of ‘new’ 
Nuclear Applications
(industrial heat, isotopes 
from ‘waste’, new therapeutics, 
space power)

R&D 
Demand
(People, 
facilities, 
programmes)

Four major change drivers for the UK nuclear sector
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Clean Energy

Securing the UK’s place as a 

global leader in clean energy 

now and for the future, by 

developing and deploying 

advanced nuclear technologies
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Industry
14%

2023 UK GHG emissions: 384.2 MtCO2e

UK Greenhouse Gas Emissions 1990-2023 MtCO2e

Source: 2023 UK Greenhouse Gas Emissions, provisional figures, Dept for Energy Security and Net Zero

Domestic 
transport

29%

Buildings &
Product uses

20%

Electricity supply
11%

Agriculture
12%

Fuel supply
8%

Waste
5%

UK greenhouse gas emissions by sector
The problem statement
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Gas-cooled was only option for UK in 1950s
Nuclear reactor decision tree

Facilities for 
enriching 
uranium?

Facilities for 
making heavy 
water?

Light water 
pressurised 
reactor
- USA, France (1969)

Gas-cooled, 
graphite 
moderated 
reactor
- UK, France

Heavy water 
pressurised 
reactor
- Canada

Obsolete by late 1960s

Industry standard now

No

Yes

No

Yes

No nuclear new 

build for a 

generation

UK power reactor construction
why gas cooled reactors?
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DESNZ AMR RD&D programme

Phase A 
(Pre-FEED)

AMR RD&D Programme Timeline

July 22 Feb 23 Jul 23 Mar 25 Early 
2030s

Pre-FEED 
Assessment Phase B (FEED)

Phase C (Permissioning, 
Construction, Detailed 

Engineering and 
Operation)

Subject to next govt 
spending review

• Phase A Pre-Front End Engineering Design (FEED) 
studies were conducted for both Reactors and Fuels

• In July 2023 Phase B FEED grants with match funding 
UKNNL with JAEA were awarded :

• £15m for UKJ-HTR reactor design
• £16m for UK-CPF Step 1 to develop UK sovereign 

coated particle fuel supply
AMR Research, Development and Demonstration: Phase B 
(2023-2025): successful organisations - GOV.UK (www.gov.uk)
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AMR RD&D Objectives
OBJECTIVE 2: Research and Development.
Identify what essential, ‘no regrets’ Technology Development 
(TD) activities need to be carried out in parallel with and as 
part of the development of the HTGR design to maintain the 
option of a Phase C schedule ending in the early 2030s 

https://www.gov.uk/government/publications/advanced-modular-reactor-amr-research-development-and-demonstration-programme-successful-organisations/amr-research-development-and-demonstration-phase-b-2023-2025-successful-organisations
https://www.gov.uk/government/publications/advanced-modular-reactor-amr-research-development-and-demonstration-programme-successful-organisations/amr-research-development-and-demonstration-phase-b-2023-2025-successful-organisations
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UKJ-HTR technology development activities 

Extending UK Graphite 
Experience to HTGRs

• Matrix Graphite 
Production

• Graphite Waste 
Management and 
Decommissioning

Figure Courtesy of JAEA
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We need to electrify where we can: a UK example 
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Nuclear Power Plant

Synthetic 
Hydrocarbons

H
ea

t
Industrial 
Processes

Agriculture

Shipping

Freight

Aviation

Transport

Buildings

Ammonia

Fuel Cells

Hydrogen

District Heating

Direct Air 
Capture

Electricity 
Desalination

Radiation

Medical 
Isotopes

Agriculture

Space 
Exploration 

Hydrogen 
Storage

i.e. Salt Cavens 

Electrical Energy 
Storage

i.e. batteries

Carbon Storage 
(sequestration)

Thermal Energy 
Storage

Nuclear power, 

uniquely provides 

access to low carbon 

electricity and heat

Electricity 
Generation

Electricity 
Generation

A hybrid energy system
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https://www.iea.org/articles/proving-the-viability-of-underground-hydrogen-storage
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Key Findings:
• High Temperature Steam Electrolysis (HTSE) offers significantly greater efficiencies than 

liquid water electrolysis through coupling with nuclear heat.

• Nuclear coupled HTSE should be competitive with hydrogen 
generated from renewables on a purely cost basis, without even 
accounting for the inherent advantages of a nuclear coupled 
technology (high scale & capacity factor, nonintermittent supply 
reducing buffer storage etc).

• HTSE remains most promising to couple with nuclear energy for at least the medium-term 
future, as thermochemical methods are unlikely to reach the market in a form where they could 
economically compete in this time period. 

• Beyond the 2040s, with development of High Temperature Gas Reactors (HTGRs), and the parallel 
arrival of operational-scale thermochemical hydrogen production technologies, thermochemical 
technologies could begin to compete with HTSE technology. 

Technical Papers and Academic collaborations 

Techno-Economic Analysis of Heat-Assisted Hydrogen Production from 
Nuclear Power. Released in “New Energy Explorations and Applications” 
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https://ojs.ukscip.com/index.php/neea/article/view/234


Bringing together the most progressive and impactful industry players with some of the world’s 

brightest minds in energy systems. 

Collaboratively defining, funding and delivering a whole energy systems-based R&D programme that will 

enable industry to realise the massive opportunities in Net Zero.

Define…
…the only industry-led 
whole energy system 
R&D programme with 
£1-1.5m annual budget.

De-risk…
…investment decisions 
and identify 
opportunities from Net 
Zero.

Drive…
…the wider Net Zero 
agenda with a unified 
industry perspective.

The ES Nexus membership will :
Find out more on our launch event video
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Environmental 

Restoration

Driving a step change in the 

way legacy and future wastes 

are processed by applying 

innovative science and 

breakthrough technologies

OFFICIAL United Kingdom National Nuclear Laboratory 15



United Kingdom National Nuclear Laboratory 16

Cosmic ray muons

Not protectively marked
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Muon scattering tomography

𝜃
𝜃

• Muons are deflected by the electric 
field created by atomic nuclei.

• The larger the nucleus, the greater 
the angle of deflection.

• By measuring the angles of 
deflection as muons pass through an 
object, we can infer characteristics 
about the material’s density and Z-
number

238U

12C
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Muon detection

Lynkeos Muon Imaging 
System at UKNNL Central Lab

• Four modules measure the muon tracks: two 
above the object of interest and two below.

• 1024 scintillating fibres per module in an x-y 
grid, give muon hit coordinates,

• Muon trajectories and scattering angles 
calculated from the hits.
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Imaging an ILW drum
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Mahon, D. et al., 2018, “First-of-a-kind muography for nuclear waste characterisation”, Phil. Trans. R. Soc. A, 377, 0048 

Uranium
2cm diameter
3cm long

Voids
6cm diameter

Lead
10cm long
3cm wide
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Imaging of a vitrified waste package
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Uranium pennies

Steel cannister



Benefitting healthcare by 

advancing nuclear medicine 

in medical research and the 

treatment and diagnosis 

of conditions

Health and

Nuclear Medicine
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EU-SECURE project

OFFICIAL   

SECURE partners are working on Strengthening the European Chain of sUpply for next 
generation medical RadionuclidEs

A major contribution from EURATOM Research and Innovation Actions with 18 EU 
partners. UKNNL is the sole accredited partner from the UK involved in this international 
project. 

SECURE objectives: 
• Develop a framework of guidance and recommendation for medical radioisotope 

production
• Exploring optimal production routes for existing and new isotopes for nuclear therapy 

and diagnostics
• Demonstrating cases for addressing issues in upscaling and sustained isotope production

This project has received funding from the Euratom research and training programme 2021‐27 under GA No 101061230
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UKNNL’s involvement in EU-SECURE project

OFFICIAL   

UKNNL provides in-depth studies on the following topics for the 
SECURE project. The aim is to make a major contribution to the 
sustainability of medical isotope production and its safe application 
in Europe. 

Blue: alpha emitting materials
Orange: beta emitting materials

EO1: Development of innovative routes of production of therapeutic 
and diagnostic radionuclides in the EU, looking into reactor-based and 
alternative methods, including accelerator-based as well as separation /
purification methods, also taking into account waste management 
options (EURAD), nuclear security and proliferation concerns.

EO2: Development of optimised irradiation targets, that are 
interchangeable to allow use within the whole EU supply network, and 
prioritising production with raw and source materials which are available
and sustainable for the EU.

EO4: Development of recommendations for implementing clinical 
trials involving radiopharmaceuticals in the EU, including the 
development of individual/specific organ dosimetry for the therapeutic 
applications (in target and non-target tissues).



Facilitating the global 

deployment of vital nuclear 

technologies by protecting 

nuclear materials, sites 

and technology

Security and

Non-Proliferation
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Nuclear safety modelling

OFFICIAL    

UKNNL Safety and Engineering Assessment (SEA) 
team have been working alongside Riskaware, a 
company specialising in real time incident modelling 
software.

This work has expanded the capability of 
Riskaware’s existing Urban Dispersion Modelling 
(UDM) software, which previously only modelled 
chemical releases, to now also integrate a new 
radiological dispersion modelling capability. 

This software will provide unique capabilities in 
modelling radiological and chemical releases. This 
will increase the accuracy of assessments, remove 
unnecessary pessimisms (and costs) and enhance 
stakeholder confidence.

Paper: Dynamic Dispersion Modelling to Enable Informed Decision Making in a Modern Nuclear 
Safety Case
Authors: H. Chapman, J. Hargreaves, S. Lawton (UKNNL), R. Gordon, T. Culmer (RiskAware) 
JournaL ATW - International Journal for Nuclear Power
Link: https://www.yumpu.com/en/document/view/68694930/atw-international-journal-for-
nuclear-power-032024



Science and technology is, 

and always has been, the 

beating heart of UKNNL

Core

Science

Strategic

Research

Innovation

Collaboration
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