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Policy & 
Engagement

Development of 
effective policy and 

regulatory 
frameworks

Green 
Industrial 
Futures,
Realised.Research & 

Innovation

Whole systems 
solutions integrating 

technology, policy and 
business models

Skills & 
Leadership

Collaborations at 
scale & pace across 

the innovation 
ecosystem

Knowledge 
Exchange

Cross-learning,  
evidence gathering 
and independent 

advice

IDRIC - accelerating decarbonisation of industry by 
boosting competitiveness and productivity

 Watch our Three Years of Impact Video
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Co-delivery 
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Industrial 
Decarbonisation

Frontiers Report 
Series

14 reports bringing together IDRIC’s key research findings, and making 
recommendations to industry and policymakers:

CCS: Carbon capture

CCS: CO2 transport & storage

Carbon dioxide removal technologies

Hydrogen: generation

Hydrogen: transport & storage

Industrial heat and energy efficiency

Electrification

Life cycle assessment (LCA) 

Circular economy 

Policy and governance

Green finance and economic considerations

Public perceptions and just transition

Skills, workforce planning, and EDI 

Systems planning and decision-making tools

Key outputs

• Synthesis of collective insights on the key research and innovation needs, 

barriers and priorities to address and accelerate net zero progress.

• Based on extensive documented conversations with our stakeholders.

Research & Innovation Priorities

o Technology​ 

o Environment & sustainability​ 

o Society & economy

Enablers

o Knowledge exchange 

o Policy & regulation​ 

o Skills​



Frontiers Series Reports: Electrification & Industrial Heat

Over half (54.1%) of the energy used by industrial 
sectors is to meet heating demand

Almost half of this (49.3%) is gas

Sustainable fuels (hydrogen, ammonia, and 
biomass) present clean alternatives

Source: Frontiers Report: Industrial Heat and Energy Efficiency, IDRIC

https://idric.org/industrial-decarbonisation-frontiers-reports-industrial-heat/ 

Systems integration at industrial clusters and dispersed 

sites, enabled by flexible and responsive digital tools

Research, development, and demonstration projects for 

electrification of heat processes

R&I to support place-based shared assets and by-

products (such as waste heat) to enable electrification

Research & Innovation Priorities



Key insights from IDRIC’s R&I Agenda
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s • Develop alternative heat technologies 

such as microwave, plasma, geothermal

Advance low-carbon heat technologies 

and hybrid solutions for hard-to-electrify 

industries

• High costs and complexity of process 

electrification

Challenges

• Infrastructure readiness and grid capacity 

limitations

• Underutilised energy efficiency potential

• Assess hybrid solutions combining 

electrification, hydrogen, and waste heat 

recovery

• Explore and research whole-system 

efficiency gains from process replacement 

through electrification

Scan to read 

the full R&I 

Agenda here:



Dispersed sites’ needs – forthcoming report on LIDP

Key insights

~50% of UK’s industrial emissions from outside 

the major clusters

• SME-dominated, often tenanted

• Processes tend to be lower-temperature

• Frequently distant from hydrogen and CO2 

infrastructure

Emerging high-temperature technologies 

= R&I priorities

• High-temperature heat pumps

• Process electrification for medium/high temperature 

heat

• Industrial waste-heat recovery (under deployed)

Barriers to electrification

• Grid capacity restricting pace of electrification

• Price signal: electricity predicted to remain 

approx. four times the price of gas to 2050

Enablers of electrification

• Efficiency first: 15% energy reductions readily 

available

• Demand aggregation and as-a-service models

• Collaborative investment and infrastructure: 

threefold gain in energy and carbon savings



Dispersed sites’ needs – forthcoming report on LIDP

Key insights

~50% of UK’s industrial emissions from outside 

the major clusters

• SME-dominated, often tenanted

• Processes tend to be lower-temperature

• Frequently distant from hydrogen and CO2 

infrastructure

Emerging high-temperature technologies 

= R&I priorities

• High-temperature heat pumps

• Process electrification for medium/high temperature 

heat

• Industrial waste-heat recovery (under deployed)

Barriers to electrification

• Grid capacity restricting pace of electrification

• Price signal: electricity predicted to remain 

approx. four times the price of gas to 2050

Enablers of electrification

• Efficiency first: 15% energy reductions readily 

available

• Demand aggregation and as-a-service models

• Collaborative investment and infrastructure: 

threefold gain in energy and carbon savings

COMING SOON: Lessons from the Local Industrial Decarbonisation 

Plans (LIDP) 

Report to be published late summer/early autumn 2026 



New Independent Advisory Board



CCC Reports

https://www.theccc.org.uk/publication/the-seventh-carbon-budget/#post-49721-_Toc187753761
https://www.theccc.org.uk/publication/progress-in-reducing-emissions-2026-report-to-parliament/


Trade Associations



USA

https://www.aceee.org/blog-post/2025/02/new-map-shows-industrial-electrification-gaining-momentum-us


USA

https://energyinnovation.org/wp-content/uploads/Overcoming-All-Barriers-to-Industrial-Electrification.pdf
https://energyinnovation.org/wp-content/uploads/Overcoming-All-Barriers-to-Industrial-Electrification.pdf
https://energyinnovation.org/wp-content/uploads/Overcoming-All-Barriers-to-Industrial-Electrification.pdf


https://ember-energy.org/latest-insights/china-energy-transition-review-2025/


EU Electrification Action Plan

chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.e3g.org/wp-content/uploads/E3G-Briefing-An-Electrification-Action-Plan-to-secure-EU-industrys-future.pdf


60 – 90% is the innovation opportunity

https://www.agora-industry.org/publications/direct-electrification-of-industrial-process-heat#downloads


DESNZ – UK View

https://assets.publishing.service.gov.uk/media/67295df0541e1dfbf71e8b50/future-opportunities-for-electrification-to-decarbonise-uk-industry.pdf


Aldersgate Group report

https://www.aldersgategroup.org.uk/publications/post/electrifying-industry-and-distribution-networks/


NESO FES

https://www.neso.energy/publications/future-energy-scenarios-fes/fes-documents
https://www.neso.energy/document/364551/download


Industrial Electricity Prices in the UK

https://www.rhnuttall.co.uk/blog/industrial-electricity-prices-by-country/

https://www.rhnuttall.co.uk/blog/industrial-electricity-prices-by-country/


Barriers

Electricity Price

Grid connection – (flex can help) 

R&D – no programme in the UK!

Skills

Supply Chain

https://www.makeuk.org/docs/electrify-industry-report/download?attachment


Opportunities

UKRI have organized some examples that support tackling some barriers and opportunities:
• New heating technology development

• Efficiency improvement technology

• Energy Storage technology 

• Technology Centres to help industry pilot and de-risk 

60 – 90% of future energy demand is the innovation opportunity

We can see that the world is electrifying its industry :-

- We need to catch up 

- We need to ensure resilience, sustainability and GROWTH for our manufacturing base

- We need an electrification programme (alongside the Hydrogen and CCS programmes)

https://www.agora-industry.org/publications/direct-electrification-of-industrial-process-heat#downloads


Powered by research and innovation and 
funded by UKRI, IDRIC supports the 
development of innovative decarbonisation 
solutions at pace and scale in the places 
where it matters most.

Thank  You
info@idric.org
www.idric.org

https://idric.org/centre-team/  

Find out more 

about our impact 

and reports:

https://idric.org/centre-team/
https://idric.org/centre-team/
https://idric.org/centre-team/


Energy & Process Decarbonisation 
Centre

Hichem Hakka

Materials Processing 

Institute



© Materials Processing Institute 2022Materials and Process Innovation for a Sustainable Future

Accelerating Industrial 
Heat Decarbonization
From Research to 
Industrial Deployment 

Hichem Hakka, PhD
Associate Director – Excellence & Business Transformation

Head of Energy & Process Decarbonization / Green Metal 

Materials Processing Institute

Energy & Process Decarbonisation Centre
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Why Industrial Heat Matters 
s

High-temperature heat is essential to everything we make

~66%
of the total final energy consumption in 
industry is for heat

Primarily at temperatures above 150 °C 

Decarbonising industrial 

heat is critical to achieving 

our net-zero future

INDUSTRIAL HEAT IS USED ACROSS MANY SECTORS

Steel Glass Cement & Lime Chemicals Ceramics

EVERY PROCESS HAS UNIQUE REQUIREMENTS

Temperature
range

Atmosphere
control

Heating rate &
cycle time

Product 
quality

Cost &
competitiveness
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Industrial Decarbonisation Pathways
;

Multiple routes are needed – today’s focus is on the electrification of high-temperature heat

ENERGY EFFICIENCY
Reduce energy demand through better processes, 
equipment and digitalisation

ELECTRIFICATION
Use electricity to generate heat through advanced 
technologies

HYDROGEN
Use hydrogen as a fuel or reducing agent where 
direct electrification is not feasible

ALTERNATIVE FUELS
Sustainable biofuels, waste-derived fuels and other 
low-carbon options

ALTECARBON CAPTURE & STORAGE
Capture and store emissions from hard-to-abate 
processes.

No single technology will decarbonise every process 

The right solution depends on the process, the product and the site

Collaboration across industry, 

technology providers and research 

organisations is essential

TODAY’S FOCUS: 

ELECTRIFICATION

Resistance
Heating

Induction
Heating

Infrared
Heating

Microwave
Heating

Plasma
Heating

Electric Arc
Heating

Thermal 

Energy Storage

Selection depends on temperature, material,  

production rate, atmosphere and economics
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The Electrification Technology Landscape
;

A diverse set of electric technologies can deliver high-temperature heat across the industry
The right choice depends on the process, the product and the site

Resistance
Heating

Induction
Heating

Infrared
Heating

Microwave
Heating

Plasma
Heating

Electric Arc
Furnaces

Thermal Energy 
Storage (Electric)

Mature, simple and 

reliable. Ideal for 

ovens, dryers and 

low to medium 

temperature 

applications.

Efficient, precise 

and fast. Widely 

used for melting, 

forging, bonding 

and heat treatment.

Excellent for 

surface heating, 

drying, coating and 

fast-response 

processes. 

Volumetric heating 

for specific 

materials and 

applications.

Enables very high 
temperatures and 
unique atmospheres. 
Used in metallurgy, 
waste treatment and 
advanced materials.

Very high temperature 

processing for 

steelmaking, refining, 

recycling and 

speciality materials.

Stores electricity as 

heat and delivers on 

demand. 

Supports flexibility 

and integration.

Technology selection is multi-criteria – it depends on the process, temperature 
needs, material, throughput, atmosphere, site constraints and economics.

Collaboration across industry, technology 

providers and research organisations is 

essential.

Electrification is not about replacing everything – it’s about using the right technology, in 

the right place, to decarbonise industrial heat.
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Bridging the Scale-up Gap
;

From early-stage research to industrial deployment – we close the gap where impact happens

TRL 

3/4

TRL 

7/8

RESEARCH & DEVELOPMENT

Prove feasibility and develop solutions

DEMONSTRATION & DEPLOYMENT

Prove performance and deliver value

LABORATORY
RESEARCH

LABORATORY
TESTING

PILOT SCALE
DEVELOPMENT

DEMONSTRATION
(TRL 5-6)

INDUSTRIAL 
DEPLOYMENT 
(TRL 7-8)

Fundamental studies

Material discovery

Concept development

Initial process modelling

Proof o concept

Bench-scale testing

Process optimisation

Performance validation

Pilot-scale trials

Integrated system testing

Operating window evaluation 

Risk & safety validation

Demonstration at relevant scale

Performance at real conditions 

TEA & LCA

De-risking for deployment

Commercial scale implementation

Continuous improvement

Reliability and availability

Full value realisation

MPI CAPABILITIES 
ACROSS THE JOURNEY

Process & materials 
development

Expertise in high-temperature 
processes and materials.

Pilot & test infrastructure

Versatile furnaces, plasma, 
induction, MW, EAR, and 
specialised rigs.

Advanced testing & 
characterisation

Thermal, chemical, emissions, 
mechanical and microstructure 
analysis.
Modelling & digital tools

Process modelling, simulation, 
LCA and TEA.

Industrial collaboration

Working with industry, 
academia, and technology 
providers to deliver real-world 
impact.

The scale-up gap is where many innovations stall.
We provide the facilities, expertise and 
partnerships to bridge it. 

Multi-disciplinary 
expert team

World-class
infrastructure

Agile project 
delivery & PM 
excellence 

From TRL ¾ to TRL 7/8 – we turn innovation into industrial impact De-risk Demonstrate 

performance 

Reduce 

emissions

Create 

value
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Key Considerations for Electrifying Industrial Heat
;

Successful adoption requires a holistic view beyond the technology itself



© Materials Processing Institute 2022

Thank you

I hope this has provided valuable 
insights into electrifying industrial 
heat and how MPI can help you 
on your decarbonisation journey. Scan to learn more 

about our Energy & 

Process 

Decarbonisation 
capabilities and 

pilot facilities 



Technology Focus

Steve Pakenham-Walsh

Secal TKS



Kinetic Heat Transfer — Step-change energy efficiency 
for heavy thermal processing 

info@secaltks.com

Monday 29th June 2026



Focus on Decarbonisation. n 

In February 2026, the Department for Energy Security and Net 
Zero (DESNZ) issued the final 2024 Greenhouse Gas emission 
(GHG) figures for the UK

A) 50% B) 60% C) 70% D) 80%

By what percentage do you think the UK’s industrial GHG 
emissions have fallen relative to the 1990 baseline for Net Carbon 
Zero?



Focus on Decarbonisation

C) 70%

Savings of 32.1% plus would meet and 
mitigate 

Net Carbon Zero

97% of which is Carbon Dioxide (67.9% CO2) 
according to the 2024 Final report



DESNZ Publication February 2026

info@secaltks.com



DESNZ

info@secaltks.com

Page 19 of 43

https://assets.publishing.service.gov.uk/media/6982292019d3abdb495f37cd/2024-final-greenhouse-gas-
emissions-statistics-statistical-release.pdf



The Hierarchy of Decarbonisation

info@secaltks.com

Tier 1) Avoid / Reduce demand
Eliminate unnecessary energy use and process steps (process redesign, product/process consolidation).

Tier 2) Improve energy efficiency
Eliminate unnecessary energy use and process steps (process redesign, product/process consolidation).

Tier 3) Electrify / switch to low-carbon energy (Hydrogen)
Replace fossil combustion with low-carbon electricity and low-carbon fuels (direct electrification, green 
hydrogen, biogas) supplied from renewable sources.

Tier 4) Capture and abate residual emissions
Apply end-of-pipe or process capture (CCS, process scrubbing, catalytic abatement) and industrial symbiosis 
to remove unavoidable point emissions.

Tier 5) Remove or offset remaining CO2

Permanent removals and verified offsets (afforestation, BECCS, direct air capture + storage) to address 
residual emissions and achieve net-zero.



Heat Treatment Furnace – WEIR Minerals Ltd

info@secaltks.com

* Average consumption/time of three trials

Trials at WEIR Minerals from March 
through to August 2025

Radiant burner system used 9,023.76 
kWh  (Natural) Gas

Emitter system used 3,390.07m3 kWh 
(Natural) Gas (62% gas reduction)

Radiant burner Process time 
30 hrs 43 minutes*

Emitter system process time
5 hrs 43 minutes* (81% time reduction)



Heat Treatment Furnace – WEIR Minerals Ltd

info@secaltks.com

MPI validation places the G12 furnace 23.9% “Beyond Net Carbon Zero”

Courtesy of Innovate funding January 2026, independent 
validation was carried out by a qualified Research Technology 
Organisation (RTO)  Materials Processing Institute (MPI)

• Conclusion; kinetic heat transfer  is 
5 – 6 times faster than radiant 
flame 

• Saving 56% energy through shorter 
process times

• Additional metallurgical studies 
need to be conducted to further 
understand the full impact of 
Kinetic Heat Transfer



Emitter Retro-Fit G12 Furnace

info@secaltks.com

Gas Valve Train

2Gj Emitter

7.5Kw Blower



Technical Overview

info@secaltks.com

Flameless Kinetic heat transfer technology

Direct retrofit with minimal process adaptation

+45% reduction in gas consumption

+50% faster processing times, vastly improving yield

Proportional reductions in CO2 output

Negligible NOx output due to lower operating temps.

Minimal maintenance

Improved refractory longevity

Unrivalled heat transfer uniformity

Hydrogen fuel source future-proofing

99.994% combustion efficiency

Zero Delta-T or thermal shock

Positioning ratio of up to 20 existing burners : 1 TKE



Zero Scale Formation on reheat

info@secaltks.com



Cutting Costs & Carbon 
with Storage Boilers

June 2026



Benefits of thermal energy storage

Cut electricity costs by charging when power 
is cheapest 

Handle variable and peaky heat loads 
without oversizing electrical connections 

Reduce grid connection and capacity costs

Make both on-site & grid connected 
renewables work for process heat 



Built for the temperatures our customer processes need 

Charge faster — capture more value 

Discharge flexibly — right-size your equipment 

Modular size & minimal footprint suits customer’s needs

‘Plug and play’ installation 

Lowest cost of ownership 

What makes Caldera different?



Industrial heat, represents 20% of 
global energy demand 1, and plant 
managers know they must 
eventually decarbonise.

c. 45% of industrial heat is <200oC 2

4sources: 1. IEA, 2. Clean Growth Fund

<200oC heat.  Why?





Caldera Storage Boiler benefits

Modes: electric boiler or 
stored heat, or simultaneous

Efficiency: 94% round-trip Install: retrofit or green field

Modular: any scale of energy 
storage or power input/output

Durable: unlimited cycles; few 
moving parts

Safe: PED Cat 2, non-toxic, 
non-flammable material

Ability to harvest intermittent 
low-cost electrons

Superior heat load following



+

Each Storage Boiler system includes Heat Cells 
and all necessary Balance of Plant

Storage Boiler system

STORAGE BOILER COMPONENTS:

Heat Cell(s) – Caldera’s unique thermal storage unit.

Power & Control Module – Conventional switchgear, 
thyristor controls and energy management system.

Ultra-Pure Water Treatment (not shown) – Treats 
RO water or condensate before feeding into Heat Cell. 

Transformer (not shown) – normally customer supplied; feeds 
LV to Power & Control Module from site’s MV grid.

7

CONFIDENTIAL



+

Thermal storage wedges

8

Cast from iron pellets and aluminium scrap.

Benefits include:
● High conductivity enabling rapid charge and discharge
● Readily available materials 
● Non-flammable, non-toxic
● Resilient to indefinite thermal cycling



Embedded charging & discharging

Conventional resistive elements 
are embedded within the 
wedge, heating it to 500°C.

Ultra-pure water passes 
through the embedded hi nickel 
alloy coil, flashing to steam. 

The rate of energy discharge is 
controlled by varying the water 
flow into the Heat Cell.



10

The core of the cell is encased in a double-
walled vessel, effectively an inverted 
vacuum flask. 

The vacuum prevents conduction and 
convection of heat.  An additional insulator 
prevents radiative losses.

The ‘indefinite’ vacuum is 'topped up' as 
needed by an inexpensive pump.

The exterior is slightly warmer than ambient 
when core is 500°C! 

Equivalent solid insulation systems eg Ca Si
board performs 10-15x worse.

Vacuum Pump

Vacuum insulated cover delivers 
best in class performance



Heat pumps & MVR can 
complement Storage Boilers 
for full electrification

• Storage Boiler easily follows and meets 
‘peaky’ demand profiles

• Heat pump runs at high efficiency when 
continuous and generally lower temps

• Avoids heat pump durability issues with 
fast ramping up/down

• CapEx is optimised



* Business case for space heating is rarely strong if <65⁰C water required.

Ideal for process heat applications such as:

90-204⁰C

<90⁰C

‘Sweet spot’ for 
Caldera technology

Works well, also heat 
pumps may be more 
economic

Suitable across sectors

Food Processing Heat Networks*

BrewingDistilling

Paper

Pharmaceuticals



Contact:
Andy Joynson
Chief Commercial Officer

adj@caldera.co.uk

Telephone: +44 (0)345 034 8644

Caldera Heat Batteries Limited

7 Brunel Way, 

Fareham, Hampshire

PO15 5TX, UK

caldera.co.uk

http://caldera.co.uk/


Rob Savidge FREng       Senior Advisor – Turbomachinery, Coolbrook Technologies Ltd 



2

Burning of fossil fuels for heat 

generation is the major source of 

industrial CO2 emissions

01 02
Emissions from energy intensive 

industry have not reduced with the 

required pace

No electric technologies available 

to produce sufficient temperatures 

for key industrial processes

03 04
Other solutions to reduce industrial 

emissions highly expensive and/or 

lack the required scale 

The problem The solution

Coolbrook is electrifying the world’s most polluting industrial 

processes with disruptive RotoDynamic Technology

-2.4 Gt
of annual CO2 emission reduction potential equaling 

30% of global industrial CO2 emissions

Potentially the most significant single technology to 
reduce industrial CO2 emissions globally 



The solution:

Coolbrook technology provides high-temperature 

heating up to 1,700°C based on green electricity and 

replaces burning of fossil fuel

The problem:

Fossil fuels are burnt to generate 

high temperature heat for heavy 

industry processes

Electric motor

Coolbrook
RotoDynamic ReactorTM

RotoDynamic HeaterTM

3

Technology based on turbomachinery – compact 
equipment size even in large volumetric flows and 

heating capacity 

Equipment based on proven design tools and 

technologies from large-scale turbines and compressors

Strictly private and confidential



Rocket 
science

Turbo 
machinery

Chemical 
engineering

4

Strictly private and confidential
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RotoDynamic technology based on commercially proven 

technologies

RotoDynamic Technology 

combines the general 

principles of rocket science, 

turbomachinery and 

chemical engineering 

1) Availability Analysis of Gas Turbines Used in Power Plants , Carazas & de Souza, 2009

Strictly private and confidential

High energy density and 

easy to scale up to high 

thermal capacities and 

volumetric flows – known 

technology solutions to reach 

very high temperatures up 

to around 1700 °C

Based on proven design 

tools and technologies from 

large-scale turbines and 

compressors and is 

comparable to other 

traditional rotating devices

Same maintenance 

approach as for industrial 

gas turbines and 

compressors with ~95+%1 

availability with proper 

maintenance



Our technologies to electrify key industrial processes
and reduce CO2 emissions

• Application | Electrically driven heater to 

replace fossil fuel burning in high 

temperature processes in e.g. steel, 

cement, hydrogen and chemicals 

production

• Tech Features | Possibility to heat gases 

up to ~1,700 °C compared to ~600 °C in 

competing electric alternatives

• Benefit | High efficiency and compact 

equipment size combined with 

competitive CAPEX and OPEX – enables 

also increased energy efficiency and 

higher plant output

• CO2 | Process emissions reductions with 

up to 100% from high heat provision

• First 900degC 8mW heater now sold to 

Adani Cement, India, Q1 2027 first run.

• Application | Electrically driven 

reactor to replace fossil-fired cracker 

furnaces in petrochemical industry

• Tech Features | Quick heating, short 

residence time and high temperature 

enable up to 20% higher ethylene 

yield

• Benefit | Higher product yield and 

uptime combined with lower CAPEX 

and OPEX and compact equipment 

size

• CO2 | 100% reduction in process 

emissions from steam cracking

Examples of potential customers: Examples of potential customers:

Total market: 1 trillion EUR – emission reduction potential 2.0 Gt/a Total market: 100 billion EUR – emission reduction potential 0.3 Gt/a

6

Strictly private and confidential



RotoDynamic technology has been proven at pilot and vetted 
by multiple partners

Q2 2022

Air tests with main equipment 
conducted in Finland 

12 Dec 2022

Opening ceremony and start of 
test campaign in Brightlands

Q3 2023

High-temperature tests for 
RDH with air and steam 

Q4 2023 - 2024

RDR test runs with 
various hydrocarbon 
feeds

• Successful large-scale pilot testing completed for the RotoDynamic Heater 
(RDH) technology at Brightlands Chemelot Campus in the Netherlands 

• Achieved 1,000+°C with air, steam and nitrogen (exceeds the temperature 
range of conventional resistive heaters by several hundred degrees)

• The tests validate the technical pathway up to 1,700°C, covering more than 
95% of the temperature range required to cover the EUR 1 trillion market

• First hydrocarbon cracking tests concluded in December 2023 – test program 
continuing through 2024-2025

Milestones

Recent pilot test highlights “For the first time, it is shown that by using renewably-powered RDR and RDH, it is possible to 
completely decarbonize the highest-emitting industries which have been labelled as ‘hard-to-
abate’.”
~ Dr. Liping Xu, formerly Cambridge University and Dr. Budimir Rosic, Oxford University commented 
on the milestone

7

Pilot partners:

✓ ✓ ✓

RDH tests 
1,000+ ℃ 

completed

✓

Strictly private and confidential
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Pilot photos

Strictly private and confidential
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