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Heat Decarbonisation

90% of Heat Still Driven by 
Fossil Fuels 

In recent years, most decarbonisation 
efforts have focused on electricity 
and the adoption of renewables. As 
more countries and corporations set 
decarbonisation targets, they will need 
more solutions. The next frontier will be 
the decarbonisation of heat, often known 
as ‘green thermal’. Thermal energy is used 
for heating and cooling buildings and 
industrial processes, and accounts for 25% 
of total energy consumption. Only 10% 
comes from green sources.

For many lower temperature heat 
applications, green technological 
solutions are widely accessible and 
already economically viable. For 
industries requiring high temperature 
heat, however, barriers remain high and 
call for significant near-term actions if 
future targets are to be met. Companies 
seeking thermal decarbonisation will 
require careful planning and data-driven 
strategies to invest in the right technology 
at the right time.

Supply Chain Maturity and 
CAPEX Need Slowing Progress

Decarbonising heat is very challenging 
for multiple reasons. Many of the 
green thermal energy technologies 
existing today are relatively new and 
several are not yet economically or 
technologically viable. This is particularly 
true for industrial operations, which use 
thermal energy to fuel high-temperature 
processes, such as the production of 
cement, chemicals and steel—some of the 
world’s most carbon-intensive industries.

In addition to technological maturity 
issues, barriers to decarbonising heat 
exist in the form of a lack of mature 
supply chains for green commodities 
— such as biogas or hydrogen — to 
fuel industrial processes, high upfront 
investment costs and long asset life, 
varying temperature and quality 
requirements, the physical and technical 
fit of new assets and complex business 
cases for future investment.

Integrated Solutions Offer a 
Path Forward

Given the myriad challenges to 
decarbonising heat, a strong focus on 
energy efficiency and heat recovery 
is paramount before shifting heat 
production to renewable sources. Given 
that the transition to green thermal is 
capital intensive (for industrial processes), 
a dedicated financing scheme should be 
developed within the corporation. 

Our approach enables organisations to 
identify and prioritise thermal needs, 
to match those needs with available 
technologies and resources, manage 
the costs and design a roadmap that 
onboards key stakeholders and drives 
decisions toward implementation. 
Leveraging multiple green thermal 
options simultaneously is often the best 
alternative to achieve the lowest cost 
solution with the highest GHG reduction.
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Industrial heat consumes 25% of the world's 
energy — 90% of which is driven by fossil fuels. 
Decarbonising heat is a huge challenge with 
huge rewards.

Source: Solar Playback 2020, IEA, IRENA data

Industry Drives Global Energy Consumption
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Low-carbon solutions for high-temperature applications are available but 
expensive and exceptional, as the mature supply chains needed to make 
them affordable are 10-20 years away.

Authors: Enrico Biagini, Ludovic Ferrand, Future Industry Lab, ENGIE Lab CRIGEN

Industry Heat Consumption



2022 Fundamentals of Decarbonisation How-To Guide   |   © ENGIE Impact. All Rights Reserved. 6

• Multiple low-carbon thermal solutions are available for 
a variety of industrial applications. The intensity of heat 
required, as well as the maturity of the technology and supply 
chains impact the feasibility and price of implementation. 

• Low and medium temperature heating requirements typical of 
the Consumer Goods sector are responsible for approximately 
50% of industry heat consumption. Many mature, low-
carbon solutions are available — biomass, electric boilers, solar 
thermal and heat pumps — making it highly feasible to reduce 
carbon emissions.

• There are also a few proven technologies for higher 
temperature needs, such as biogas and biomethane, but the 
supply chain to accommodate those solutions is not yet mature.

If one wants to be 
prime mover of such a 
transformational challenge, 
they must be prepared to 
help finance and support 
the development of a 
supply chain.

The first question is how to 
identify which solutions are 
relevant for your needs and 
activities with consideration 
to both technical and 
economic factors.

Available Solutions & Supply Chain Maturity
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Technological Maturity

Investment Requirement

Supply Chain Maturity

Regulatory Uncertainty

Four Main Barriers to Decarbonising Heat

A wide array of new low-emission technologies like hydrogen and biogas exist today, but few have been deployed 

broadly across industries. This impacts the cost of heat generated by these technologies, and creates difficulties 

and risks associated with their deployment. 

In most cases, the switch to green thermal requires significant changes to energy assets or core production 

processes. These assets typically have long life cycles, making it challenging to both address existing assets and 

effectively plan for the evolving cost dynamics throughout the full lifecycle of new assets. One must determine 

which of the feasible solutions will have the greatest impact at the lowest total cost of ownership.

Several green thermal solutions require new energy sources, but their supply chains are still immature. Access to 

these sources is highly dependent on location, prevalence of suppliers and market availability. As supply chains 

and markets mature, organisations can expect a more dependable, wider range of providers and greater access to 

standardised contractual agreements that increase certainty and minimise financial risks.

As the technology, regulatory landscape and carbon markets evolve, companies will be faced with complex 

calculations to determine the optimal operating and investment conditions required to sustain the business cases 

behind heat decarbonisation. Accounting for these costs will require a broader lens than traditional total cost of 

ownership calculations.

Adoption of newer thermal technologies (e.g., heat pumps, biomethane, hydrogen, biomass) 
will be critical to decarbonisation. These technologies face the following barriers:
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Multiple Vectors

Decision-making Process

Physical and Technical Fit

Additional Complications

Industrial heating has a variety of temperature and quality requirements. Unlike electricity, heat is not just one 

vector; it is multiple vectors serving multiple needs that may require low-grade, medium or high-temperature heat, 

complicating potential heating solutions.

Changing heat production is capital intensive and requires a specific financing scheme, but the ROI of major 

sustainability efforts is usually not aligned with a company's financial policies. As a result:

1. Green thermal investments compete with other internal projects for corporate funds, a common issue of 

sustainability vs. core business interests

2. It's also common that a company has a heat decarbonisation plan with a budget, but those funds never get spent 

due to traditional decision-making processes.

3. Companies are often not equipped to follow up on implementation or do not have sufficient speed of decision 

making

4. Companies lack the internal capacity or dedicated teams to deliver on sustainability programmes.

The site’s physical constraints (asset size vs. available space) might disqualify a technology. Its technical and 

operational requirements might also disqualify a technology, such as process/temperature requirements or 

technological readiness.
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A Successful Decarbonisation Strategy is 
Anchored Around Three Dimensions…

Levers
The solutions you deploy to achieve decarbonisation 
targets. Levers can include everything from green energy 
supply, energy efficiency, green feedstocks, or onsite 
generation

Scale

The areas of value chain that should be the focus of 
decarbonisation efforts. Scales can include individual sites, 
business units, suppliers or customers

Enablers

The effectiveness of organisation’s Net Zero transformation. 
Enablers can include ambition, digital tools, financing models 
or strategic delivery management
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Core Heat Decarbonisation Levers & Enablers

Levers

Energy Efficiency

Green Thermal

RE Sourcing

Green Feedstocks/Inputs

GHG Offset, Sinks and CCUS 

Energy efficiency is an easy, common and cost-efficient way to decarbonise 
your business. Optimising your energy consumption is the first step of any 
decarbonisation strategy and fosters energy independence.

Green thermal involves meeting heating and cooling needs with energy from clean 
energy sources to reduce fossil fuel use and carbon emissions in thermal systems 
for buildings and industry.

Addressing capital constraints across company and value chain by establishing 
scalable financial models, considering both external and internal sources of finance .

Integrated solutions create better performance or more effective results with 
production planning that takes a holistic view of the whole system rather than a 
piecemeal approach, identifying the interconnectivity of different energy solutions 
and complementary technologies to maximise financial value.

Supply chain partnerships involves collaborating with suppliers or businesses with 
similar energy needs to identify viable emission reduction opportunities and even 
jointly fund them. Sharing energy supplies is another way to unlock value and 
lower costs.

Enablers

Financing

Integrated Solutions  

Supply Chain Partnerships 

Ambition and Strategy Setting

Stakeholder Management
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Assessing your global footprint and prioritising the right levers in the 
proper sequence are the first steps to heat decarbonisation. Create 
a roadmap integrating thermal needs through a global view of the 
footprint and the availability of alternative fuels.

Couple the global roadmap with a detailed business case and company-
wide allocation planning, weighing trade-offs to be optimised to meet the 
desired outcome (least-cost, most resilient, quickest to implementation, 
etc.). A sustainable roadmap should enable investments in the transition 
to green thermal technologies whenever possible.

1

2

Identify Thermal Needs
Analyse business-as-usual (current) state of operations as well as anticipated growth, shift of business lines and production needs to identify how much thermal 
energy is needed and at what temperature, now and in future. Focus on energy efficiency and heat recovery before shifting to renewable options. Reducing 
energy use is often the most efficient and least expensive way to lower overall emissions. Recovering as much free and waste heat as possible will further 
decrease your thermal needs.

Match Needs with Technologies
Once the thermal needs are defined, select the best technologies to fulfill them based on a holistic approach to the different energy vectors and according to the 
three criteria: 1. Availability of alternative fuels 2. Technical and physical match 3. Total cost of ownership.

A Holistic View of Heat Decarbonisation

Integrate ProgrammeDesign Roadmap



2022 Fundamentals of Decarbonisation How-To Guide   |   © ENGIE Impact. All Rights Reserved. 14

Assessing your global footprint and prioritising the right levers in the 
proper sequence are the first steps to heat decarbonisation. Create 
a roadmap integrating thermal needs through a global view of the 
footprint and the availability of alternative fuels.

Couple the global roadmap with a detailed business case and company-
wide allocation planning, weighing trade-offs to be optimised to meet the 
desired outcome (least-cost, most resilient, quickest to implementation, 
etc.). A sustainable roadmap should enable investments in the transition 
to green thermal technologies whenever possible.

1

2

3 Create Supply Chain Partnerships
When the solutions are capital intensive, companies should look for other industrial players to potentially share resources or the cost of solutions development. 
Collaboration may facilitate progress on supply-chain maturity issues and help deliver innovative solutions to reduce energy demand for high-temperature 
processes. Partnerships stretching across energy supply chains can help streamline these innovations and accelerate green thermal applications.

Establish Funding Mechanisms
Create a separate legal entity with its own assets and liabilities to isolate financial risks and finance projects to achieve economies of scale. Industrials should 
consider investing in pilot projects and assets today that have the flexibility to implement future technologies, for example, special purpose vehicles. 

Governance
Heat decarbonisation needs proper governance to facilitate the decision-making process in a decentralised organisation. A shift is needed in the way companies 
think about financing their path to Net Zero—away from traditional capital allocation guidelines that prioritise quick return on investment (ROI), and toward total 
cost of ownership (TCO) as part of a long-term strategy.

A Holistic View of Heat Decarbonisation

Integrate ProgrammeDesign Roadmap
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Case Study: 
Consumer Goods 
Company implements 
sustainability levers 
to decarbonise its 
industrial sites

A Food & Beverage Company sought to fully 
decarbonise their industrial sites in Germany and 
Poland by 2040.  The programme consisted of the 
optimisation of electricity, steam, cold production 
and industrial processes.

The solution included the implementation of multiple 
decarbonisation levers to reach a 100% RES share.  
The NPV of the system was increased by 37%. PPA 
& on-site biogas were used to secure the long-term 
needs.

Goals

Results

Key  
Added-value 
Features

• Industrial site to be fully decarbinised

• Optimisation of electricity, heat/steam & cold 

production and processes

• Long-term security to be guaranteed

• Optimisation of CAPEX and OPEX

• Biomass boiler is the best option to decrease 

gas consumption but long-term security of 

supply and cost to be further analysed

• On-site PV

• Wind investment through green PPA

• 100% RES electricity allows 65% reduction of 

CO2 emissions

Heat-to-Cold synergy 

Heat-to-Electricity synergy 

Biomass

Onsite Biogas

BiomassPPA Absorption 
chillers

BiogasOn-site PV New chillersOn-site biogasBiogas CHP

132 GWh/y141 GWh/y 240 GWh/y
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Case Study: 
Consumer Goods 
Company saves 15M 
annually by switching 
to Green Thermal

A production facility at a large chemical and 
consumer goods company in Europe sought to 
replace their heat production system, operating at 
250°C. The initial recommendation was to invest in 
a more efficient gas boiler with modest upfront cost 
but minimal reduction in emissions.

Further analysis revealed economic advantages 
of green thermal energy technologies, including 
biomass boilers, biomethane boilers and green 
electric heaters. When accounting for the rising cost 
of power, gas and CO2, electric heaters powered by 
green electricity emerged as the best alternative, 
offering the lowest total cost of ownership while 
decreasing GHG emissions significantly over the 
asset lifetime.

Goal

Results

Key 
Success 
Factors

Replace the heat production system across 40 
industrial and HQ locations in Europe.

Major energy reduction projects 
identified, analysed and costed

GWh annual energy savings

Kton annual CO2 reduction

M€ annual cost savings

Years global simple payback on 
investment

450 

305

83

15

2.4

Global delivery and 
coordination, facilitating the 
deployment across multiple 
countries

Facility level engagement, 
educating staff to 
develop auditing project 
identification abilities

ENGIE techincal skillset to 
enable advanced energy 
efficiency solutions in 
complex systems 
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About the

Experts

Sébastien Wagemans 

Managing Director, Sustainability Solutions - EMEA

sebastien.wagemans@engie.com

With 15 years of experience in the international energy industry, Sébastien has a complete 

understanding of the sector value chain, from business model definition and techno-economic 

modelling to on-the-ground implementation of energy projects. Having worked in every continent, 

he is a recognised expert in managing complex projects within diverse multi-cultural environments. 

Empowered by his technical expertise and strong financial and economic knowledge, he successfully 

tackles resiliency problems and develops integrated energy planning for large industrials, utilities and 

governments. He also takes up leading roles in power system reliability improvement and operational 

excellence. Sébastien holds a Master's degree in Engineering in Electromechanics from the ULB 

(Brussels). He is based in Brussels. 

Jason Bell 
Director, Sustainability Solutions - Americas

jason.bell@engie.com

Jason has 15+ years of operations and project management experience related to energy policy and 

sustainability management. His global management experience spans geographies and industries, 

and Jason particularly has expertise in helping manufacturing clients initiate, implement, and 

navigate their facilities’ energy management programmes and policies. His senior leadership positions 

and guidance has resulted in significant reductions in energy consumption, energy spending, and 

emissions for organisations he has advised or been directly responsible for. Jason holds a Master’s 

degree in the Business of Energy at Clarkson University as well as a Lean Black Belt and is a Certified 

Energy Manager, C.E.M.  Jason is based in Northern New York.

Mark Chadwick 

Managing Director, Sustainability Solutions - EMEA

mark.chadwick@engie.com

Mark brings climate advisory, technology and entrepreneurial experience to ENGIE Impact. Following 

a career in software, he founded a sustainability consultancy and served as CEO for 15 years. His firm 

provides consultancy services to large corporates, focusing on how to manage climate change impacts 

on their business. Mark has extensive expertise in climate strategy, carbon measurement, renewables 

strategy and sustainability software systems. He has worked directly with clients from the Financial 

Services, FMCG, and Food and Beverage sectors. Mark has an MBA from London Business School, 

specialising in Entrepreneurship. He is based in London.
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Your Decarbonisation Journey 
for Growth and Progress

Contact Us
If you would like to discuss any of the findings or best practices 
presented in this report, please reach out to your ENGIE Impact 

representative or contact us at:

+1 800 767-4197

+32 2 773 70 70
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