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Industrial process heat accounts for ~20% of global energy demand

2Source: IEA 2021 &  Rehfeldt et al.

75%  of that heat is produced
by fossil energy sources

High-temperature heat is one
of the « hard to abate » sectors

Clean technologies to produce
industrial heat include:

heat pumps,
electrical heaters,
induction,
bio- or e-fuels,
…



We need to decarbonize,
so why don’t we witness a large shift towards clean technologies yet ?
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High upfront investment needed for clean technologies (CAPEX)

Electricity to gas price ratio is still very high (OPEX) → 3.9 in Belgium in 2025

Complexity of clean technology assets (heat pump vs gas burner)

Uncertain energy prices + lack of a stable regulatory direction → need to build resilience

Results in a chicken and egg situation: manufacturers wait for a market pull
(like wind and solar in the 2010s) and industrials wait for a cost decrease



What are the leads for decarbonization then ?
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Incentivise shift to clean technologies →CO2 tax (ETS 1 & 2), subsidies (IF25 Heat Auction)

Standardisation/simplification → robust designs over pure performance

Local energy production + storage

Alternative business models



Alternative business models ?
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Full ownership

Client buys and owns the whole asset

Client pays the spot energy prices

Client is responsible for the              
maintenance and operation

Energy as a Service (EaaS)

A third party owns and maintains the asset

Client pays a fixed tariff for energy provision

This creates an opportunity for
an economic efficiency gain



What are the leads for decarbonization then ?
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Incentivise shift to clean technologies →CO2 tax (ETS 1 & 2) + subsidies

Standardisation/simplification → robust designs over pure performance

Local energy production + storage

Alternative business models

Today, we will see how Carnot batteries can successfully tackle these challenges



Carnot batteries are devices that store electricity
in the form of heat (thermal exergy)
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charging phase discharging phasestasis phase

heat pump heat enginethermal
storage

COP > 1 η<< 1η≈ 1



Coupling heat and power sectors
is an opportunity for the Carnot battery
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Coupling heat and power sectors
is an opportunity for the Carnot battery
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The system is sized
to cover the demand

The operation of the Carnot 
battery is optimized

Objective:
minimize annualized costs

Ownership vs EaaS
business models

2030 vs 2050

275°C air
1 MW

400 kWe

sulfur-based chemicals
production intermittent process

165°C steam
1 MW



The Carnot battery case is compared to the business as usual case
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sulfur-based chemicals
production

275°C air
1 MW

400 kWe

intermittent process

165°C steam
1 MW



Carnot battery makes industries future resilient
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levelized cost of energy (LCOE)

[€/MWh]

For 2030 and 2050, the Carnot battery
case exhibits a lower mean LCOE

Year 2050, with larger uncertainties on 
commodities, leads to more widespread
distributions of the LCOE

The Carnot battery case is more robust
then the business as usual case 
(narrower distribution)



Energy as a Service makes energy provision more affordable,
but that’s not all it does
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Encourages more sustainability
(durability, circularity, end of life,…)

Removes investment risk for client

System complexity

Does not require dedicated
qualified staff



Take away messages
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The Carnot battery unlocks PV production shift and builds resilience for the client

Alternative business models reallocate financial risk but also have non-financial benefits

Perspectives for this work include integrating design optimization of the system as well as 
comparing other industrial use cases with a varying share of heat demand
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