




•

•

•

•

•

•





•

•

•



•

•

•

•

•





•

•

•

•

•

•

•

•

•



•

•

•

•



•

•

•

•

•

•

•

•

•

•

•

•

1) Please note that both instruments can cover OPEX and CAPEX costs. 
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Currently half of estimated total final energy demand for process heating is used in high 

temperatures levels above 500°C
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Steel production
Blast furnace/basic oxygen furnace, 
electric arc furnace

Steel processing
Reheating furnace

Olefins: 
Steam cracker

Ammonia
Steam reforming, 
Haber-Bosch process

Cement
Rotary kiln

Lime
Shaft furnace

Food
Steam generation, steam-drying, 
sterilization, cooking 

Data: UNFCCC, Eurostat, AGEB, Fraunhofer ISI

Total: 1861 TWh (17% of EU27 total FED in 2019)
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Natural gas accounts for a third of industrial energy use - the reference energy carrier for 

heat production in all applications

EU27, 2019
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Coal + coal derivatives
~1/3 of energy use.
Reducing agent in iron production.
Limited use for other heat production.

Biomass
Used by availability (i.e. production 
residues in paper, wood processing).

Electricity
Limited use, e.g. in electric arc 
furnaces and induction heating.

Data: UNFCCC, Eurostat, AGEB, Fraunhofer ISI
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Approximate structure of GHG emissions of European industry sector
EU27, 2021
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Images: Leube Baustoffe, NLMK Group, BASF, Shutterstock

Data: UNFCCC, Fraunhofer ISI

Reheating, smelting, melting

Cracking, reforming

Calcination, sintering

Chemical reactions releasing
CO2 – regardless of heat
generation

Hot water, steam

Buildings, cars, electronics...

Fertiliser, plastics, 
detergents, cosmetics...

Buildings, roads, bridges

Sanitary paper, shipping boxes, processed food

Total: 663 Mt GHG CO2 eq. (EU27 total FED in 2023)
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Systems studies identify robust and cost-effective direct process heat applications
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Data: Falko Ueckerdt et al. (2021): Taking off despite uncertainties: Key points of an adaptable hydrogen strategy. How policymakers can find 
hydrogen pathways to climate neutrality by 2045. Ariadne policy brief

Final energy share, Industry in % 

➢ Several energy system studies analyse 
decarbonisation pathways.

➢ Comparisons of scenarios identify robust 
electrification and hydrogen demand as well as 
areas of uncertainty.

➢ A high share of direct electrification is expected 
for industry (~50-80%).

➢ Even scenarios with high hydrogen usage expect 
strong increase in direct electrification.

Fossil fuels

Electricity

Hydrogen + E-Fuels

District Heating

Biomass

Scenario: 

Hydrogen 

Scenario: 

Electrification

Today, we are here.

Hydrogen 

ramp-up 

delayed

Electrification

ramp-up should 

start now

Energy carrier
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Direct electrification faces technical limitations at high temperatures, but low-temperature 

technologies are advancing rapidly
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Electric arc furnaces

Plasma torches

Shockwave heating

Induction heating

Resistance heating

Electric boilers

Heat pumps

Direct Heat

i.e., kilns and 

furnaces

Indirect Heat

i.e. steam and hot 

water

0 500 1.000 1.500 2.000 °C

Limited use to specific materials and 
geometries.

Temperature raise determines efficiency 
(COP), available refrigerants limit application.

Highly-concentrated burner-like delivery, but 
TRL 6-8.

Versatile and most relevant for high 
temperatures. Limited by energy density.

Limited use to specific materials and 
geometries.

Generates fluid at high temperatures, broad 
application possible, but TRL 6.

Able to supply entire steam demand range, 
no efficiency gains. 
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About 1/3 of industrial energy demand 
is already electricity. Mostly for cooling, 
motors, lighting.

Additional 40%
could be electrified with existing and 
available technologies, particularly low-
medium temperature demand, also some 
high-temperature areas.

Additional 20%
requires technology development 
(availability estimated 2030/2035), 
especially for high-temperature and high-
density.

Less than 10%
require molecules as feedstock, i.e. iron 
ore and non-energy use in the chemical 
industry.

With available technologies, up to 40% more industrial energy demand can be electrified 

until 2030

EU27, 2019
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Data: Fraunhofer ISI(2024)  https://www.agora-industry.org/fileadmin/Projects/2023/2023-20_IND_Electrification_Industrial_Heat/A-IND_329_04_Electrification_Industrial_Heat_WEB.pdf

total

https://www.agora-industry.org/fileadmin/Projects/2023/2023-20_IND_Electrification_Industrial_Heat/A-IND_329_04_Electrification_Industrial_Heat_WEB.pdf
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Many post-2025 investments in fossil heat are incompatible with net-zero pathways and 

risk becoming stranded assets

21 Data: Fraunhofer ISI

➢ Based on their lifetime, many of the systems 
replaced in 2025 would still be in operation after 
2045.

➢ Glass and some steam technologies see 
shorter lifetimes.

➢ In some cases, retrofitting can mitigate the 
changes.

➢ Long lifetimes of industrial process heat 
applications create path dependencies.

➢ Increasing carbon prices pressure fossil heat 
technologies.

➢ Fast replacement necessary to achieve climate 
targets.

Fossil investments in 2025

Full economic use Premature retirement risk Stranded assets

2025 2050 2075

Continuous melting cast iron (medium capacity)

Continuous heat treatment flat steel

Discontinuous heating of forged components

Continuous heating of steel sheet blanks

Steam supply chemical park

Paper drying

Continuous melting flat glass

Continuous melting container glass

Continuous burning cement clinker
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Application examples

Mineral industry – High Temperature

Steam generation – Low Temperature

Metal industry – High Temperature
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What is the cost impact when transitioning from natural gas to electrified heat in Steam, 

Metals, and Mineral Processing?

30.09.2022 © FraunhoferSeite 22

Quelle: Fleiter, T.; Rehfeldt, M.; et al. (2023):  CO2-neutral process heat generation. Ed. by Federal Environment Agency (UBA)

Scenario
Electricity Price
€/MWh

Natural Gas Price
€/MWh

Carbon Price
€/MWh

2024 Prices 138 41 75

€100/t carbon price 76 31 100

€200/t carbon price 76 31 200

Assumptions for sensitivity analysis on economics of electrified 
industrial heat:

Vast range of heat applications analysed for the following industries:

➢ Industrial heat pumps are a key technology for 

electrified steam generation because of high efficiency 

but cannot be used for high temperatures.

➢Electric boilers can support steam generation up to 

500°C.

➢At high temperature levels, limited efficiency gains 

through electrification can be realised.

➢Technologies such as resistance heating and induction 

heating will become available and cover all ranges up to 

2,500 °C.

➔ Let’s take a closer look at a cost analysis.

Steam generation Metal industry Mineral industry 

Low temperature High temperature High temperature 

Steam generation  

Low Temperature

Metal industry  High 

Temperature

Mineral industry  

High Temperature
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Cost competitiveness of electrified heat applications are determined by the development 

of the carbon price and prices for electricity and natural gas

30.09.2022 © FraunhoferSeite 23

➢ Currently, in all industries, cost gaps of heat electrification and cost 

ranges vary significantly.

➢ Assuming €75/MWh electricity price for industry:

➢ Steam generation: Cost competitive with small increase of carbon 

price to around €100/t.

➢Mineral industry: High carbon price of €200/t is needed to make 

electrification economically viable.

➢Metal industry: Carbon prices of more than €200/t are needed to 

close cost gap.

➢ For cost parity, additional subsidies needed in all industries:

➢ In low-temperature application, compensation for electricity price 

might be sufficient. 

➢ In high-temperature applications additional carbon price of €200/t 

required, in metal industry even more.

Source: Fleiter, T.; Rehfeldt, M.; et al. (2023):  CO2-neutral process heat generation. Ed. by Federal Environment Agency (UBA)

Additional levelised costs of electrical heat compared to fossil reference

Dampfversorgung Metalle Mineralien
-100%

-50%

0%

50%

100%

150%

200%

250%

Steam generation Metal industry Mineral industry 

Low temperature High temperature High temperature 

€100/t carbon pricePrices 2024 (€75/t carbon price) €200/t carbon price

Scenarios: Electricity -45%, Natural gas -24% and

Steam generation  

Low Temperature

Metal industry  High 

Temperature

Mineral industry  

High Temperature

Counterfactual:
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In 2023, electricity was more emission-intensive than natural gas in nearly half of EU 

Member States. What is the climate impact of industrial heat investments made today?

30.09.2022 © FraunhoferSeite 24
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➢With the continued expansion of renewable energy, total 

emissions are expected to decline steadily over the coming 

years.

➢ But how does this trend affect the GHG footprint of a new 

investment in electrified heat generation made in 2025?

➢  A brief analysis: 

➢ Assumption: Linear reduction in electricity emission intensity 

until 2050

➢ Use case: 5 MW heat generation capacity

➢ Operation: 8,000 full load hours per year
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Despite current grid emissions, heat pumps already reduce GHG emissions in low-

temperature heat generation

30.09.2022 © FraunhoferSeite 25
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Heat Pump steam generation  Low Temperature

➢ Assumption of heat pump efficiency*of 3 in all Member States.

➢ The greater the temperature lift, the lower the efficiency of 

heat pumps.

➢ Using geothermal, solar thermal, district heating or waste 

heat can reduce temperature lift and improve heat pump 

efficiency. 

➢ Additional electric boilers needed to boost temperatures may 

lower overall efficiency.

*COP = Coefficient of Performance
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In high-temperature process heat production, the electricity emission factors of 22 

Member States will yield lower total emissions if electrified now

30.09.2022 © FraunhoferSeite 26

Data: Fraunhofer ISI

➢ Electrifying industrial furnaces does not result in significant 

efficiency gains (Assumption of 97,5% efficiency in electrified 

furnaces vs. 90% with natural gas).

➢ Assuming a linear reduction in electricity production’s emission 

intensity, installations in Member States with lower emission 

intensity than Germany will result in lower total emissions if 

electrified now.

➔ That‘s in all but 5 countries (e.g. Poland).

➢ Investments in electrified heat after 2025 will lead to lower 

cumulative emissions as the emission factor of electricity grids 

continues to decrease.
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The key take-aways: Limited technical barriers for electrifying process heat remain – focus 

must shift to economics and implementation. 

30.09.2022 © FraunhoferSeite 27

➢Decarbonising industrial heat is essential as three quarters of industry’s CO₂ emissions come from fossil process heat.

➢Direct electrification can technically cover 90% of industrial heat demand by 2035 – most of it with today’s technologies.

➢There are cost gaps in all applications of electrified heat, with steam generation coming nearly cost competitive when heat 

pumps are integrated.

➢Although electrification of high temperature processes might lead to higher cumulative emission in a few Members States, 

market ramp-up needs to start today to reach carbon neutrality and avoid stranded assets in 2050. 

➢Total GHG emissions will not increase with electrified heat as electricity generation is below the ETS emissions cap.

➢Electricity infrastructure access is a major requirement. Site-specific challenges need to be overcome.

➢Technology learning must be facilitated by early market introduction and platforms transporting the knowledge.
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https://ec.europa.eu/assets/cinea/project_fiches/innovation_fund/101191098.pdf
https://ec.europa.eu/assets/cinea/project_fiches/innovation_fund/101191370.pdf
https://ec.europa.eu/assets/cinea/project_fiches/innovation_fund/101191414.pdf
https://ec.europa.eu/assets/cinea/project_fiches/innovation_fund/101102450.pdf
https://ec.europa.eu/assets/cinea/project_fiches/innovation_fund/101103063.pdf
https://ec.europa.eu/assets/cinea/project_fiches/innovation_fund/101103445.pdf
https://ec.europa.eu/assets/cinea/project_fiches/innovation_fund/101103457.pdf
https://ec.europa.eu/assets/cinea/project_fiches/innovation_fund/101133064.pdf
https://ec.europa.eu/assets/cinea/project_fiches/innovation_fund/101143493.pdf
https://ec.europa.eu/assets/cinea/project_fiches/innovation_fund/101191512.pdf
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Source: EEA for 2023, PRIMES scenario (Fit for 55 modelling) for 2030
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