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Industrial Heat
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IRENA, Global Energy Transformation - A Roadmap to 2050.
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Power to heat and need for storage

Low electricity prices with 

high electricity price 

fluctuation

Ą Electrification can limit costs 

with respect to fuels

Ą Need for storage and flexibility 

to cope with high price volatility

High electricity prices

Ą Fuels might be still 

cheaper unless high 

CO2 taxes are in place

OBS: electricity and NG prices of 2021
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System layout

Modular power-to-heat with integrated TES

5 MWe

5 MWhth
5 MWth

Hot MS: 450°C  

Cold MS: 220°C

5-30 MWe

25-80 MWhth
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Methodology

1 2

3
4

5

Dispatch MILP 

optimization problem

Inputs: Electricity spot prices 

Thermal load, Technical 

constraints

Objective: Min(OPEX)

1

Quasi steady state 

thermodynamic model

ÅTES SoC

ÅOverall electricity needs

ÅCO2 emissions..

2

Bottom up economic 

model

Inputs: Componentsô cost 

functions 

ÅCAPEX

ÅOPEX

3

Evaluation of KPIs4

System sizing optimization

Decision variables: EH 

nominal power, TES energy 

capacity 

Objective 1: Min(LCoH)

Objective 2: Min(OPEX)

5

Key EU countries0

0
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Assumptions, boundary conditions and KPIs
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ᶻ

: economic discount rate (5%)
ᶶ

: tech degradation rate (1.5%)

Profile A: 2 shifts 

Profile B: 3 shifts

Profile C: Continuous 

Equal average daily energy 

consumption (51 MWh)
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Results ïBase case

Main charge during night hours, charge during central hours might occur. 

If consistent price reduction around noon, the TES could be downsized relying on multiple full cycles during a day

Denmark (DK1)

TES = 45 MWhth

EH = 15 MWe

Largest CAPEX due to TES tanks and MS (together about 43 %)

Electrical components accounts for about 23 % of total CAPEX

OPEX dominated by electricity for charging the TES (88 %) and for compensating for the thermal losses (4.5 %)
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Results ïSizing Optimization

To minimize LCoH downsized systems are 

preferred, limiting CAPEX

To minimize OPEX oversized system are 

suggested to maximize the exploitation of 

cheap electricity hours. Most critical component 

is the electrical heater.

Ą sizing choices are related to the considered 

business model

For the same daily energy demand, thermal 

load profiles with low power requirement but 

constant for all 24 hours requires smaller 

systems (lower TES energy capacity)

At high volatility of the electricity prices the 

sizing difference, particularly for the TES 

energy capacity, are limited.
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