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 What are implications of strong decarbonisation scenarios (compared to 

e.g. 75% decarbonisation) in the H&C sector?  

• Results EU-28 

• Case study Austria 

 

 

 What is the role of district heating and sector-coupling in strong 

decarbonisation scenarios?  

• How high are economic district heating potentials considering significant 
reduction in heat densities? 

• How high are economic P2H-potentials for district heat generation? 

 

 

 

Research questions 
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 H2020 project SET-Nav (Navigating the Roadmap for Clean, Secure and 

Efficient Energy Innovation, http://www.set-nav.eu/, 2016-2019)  

 

 Heat transition 2050: Pathway for decarbonising heating/cooling in the Austrian 

building stock (www.eeg.tuwien.ac.at/waermezukunft_2050, completed 2018) 

 

 P2H-Pot: Economic potentials and solutions for Power-to-Heat. Project in the 

research program “city of tomorrow”, funded by BMVIT and FFG.  

(www.eeg.tuwien.ac.at/p2h-pot, completed 2017)  

 

 Long term scenarios for the transformation of the German Energy System 

(completed 2017) 

 

 Hotmaps – The Open Source Mapping and Planning Tool for Heating and 

Cooling (http://www.hotmaps-project.eu/), 2016-2020 

 

 

 

 

 

Project Background 
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 Hybrid modelling approach of a techno-economic bottom-up building stock 

model combined with an energy system optimization model 

 

 

 

 

Method  
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Energy system optimisation model
(Enertile/EMPIRE/TIMES/HiREPS …)

Building stock and district heating model
(Invert/EE-Lab)
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SET-Nav Storyline Set-Up of Decarbonisation Pathways 
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Source: Crespo del Granado et al., 2018 
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>40% reduction in 
energy demand 

40-60% decentral 
RES-H 

Increasing share 
of district heating 

12-20% electricity 
=> opportunity for 

sector coupling 
(together with 

district heating) 

Green Gas 
Potentials? 



 

The case of Austria:  
Scenario 100% renewable heating/cooling 2050  

7 

0

20

40

60

80

100

120

1
9

9
4

1
9

9
8

2
0

0
2

2
0

0
6

2
0

1
0

2
0

1
4

2
0

1
8

2
0

2
2

2
0

2
6

2
0

3
0

2
0

3
4

2
0

3
8

2
0

4
2

2
0

4
6

2
0

5
0

Fi
n

al
 e

n
e

rg
y 

d
e

m
an

d
, s

p
ac

e
 h

e
at

in
g 

an
d

 h
o

t 
w

at
e

r,
 

A
u

st
ri

a 
 (

TW
h

)
Oil and coal

Natural gas

Electricity

Other RES

District heating

Biomass decentral

Oil and coal

Natural gas

Biomethane, RES-H2 and Syn-Gas

Electricity, direct

Electricity, heat pumps

Ambient heat

Solar

District heating, fossile & waste

District heating, renewable

Biomass decentral

Model runHistorical



District heating: How high are economic potentials 
considering significant reduction in heat densities? 
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 High additional potential for 

district heating with low 

heat distribution cost 

 Only if high connection 
rates can be achieved  

 Policy measures needed to 

achieve high connection 

rates (zoning, district 

heating priority areas, 

spatial heat planning) 

Economic potentials of district heating, EU-28 
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How high are economic P2H-potentials for district heat 
generation? 

 

Exemplary case studies from Austria 
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Integrated energy systems and power-to-heat as 
flexibility option 
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 Depends on economic and political side conditions 

 Depending on grid type and existing heat supply <5% to 40% of heat supply 

(under favourable conditions) may be covered by P2H 

Optimum share of P2H in district heating under various 
settings of 2050 decarbonisation scenarios 

14 Source: HiREPS-Model-Results from the project P2H-Pot, Totschnig et al, 2017, 
www.eeg.tuwien.ac.at/P2H-Pot 
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Results (1): Large urban district heating with waste 
incineration, industrial excess heat potential, biomass CHP 
and CCGT plant  
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Szen. 

Nr.

Gasver-

brauch 

(GWh-Hi)

Mittlere 

gewichtete FW 

Grenzkosten 

(Euro/MWh)

Fernwärme-

erzeugung 

GWh

Müll-

verbrennun

g GuD

Abwärm

e

Biom 

KWK

Wärme-

pumpe Gaskessel

Wärme-

pumpe: 

mittl. therm. 

Leistung MW

2030 WEM Mit Steuern&Abgaben 1 940 27 1110 33% 31% 26% 8% 2% 1% 5,6

2050 WAMplus mit Steuern&Abgaben 2 40 24 583 54% 2% 35% 8% 0,5% 1% 1,1

2050 Sensitivität VL/RL Temp 3 38 23 583 52% 2% 37% 8% 0,1% 1% 0,4

2050 Senstitvität keine Steu.& Abg. 4 1443 19 583 53% 27% 14% 0% 4% 2% 11,2

2050 Sensitivität nur Erdgas Steu.&Abg. 5 86 23 583 58% 2% 29% 8% 2% 1% 4,2

2050 Sensitivität Grüne Wiese 6 19 27 583 59% 0% 34% 0% 5% 3% 16,1

Source: HiREPS-Model-Results from the project P2H-Pot, Totschnig et al, 2017, 
www.eeg.tuwien.ac.at/P2H-Pot 

 In different scenarios, the share of P2H varies between 0.1% and 5%.  

Hourly results under 
conditions of an ambitious 
climate mitigation scenario, 

2050  

High share of base load from 
waste incineration and excess 

heat leave very limited room for 
P2H.  
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 Depends on economic and political side conditions 

 Depending on grid type and existing heat supply <5% to 40% of heat supply 

(under favourable conditions) may be covered by P2H 

Optimum share of P2H in district heating under various 
settings of 2050 decarbonisation scenarios 

16 Source: HiREPS-Model-Results from the project P2H-Pot, Totschnig et al, 2017, 
www.eeg.tuwien.ac.at/P2H-Pot 
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Results (2): Large urban district heating based on waste 
incineration, biomass CHP and CCGT plant  
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Szen. 

Nr.

Gasver-

brauch 

(GWh-Hi)

Mittlere 

gewichtete 

FW 

Grenzkosten 

(Euro/MWh)

Fern-

wärme 

Erz. 

(GWh) GuD

Wärme-

pumpe Abwärme

Biom. 

KWK

Gas-

kessel

Strom-

heizer

Biom.  

HW

Wärme-

pumpe: 

mittl. therm. 

Leistung 

MW

2030 WEM Mit Steuern&Abgaben 1 1207 39 929 59% 20% 11% 10% 2% 0% 0% 36,7

2050 WAMplus mit Steu.&Abg. 2 534 58 508 32% 28% 20% 16% 6% 0% 0% 30,9

2050 Sensitivität VL/RL Temp 3 503 57 508 30% 31% 20% 16% 5% 0% 0% 33,9

2050 Senstitvität keine Steu.& Abg. 4 1153 41 508 47% 25% 20% 3% 6% 4% 0% 28,1

2050 Sens. nur Erdgas Steu.&Abg. 5 527 52 508 32% 35% 20% 10% 3% 5% 0% 35,9

2050 Sensitivität Grüne Wiese 6 370 64 508 28% 32% 20% 9% 3% 0% 9% 31,8

Source: HiREPS-Model-Results from the project P2H-Pot, Totschnig et al, 2017, 
www.eeg.tuwien.ac.at/P2H-Pot 

Hourly results under conditions 
of an ambitious climate 

mitigation scenario, 2050  

 In different scenarios, the share of heat pump varies between 20% and 

35%.  

Significant share of heat 
provided by P2H. Flexible 

operation of heat pumps mainly 
in spring and autumn.  
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 Depends on economic and political side conditions 

 Depending on grid type and existing heat supply <5% to 40% of heat supply 

(under favourable conditions) may be covered by P2H 

Optimum share of P2H in district heating under various 
settings of 2050 decarbonisation scenarios 

18 Source: HiREPS-Model-Results from the project P2H-Pot, Totschnig et al, 2017, 
www.eeg.tuwien.ac.at/P2H-Pot 
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Results (3): Medium scale urban district heating based on 
biomass CHP  
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Szen. 

Nr.

Gasver-

brauch 

(GWh-Hi)

Mittlere 

gewichtete FW 

Grenzkosten 

(Euro/MWh)

Fernwärm

e-

erzeugung 

GWh

Biom. 

KWK

Wärme-

pumpe

Biomasse  

HW

Gas-

motor

Gas-

kessel

Strom-

heizer

Wärme-

pumpe: mittl. 

therm. 

Leistung MW

2030 WEMs mit Steuern&Abgaben 1 7,9 38 238 67% 15% 15% 1% 2,0% 0% 9,4

2050 WAMplus mit Steuern&Abgaben 2 1,5 59 128 74% 17% 8% 0% 1,0% 0% 5,3

2050 Sensitivität VL/RL Temp 3 1,7 59 128 74% 18% 8% 0% 1,2% 0% 5,3

2050 Senstitvität keine Steu.& Abg. 4 52,0 49 128 58% 25% 0% 16% 2% 4% 6,6

2050 Sensitivität nur Erdgas Steu.&Abg. 5 1,0 56 128 70% 22% 8% 0% 1% 3% 5,5

Source: HiREPS-Model-Results from the project P2H-Pot, Totschnig et al, 2017, 
www.eeg.tuwien.ac.at/P2H-Pot 

Hourly results under 
conditions of an ambitious 
climate mitigation scenario, 

2050  

 In different scenarios, the share of heat pump varies between 15% and 

25%.  

Relevant share of heat 
generation in the heating period 

through heat pumps.  
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 Depends on economic and political side conditions 

 Depending on grid type and existing heat supply <5% to 40% of heat supply 

(under favourable conditions) may be covered by P2H 

Optimum share of P2H in district heating under various 
settings of 2050 decarbonisation scenarios 

20 Source: HiREPS-Model-Results from the project P2H-Pot, Totschnig et al, 2017, 
www.eeg.tuwien.ac.at/P2H-Pot 
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Results (4): Medium scale urban biomass district heating 
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 Szen. 

Nr.

Gasver-

brauch 

(GWh-Hi)

Mittlere 

gewichtete FW 

Grenzkosten 

(Euro/MWh)

Fernwärme-

erzeugung 

GWh

Biomasse  

HW

Wärme-

pumpe

Gas-

kessel

Strom-

heizer

Wärme-pumpe: 

mittl. therm. 

Leistung MW

2030 WEM Mit Steuern&Abgaben 1 3,2 45 73 96% 0% 4% 0% 0,0

2050 WAMplus mit Steuern&Abgaben 2 1,0 72 44 82% 15% 2% 0% 1,7

2050 Sensitivität VL/RL Temp 3 1,2 71 44 82% 16% 3% 0% 1,7

2050 Senstitvität keine Steu.& Abg. 4 3,6 66 44 73% 20% 8% 2% 1,8

2050 Sensitivität nur Erdgas Steu.&Abg. 5 0,5 67 44 78% 21% 1% 4% 2,0

Source: HiREPS-Model-Results from the project P2H-Pot, Totschnig et al, 2017, 
www.eeg.tuwien.ac.at/P2H-Pot 

Hourly results under 
conditions of an ambitious 
climate mitigation scenario, 

2050  

 In different scenarios, the share of heat pump varies between 0% and 

21%.  



 Building refurbishment and efficiency improvements  

(>40% reduction of heat demand 2012-2050, EU-28) 

 Decentral renewables: Biomass, Heat pumps, Solar 

40%-60% of H/C demand in 2050, EU-28  

 Smart solutions, sector coupling and making use of the heating sector as a 

flexibility option for an increasingly volatile RES-E generation 

 Decarbonisation of electricity generation  

~12%-20% of H/C sector covered by electricity 

 District heating: 

• Expansion and high connection rates 
~15%-40% of H/C demand, EU-28 

• Sector coupling via heat pumps can be economical with shares up to 40% 
Highest flexibility potentials in spring and autumn 
Strong differences between different district heating systems 

• Transition to 4th generation district heating 

 Local, regional, national heat planning and mapping 

 

 

Decarbonisation is an opportunitiy and a challenge.  
ALL components of H/C decarbonisation will be required: 

22 



Orig. Photo: Patrick Stargardt 

Thank you! 

Lukas.Kranzl@tuwien.ac.at 

eeg.tuwien.ac.at 

www.set-nav.eu 

www.hotmaps-project.eu 

www.e-think.ac.at 

www.invert.at 

 


