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Future role of district heating (DH) systems
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Factors impacting DH operation. Examples

0
20
40
60
80

100
120
140
160

J
a

n
u
a

ry

M
a
rc

h

M
a
y

J
u

ly

S
e

p
te

m
b

e
r

N
o

v
e

m
b

e
r

J
a

n
u
a

ry

M
a
rc

h

M
a
y

J
u

ly

S
e

p
te

m
b

e
r

N
o

v
e

m
b

e
r

2022 2023

R
e

s
o

u
rc

e
 p

ri
c
e

s
, 
E

U
R

/M
W

h

The weighted average price of natural gas for commercial heat production
EUR/MWh

Woodchips, EUR/MWh

Wood pellets, EUR/MWh

Fuel prices

-20

-15

-10

-5

0

5

10

15

20

25

30

35

1
2
2

4
3

6
4

8
5

1
0

6
1
2

7
1
4

8

1
6

9
1
9

0
2
1

1

2
3

2
2
5

3

2
7

4
2
9

5
3
1

6
3
3

7
3
5

8

D
a

ily
 a

v
e
ra

g
e
 o

u
td

o
o
r 

te
m

p
e

ra
tu

re
, 

o
C

Day

2023 2022 2021 2020

Outdoor temperature



4

Resilience - ability/capacity of a system in resisting, absorbing, buffering and 
recovering from effects of hazards in a timely and efficient manner

General framework of resilience assessment

Source: Feofilovs, Maksims. Dynamics of Urban Resilience to Natural Hazards. PhD thesis. 
Rīga: [RTU], 2020. PP 179
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Source: R. Francis and B. Bekera, “A metric and frameworks for resilience analysis of 
engineered and infrastructure systems,” Reliab. Eng. Syst. Saf., vol. 121, pp. 90–103, 2014



Research questions
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What are the focus areas, methods and 
impacting factors analyzed in energy system 
resilience assessments?

How far the heat supply resilience is included in 
the energy system resilience analyses?

What are the focus areas in DH resilience, 
security, and flexibility assessments?



Methodology
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Quantitative 
literature review

Qualitative 
literature review

Energy system 

resilience assessment

District heating 

resilience assessment
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• 333 papers on «DH resilience, safety 
and flexibility»

• 2 with «DH resilience»

• Mostly from Denmark

• 77 papers on «Energy system 
resilience»

• Mostly from USA, China

Quantitative literature review
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Energy system resilience keyword network analyses
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DH assessment 
keyword 
network 
analyses
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Threats to smart grids

Technical

Infrastructure

Technical 
operation
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management 

security
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Qualitative literature review
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Heat source Heating network Consumers

• Fuel price increase

• Resource limitation

• Shortage of capacities

• Extreme weather conditions

• Infrastructure damages

• Pipe damages

• Extreme heat 

carrier parameters

• Power outages

• Heat load changes

• Substation damages

• Disconnections

• Cyber attacks

• Governmental policies

Threats to district heating systems

Source: A. O. Otuoze, M. W. Mustafa, and R. M. Larik, “Smart grids 
security challenges: Classification by sources of threats,” J. Electr. Syst. 
Inf. Technol., vol. 5, no. 3, pp. 468–483, Dec. 2018,



Quantification methods of resilience
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Energy system resilience
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• The energy sector becomes more complex. Therefore, the research on 
optimal operation of energy systems, associated risks and potential 
solutions should significantly increase. 

• The quantitative literature review shows that current research on energy 
systems resilience is focusing mainly on the secure operation of 
power systems. The thermal energy supply has not been fully integrated.

• There is a wide range of, research focusing on the flexible, vulnerable, 
cost-optimal, and secure operation of DH but mainly analyzing the 
operation of separate heating system elements.

• There is a need for a fundamental generic quantitative and quality 
approach for resilience assessment that would be usable and useful 
across various scopes or sectors in a consistent manner

Conclusions
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