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40% of the spaceheatingdemandcouldbe
coveredby excessheat in Belgium
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A solution to coverexcessheatsources and to decrease
GHG emissionsis the use of district heatingnetworks
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There isa needfor optimizationmodelsas decision
tools for the optimal outline of district heatingnetworks 
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Authors
Objective 
function

Linear Topology Design Multi-period

Apostolou
(2018)

𝐶𝑇𝑂𝑇 X X V V

Bordinet al. 
(2016)

𝐶𝑇𝑂𝑇 V V X X

Dorfner
(2016)

𝐶𝑇𝑂𝑇 V V V X

Mertz (2016) 𝐶𝑇𝑂𝑇 X V V X

Soderman
(2007)

𝐶𝑇𝑂𝑇 X V X X

Weber 
(2008)

𝐶𝑇𝑂𝑇 X V V X

My model 𝐶𝑇𝑂𝑇 V V V V
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A MILP with the minimizationof the total costsas objective 
functionusinggraph representationwith verticesand edges
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A multi-period mixed-integer linear programming model (MILP) 
including continuous and discrete variables is implemented
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Continuous variables Discrete variables

•  𝑄𝑖,𝑡
𝑠𝑜𝑢𝑟𝑐𝑒: Power production 

duringtimestept @ plant i

•  𝑄𝑖
𝑠𝑜𝑢𝑟𝑐𝑒,𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑: Power capacity

to install@ nodei

• 𝑃𝑖,𝑗,𝑡
𝑖𝑛 : Incomingpower flow @ 

timestept in edgeij from nodei

• 𝑃𝑖,𝑗,𝑡
𝑜𝑢𝑡: Outcomingpower flow @ 

timestept in edgeij from nodei

• 𝑥𝑖,𝑗: Construction of a pipe on 
edgeij

• 𝑦𝑖: Construction of a power plant 
@ nodei

• 𝑢𝑖,𝑗,𝑡: Use of the prospective pipe 
on edgeij @ timestept
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These variables are submitted to some physical and 
technical constraints

1. Energy balance over edgesand nodes

2. Maximum thermal capacityon edges𝑃𝑖,𝑗
𝑚𝑎𝑥 ≤ 𝑥𝑖,𝑗 ∙  𝑄𝑖,𝑗

𝑚𝑎𝑥,𝑒𝑑𝑔𝑒

3. Maximum thermal capacityat vertices  𝑄𝑖,𝑡
𝑠𝑜𝑢𝑟𝑐𝑒 ≤  𝑄𝑖

𝑚𝑎𝑥,𝑠𝑜𝑢𝑟𝑐𝑒

4. Mandatorybuilding of somepipes 𝑥𝑖,𝑗 ≥ 𝑚𝑖,𝑗
𝑏𝑢𝑖𝑙𝑑

5. Possible location of heatingsources 𝑦𝑖 ≤ 𝑝𝑖
𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛

6. Minimum power to installat eachnode  𝑄𝑖,𝑡
𝑠𝑜𝑢𝑟𝑐𝑒 ≤  𝑄𝑖

𝑠𝑜𝑢𝑟𝑐𝑒,𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑
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The objective functionof the optimizationproblemis the 
minimizationof the total costof the system

𝐶𝑇𝑂𝑇

𝐶ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑝𝑙𝑎𝑛𝑡𝑠 + 𝐶𝑝𝑖𝑝𝑒𝑠 + 𝐶𝑠𝑢𝑏𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠

+ 𝐶ℎ𝑒𝑎𝑡 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 + 𝐶𝑝𝑢𝑚𝑝𝑖𝑛𝑔 𝑝𝑜𝑤𝑒𝑟 − 𝑅ℎ𝑒𝑎𝑡

CAPEX

OPEX

=
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A case study with 16 streets and 3 potential heating 
sources is taken into account
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Type Description

A Apartment

D Detached

O Office

S Semi-detached

T Terraced

G Greenhouse

Class Level of 
insulation

1 Well-insulated

2 Poorlyinsulated

0.07 ϵ/kWh

0.05 ϵ/kWh

0.03 ϵ/kWh
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Is it profitable to build a district heating network considering a heating 
revenue of 0.08 ϵ/kWh for a project lifetime of 25 years? YES
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- 25% of 𝐶𝑂2 emissions
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Whathappensif the heatingrevenue isdecreased? Lessstreets
are connectedto the district heatingnetwork! 
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𝑟ℎ𝑒𝑎𝑡 = 0.07ϵκƪ²Ƙ 𝑟ℎ𝑒𝑎𝑡 = 0.06ϵκƪ²Ƙ

𝑟ℎ𝑒𝑎𝑡 = 0.05ϵκƪ²Ƙ 𝑟ℎ𝑒𝑎𝑡 = 0.04ϵκƪ²Ƙ
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Whathappensif a pipe cannot bebuilt in a street? The network 
topologyŎƘŀƴƎŜǎΧ ŀƴŘ ǘƘŜ ǊŜǾŜƴǳŜǎ decrease
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No more heatcapacity
on this edge

- 6.5% of total revenues



5th International Conference on Smar t Energy Systems
Copenhagen, 10 -11 September 2019

#SESAAU2019

Whathappensif a unique heatingsource has not enoughpower 
capacityto feedthe entire network? The network topologyŎƘŀƴƎŜǎΧ
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Use of 2 heating
sources 

- 14.5% of total revenues
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District heating networks can be more economically and 
environmentally profitable than decentralized heating production 
units!
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Next steps:
• Includestorageunits into the networks
• Includeelectrificationinto heatingsources 

potential
• Extendthe model to largercase studies
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Thanks for your attention!

Thibaut Résimont
University of Liège - Thermodynamics laboratory
thibaut.resimont@uliege.be
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