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Development of a decision support
framework & tool to enable low-
temperature heating in multi-family
buildings

Decision Support 
for

LT-Renovations
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Introduction - LTH

High Temperature =  75-90 °C

Medium Temperature =  55-75 °C

Low Temperature   =  30-55 °C

Ultra Low Temperature =     <30 °C
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Problem Statement

It is unclear how to select a renovation concept that enables low-temperature 
heating due to the varying effects of the renovation scenarios, multiple 

stakeholders with conflicting interests and the absence of a clear decision-
making process. 
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▪

“ How can the decision-making process 
of selecting an energy renovation concept be supported

that aims to make existing residential buildings compatible with 
low-temperature heating? ”



Agenda

10

Introduction
Low-

Temperature 
Heating

Decision 
Support

Framework 
& Tool

Validation
Discussion 

& 
Conclusion

Q&A



Literature Research

Low-
Temperature 
Heating (LTH)
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Stationary Heat Balance
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𝑄𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟 = 𝑘 𝐴 θ𝑚2.1)

1) 𝑄𝑑𝑒𝑚𝑎𝑛𝑑 = 𝑄𝑡𝑟𝑎𝑛𝑠 + 𝑄𝑖𝑛𝑓 + 𝑄𝑣𝑒𝑛𝑡 − 𝑄𝑖𝑛𝑡 − 𝑄𝑠𝑢𝑛

3) 𝑄𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟 ≥ 𝑄𝑑𝑒𝑚𝑎𝑛𝑑

𝑘 = ℎ𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 [
𝑊

𝑚2𝐾
]

𝐴 = 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 [𝑚2]
𝜃𝑚 = mean temperature difference between the heat emitting surfaces and the ambient air [K]

Winter situation 

θ𝑚 =
𝑇𝑠𝑢𝑝𝑝𝑙𝑦 − 𝑇𝑟𝑒𝑡𝑢𝑟𝑛

ln((𝑇𝑠𝑢𝑝𝑝𝑙𝑦 − 𝑇𝑖𝑛𝑑𝑜𝑜𝑟)/(𝑇𝑟𝑒𝑡𝑢𝑟𝑛−𝑇𝑖𝑛𝑑𝑜𝑜𝑟))
2.2)



LT-Ready
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Overcapacity

Undercapacity
𝑄𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟 = 𝑘 𝐴 θ𝑚

𝑘 = ℎ𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 [
𝑊

𝑚2𝐾
]

𝐴 = 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 [𝑚2]
𝜃𝑚 = mean temperature difference between the heat 
emitting surfaces and the ambient air [K]

𝑄𝑑𝑒𝑚𝑎𝑛𝑑 = 𝑄𝑡𝑟𝑎𝑛𝑠 + 𝑄𝑖𝑛𝑓 + 𝑄𝑣𝑒𝑛𝑡 − 𝑄𝑖𝑛𝑡 − 𝑄𝑠𝑢𝑛

2.1)

1)

3) 𝑄𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟 ≥ 𝑄𝑑𝑒𝑚𝑎𝑛𝑑

θ𝑚 =
𝑇𝑠𝑢𝑝𝑝𝑙𝑦 − 𝑇𝑟𝑒𝑡𝑢𝑟𝑛

ln((𝑇𝑠𝑢𝑝𝑝𝑙𝑦 − 𝑇𝑖𝑛𝑑𝑜𝑜𝑟)/(𝑇𝑟𝑒𝑡𝑢𝑟𝑛−𝑇𝑖𝑛𝑑𝑜𝑜𝑟))
2.2)



LT-Ready
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𝑄𝑑𝑒𝑚𝑎𝑛𝑑 = 𝑄𝑡𝑟𝑎𝑛𝑠 + 𝑄𝑖𝑛𝑓 + 𝑄𝑣𝑒𝑛𝑡 − 𝑄𝑖𝑛𝑡 − 𝑄𝑠𝑢𝑛1)

3) 𝑄𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟 ≥ 𝑄𝑑𝑒𝑚𝑎𝑛𝑑

𝑄𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟 = 𝑘 𝐴 θ𝑚

𝑘 = ℎ𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 [
𝑊

𝑚2𝐾
]

𝐴 = 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 [𝑚2]
𝜃𝑚 = mean temperature difference between the heat 
emitting surfaces and the ambient air [K]

2.1)

θ𝑚 =
𝑇𝑠𝑢𝑝𝑝𝑙𝑦 − 𝑇𝑟𝑒𝑡𝑢𝑟𝑛

ln((𝑇𝑠𝑢𝑝𝑝𝑙𝑦 − 𝑇𝑖𝑛𝑑𝑜𝑜𝑟)/(𝑇𝑟𝑒𝑡𝑢𝑟𝑛−𝑇𝑖𝑛𝑑𝑜𝑜𝑟))
2.2)



LT-Ready

Definition 

LT supply = 30-55 °C

1. Qcapacity_LT ≥ Qdemand

2. Qdemand_LT ≤ Qdemand_orignal

3. Thermal comfortLT ≥ Thermal comfortoriginal
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Renovation Measures



Renovation Scenarios
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Filter Scenarios
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Literature Research

Decision 
Support
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Decision-Making

What do you need to know 
to make a decision?

1. Problem

2. Aim

3. Options

4. Performance

20



Decision-Making
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Problem = Dwelling is not LT-Ready

?

?



Decision Parameters – Objectives & Criteria
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Decision-Making
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Problem = Dwelling is not LT-Ready

?



Quantification

1. Determine how to assess the 
criterion

2. Determine the data 
requirements to complete 
assessment

3. Determine method of 
calculation for the assessment
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𝑁𝑃𝑉 τ 𝑚𝑒𝑎𝑠𝑢𝑟𝑒 = −𝐼0 +෍

𝑖=1

τ
𝐶𝐹, 𝑖

1 + 𝑑 𝑖

τ = calculation period

𝐼0 = investment cost of renovation measure [€]

𝐶𝐹, 𝑖 = net cash flow of year 𝑖 per measure [€]

𝑑 = discount rate [%]

𝑁𝑃𝑉 τ 𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 = σ𝑖=1
𝑛 𝑁𝑃𝑉(𝜏)𝑚𝑒𝑎𝑠𝑢𝑟𝑒, 𝑛



Decision-Making
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Multi-Criteria Decision-Making | TOPSIS

Decision Matrix
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Normalized Decision Matrix

1)



Multi-Criteria Decision-Making | TOPSIS
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Normalized Decision Matrix Weighted Normalized Decision Matrix

2)

33,33% 33,33% 33,33%



Multi-Criteria Decision-Making | TOPSIS
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Positive Ideal Solution (PIS)

Negative Ideal Solution (NIS)

Separation measure PIS

Separation measure NIS

3)

4)

A3

A2

A1 A+

A-



Multi-Criteria Decision-Making | TOPSIS
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5)



Relative Importance
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Stakeholders

31

Decision-maker

▪ Social housing 
corporation

▪ Private owner

Informant

▪ Project manager

▪ Community 
representative

▪ Tenant

▪ Experts 

Authorizers

▪ Municipality

▪ Tenant

Implementers

▪ Net operator

▪ Contractor

▪ Supplier



Pairwise Comparison
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Pairwise Comparison
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Pairwise Comparison
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1/3 1

5

1

1

1

3

1 1/5

18,7%

65,5%

15,8%



TOPSIS Relative Weighted Matrix
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Equal Weighted Normalized Decision Matrix

33,33% 33,33% 33,33%

Relative Weighted Normalized Decision Matrix

18,7% 65,5% 15,8%



New Ranking
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Equal Weights Pairwise Comparison Weights
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LTH-DS Framework
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Decision Support Tool

39



Case Study & Workshop
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Stakeholder Validation
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Case Study Application
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Benchmark Performance
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1 2

3

4

5
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Adapted Criteria Tree 
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Pairwise Comparison - Criteria Weights
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1/3

4

5

3

4
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Case Study - Given Scenarios

Benchmark HD = 206,88 [kWh/m^2]

Benchmark TC = 326 [h]



Additional Developed Scenarios
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Filter LTH Scenarios
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Quantification
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Decision Analysis
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Equal Weights Pairwise Comparison Weights

1
12 2 33



Most Optimal Alternative

51Benchmark HD = 206,88 [kWh/m^2]

Benchmark TC = 326 [h]



Quantification
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Research Findings

Discussion & 
Conclusion
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Key Findings

▪ Framework and tool can support the decision-making process on LT-renovation scenarios

▪ Pairwise comparison is an excellent method to balances stakeholders’ preferences

o Potential to reflect on policy & preferences 

o Targeted discussion at an early stage

▪ Evaluating alternatives from a holistic perspective can lead to new perceived optimal solution

o Better informed decision
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Limitations

Validation

▪ Select stakeholder group

▪ Single case study

Tools

▪ LTH-Grasshopper tool deviates from real-world

▪ MCDM methods has known limitations

▪ Accuracy of ranking depends on quantified data & consistency of stakeholders
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Conclusion

56

“ How can the decision-making process 

of selecting an energy renovation concept be supported

that aims to make existing residential buildings compatible with 

low-temperature heating? ”



Questions?
Q&A
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Thank you for your attention
Vera Koster
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