
DEPARTMENT OF ENGINEERING
10 SEPTEMBER 2019 POST DOC

5TH INTERNATIONAL CONFERENCE ON SMART ENERGY SYSTEMSRASMUS ELBÆK HEDEGAARDAARHUS
UNIVERSITY

INVESTIGATION OF THE ENERGY FLEXIBILITY POTENTIAL OF 
DANISH RESIDENTIAL BUILDING ARCHETYPES 

RASMUS ELBÆK HEDEGAARD

PROJECT: LOCAL HEATING CONCEPTS
FUNDED BY EUDP (PROJECT NUMBER 64017-0019)



5TH INTERNATIONAL CONFERENCE ON SMART ENERGY SYSTEMSRASMUS ELBÆK HEDEGAARD
10 SEPTEMBER 2019 POST DOC

DEPARTMENT OF ENGINEERING

AARHUS
UNIVERSITY

Consumption composed of: 
• Space heating
• Domestic hot water usage
• Heat losses in the distribution network

REQUIRED CAPACITY IN DH-NETWORKS

*Da ta  ge ne rously provide d by district he a ting supplie r AffaldVarme Aarhus 



5TH INTERNATIONAL CONFERENCE ON SMART ENERGY SYSTEMSRASMUS ELBÆK HEDEGAARD
10 SEPTEMBER 2019 POST DOC

DEPARTMENT OF ENGINEERING

AARHUS
UNIVERSITY

Consumption composed of: 
• Space heating
• Domestic hot water usage
• Heat losses in the distribution network

+ Redundancy requirements (often n-1 criteria)
= Oversized components for majority of year

REQUIRED CAPACITY IN DH-NETWORKS

*Da ta  ge ne rously provide d by district he a ting supplie r AffaldVarme Aarhus 



5TH INTERNATIONAL CONFERENCE ON SMART ENERGY SYSTEMSRASMUS ELBÆK HEDEGAARD
10 SEPTEMBER 2019 POST DOC

DEPARTMENT OF ENGINEERING

AARHUS
UNIVERSITY

Consumption composed of: 
• Space heating
• Domestic hot water usage
• Heat losses in the distribution network

+ Redundancy requirements (often n-1 criteria)
= Oversized components for majority of year

Re moving the  50 hours with highe st consumption 
for e a ch ye a r yie lds significa nt ca pa city re ductions.

Production: 14.3% - 17.7%
De ma nd: 13.5% - 16.5%

REQUIRED CAPACITY IN DH-NETWORKS

*Da ta  ge ne rously provide d by district he a ting supplie r AffaldVarme Aarhus 
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ENERGY FLEXIBLE BUILDINGS
Objective:
Shift consumption to lower peak 
de ma nd. 

Principle:
Utilize the inherent thermal capacity 
of build ings to shift consumption 
without impa cting comfort. 
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Archetype 1
Constructed
1951-1960 

Archetype 2
Constructed
1979-1998 

Archetype 3 
Constructed
2011-2015 

Questions: 
1. To wha t e xte nt ca n e ne rgy fle xibility lowe r the  

re quire d ca pa city of the  ne ighborhood? 
2. Should  e fforts be  focuse d on ma king a  g ive n 

type  of build ing fle xible ? 

Method: 
1: Esta blish dyna mic mode ls of build ings
2: Pe rform multip le  simula tions of the  a re a  with 

diffe re nt groups of build ings be ing fle xible . 

Potential 
Bottleneck
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Building archetype model

Physics-based second-order RC-Model

Archetype modelled:
- Arche type  1: 1951-1960 
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Calibration of dynamic archetype models
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Pre he a ting by 4°C a llowe d. 

Pre he a ting by 2°C a llowe d. 
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MAIN FINDINGS
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Results indicated: 
1. Significa nt ca pa city re ductions 

ma y be  a chie ve d with only a  
mode st incre a se  in ove ra ll 
consumption.

2. Pe rforma nce  a ffe cte d by: 
• Comfort pre fe re nce s of 

occupa nts
• Building e ne rgy e fficie ncy
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Pre he a ting by 4°C a llowe d. 

Pre he a ting by 2°C a llowe d. 

Results indicated: 
1. Significa nt ca pa city re ductions 

ma y be  a chie ve d with only a  
mode st incre a se  in ove ra ll 
consumption.

2. Pe rforma nce  a ffe cte d by: 
• Comfort pre fe re nce s of 

occupa nts
• Building e ne rgy e fficie ncy

Ene rgy re trofitting ma y be ne fit 
both energy conservation a nd 
energy flexibility .
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