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Background

« EU targets: significant
emissions reductions
needed

* -40% by 2030
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* DZEB requirements I'I
 Most buildings have been T g T
built in the 1970s and 1980s Apartment building ages

- Energy renovation
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Research questions

« How much can emissions be reduced in Finnish apartment
buildings by doing energy renovation?
 What are the cost-optimal and maximum performance
solutions?
« Thermal insulation, heat recovery, solar energy, windows?

 How do the solutions differ with respect to building age?
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Building information

AB1: <1976 — Mechanical exhaust ventilation, no heat recovery
AB2: 1976-2002 — Mechanical exhaust ventilation, no heat recovery
AB3: 2003-2009 — Mechanical supply-exhaust ventilation, heat recovery

AB4: 2010< — Mechanical supply-exhaust ventilation, heat recovery
e - Heating system options
£ 10 « District heating
g0 « GSHP + electric boiler
C = « EAHP + district heating
~ "I:’\B:_I;L.liId'mgageclassﬂ\BS -
W Space heating Ventilation m DHW
heating
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Simulation-based optimization

Multiobjective optimization

.......... e Minimize LCC

TEMPLATE Minimize emissions
FILE i
Dynamic

IDA-ICE

| Pre and post-processing simulation
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AB1 — District heating, optimal solutions
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AB1 — District heating, optimal solutions
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AB1 — District heating, optimal solutions
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AB1 — District heating, optimal solutions

600 PV Sewage HR 35
Wall insulation Windows
500 , , Roof insulation 30 @
Door insulation Solar thermal E
S 400 25 3
QY

& 20 @
£ 300 2
5 15 ®
o
8 200 0 g
100 5 L%

.

1 357 911131517 192123252729 31333537 3941434547 495153 5557596163
Optimal case #

mmm [ |ectricity import DH import mmm \Valls mmm Roof == \Vindows
mmm Doors mmm \/entilation HR == ST m P\/ = HP
mmm DH system mmm Scewage HR mm DBV Radiators e[ missions

Aalto University
School of Engineering 27.9.2018



AB1 — District heating, optimal solutions
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reduction reduction cost cost HR
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Apartment building (AB1) with district heating (DH)
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Emissions vs. LCC
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Emissions vs. LCC
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Emissions vs. LCC
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Emissions vs. LCC
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Emissions vs. LCC
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Emissions vs. LCC
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Emission reduction vs. reduction cost
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Heat generation breakdown
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Conclusions

« Apartment building emissions can be reduced by 70-80%

* Investment cost 270 — 500 €/m?
« Typical pipe renovation cost 250 — 1200 €/m?

 District heated houses can reduce emissions by 30% without raising
life cycle costs
» Investment cost 60 — 160 €/m?

« Heat pump solutions allow cost-effective reduction of 60-80%
» Investment cost 100 — 300 €/m?

« Cost-effective retrofit solutions
« All buildings: Solar energy and sewage heat recovery
* Old buildings: Roof insulation, window retrofit
* New buildings: Demand-based ventilation
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