Accepted Manuscript

Sustainable Cities
and Society

Title: Energy performance and environmental impact analysis
of cost-optimal renovation solutions of large panel apartment
buildings in Finland

Author: Tuomo Niemeld Risto Kosonen Juha Jokisalo

PII: S2210-6707(16)30712-0
DOI: http://dx.doi.org/doi:10.1016/j.s¢s.2017.02.017
Reference: SCS 596

To appear in:

Received date: 24-11-2016
Revised date: 23-1-2017
Accepted date: 21-2-2017

Please cite this article as: Niemeld, T., Kosonen, R., and Jokisalo, J.,Energy
performance and environmental impact analysis of cost-optimal renovation solutions
of large panel apartment buildings in Finland, Sustainable Cities and Society (2017),
http://dx.doi.org/10.1016/j.5¢s.2017.02.017

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.


http://dx.doi.org/doi:10.1016/j.scs.2017.02.017
http://dx.doi.org/10.1016/j.scs.2017.02.017

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

Energy performance and environmental impact analysis of cost-optimal
renovation solutions of large panel apartment buildingsin Finland

Tuomo Niemel& ™ Risto Kosonelf, Juha Jokisafd

*Granlund Consulting Oy

Malminkaari 21, FI-00701 Helsinki Finland
J'tuomo.niemela@granlund.fi
’risto.kosonen@aalto.fi
%uha.jokisalo@aalto.fi

“Aalto University
School of Engineering
Department of Mechanical Engineering

FI-00076 Aalto Finland

Abstract

The paper presents energy performance and envirotahémpact analysis of cost-optimal renovation usans
conducted in deep renovations of typical large patreictured apartment buildings located in colihthte conditions.
The main objective of the study was to determieectist-optimal renovation concepts from both thenary energy
performance and the total G@mission reduction potential perspectives. Thé-opsmal solutions for different main
heating systems were determined from over 220omillenovation combinations by using a simulatiosdth multi-
objective optimization (SBMOO) analysis as the maisearch method. The results demonstrate thafptbposed
national nearly zero-energy apartment building les&n be cost-effectively achieved in deep renowatbf large panel
apartment buildings, delivering approximately 18¥38eturn on investment. The results also indichtg tp to 90-98
€/nt net savings, 850-930 kWH/meduction in the primary energy consumption an®-380 kg/m reduction in the
total CO, emissions over the studied 30-year life-cyclequkdan be achieved simultaneously, when the cdstiap
renovation concepts are selected. Cost-optimaligetisioned heat pump systems deliver significarttsansng and
environmental impact reduction potential comparedniproving the energy efficiency of the buildimyeope, as the

delivered energy consumption accounts for more 8@ of the total C@emissions.
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