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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

This study presents an overview of research initiatives and projects addressing climate adaption in management operation and 
maintenance (MOM) and upgrade of existing buildings. The aim was to identify knowledge needs and research demand necessary 
for decision makers to address climate adaptation in their MOM and upgrade plans. Climate adaptation of buildings in the 
Norwegian climate very much concerns increased moisture robustness and risk reduction of moisture damages. Thus, a strong 
focus on and development of strategies addressing building physical issues are needed in the coming future. In-spite of this, very 
few projects focusing on climate adaptation and building physical challenges were found. 
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1. Introduction and the need for climate adaptation of buildings 

Climate change is described as one of the greatest challenges of our century [1]. The built environment is 
particularly vulnerable to climate change. If climate adaptation in this sector is not addressed now, the predicted effects 
of climate change will have a profound negative impact on society. 

As buildings and infrastructure assets have lifetimes from 40 to more than 100 years, they are exposed not only to 
the climate at the time of their construction, but also to climate variations and changes over decades and there is an 
urgent need for planning and implementation now [2]. In order to maximize the operational lifetimes of the buildings, 
proper and climate adapted management, operation and maintenance (MOM) and upgrade-plans are crucial. 

The Norwegian Climate Service Center predicts that Norway has to prepare for more rain, more intense 
precipitation and an increase in temperature [3]. This is the most prominent evidences concerning the climate change 
scenarios. Climate adaptation of buildings in the Norwegian climate therefore very much concerns increased moisture 
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robustness and risk reduction of moisture damages. Thus, a strong focus on and development of strategies addressing 
building physical issues are needed in the coming future. 

This paper presents an overview of research-based initiatives relevant for climate adaptation of buildings through 
MOM and upgrade. A literature review and project portfolio overview of projects with Norwegian partners and 
relevant for Nordic climate have been carried out. The aim has been to identify knowledge needs and research demands 
which is needed for decision makers to address climate adaptation in their MOM and upgrade plans. Special emphasis 
has been put on unveiling research demands related to building physical issues and challenges.  

2. Method 

Following an initial literature study, the main methodological approach in this paper consisted in mapping of 
research projects with Norwegian partners within the field of management, operation and maintenance (MOM) and 
upgrade. The identified projects were sorted in a matrix, categorized according to main research theme and to which 
type of decision-maker for which it is relevant. The proposed levels and structure of the matrix are as follows: 

Table 1. Proposed levels and sorting of research projects associated to climate adaptation of buildings through maintenance 
and upgrading strategies. 

Level Main actor of interest Research theme 
  1. 

Climate adaptation 
2.  

Energy efficiency 
3.  

Economy 
A. Law and legislative Ministry/Directorate 

Relevant projects and their main research topics 

B. Legislative / planning / strategy  Municipality/Local authority 

C. Strategy / system Managers/MOM operators 

D. System / solution Consultant/Contractor 

E. Solution / component Product manufacturer 

  
The project mapping was based on queries among experts and representatives from major research projects within 

the field in order to arrive at a premier comprehension of the state-of-the-art of contemporary research. A draft of the 
project overview was also discussed with three mayor Norwegian building owners/managers and one of the largest 
consultant companies in Norway. 

3. Results 

The following tables show the identified research projects and their belonging according to vertical and horizontal 
category as described in the methods chapter. 28 projects was identified, of which 10 addressed climate adaption 
issues.  Documentation from these ten projects has been scrutinized in order to identify main knowledge gaps within 
the Norwegian context. 

The literature review and mapping of research projects relevant to climate adaptation of buildings through 
maintenance, operations and management (MOM) and upgrade revealed research needs and provided an identification 
of thematic areas where the research needs are present. It was a general finding, that the research projects relevant to 
MOM and upgrade are mainly related to energy-savings topics.  
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Table 2. Research projects associated to management, operation and maintenance (MOM) and upgrade of existing buildings 
for the Law/Legislative and Legislative/planning/strategy level. 

Level Main 
actor 

Climate adaptation 
(project name) Topic  

Energy 
(project 
name) 

Topic 
Economy 
(project 
name) 

Topic 

L
aw

/  
le

gi
sl

at
iv

e 

M
in

is
tr

y/
 

D
ir

ec
to

ra
te

 

Climate and vulnerability 
assessment for Adaptation 

Committee [4-8] 
 

Climate and vulnerability 
assessment for the built 

environment 

ZEB  
[9-12] 

Zero Emission 
Buildings – new 

and existing 
buildings 

Green 
Conserve 

[13] 

Green 
service 

innovation 

Climate change and the 
consequences for local 
and regional authorities 

[14] 

Climate change and the 
consequences for the built 

environment and 
organisations/authorities 

Green 
Conserve 

[13] 

Green service 
innovation 

Konsensus 
[15, 16] LCA/LCC 

BIVUAC [17-22] Climate vulnerability of buildings 
and infrastructure     

SURE I and II 
[23] and [24] 

 

Sustainable upgrade-processes, 
pre-normative R&D  for a new 

EN-standard 
    

Testing of data from the 
insurance sector [25] 

How to use insurance databases for 
climate-related damages and 
adaptation of  buildings and 

infrastructure 

    

L
eg

is
la

tiv
e 

/ p
la

nn
in

g 
/ s

tr
at

eg
y 

M
un

ic
ip

al
ity

/ 
L

oc
al

 a
ut

ho
ri

ty
 

Climate and vulnerability 
assessment for Adaptation 

Committee [4-8] 

Climate and vulnerability 
assessment for the built 

environment 

ZEB  
[9-12] 

New and existing 
buildings Oscar [26] 

Value of 
property and 
implement-

tation 
process 

Climate change and the 
consequences for local 
and regional authorities 

[14] 
 

Climate change and the 
consequences for the built 

environment and 
organisations/authorities 

Rebo [27] 

Upgrade of 
residential 
buildings; 

comfort and 
users 

  

BIVUAC [17-22] Climate vulnerability of buildings 
and infrastructure 

CulClim 
[28, 29] 

Upgrade of 
cultural-heritage 

protected 
buildings 

  

CulClim [28, 29] Upgrade of cultural-heritage 
protected buildings 

SURE II 
[24] 

 

Sustainable 
refurbishment of 

existing 
buildings. 

  

NORADAPT [30] Development of adaptation 
strategies for municipalities     
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Table 3. Research projects associated to management, operation and maintenance (MOM) and upgrade of existing buildings 
for the Strategy/system level. 

Level Main 
actor 

Climate adaptation 
(project name) Topic Energy 

(project name) Topic 
Economy 
(project 
name) 

Topic 

St
ra

te
gy

 / 
sy

st
em

 

M
an

ag
er

s 

BIVUAC [17-22] Very little on technical 
solutions ZEB [9-12] Zero Emission Buildings  

new and existing buildings 
Oscar  
[26] 

Property value & 
implementation 

ACRP [31] climate-related damages 
on airports 

RetroKit  
[32, 33] 

Systemic energy upgrade of 
buildings 

Glitne  
[34, 35] 

Economy & 
environmental 

effects 

Testing of data from 
the insurance sector 

[24] 

Climate-related damages 
using insurance 

databases 
(infrastructure) 

TES Energy Facade 
[36] 

Prefabricated timber based 
building system for 

improving the energy 
efficiency 

Cillecta  
[37] LCA and LCC 

  SmartTES  
[38, 39] 

Continuation of TES Energy 
Façade 

  

  SeOPP [40, 41] Upgrading of dwellings   

  Upgrade [42-45] Energy-upgrade solutions   

  Cohereno [46, 47] Energy upgrade of dwellings   
  EMROB [48] Sustainable building upgrade   
  Rebo [27] Residential; comfort & users   

Table 4. Research projects associated to management, operation and maintenance (MOM) and upgrade of existing buildings 
for the System/solution and Solution/component levels. 

Level Main 
actor 

Climate 
adaptation 

(project name) 
Topic Energy 

(project name) Topic Economy 
(project name) Topic 

Sy
st

em
 / 

so
lu

tio
n 

C
on

su
lta

nt
/ C

on
tr

ac
to

r 

TallFacades  
[49] 

Climate robustness 
for tall wooden 

facades. 
ZEB [9-12] New and existing buildings  Oscar [26] 

Value of property 
& implementation 

process 

Robust [7, 50] 

Climate robustness 
of buildings; 

climate exposure 
and building 

physics 

Robust  
[7, 50] 

Climate robustness of buildings, 
focus on climate exposure and 

building physics 

Building 
upgrading for 

Overhalla 
municipality 

[51, 52] 

Residential 
buildings with 

good comfort at 
affordable price 

  SeOPP  
[40, 41] 

Upgrading of single family 
dwellings 

  

  SUSref  
[53-55] 

Mapping of upgrading needs in 
the EU 

  

  Upgrade  
[42-45] Energy-upgrade solutions   

  RetroKit  
[32, 33] Energy upgrade of buildings   

  SmartTES 
[38, 39] 

Continuation of TES Energy 
Facade-project 

  

  Cohereno 
[46, 47] 

Energy upgrade of single family 
dwellings   

  EMROB [48] Guidelines for sustainable 
upgrading of buildings   

  EffeSuS [56] Upgrade of protected buildings   

  TES Energy 
Façade  [36] 

Prefabricated building system 
for improving the energy 

efficiency 
  

So
lu

tio
n 

/ 
co

m
po

ne
nt

 

Pr
od

uc
t 

M
an

uf
ac

t-
ur

er
 

  ZEB [9-12] new and existing buildings    

  Robust  
[7, 50] 

Climate robustness of buildings, 
focus on climate exposure and 

building physics 
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4. Discussion and conclusion 

For Norway and the Nordic countries, climate adaptation of buildings relates to; better resilience to moisture and 
potential moisture problems due to an expected increase in precipitation and a slight temperature raise. This means 
that typical building physical issues must be addressed. In MOM-planning and upgrade of existing buildings, there is 
a need to understand and better interpret actions for climate adaptation. However, a climate-adapted building is still 
not a clearly defined concept.   

The identified projects in this study related to climate adaptation were rather few and they are mostly related to the 
overall levels of legislation, planning and strategies. The findings in these projects are to a certain extent superficial 
and overly generic, thus making them inapplicable for development of more concrete MOM and upgrade-strategies 
and -solutions. Few findings related to MOM and upgrade implementation for systems, technical solutions and 
components were done. Hence, it can be concluded that there is a large demand for research related to MOM and 
upgrade planning with the aim to improve technical systems and solutions for building owners. 

5. Further work 

Based on the overview of the research projects and literature review, the authors recommend that future research 
activities should address the following three topics: 

Firstly, strategies ensuring climate adaptation through MOM and upgrade plans should be further developed. As 
part of the research presented in this paper, work have been started by conducting a study of MOM routines and 
planning tools amongst three mayor Norwegian public building owners. The aim will be to identify systems, solutions 
and components that are critical to ensure climate adaptation of buildings with focus on building physical issues and 
challenges. This will be coupled with risk assessment of different climate change scenarios.  

Secondly, checklists with key climate adaptation factors should be developed based on the systems, solution and 
component review as mentioned. Both the building as well as adjacent terrain and infrastructure should be included 
as part of such checklists. 

Thirdly, systems, solutions and components that are key factors in ensuring climate adaptation should be refined 
and further developed. This must be done in close collaboration with the building industry to ensure that new 
developments are market-ready, useable and applicable for the entire building sector. 
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Secondly, checklists with key climate adaptation factors should be developed based on the systems, solution and 
component review as mentioned. Both the building as well as adjacent terrain and infrastructure should be included 
as part of such checklists. 

Thirdly, systems, solutions and components that are key factors in ensuring climate adaptation should be refined 
and further developed. This must be done in close collaboration with the building industry to ensure that new 
developments are market-ready, useable and applicable for the entire building sector. 

Acknowledgements 

The authors gratefully acknowledge the financial support by the Research Council of Norway and several partners 
through the Centre for Research-based Innovation “Klima 2050” (www.klima2050.no).  
 
References 
[1] IPCC, Climate change 2013 - The Physical Science Basis. The fifth assessment report of the intergovernmental panel on climate change, 

Cambridge University Press, 2013: New York. 
[2] K.R. Lisø, Building envelope performance assessments in harsh climates: Methods for geographically dependent design.PhD thesis 

delivered at NTNU, Faculty of Engineering Science and Technology, Trondheim 2006. 
[3] MET, Klima i Norge 2100. Kunnskapsgrunnlag for klimatilpasning oppdatert 2015 NCCS, Editor. 2015. 
[4] C.F. Øyen, et.al., Klima- og sårbarhetsanalyse for bygninger i Norge. Utredning som grunnlag for NOU Klimatilpasning, in lukket rapport 

til Flæteutvalget, SINTEF Byggforsk, Editor. 2010: Oslo. 
[5] NOU, Tilpassing til eit klima i endring - Samfunnet si sårbarheit og behov for tilpassing til konsekvensar av klimaendringane, in 

Servicesenteret for departementa, Editor: Noregs offentlege utgreiingar, 2010. 
[6] D.K. Miljøverndepartementet, Stortingsmelding 33 - Klimatilpasning i Norge, Klima- og miljødepartementet, Editor. 2013. 
[7] A.-J. Almås, et.al., An approach to impact assessments of buildings in a changing climate. Building Research & Information, 2011. 39(3): p. 

227-238. 
[8] C.F. Øyen, et.al., Warm, wet and wild – Climate change vulnerability analysis applied to built environment, in BEST3 Conference – Building 

Enclosure Science and Technology. 2012: Atlanta, Georgia, USA  
[9] B. Risholt, Zero energy renovation of single family houses, PhD-thesis written at NTNU, Faculty of Architecture and Fine Art. 2013. 
[10] N. Lolli, Life cycle analyses of CO2 emissions of alternative retrofitting measures, PhD-thesis written at NTNU, Faculty of Architecture and 

Fine Art. 2014. 
[11] P. Johansson, Building retrofit using vacuum insulation panels, Hygrothermal performance and durability, PhD thesis written at Chalmers 

University of Technology. 2014. 

 Author name / Energy Procedia 00 (2017) 000–000   6 

[12] B.P. Jelle, et.al. Advanced materials technologies, Climate-adapted low-energy envelope technologies, in Hygrothermal Behavior, building 
Pathology and Durability, JMPQ Delgado VP de Freitas, Editor. 2013: Springer-Verlag. p. 183-210. 

[13] GreenConserve, Green service innovation vouchers - Experiences from testing voucher schemes for sustainable construction service 
innovators 2012. 

[14] C. Aall, C.F et.al., Klimaendringenes konsekvenser for kommunal og fylkeskommunal infrastruktur, in nr. 4/2011 Vestlandsforsking, 2011. 
[15] H. Kristin, et.al, KONSENSUS : Metode for miljøvurdering (LCA) av bygninger – dagens praksis og anbefalinger : Rapport Delprosjekt 1 – 

Konsensus Arena, in SINTEFRapport, SINTEF, 2011. 
[16] A. Rønning, et.al., Konsensus - Modeller for miljøvurdering av bygningsdeler - DP2 - PCR for ytterveggskonstruksjon, in Rapport, 

Østfoldforskning, Editor. 2011. 
[17] C.F. Øyen, et.al., Bygninger og infrastruktur - Sårbarhet og tilpasningsevne til klimaendringer. , in SINTEF Fag, SINTEF, Editor. 2014. 
[18] L.M. Nie, et.al., Flood risk Management in cold climate experience in Norway. IAHS-AIHS publication (Red book) 2013. 357: p. 198-207. 
[19] A. Campisano, et.al., Retention performance of domestic rain water harvesting tank under climate change conditions. Applied Mechanics 

and Materials, 2013: p. 438-439. 
[20] L.M. Nie, et.al., Flood risk management in cold climate? Experience in Norway, in IAHS publication 325. 2012. 
[21] C.F. Øyen and S. Mellegård, Legal steps to achieve climate adaptation in the Norwegian built environment., in CIB/RICS COBRA 2012. 

2012: Las Vegas, USA. 
[22] L.M. Nie, et.al., Risk and vulnerability assessment of the built environment, in Sustainable Building. 2011: Finland. 
[23] SURE. Sustainable Refurbishment of Buildings.   [cited 2016 07.04], Available from: https://sustainablerefurbishment.wordpress.com. 
[24] N. Innovation, Sustainable refurbishment Decision support tool and indicator requirements, Secretariat: Standards Norway, Editor. 2015. 
[25] R. Brevik, et.al., Pilotprosjekt om testing av skadedata fra forsikringsbransjen for vurdering av klimasårbarhet og forebygging av 

klimarelatert naturskade i utvalgte kommuner, in Vestlandsforksningsrapport, Vestlandsforsking, Editor. 2014. 
[26] A.H. Sødal, Early Contractor Involvement: Advantages and Disadvantages for the Design Team, in NTNU, Institutt for bygg, anlegg og 

transport. 2014, NTNU: Trondheim. 
[27] Rebo. Avslutningskonferansen 2013. [cited 2015 16.12]; Available from: https://www.sintef.no/projectweb/rebo/avslutningskonferansen-

2013/ 
[28] C.F. Øyen, et.al., Climate for change. Urban regeneration in cultural heritage housing. . European Network for Housing Research (ENHR); 

2015. 06(30). 
[29] Å.L. Godbolt, The ethos of energy efficiency: Framing consumer considerations in Norway. European Network for Housing Research, 2015. 

06(30). 
[30] B.v. Oort, et.al., NORADAPT - Community Adaptation and Vulnerability in Norway, in Report, CICERO, Editor. 2012. 
[31] T.R. Board, ACRP Synthesis 33, Airport Climate Adaptation and Resilience. 2012: Washington D.C. 
[32] RetroKit. Public Deliverables. 2015; Available from: http://www.retrokitproject.eu/public-documents/public-deliverables/. 
[33] T. Kleiven, et.al., Retrofitting multifamily buildings with prefabricated modules - RETROKIT, SINTEF,2014. 
[34] H. Kristin and S. Wærp, GLITNE - Mer miljøvennlig bygg - Metode og verktøy for økonomisk verdsetting av miljøeffekter, SINTEF, 2012. 
[35] M. Mysen, et.al., Forslag til Byggenæringens Miljøfond og Tiltaksmodellen, in Prosjektrapport, SINTEF Byggforsk, Editor. 2010. 
[36] Several, TES EnergyFaçade – prefabricated timber based building system for improving the energy efficiency of the building envelope. 2009. 
[37] Cillecta, Sustainability within the Construction Sector CILECCTA – Life Cycle Costing and Assessment, SINTEF, Editor. 2013. 
[38] smartTES Innovation in timber construction for the modernization of the building envelope, Dipl.-Ing. Frank Lattke, Editor. 2013, 

Technische Universität München. 
[39] S.T. Kolstad and B. Time, Retningslinjer for forankring av prefabrikkerte elementer i tre (TES-elementer) til fasader ved oppgradering, in 

Prosjektrapport SINTEF Byggforsk, Editor. 2013. 
[40] K. Skeie, et.al., Energiplan - tre trinn for tre epoker. , in SINTEF Fag, SINTEF, Editor. 2014. 
[41] J. Thomsen and Å.L. Hauge, Boligeieres beslutningsprosess ved oppgradering. , in SINTEF Fag, SINTEF, Editor. 2014. 
[42] P. Blom, Fuktsikker innvendig etterisolering av mur- og betongvegger - Ambisiøs energioppgradering når fasaden skal bevares, in SINTEF 

Fag, 2014. 
[43] S. Mellegård and A. Svensson, UPGRADE - Veileder for energiambisiøs oppgradering av yrkesbygg, in SINTEF Fag, SINTEF. 
[44] M. Klinski, Ambisiøs energioppgradering med etterisolert fasade, in SINTEF Fag, SINTEF, Editor. 
[45] A. Svensson, et.al., Syv energiambisiøse oppgraderinger av yrkesbygg, in SINTEF Fag, SINTEF,. 2014. 
[46] Cohereno. Final conference, Brussels, 14.10.2015.  2015; Available from: http://www.cohereno.eu/about/final-conference-14102016.html. 
[47] Cohereno. Outcomes of the project.  2015; Available from: http://www.cohereno.eu/about/project-outcomes.html. 
[48] Emrob. Veiledning til Energieffektiv, miljøvennlig og robust oppgradering av bygninger.  2009  [cited 2016 07.04]; Available from: 

https://dibk.no/globalassets/energi/verktoy/energieffektiv-miljovennlig-og-robust-oppgradering-av-bygninger.no.pdf. 
[49] E.-n. Woodwisdom. Tall Timber Facades - Cost-effective and Resilient Envelopes for Wood Constructions, (http://fungi.tallfacades.eu). 
[50] A.J. Almås, et.al., Nordic solutions for SUstainable REfurbishment (SURE) - Case studies, in Sustainable Community - Building Smart - 

SB10. 2010: Espoo, Finland. 
[51] L. Gullbrekken, et.al., Overhalla housing: Affordable retrofitting of municipal housing in partnership with Secondary Schools, in NESS. 

2015: Trondheim. 
[52] R. Woods and L. Gullbrekken, User Participation and Upgrading Municipal Housing in Partnership with Secondary Schools, in Nordic 

Ruralities 2016. 2016: Akyreri, Island. 
[53] Several authors, Sustainable refurbishment of exterior walls and building facades Final report, Part A, in VTT Technology, VTT, 2012. 
[54] Several authors, Sustainable refurbishment of exterior walls and building facades Final report, Part B, in VTT Technology, VTT, 2012. 
[55] Several authors, Sustainable refurbishment of exterior walls and building facades Final report, Part C, in VTT Technology, VTT, 2012. 
[56] Effesus. Publications & Dissemination.  2014  [cited 2015 16.12], (http://www.effesus.eu/dissemination/publications). 


