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SINTEF is the largest independent research organisation in Scandinavia

Leading expertise in the natural sciences and technology, environment, health and social
science

2100 employees from 67 countries
* Annual sales of EUR 350 million - customers in 60 countries
 Anon-commercial research foundation with subsidiaries
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Agenda

« Laws and regulations
 Short "historical summary’
« Klima 2050

 Extreme weather vs. "everyday weather/climate’ (research)

* Practical issues
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Laws and requlations (norwegian quotation)

White paper, 33 (2012-2013)

« "alle har et ansvar for 3 tilpasse seq klimaendringene, bade enkeltindivider,
neeringsliv og myndigheter”.
« "For at kommunen skal kunne utfere oppgavene sine pa en mate som sikrer

robuste og beerekraftige lokalsamfunn i framtids, er det nedvendig at hensynet til
et endret klima blir en integrert del 3v de kommunale ansvarsomradene '
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Laws and requlations (norwegian quotation)

Planning and building act
From the preparations:

"planlegging som et viktig virkemiddel for & ta hensyn til og matvirke klimaendringer.
Kommunene skal sikre at innbyggerne blir ivaretatt ved ekstremvaerhendelser. Det skjer
gjennom sarbarhetsanalyser og utvikling av beredskapsplaner, og i arealplaner som sikrer at
utsatte omrader ikke blir tilrettelagt for utbygging. | tillegg skal det tas hensyn til
konsekvenser av havnivastigning”

§ 4-3: "Ved utarbeidelse av planer for utbygging skal planmyndigheten pase at risiko- og
sarbarhetsanalyse gjennomferes for planomradet, eller selv foreta slik analyse. Analysen
skal vise alle risiko- og sarbarhetsforhold som har betydning for om arealet er egnet til
utbyggingsformal, og eventuelle endringer i slike forhold som felge av planlagt utbygging.
Omrade med fare, risiko eller sarbarhet avmerkes i planen som hensynssaone, jf. 8§ 11-8 og 1¢2-
b. Planmyndigheten skal i arealplaner vedta slike bestemmelser om utbyggingen i sanen,
herunder forbud, som er nedvendig for 3 avverge skade og tap"
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Laws and requlations (norwegian quotation)

Techincal requirements (TEK10/15), Guideline

"Effekten av klimaendringene vil fo betydning for det bygde miljg, bade for plassering av
bygninger og for hvilke laster bygningene ma tale. Plan- og bygningsloven med forskrifter skal
bidra til at nye bygninger og konstruksjoner tilpasses et endret klima. Klimaendringene kan
fere til hyppigere hendelser av flom og skred og at de blir mer ekstreme. Ny kunnskap om
patensielle fareomrader og effekter av klimaendringer kan fere til at omrader som tidligere har
veert ansett som tilstrekkelig sikre for bebyggelse ikke lenger innfrir kravene til sikkerhet i
plan- og bygningsloven og i byggteknisk forskrift".

Techincal requirements (§ 13-14 to 13-19)
Storm water
Ground and foundations
Terrain

Outer wall
Roof
Materials
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Short “historical summary

Klimai Norge 2100

Bakgrunnsmateriale til NOU Klimatilpasning

Updated version
2014
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Short “historical summary
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Short “historical summary
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Short “historical summary

NOU Noregs offentlege utgreiingar  2010:10

Tilpassing til eit klima
1 endring

Samfunnet si sarbarheit og behov for tilpassing
til konsekvensar av klimaendringane
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Klima 2050 (www.klima2050.no)
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http://www.klima2050.no/

Climate adaptation is not a8 new area of
knowledge

But rapid climate changes makes it even more
challenging
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Challenges:

Extreme weather events VS. changes in "everyday weather/climate”
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Extreme weather events
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Extreme weather events
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Extreme weather events
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Extreme weather events
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Changes in everyday climate/weather
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Research on climate change risk assessments of buildings
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assessments refurbishment

Case studies of
sea level rise and Case studies
rot decay risk

RO®BUST

Risk mapping Indicators

Guidelines for
sustainable
refurbishment

Consequences
and measures

Re . ommendations for
furtherresearch

SINTEF Technology for a better society




The study on adaptation

Main goals:
— Building an approach to impact assessments of buildings in a changing climate

— Establish a database of building data and climate data
— Investigate different case studies (e.qg. rot decay and sea level rise)

Overall research question:
— How will different future climate scenarios (and models) affect the built environment?
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The study on adaptation

Methodology and case study on rot decay risk
£
“%,?BRI BurtninG RESEARCH & INFORMATION (2011) 39(3), 227 - 218 E“.RDU[EEQ’E
RESEARCH PAPER

An approach to impact assessments of
buildings in a changing climate

Anders-Johan Almas'*, Kim Robert Lisa’, Hans Olav Hygen®, Cecilie Flyen @yen'?
and Jan Vincent Thue?
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The study on adaptation
Methodology

: Building data
(The Matrix)

- -~

Mumber of buildings in
different climate zones
usimg future climate

R1rs
Mumber of buildings in
different climate zones
using historical climate

data SCEnarios

Discussion of
ConSequenses

Recommended
MmEeasures

2) Almis, 2010
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The study on adaptation
Methodology

Houses 1400|000

Garages, boathouses etc {1170 000

Agricultural-and fishery buildings 510000
Cabins and holiday houses | 460 000

Industrial buildings |l 100000

P

Education, cultural etc. buildings M 40000

» (é‘
2 e 70
Office- and business buildings W 40000 _/

7

Building category

I:l C: Warm-temperated climate
- D: Cold-temperated climate

E: polar climate

Apartment buildings W 40000
Hotels and restaurant buildings N 30000
Transport- and communication buildings | 10000

Prisons and emergency buildings | 5000
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Number of buildings
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The study on adaptation

Case study on rot decay risk
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The study on adaptation

Case study on rot decay risk

o ' Rot decay risk Rot decay risk
s 1961-1990 Scenario 2100 - HADA2
- Low - Low
Moderate Moderate
B High B Hioh

3L (T rean — 2)(D — 3)
16.7
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The study on adaptation

Case study on rot decay risk
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The study on adaptation

Case study on rot decay risk
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The study on adaptation

Case study on sea level rise

73 3 Routledge
h} BR I BUILDING RESEARCH & INFORMATION (2012) 40(3), 245-259 E i e

RESEARCH PAPER

Impacts of sea level rise towards 2100
on buildings in Norway

123

Anders-Johan Almas™?? and Hans Olav Hygen*
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The study on adaptation

Case study on sea level rise

Foto: Skjalg Ekeland, BA/ANB

Main source on future sea level rise:

Vasskog, K., Drange, H. and Nesje, A. (2009) Havnivastigning
— Estimater av fremtidig havnivastigning i norske kystkommuner
[Sea Level Rise — Estimations for Future Sea Level

Rise in Norwegian Coastal Municipalities] Report,

University of Bergen & The Bjerknes Centre for Climate
Research, Bergen.
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The study on adaptation

Case study on sea level rise
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The study on adaptation

Case study on sea level rise

Leirfjord Total 225 270
Houses 7 7
Cabins 20 33
Garages, 176 209
boathouses,
etc.

Buildings for 1 1
industry

Storage 4 1
buildings

Buildings for 9 16
fisheries and
agrculture

Office and 2 3
business
buildings

Hotels and 3 0
restaurant
buildings

Cultural 3 0
buildings
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The study on adaptation

Case study on sea level rise

Garages, temporary houses and other 63103
Cabins
Buildings for fishery and agriculture
Houses
Buildings for industry
Storagebuildings
Hotels and restaurants
Office buildings and warehouses
Buildings for infrastructure and communication
Multi dwelling houses | 499
Other cultural buildings | 455
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Buildings for energysupply | 272
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Buildings for sports | 125
Buildings for religious activities | 54
Buildings for health | 20
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The study on adaptation

Case study on sea level rise

Hordaland
Nordland
Megre og Romsdal

19490

Troms

Rogaland

Sogn og Fjordane
Sgr-Trondelag
Nord-Trgndelag
Aust-Agder
Vest-Agder
@stfold
Vestfold
Telemark
Finnmark
Akershus

Oslo

Buskerud

0 5000 10000 15000 20000

Number of buildings situated less than 1 m above the present sea level in Norway, sorted by county

SINTEF Technology for a better society




The study on adaptation

Case study on sea level rise
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The study on adaptation

Case study on sea level rise

Number of buildings Total costs (million €) Average cost prbuilding (€)
Low Moderate High Low Moderate High Low Moderate High
risk risk risk risk risk risk risk risk risk
Houses 422 337e 2591 05 128 518 1300 3800 20000
Multi dwelling houses a1 172 245 01 22 79 1300 13000 32000
Cabins 2909 8709 6711 19 174 872 650 2000 13000
Garages, temporary houses 3388 28288 3427 22 566 44 650 2000 4500
and other
Buildings for industry 325 1301 1698 10 169 54.3 3200 13000 32000
Buildings for energy supply 55 96 121 02 12 39 3200 13000 32000
Storagebuildings 354 1434 1460 049 93 29.2 2500 6500 20000
Buildings for fishery and 507 4317 4457 10 281 8a1 2000 6500 20000
agriculture
Office buildings and 188 726 764 06 94 244 3200 13000 32000
warehouses
Buildings for infrastructure and 74 197 20 02 13 48 2500 6500 20000
communication
Hotels and restaurants 168 1055 1004 05 137 321 3200 13000 32000
Buildings for education 1 67 86 0.0 06 2.2 2500 9000 25000
Other cultural buildings 49 200 206 01 28 6.6 2500 13000 32000
Buildings for sports 3 53 4 01 05 10 2500 9000 25000
Buildings for religious activities 3 23 28 00 02 07 2500 9000 25000
Buildings for health 1 10 9 00 01 0.3 3200 13000 32000
Prisons and emergency 43 136 127 01 18 41 2500 13000 32000
buildings
SUM 8609 50160 51216 95 1748 5411
TOTAL 109985 7255
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Annual temperature (1/2)

Temperatur 1961 - 1990 Temperatur 2071 - 2100 (HADA2)

o %
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Annual temperature (2/2)
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SINTEF

Annual precipitation

gkning i arsnedbgr
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Wet winter precipitation

L
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Wet winter precipitation
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SINTEF

Frost decay index
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Building physics
6. =-10° C 6 = 22°C
RF, =80% _| 3000 RR =40%
Pg, = 260 N/m Ps; = 2640 N/m 2
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g by
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Challenges - summary

*  Extreme weather events: Planning and
preparedness

«  (hanges in everyday climate
— Increased temperatures and
precipitation
— Higherrisk of rot decay
— Design
— (limate zones
— Maintenance
— Use of material

*  Sealevelrise
— Storm flodding
— New builidings vs existing buildings

«  Klima2050 (www.klima2050.no)
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Practical issues of climate adaptaion planning for buildings
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Storm water management

et

o=

L

Grunnyannsstand

Fig. 32
Eksempel pa lokal overvannshandtering der takvann og

~" -eres pa terreng og i greft. Infilirasjon
nvannsstanden.

Fig, 15 Fig. 53 b

P ok p i e Overvann fra parkeringsplass dreneres til greft som fordreyer
Eksempel pa apning av en bekk som tidligere la i rer. og infiltrerer vann for det renner videre til overvannsledning.
llavassdraget, Trondheim. Foto: SINTEF Byggforsk Seatle; U3A

Foto: Sveinn Thorolfsson, NTNU
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Storm water management
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Eksempel pa plan for overvannshandtering i sammenheng n
gvrige planer. Etterbruk Fornebu — Hovedplan overvann.
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Building envelope (outer wall, roof and
foundations/basement)
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Building envelope (outer wall, roof and
foundations/basement)

Frostmengde (h°C)

[ Fra 0 ti110 000
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Building envelope (outer wall, roof and
foundations/basement)
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Building envelope (outer wall, roof and
foundations/basement)
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Klima 2050 (www.klima2050.no)
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