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INTRODUCTION

The course in Emissions as Design Drivers is 
the second semester of the MSc in Sustainable 
Architecture and is a combined theory and design 
course whose core objective is for the students 
to learn how to integrate emission calculations 
in the exploration of holistic, sustainable 
architectural concepts and strategies, essentially, 
to ‘learn through doing’. In 2016, the MSc students 
have been asked to develop holistic architectural 
concepts and strategies to examine how (if ) 
to sustainably transform a derelict building to 
achieve an energy positive, and potentially, net 
zero emission building. In addition, the students 
were expected to maximise the use of ICT to 
support quantitative and qualitative assessment 
for decision support and design processes.
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FOREWORDS

The book has been organized following the structure 
of both the theory and design courses “Emissions 
as Design Drives”. The content of this book reflects 
the work accomplished though the whole semester, 
resulting in the final group projects and their display 
of accumulated learning. The students would like 
to thank the teachers for their enthusiasm and 
specialized knowledge within the fields of study. 
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COURSE BACKGROUND

The courses AAR4817 and AAR4545 encompasses 
the second semester of the master program  
MSc Sustainable Architecture at NTNU. As a part 
of the philosophy of the course, the groupwork 
is fundamentally aimed towards interdiciplinary 
cooperation with students with different academic and 
cultural backgrounds.

COURSE DESCRIPTION

The key aspect of both theory and design courses is to 
understand how emissions act as a driver for design. 
Conversely, how do the design strategies and the choice 
of materials act as a driver for CO2eq emissions but also 
the tectonics and cultural heritage aspects?
The course gives an overview of architectural concepts 
and strategies for energy positive (and potentially) nZEB 
buildings in a renovation context.
The key objective of the parallel courses (AAR4817 + 
AAR4546) is to link theory and design.
The main design project is a live research project part of 
the NTNU Campus- and ZEN pilot projects. In addition, 
the design site, Kalvskinnet will be the location of  part 
of the NTNU campus development in Trondheim. The 
research questions to be addressed in this project are 
part of the those being investigated in NTNU Campus 
and ZEN. The results and outcomes from this course will 
feed into the ZEN research centre and will be part of a 
larger publication being planned through the network.

Bridging the Gap between Architecture and 
Sustainability 

Lifecycle Assessment 
Embodied Emissions of Materials 

(kgCO2eq) 

Aoife Houlihan Wiberg 

Tectonics and Materiality 

Site 
Urban & Neighbourhood 

Cultural Heritage 
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ZEN

ZEN
WP 1

The Course

IEA
Annex 57

NTNU Campus

Design

Group Projects Individual Reports

LCA

Cultural Heritage

Visualisation

Theory
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The main objectives of the project are to:

–     Collect existing research results 
concerning embodied energy and CO2 emissions 
due to building construction, to analyze them and 
to summarize into the state of the art
– Develop guidelines of the methods 
for evaluating the embodied energy and CO2 
emissions due to building construction
– Develop guidelines of the measures 
to design and construct buildings with less 
embodied energy and CO2 emissions

The content of the theory lectures following the 
course AAR4817 is extracted from the results in IEA 
Annex 57. Through observations from case studies, 
the research is lectured in ten parts comprising 
both an overview of the methods and their 
application to design.

The IEA Annex 57 includes participants from over 
20 countries worldwide and aims to provide 
stakeholders with detailed information, as well 
as, guidelines on calculation methodologies, 
databases and methods for design and 
construction of buildings with low embodied 
energy (EE) and embodied greenhouse gases 
emissions (EC). Information and guidelines will be 
of relevance for different stakeholders, reflecting 
the current state-of-the art and will have a 
scientific basis. 

The project is dealing with methods for evaluating 
embodied energy and carbon dioxide (CO2) 
emissions of buildings, to develop guidelines that 
contribute to practitioners’ further understanding 
of the evaluation methods and to helping them 
to find better design and construction solutions 
of buildings with less embodied energy and CO2 
emissions.

Pudiae. Um nonsequi cus quatiunducit que 
volupta quae et fugita ea si nusam hitaquamus.
Ihitam quid quiaspe rspernam reium aut explaces 
nam quos re ratasperum nos eatem que volorit 
omnihit prem rehenimolo ius secti optaquia 
eaqui qui dolorestrum digenis apeliquias ut quam 
et omnihit plist quiae officidunt, comnimus eati 
ommo consequia sequiat.
Tatem re lab ipsandiciis eat optatam et officatia 
volendi nus debit restrum faccusciur, volupta 
tempore persperrovit aniae vitat ommolor 
sequatem reperruptas rem non nonsequ asimaxi 
maiorecab inctur, cusdae dolore, cor am, occus 
essi vero consequi re dite sitatem voluptatios 
et, secepre vendian isquam, quam venimod 
ipsam, ut porendis acerum in recum aliquasperat 
voluptatem consequos nobitibus, nonseque 
nos dellanit quodi omnihil leniasp eliquas 
experspedist omnihil iquam, quiducia qui alitatest 
lat incitinim evel ipsa volum rem quodiostrunt et, 
officid ucitatus, voluptatem ulparis endis atur?
Epel maio vel mos mos comnis quibusda et 
viduntoris aut debis esti sitia dolore, que officiet 
aut ditate nonsediasped quo temque magnatur 
sapersperum ullitae. Icidia vent voluptate nis ea 
qui veleserepudi asperchit ipisti quis vel endae 
doluptas doluptatqui occaborepro quis voloribus 
dolupta consequ iducipsam fugia si doluptur?

IEA ANNEX 57NTNU CAMPUS

SAMLENDE

NETTVERK AV
KNUTEPUNKT

URBANBÆREKRAFTIG

LEVENDE
LABORATORIUM

EFFEKTIV

SAMLENDE
Campus bidrar til felleskap
Suksesskriterier:

• Campus samler fagmiljø

• Campus er konsentrert 

• Campus har synlige og lett tilgjengelige møteplasser

Den viktigste funksjonen campus har er å legge til rette for at folk møtes for 
faglig og sosial samhandling.

Campus skal samle studenter og ansatte som inngår i samme fagområde og 
bidra til å bygge sterke fagmiljø. Geografisk nærhet senker terskelen for at folk 
oppsøker hverandre for daglig samarbeid. Nærhet forenkler også felles bruk av 
infrastruktur.

Campus skal legge til rette for god samhandling på tvers av fag. Det at Campus 
konsentreres og fagområder kommer nær hverandre kan fremme Campus’ 
samlende funksjon.. Studenter skal uanstrengt kunne følge fag på tvers av 
fagområder.

Campus skal bidra til et inkluderende fellesskap for alle tilknyttet universitetet. 
Dette gjelder studenter og ansatte, internasjonale hospiterende og gjester, 
eksterne partnere og byens befolkning. Campus skal ha universell utforming. 
Det skal etableres et mangfold av felles faglige og sosiale arenaer som bidrar 
til felles kultur og identitet på tvers av universitetet. Disse arenaene skal og 
bidra til å styrke NTNUs levende studentmiljø gjennom å legge til rette for 
studentfrivillighet, studentkultur og studentidrett. 
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URBAN
En urban Campus er attraktiv, åpen og levende
Suksesskriterier:

• Campus er åpen og inviterende 

• Campus og by deler funksjoner 

• Campus har bymessige egenskaper

Campus skal legge til rette for NTNUs kjernevirksomhet. Det er nødvendig 
å tilrettelegge for ansatte og studenter som hele mennesker og del av 
byens befolkning. At campus i tillegg er attraktiv og levende i samspill 
med omgivelsene gir et fortrinn i rekruttering av studenter, ansatte og 
samarbeidspartnere. Mangfold i arenaer og aktiviteter gir flere et miljø å finne 
seg til rette i.

NTNU skal engasjere seg aktivt i samfunnet og invitere verden inn. Campus 
skal være åpen, inviterende og et godt sted å være. Campus skal ha tydelige og 
synlige ankomstpunkter og være et naturlig besøksmål for byens befolkning, 
næringsdrivende og andre. Campus skal være utformet slik at det bidrar til å 
fremme formidling og samhandling med publikum, spesielt overfor unge.

Campus skal bidra til at studenter, ansatte, eksterne partnere og byens 
befolkning skal kunne bo, jobbe og leve tett på hverandre. Universitet og 
by skal dele funksjoner, slik at byens befolkning inviteres inn på campus 
samtidig med at studenter og ansatte bruker byens tilbud og bidrar til lokal 
økonomisk bærekraft. Funksjoner som student- og gjesteboliger, kultur- og 
formidlingsarenaer, rekreasjon, service- og handelsnæring, gründerlokaler for 
kultur- og næringsutvikling, spisesteder, helsetjenester skal kunne brukes av 
ansatte, studenter, partnere og byens befolkning for øvrig.

Campus skal ha bymessige egenskaper. God arkitektur og åpne fasader, 
synlige og inviterende møteplasser, samt gode uterom og parker skal gjøre 
campus til et levende og attraktivt sted å være for både studenter og ansatte, 
lokalbefolkning og gjester. 
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SAMLENDE

NETTVERK AV
KNUTEPUNKT

URBANBÆREKRAFTIG

LEVENDE
LABORATORIUM

EFFEKTIV

NETTVERK AV KNUTEPUNKT
Campus har profilerte knutepunkt som er tett forbundet med hverandre og byen
Suksesskriterier:

• Campus har profilerte og utadrettede knutepunkt 

• Campus har gangbare avstander mellom knutepunkt 

• Nettverket er en del av byens øvrige gatenett og transportsystem

Campus er en del av et tett nettverk med tydelige knutepunkt som gir gode 
møter mellom fag og funksjoner.

Ulike universitetsfunksjoner skal konsentreres i profilerte knutepunkt. 
Knutepunktene skal være universitetets «storstuer» med møteplasser og 
formidlingsarenaer som inviterer ulike brukergrupper til faglig og sosial 
aktivitet. Knutepunktene skal kombinere funksjoner som utdanning, forskning,
formidling, innovasjon, studentfrivillighet, studentvelferd, bibliotek, service,
næring og byfunksjoner. Knutepunktene skal være lett gjenkjennbare og
arkitekturen skal bidra til å profilere knutepunktet.

Det skal være enkelt å bevege seg mellom knutepunkt. Campus skal derfor
knyttes sammen i et nettverk som er universelt utformet og lett å orientere
seg i. Nettverket skal være opplevelsesrikt og slik legge til rette for opplevelse
av korte avstander.

Nettverket i campus skal være en del av byens øvrige transportsystem for både
person- og varetransport. Dette gjelder både transport på campus, og til og fra
campus.
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SAMLENDE

NETTVERK AV
KNUTEPUNKT

URBANBÆREKRAFTIG

LEVENDE
LABORATORIUM

EFFEKTIV

EFFEKTIV
Brukskvalitet og arealeffektivitet bidrar til gode arbeidsprosesser
Suksesskriterier:

• Campus har høy brukskvalitet 

• Campus har effektiv arealbruk

• Campus har fleksibilitet i arealer og arealbruk

NTNU trenger en campus som tilbyr fysiske rammer som er tilpasset 
universitetets virksomhet og samtidig utnytter samfunnets felles ressurser 
optimalt. 

Campus skal legge til rette for et godt arbeidsmiljø. Ansatte og studenter skal 
oppleve at campus gir høy brukskvalitet, med støtte til et bredt spekter av 
arbeidsformer som krever både høy konsentrasjon og samhandling.

NTNU skal forvalte nasjonale ressurser på en økonomisk og økologisk 
forsvarlig måte. Campus skal ha effektive arealer. Dette innebærer høy 
utnyttelse av romressurser gjennom døgnet og året, mest mulig delte arealer, 
og ikke mer areal enn nødvendig. 

NTNUs behov endres over tid, og campus skal tilrettelegge for fleksible 
areal som kan tilpasses ulike former for endringer. For å sikre tilstrekkelig 
fleksibilitet på campus skal det være tilgjengelige arealreserver som muliggjør 
etablering av næringsvirksomhet, nye forskningsinstitusjoner og fremtidige 
utvidelser nært campus. Campus skal ha mest mulig generelle areal som 
muliggjør ulike typer aktivitet i samme rom. Spesialiserte areal skal kun 
etableres der det er nødvendig.

pilotprosjekt - 

læringsprosesser
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BÆREKRAFTIG
Campus er i front med miljøvennlige løsninger
Suksesskriterier:

• Campus er energieffektiv og har lavt karbonfotavtrykk

• Campus har effektiv og grønn transport og mobilitet

• Campus har god holdbarhet og miljøvennlige livsløp

Gjennom utvikling og bruk av campus vil NTNUs kompetansemiljøer flytte 
kunnskapsfronten for bærekraftige bygninger og campusområder.

Campus skal være energieffektiv, ha lave drivhusutslipp og et lavt samlet 
karbonfotavtrykk. Teknisk infrastruktur skal danne et helhetlig integrert 
system med gode muligheter for effektivisering og optimalisering. I forbindelse 
med utbygging skal transportarbeidet til og fra campusområder minimaliseres 
ved god logistikkplanlegging og konsentrert utbygging. 

Persontransport og mobilitet til og fra campus skal være miljøvennlig og 
helsefremmende. Gående, syklende og reisende med kollektivtransport 
skal prioriteres, det skal være lett å velge gange eller sykling når man skal 
bevege seg på campus. Det skal etableres areal som bidrar til at digital 
kommunikasjon velges fremfor reising som er lite bærekraftig.

Bygninger og infrastruktur skal være holdbare med lang levetid og
tilpasningsdyktighet for endrede behov. Campus skal basere seg på
resursvennlig livsløp som minimaliserer vare- og materialflyt og utnytter
varer og materialer maksimalt før de avhendes. Gjenbruk og omdanning av
eksisterende bygningsmasse skal prioriteres. Grønne lunger, parkdrag og 
kulturarv skal ivaretas og integreres i campusutviklingen.

SAMLENDE

NETTVERK AV
KNUTEPUNKT

URBANBÆREKRAFTIG

LEVENDE
LABORATORIUM

EFFEKTIV
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SAMLENDE

NETTVERK AV
KNUTEPUNKT

URBANBÆREKRAFTIG

LEVENDE
LABORATORIUM

EFFEKTIV

LEVENDE LABORATORIUM
Campus er stedet for utforsking
Suksesskriterier:

• Campus er en eksperimentell arena 

• Campus har attraktive arenaer for innovasjon, entreprenørskap og 
skaperglede

• Campus har lett tilgjengelig eksperimentell infrastruktur 

Campus tilrettelegger for kontinuerlige lærings-spiraler ved eksperimentering
og innovasjon i all virksomhet gjennom mangfold i aktiviteter og arenaer.

Campus skal legge til rette for NTNUs kjernevirksomhet. Dette innebærer 
innovative læringsformer, grensesprengende forskning og kunstnerisk virk-
somhet, inspirerende formidling, samt effektiv nyskaping og innovasjon. Ved 
å legge til rette for eksperimenterende aktivitet i alle bygninger, uterom og 
omgivelser vil campus og byen kunne fungere som et omfattende og inkluder-
ende levende laboratorium og læringslandskap i samspill med arbeidslivet 
og samfunnet for øvrig. Campus samler et mangfold i kreative prosesser og 
metoder for problemløsning og læring.

Campus skal legge til rette for et økosystem for innovasjon, entreprenørskap
og skaperglede i formelle og uformelle arenaer. Det skal etableres inkubatorer
og rom for gründervirksomhet, samling av innovasjonsmiljøene med eksterne
næringsaktører, og tilgjengelige areal for tyngre etablering av eksterne part-
nere.

Den eksperimentelle infrastrukturen skal være lett tilgjengelig for faglig og
tverrfaglig samarbeid, spesielt med SINTEF. De ulike arenaer for eksperiment-
ell virksomhet skal bidra til at næring, industri, kulturliv, det offentlige og
byens befolkning vil samarbeide med NTNU.

laboratorium med mye folk
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COURSE LEARNING OUTCOME

The aim of the ZEB design course is to enable students to attain knowledge about developing architectural 
strategies relevant for energy positive (and nZEB) buildings in a renovation context. In ZEN, tvhe key 
objective of the parallel courses is how to integrate emission calculations in the exploration of architectural 
strategies in terms of renovation, cultural heritage and tectonics and aesthetic qualities.
The learning is achieved through both quantitave and qualitiative methods using analogous and digital 
methods to analyse and explore the various elements that contribute to lowering energy and CO2eq 
emissions in order to achieve the net zero emission ambition.
Through the semester, students develop deep knowledge on how to create a net ZEB balance (CO2eq 
emission) between the embodied emissions from materials and emissions from operation, with the 
“avoided” emissions from renewable energy systems i.e. PV production.
The design project focuses on developing holistic architectural concepts and strategies to examine how to 
sustainably transform a derelict building to achieve an energy positive, and potentially, net zero emission 
building. 
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COURSE STRUCTURE

Days

Weeks

Theory Lectures

Intro SiteMaterials + Techtonics Visualisation 
Dashboard

Cultural Heritage

Site AnalysisIEA Annex 57
Lectures

Concept development

Energy & Emissions 
Analysis

Design

Design StudioDigital 
Workshops
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THEMES

Gent undipsum et autendus erro quamus es 
alic tem etumqui nostiument eos debis quodi 
dolorep elitatquo et eum, cusda doloreria im 
fuga. Porrume nihicimus aliquam eatinis aliti 
voluptatem suntio et autet imodit inciamus 
nimolore aut ea dusda plit vollatem eveless 
equaestius explique ellectibus quo vereius, tem 
aut poreium veliquate voluptat excerum at od est, 
optatet aspedition exceatione niatumet que quia 
int aborrorpost quae cus moloritatem atist,
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NATURAL MATERIALS
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CONSTRUCTION
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LCA
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VISUALISATION ENERGY

CERTIFICATION

3029



DIGITAL TOOLS
3231



Mi, cus quiam voluptintume parum et eum explit 
que voluptincid quam quidelic temo core, comnihi 
llique peria sitest, quat.
Verior as ut laborepe nonem sa vel ium sum 
eum accusdandae debis alignam ipis am assintia 
verum aliqui delicto veroreptia parchici nobit 
alite none enectatur sam ipsam aut quae nulparu 
mquatis etur moloreptatem rem. Ut eatendipis 
vidi omnis imusape reperchil eaque ium facia 
corum con custio. Et et quiandae. Desto oditae 
enecus sae se sed qui odia saepreh endae. Ut 
essuntium quiatur remo quiatisciist ento tenem 
sit, omni sus prore nempore remodit eosam que 

in rae idus mo omnihic totaquia doluptati quis et 
il inihit vellicimoles ende lab ipis expelici utatem. 
Ut quibust, sae la vene commolore, eum quiam 
rehentem sinto tet volore venduntio beatemqui 
sanditae volorepediti inis essum hicia acea 
parionest es ea ex eos corro con repe sequiam 
sunt volorioribus is reperae nos ea asimo eos 
as qui custotam re nisciis unt harum volum delit 
voluptat am arum que id est aut harcidi psusam 
alit occum fugiat faceptatem quis rem quam qui 
cum alitemp orepudi optas est, cus magnimus 
atus molore nem quiae et re moloressin pore 
quam que plandis esti ut utat quas et aligenem.

DIGITAL WORKSHOP

EXCEL SCREENSHOT

LCA TOOLS

COMPUTER MODELLING AND EMISSIONS

An integral part of doing life cycle assessments 
on a design in using Environmental Product 
Declarations (EPDs) in coordination with a 
computer model of the building. There is a great 
potential for a bi-directional link between EPD 
databases and dynamic computer models to be 
valuable in an early stage of the design. 

MODELLING SOFTWARE FLUX CONNECTION EPD DATABASE
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REVIT AND FLUX INTEROPERABILITY

DIGITAL WORKSHOP

In the digital workshop, the students learn how to  
feed building and material data live into the Excel 
tool for LCA calculations using Flux plugin within 
Revit. The main idea is to use a tool that is fast 
and collaborative between team mates for further
analysis. The use of dynamo is also recommended 
for scheduling but it has its limitations
when it comes to worksharing and time to time it 
gets slow when a project that is being developed
gets larger in terms of file size and elements.

REVIT

For further reading:
https://community.flux.io/content/kbentry/1258/flux-overview.html

WHAT IS FLUX?

It is a web-based service that allows popular 
design applications such as Revit and Excel to 
exchange data using native plugins, as well as 
Dynamo and Excel or Grasshopper and Excel. A 
useful tool for data exchange and collaboration. 
Various stakeholders can share, edit and view the 
data. Each user and application controls when to 
synchronize data with the project, allowing users 
to work in isolation until they are ready to share 
their changes with the team.

Revit screenshot with flux plugin sending data about the outer walls of a building. Screenshot of the flux web interface showing the outer walls input data.
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VISUALISATION

“There are right ways and wrong ways to show 
data; there are displays that reveal the truth and 
displays that do not.” 
 - Tuft, E. (1997) Visual Explanations: Images and quantities, 

evidence and narrative. Cheshire, CN: Graphics Press

“A dashboard is a visual display of the most 
important information needed to achieve one 
or more objectives which fits entirely on a single 
computer screen so it can be monitored at a 
glance.”
 - Stephen Few

=

DASHBOARD DESIGN

Gent undipsum et autendus erro quamus es 
alic tem etumqui nostiument eos debis quodi 
dolorep elitatquo et eum, cusda doloreria im 
fuga. Porrume nihicimus aliquam eatinis aliti 
voluptatem suntio et autet imodit inciamus 
nimolore aut ea dusda plit vollatem eveless 
equaestius explique ellectibus quo vereius, tem 
aut poreium veliquate voluptat excerum at od est, 
optatet aspedition exceatione niatumet que quia 
int aborrorpost quae cus moloritatem atist,
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HISTORIC INTRODUCTION

Gent undipsum et autendus erro quamus es alic tem etumqui nostiument eos debis quodi dolorep 
elitatquo et eum, cusda doloreria im fuga. Porrume nihicimus aliquam eatinis aliti voluptatem suntio et 
autet imodit inciamus nimolore aut ea dusda plit vollatem eveless equaestius explique ellectibus quo 
vereius, tem aut poreium veliquate voluptat excerum at od est, optatet aspedition exceatione niatumet 
que quia int aborrorpost quae cus moloritatem atist,

Site Locations
Site A: The Museum’s Main Entrance East side of Gunnerushuset
Site B: A Town Park, Located directly north of Gunnerushuset
Site C: Traffic Intersection, Located directly north of the brewery 
building
Site D: Suhmhuset Museum Entrance / Parking Lot, Located 
south of Gunnerushuse

SOCIO-CULTURAL VALUE
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ECONOMIC VALUE

Museums are generally under valued and under 
funded in urban and regional development 
scheme of a region. If the potentials are explored 
adequately museums can play a vital and effective
role in urban revitalization initiatives. They can 
help revive and diversify a local economy and the 
competitiveness of their environment. The role 
of museums as both an incubator and source of 
creativity and innovation is not well recognised.

Museums attract tourists and scholars from 
across Europe and around the world. Museums 
nurture creativity and innovation, they act as a 
space for reflection on the present and a source 
of inspiration for new creative and innovative 
concepts. We have witnessed major changes 
in terms of economic development, tourism, 
employment of locals in respect to museum 
management and touristic facilities and above 
all the preservation of tangible and intangible 
aspects of cultural heritage which would have 
been neglected otherwise. 
Cultural tourism initiates people from other 
country to know more about the local history and 
cultural heritage. Creativity and innovation are 
fundamental dimensions of human activity and 
essential to economic prosperity. Museums act 
as a focus for reflection on the present and as a 
source of inspiration for creative and innovative 
concepts.

9

   4.2 Market value
According to the real estate agencies in the region of Trondheim, the average price per square meter in the city centre is 47.000,00 NOK/m2. With a good approximation this could 
be considered the price to adopt for an economical valuation of the complex, however the state of listed or historical sites acquired by the buildings, makes the assessment of this 
evaluation particularly difficult.

   4.3 Site survey
In order to obtain those economical values which are strictly linked to the social perception of the goods (existence value, non-use value, option value and bequest value), we 
decided to organize a field survey in the city centre of Trondheim, with a questionnaire structured as follows:

-Do you know about the existence of the vitenskapsmuseet ? (EXISTENCE VALUE)
9 : yES (70% has been there at least once)
1: NO

-How much would you rate it (from 1 to 5) even if you have never been there? (NON-USE VALUE)
1 answer: 5

-Hypothetically considering that you would never go to the vitenskapsmuseet (again), how much money would you be ready to invest in the Vitenskapsmuseet in order to keep it
as it is ? (OPTION VALUE)

-If we give you a list of buildings in Trondheim, could you rank them regarding how keen would you be to invest in ther conservation and preservation ? (BEQUEST VALUE)

1 2 3 4 5

3,3

3,3 = mean
3 = median

1 2 3 4 5

Skatteetaten (tax office) = 1
Vitenskapmuseet = 2,6
Prinsens Kinosenter = 2,9
Baklandet = 3,9
Nidarosdomen = 4,6

In order to obtain the economical values which are stricly linked to the social perception of the goods 
(existence value, non-use value, option value and bequest value, a student group decided to organize a 
field survey in the city centre of Trondheim, with a questionnaire structured as follows:

- Do you know about the existence of the vitenskapsmuseet? (Existence value)
 9: Yes (70% has been there at least once)
 1: No
- How much would you rate it (from 1 to 5) even if you have never been there? (Non-use value)
 1 answer: 5
- Hypothetically considering that you would never go to the vitenskapsmuseet (again), how much money 
would you be ready to invest in the vitenskapsmuseet in order to keep it as it is? (Option value)
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Skatteetaten (tax office) = 1
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Baklandet = 3,9
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- If we give you a list of buildings in Trondheim, could you rank them 
regarding how keen would you be to invest in their conservation and 
preservation? (Bequest value)

Skatteetaten (tax office) = 1
Vitenskapsmuseet = 2,6
Prinsens Kinosenter = 2,9
Bakklandet = 3,9
Nidarosdomen = 4,6
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SITE LEVEL

URBAN DEVELOPMENT

Trondheim city center development begins from 
the Nidelva river mouth, as the city is known as a 
trade town. After the city was torched, during 1000 
– 1350 the city was rebuilt with new main streets 
in north – south direction. Around 1640 the city 
continues to grow westward.
After the great fire in 1681 destroyed most of 
the houses in the city, the city is re-planned in 
Baroque style by Jean Caspar de Cicignon. The 
streets are made wider and deeper so that people 
could get access from the main streets. However 
the old narrow streets from the middle age are 
still retained, giving a contrast to Cicignon’s new 
boulevards.
During 1708 – 1830 Kalvskinnet area started to 
grow with public institutions started to be built in 
the western part. The city infrastructure continues 
to improve with the railways from the south and 
east connected in 1884 and several new bridges 
being built. The development of the Kalvskinnet 
area continues with roads facilitated for cars.

6

Shortly after the first expansion of the 
institution, two more extensions were 
made by the eastern facade in 1898 and 
the southern facade in 1901 which is 
currently the museum’s main entrance.
Further expansion of both the brewery 
and the gasworks was also commenced 
(Trondhjems Stadskonduktørkontor, 
1909).

This institution was further expanded 
in 1878 to address the increasing size of 
the library. This extension is the oldest 
part of ‘Gunnerushuset’. 
An expansion of E.C. Dahls Brewery 
was commissioned in the northeast cor-
ner of the site in the 1870’s and is part 
of what is now known as ‘Schøninghu-
set’ (Fortegnelse over Gader og Veiter, 
1883).

The Royal Norwegian Society of 
Sciences – which had been founded in 
1760 by bishop Johan Ernst Gunnerus, 
Gerhard Schøning and Peter Frederik 
Suhm – moved from Trondheim Cathe-
dral School to their new offices and li-
brary in the north-western corner build 
in 1866. This was 15 years after the con-
struction of a regional gasworks in 1851 
(FINN.no, no date).

The first building to occupy the site was 
a military hay storage building from 
1805. However, this burned down in 
1844 and a new storage building was 
constructed in brick to prevent a similar 
misfortune. The new building was built 
in 1847 and is now known as ‘Suhmhu-
set’ (FINN.no, no date).

TIMELINE
_____

1847 190918831866

CONSTRUCTED

DEMOLISHED

6

Shortly after the first expansion of the 
institution, two more extensions were 
made by the eastern facade in 1898 and 
the southern facade in 1901 which is 
currently the museum’s main entrance.
Further expansion of both the brewery 
and the gasworks was also commenced 
(Trondhjems Stadskonduktørkontor, 
1909).

This institution was further expanded 
in 1878 to address the increasing size of 
the library. This extension is the oldest 
part of ‘Gunnerushuset’. 
An expansion of E.C. Dahls Brewery 
was commissioned in the northeast cor-
ner of the site in the 1870’s and is part 
of what is now known as ‘Schøninghu-
set’ (Fortegnelse over Gader og Veiter, 
1883).

The Royal Norwegian Society of 
Sciences – which had been founded in 
1760 by bishop Johan Ernst Gunnerus, 
Gerhard Schøning and Peter Frederik 
Suhm – moved from Trondheim Cathe-
dral School to their new offices and li-
brary in the north-western corner build 
in 1866. This was 15 years after the con-
struction of a regional gasworks in 1851 
(FINN.no, no date).

The first building to occupy the site was 
a military hay storage building from 
1805. However, this burned down in 
1844 and a new storage building was 
constructed in brick to prevent a similar 
misfortune. The new building was built 
in 1847 and is now known as ‘Suhmhu-
set’ (FINN.no, no date).

TIMELINE
_____

1847 190918831866

CONSTRUCTED

DEMOLISHED

6

Shortly after the first expansion of the 
institution, two more extensions were 
made by the eastern facade in 1898 and 
the southern facade in 1901 which is 
currently the museum’s main entrance.
Further expansion of both the brewery 
and the gasworks was also commenced 
(Trondhjems Stadskonduktørkontor, 
1909).

This institution was further expanded 
in 1878 to address the increasing size of 
the library. This extension is the oldest 
part of ‘Gunnerushuset’. 
An expansion of E.C. Dahls Brewery 
was commissioned in the northeast cor-
ner of the site in the 1870’s and is part 
of what is now known as ‘Schøninghu-
set’ (Fortegnelse over Gader og Veiter, 
1883).

The Royal Norwegian Society of 
Sciences – which had been founded in 
1760 by bishop Johan Ernst Gunnerus, 
Gerhard Schøning and Peter Frederik 
Suhm – moved from Trondheim Cathe-
dral School to their new offices and li-
brary in the north-western corner build 
in 1866. This was 15 years after the con-
struction of a regional gasworks in 1851 
(FINN.no, no date).

The first building to occupy the site was 
a military hay storage building from 
1805. However, this burned down in 
1844 and a new storage building was 
constructed in brick to prevent a similar 
misfortune. The new building was built 
in 1847 and is now known as ‘Suhmhu-
set’ (FINN.no, no date).

TIMELINE
_____

1847 190918831866

CONSTRUCTED

DEMOLISHED

6

Shortly after the first expansion of the 
institution, two more extensions were 
made by the eastern facade in 1898 and 
the southern facade in 1901 which is 
currently the museum’s main entrance.
Further expansion of both the brewery 
and the gasworks was also commenced 
(Trondhjems Stadskonduktørkontor, 
1909).

This institution was further expanded 
in 1878 to address the increasing size of 
the library. This extension is the oldest 
part of ‘Gunnerushuset’. 
An expansion of E.C. Dahls Brewery 
was commissioned in the northeast cor-
ner of the site in the 1870’s and is part 
of what is now known as ‘Schøninghu-
set’ (Fortegnelse over Gader og Veiter, 
1883).

The Royal Norwegian Society of 
Sciences – which had been founded in 
1760 by bishop Johan Ernst Gunnerus, 
Gerhard Schøning and Peter Frederik 
Suhm – moved from Trondheim Cathe-
dral School to their new offices and li-
brary in the north-western corner build 
in 1866. This was 15 years after the con-
struction of a regional gasworks in 1851 
(FINN.no, no date).

The first building to occupy the site was 
a military hay storage building from 
1805. However, this burned down in 
1844 and a new storage building was 
constructed in brick to prevent a similar 
misfortune. The new building was built 
in 1847 and is now known as ‘Suhmhu-
set’ (FINN.no, no date).

TIMELINE
_____

1847 190918831866

CONSTRUCTED

DEMOLISHED

7

With the construction of a new main 
museum entrance to Gunnerushuset 
in 2002 and the second refurbishment 
of Schøninghuset in 2005 followed the 
construction of two larger university 
buildings in 2014 and 2017 where the 
gasworks use to be (FINN.no, no date).

In 1968, several regional institutions – 
including Vitenskapsmuseet – merged 
into UNIT (Trondheim University). In 
relation to this, the university bought 
the brewery buildings in 1974 and re-
furbished them as offices and storage. 
A campus library was also extended 
from Gunnerushuset’s south facade 
along with the demolition of the central 
building.
Aside from this, the university demol-
ished large parts of the old gasworks 
and constructed a modern university 
building in brickwork (FINN.no, no 
date).

With the flourishing of E.C. Dahl’s 
products, replacement of the smaller 
buildings with a larger expansion of the 
factory was commissioned in the 1940’s. 
This is what today serves as the main 
building volume of Schøninghuset. 
Here also followed the construction of 
the book tower attached to the original 
science society building and an expan-
sion of the central building (FINN.no, 
no date).

Another expansion of the south ex-
tension of Gunnerushuset was com-
missioned and put into service in 1930 
along with the construction of a larger 
museum building in the centre of the 
site.
Again, further expansion of both the 
brewery and the gasworks was com-
menced - this time along with the dem-
olition of several main silos (FINN.no, 
no date).

1937 1957 1986 2017
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CLIMATE ANALYSIS

Due to its latitude (63° N), Trondheim enjoys a 
“subarctic or boreal” climate. Therefore the tem-
peratures are quite low: between 0 and -6°C 
for the coldest month (January) and between 11 
and 20°C for the hottest month (August). One 
should note that the nearby fjord limits the tem-
perature variations (and prevent them for get-
ting really low as in some other parts of Norway).
Extreme temperatures are seldom reached: the 
temperature get below -10°C only during a couple 
of days in the winter months and above 25°C only 
during a couple of days in summer.

Trondheim area is rainy, with nearly 50mm of pre-
cipitation each month. The precipitation graph 
shows that, in average, it is raining nearly every 
two days. The precipitation reach their maximum 
during winter and summer. The driest month is 
April which still get 38mm of water. 
The area is quite windy, especially in win-ter time. 
Indeed, the wind speed can be abo-ve 38 km/h 
nearly 10 days in January and 3 days can even 
enjoy wind speed above 61km/h. The prevailing 
wind direction is from South and South-West 
while in summer times it can be additionally from 
North and North-West.

CLIMATE RISK ASSESSMENT

24

ENVIRONMENTAL DOCUMENTATION
_____

The coldest months in Trondheim are January and February when the temperature 
can drop below the 0°C, while the warmest months are July and August when the 
temperature is usually 13°C. According to a future prognosis, the mean annual tem-
perature in Norway will increase for 2.3 - 4.6°C by the year 2100. This increase of 
temperature will make the most impack during the winter time.

The relative humidity is the lowest during the warmer summer months while in win-
ter, the relative humidity can reach up to 85%.
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Precipitation in Trondheim is well distributed throughout the year. In winter it can fall 
as snow with suitable conditions.

The prevailing wind direction is from South and South-West while in summer times 
it can be additionally from North and North-West. The average windspeeds through-
out the year 2016 were 2.8 m/s during winter, 2.5 m/s during spring, 2.1 m/s during 
summer, and 2.1 m/s during autumn. 
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paint, concrete, and metal), waste, ash, slag, foreign soils, organic materials and local 
original mineral matter (Andersson, Ottesen, Langedal, 2010).
The metal levels in the soil has generally decreased over time in Trondheim, though 
Kalvskinnet contains high abouts of Hg, Pb, Zn and Cd with anthropogenic origin. 
The most significant source of soil pollution in this area are the crematorium and hos-
pital incinerator especially regarding Hg (Ottesen, Langedal, 2001).

Climate change is espected to have little affect on this area in regard to social and 
physical change with a vulnerability between low and average. The expected changes 
that will occur includes changes in precipitation with almost 80 % less snowfall and 65 
% less days of snow as well as an increase in annual average temperature with around 
3°C.

SERIOUS CONTAMINATION, ACTION NECESSARY

RESTRICTED USE

NEARBY SOIL CONTAMINATION RISK CLIMATE CHANGE VULNERABILITY

HIGH VULNERABILITY LOW VULNERABILITY
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When it comes to natural hazards, there are no risks of seismic activity, floods or 
landslides in the next 100 years. Though, since the site is near water, deeper research 
of ground water level should be done.

In long term, the area may be at risk of fire-spread hazard because of density of wood-
en structures in the area as seen multible times thoughout Trondheims history. 

Regarding soil contamination, there is no direct information for Vitenskapsmuseet, 
but the neighbourhood contains areas with restricted use as well as areas with serious 
contamination where intervention is necessary.
Most of the city is situated on marine clay. Along Nidelven – which runs through the 
city centre – the city rests on fluvial sediments, which is mostly covered by a layer of 
anthropogenic soil with an average thickness of two meters. Urban soils are unique 
as they have been highly modified by mankind and contain building materials (bricks, 
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BUILDING LEVEL

MATERIAL ANALYSIS

The gross of materials involved in the construction 
of the Gunnerushuset building is headed by 
bricks, within approximately the 60% of the 
gross building. Timber is the following one (20%) 
because of the ceiling and floor structure, window 
frames and of course the furniture. The roof is fully 
covered by slate tiles. Glass, insulation materials 
and concrete mortar has also a big presence in 
this building.

In general, all construction materials based on 
wood have a lower-impact. The promary energy 
demand is basically from biomass, representing 
69-83% of the total primary energy demand. As 
the timber used for Gunnerushuset building is 
most probably extracted from Trondhiem, the 
transportation Energy demand is very low, even 
more in 1864, when GunnerusHuset building was 
build, and the wood was transported by non 
energy consuming vehicles.  
Despite the low impact of these products, there is 
room fot improvement, in particular related to the 
replacement of conventional formaldehyde and 
melanime with natural resins, with an estimated 
16% recuction of CO2 emissions.

Approximately 60% ‘of the gross building material 
is from bricks. Regarding the environmental 
impact of bricks, it depends on the use of light 
clay or silico-calcareous bricks. When the building 

was built in 1884, a brick factory was working in 
Trondheim, so the environmental impact of the 
transportation is very small.

Cement mortar is present all over the structure 
as a glue for the bricks assembly and also on 
the bottom part of the building. Cement mortar 
is made from cement and sand. Therefore, it has 
lower impact than clinker cement, which is mixed 
with higher environmental impact materials.

Metals are intrinsically envolved in almost every 
building built, as a joining mechanism. The 
environmental impact is much higher than the 
rest due to their high consumption of energy 
and raw materials in the numerous production 
processes that makes up their Life Cycle. 
Another importnt factor is that, as they are 
products made in fully globalised industries, 
multiplies the impact related to the transport.   
The positive point of them is that, properly 
managed, they can be recicled.

Besides the most used materials in the 
Gunnerushuset building, we have to be aware of 
others materials like glass, PVC, or slate tiles, also 
present intrinsically in the building, and specially 
dangerouse in terms of environmental impact.
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DECAY ANALYSIS

The variation of decay patterns on the three 
buildings are partly due to the difference in 
immediate surroundings and partly to the 
materials at risk.
Most common on the three buildings are the 
black and white crust due to the chemical agents 
from the traffic and city’s pollution. Its decay is 
mostly evident in the severe blackening of the 
plaster surfaces especially on Gunnerushuset and 
Suhmhuset. The brewery has some blackening as 
well, but it is more affected by the salt weathering
seen on the surface – potentially causing 
mechanical damage to the brick and mortar.
All the buildings are also affected by mold, moss 
and algae due to accumulated water on the 
window sills and minor back-splashing from the 
side walk. Gunnerushuset and the brewery are 
more heavily affected compared to Suhmhuset. 
The location of Suhmhuset surrounded by 
grass and gravel makes it more susceptible for 
capillary rise and back-splashing. The brewery 
and Gunnerushuset are also affected by back-
splashing from the sidewalk as well as mold, moss 
and algae build-up around the drainpipes and 
metal detailing on the facades.

There is mechanical decay in the form of cracks in 
paint visible on Gunnerushuset and Suhmhuset. 
This type of decay is significantly more visible on 
the brick walls of the brewery: cracks in the mortar 
can be found on several places, mostly around 
corners, windows and details in the facade. This is 
typical only for the brewery because this building 
is exposed to the traffic vibrations the most and 
also exposed to vibrations caused by constraction 
work directly nearby.
Although exposed to the same environmental 
impact, each building shows different dominant 
decay patterns. Where most of the risks affecting 
these building are preventable as long as they 
are kept out of the building structure, the gaps in 
the brick walls of the brewery may grant access 
to mold infestation, chemicals and water to erode 
the building from the inside. For this reasons, the 
brewery is more susceptible to decay than the 
other two buildings. The following analyses will 
therefore explore in depth the current damage 
and sources of decay of the brewery only.

SALT POLLUTION

NEARBY GREENERIES

TRAFFIC POLLUTION

NEARBY SOIL CONTAMINATION

SALT POLLUTION
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TRAFFIC POLLUTION
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10. DECAY MAPS
   10.1. SUHMHUSET

North front

Biological

Mould

Mechanical

Micro-cracks

Cracks

Chemical

Detachment

Pollution

Corrosion

Wash-out

Man-made

Discolouration

Humidity spots

Erosion

Exfoliation

East front

Biological

Mould

Mechanical

Micro-cracks

Cracks

Chemical

Detachment

Pollution

Corrosion

Wash-out

Man-made

Discolouration

Humidity spots

Erosion

Exfoliation

Biological

Mould

Mechanical

Micro-cracks

Cracks

Chemical

Detachment

Pollution

Corrosion

Wash-out

Man-made

Discolouration

Humidity spots

Erosion

Exfoliation

28

10. DECAY MAPS
   10.1. SUHMHUSET

North front

Biological

Mould

Mechanical

Micro-cracks

Cracks

Chemical

Detachment

Pollution

Corrosion

Wash-out

Man-made

Discolouration

Humidity spots

Erosion

Exfoliation

East front

Biological

Mould

Mechanical

Micro-cracks

Cracks

Chemical

Detachment

Pollution

Corrosion

Wash-out

Man-made

Discolouration

Humidity spots

Erosion

Exfoliation

Biological

Mould

Mechanical

Micro-cracks

Cracks

Chemical

Detachment

Pollution

Corrosion

Wash-out

Man-made

Discolouration

Humidity spots

Erosion

Exfoliation

28

10. DECAY MAPS
   10.1. SUHMHUSET

North front

Biological

Mould

Mechanical

Micro-cracks

Cracks

Chemical

Detachment

Pollution

Corrosion

Wash-out

Man-made

Discolouration

Humidity spots

Erosion

Exfoliation

East front

Biological

Mould

Mechanical

Micro-cracks

Cracks

Chemical

Detachment

Pollution

Corrosion

Wash-out

Man-made

Discolouration

Humidity spots

Erosion

Exfoliation

Biological

Mould

Mechanical

Micro-cracks

Cracks

Chemical

Detachment

Pollution

Corrosion

Wash-out

Man-made

Discolouration

Humidity spots

Erosion

Exfoliation

29
West front

South front

Biological

Mould

Mechanical

Micro-cracks

Cracks

Chemical

Detachment

Pollution

Corrosion

Wash-out

Man-made

Discolouration

Humidity spots

Erosion

Exfoliation

29
West front

South front

Biological

Mould

Mechanical

Micro-cracks

Cracks

Chemical

Detachment

Pollution

Corrosion

Wash-out

Man-made

Discolouration

Humidity spots

Erosion

Exfoliation

31

North front

North-East front South front

Biological

Mould

Mechanical

Micro-cracks

Cracks

Chemical

Detachment

Pollution

Corrosion

Wash-out

Man-made

Discolouration

Humidity spots

Erosion

Exfoliation

Biological

Mould

Mechanical

Micro-cracks

Cracks

Chemical

Detachment

Pollution

Corrosion

Wash-out

Man-made

Discolouration

Humidity spots

Erosion

Exfoliation

31

North front

North-East front South front

Biological

Mould

Mechanical

Micro-cracks

Cracks

Chemical

Detachment

Pollution

Corrosion

Wash-out

Man-made

Discolouration

Humidity spots

Erosion

Exfoliation

Biological

Mould

Mechanical

Micro-cracks

Cracks

Chemical

Detachment

Pollution

Corrosion

Wash-out

Man-made

Discolouration

Humidity spots

Erosion

Exfoliation

31

North front

North-East front South front

Biological

Mould

Mechanical

Micro-cracks

Cracks

Chemical

Detachment

Pollution

Corrosion

Wash-out

Man-made

Discolouration

Humidity spots

Erosion

Exfoliation

Biological

Mould

Mechanical

Micro-cracks

Cracks

Chemical

Detachment

Pollution

Corrosion

Wash-out

Man-made

Discolouration

Humidity spots

Erosion

Exfoliation

30

   10.2. SCHØNINGHUSET
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NDT ANALYSIS
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The main construction material of the brewery is bricks. The measurement plan anal-
ysis is performed on the bricks and on the mortar because these are the construction 
materials that have the most decay. 
As said, the brick wall is in poor condition: The wall is dirty, some of the bricks are 
falling apart and there are cracks in the mortar between the bricks. The decay is a 
result of exposure to water, rain, salt, pollution, frost and thawing processes and vi-
bration from the cars driving at the road next to the building.
The estimated lifetime of bricks manufactured today is approximately 100 years, but 

they can last longer in a good environment. The lifetime for mortar is less. It has an 
expected lifetime of approximately 60 years, the lifetime is however closely linked 
to what the mortar contains and can therefore vary. Maintenance is a factor of great 
significance with respect to the lifetime of a brick wall and proper and regular mainte-
nance can probably make the brick wall last for much more than 100 years. An exam-
ple of this is the brick churches in Scandinavia, where more than 1/3 of the churches 
are 700-800 years old and still in good condition. (tegelinformation.se, 2009)

| MATERIAL LIFE CYCLE SCENARIO
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The measurement plan for conservation of the building envelope is based on the 
current condition of the building. No information has been found regarding when 
the last restoration of the brick facade is done. However based on the condition of the 
bricks it has most like not been properly maintained and the bricks are probably the 
original bricks from the construction in 1883. 
Because of the condition of the brick wall, the restoration analysis is based on the 
current condition of the wall and towards the future. After 60 years the brick wall 
is in need of restoration, some bricks will have to be replaced and the mortar has to 

be added to the wall. Before the restoration can commence the brick wall should be 
cleaned from dirt, salt, pollution and generally biological decay agents.

It is important to remeber, that the result of the maintenance will prolong the life of 
the building, but will simultaneously decrease in authenticity and emotional value.
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12. MATERIAL LIFECYCLE SCENARIO: SCHØNINGHUSET’s BRICK

Considering the lifespan of a normal baked brick to be of more than 100 years (source Brick Institute of America, Architectural Components, National Association of 
Brick Distributors, National Stone Association), the main building component of Schøninghuset in its most ancient section can be traced back to 1870. We assumed 
that in the 1970s, years of the main conversion of the block to host the offices, laboratories and stores for the museum staff, a substantial intervention for the reha-
bilitation of the decayed material on the fronts has been held. According to this hypothesis, a new operation of maintenance, in this case less expensive than the 
previous one, should be foreseen in almost 10 years. However, in the case of a “healthy” brick, a serious intervention would have been necessary only in 20 years 
by now, almost 170 years from its construction. As depicted in the infrared images taken on site, this kind of design has created a decay due to a bad solution for 
the drainage of rainwater that has affected the material in depth. 
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MATERIAL LIFE CYCLE SCENARIO

The estimated lifetime of bricks manufactured 
today is approximately 100 years, but they can 
last longer in a good environment. The lifetime 
for mortar is less. It has an expected lifetime of 
approximately 60 years, the lifetime is however 
closely linked to what the mortar contains and 
can therefore vary. Maintenance is a factor of 
great significance with respect to the lifetime of 
a brick wall and proper and regular maintenance
can probably make the brick wall last for much 
more than 100 years. An example of this is the 
brick churches in Scandinavia, where more than 
1/3 of the churches are 700-800 years old and still 
in good condition. (tegelinformation.se, 2009)
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