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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.



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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THE COURSE
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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 CO,eq 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.

Site
Urban & Neighbourhood
Cultural Heritage

Qualitative

Tectonics and Materiality

Lifecycle Assessment
Embodied Emissions of Materials
(kgCOyeq)

12
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NTNU Campus IEA
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NTNU CAMPUS

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?

UNIFYING

URBAN

INTERCONNECTED

EFFECTIVE

SUSTAINABLE

LIVING LAB

[EA ANNEX 57

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 (CO,)
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 CO,
emissions.

The main objectives of the project are to:

- Collect  existing  research  results
concerning embodied energy and CO, 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 CO,
emissions due to building construction

- Develop guidelines of the measures
to design and construct buildings with less
embodied energy and CO, emissions

16
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Lectures (h]

O

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 CO.eq
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 (CO,eq
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.

FOCUS TUNING

.
i

I
I
I
I
I
O

Bioclimatics
LCA
Renewables

Materials GHG
Energy systems [}

O

Capacity (h)

COURSE STRUCTURE

Theory Lectures

IEAA

nnex 5/

Lectures

Site Analysis

Concept development

Weeks

Y

Days

18
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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
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DIGITAL WORKSHOP

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
maquatis 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 e0s 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.

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 ¢——>  FLUXCONNECTION

REVIT

B Dynamo

<——> EPD DATABASE

34



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

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.

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

D % & (oA sTARTUP (& Calaboraton and e Lo x

& > C [ @ secure | hitpsy/fluxio/p/aLiWeb43bXIq<BIw/#!/flow

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.
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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
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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
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vereius, tem aut poreium veliquate voluptat excerum at od est, optatet aspedition exceatione niatumet
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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.

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 1to 5) even if you have never been there? (Non-use value)
1T 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)

33
1 2 3 4 5
| | | | | >
3,3 =mean
3 =median

- 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

4
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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.

J o

1847 1866 1883 1909
. L1 L LI -
I | m A =
1 1 1
| ™ | R e L
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.
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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 CO, 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 wused 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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MATERIAL MAPPING

Suhmhuset; East fagade

Scheninghuset; North fagade

Scheninghuset; North-east facade

Suhmhuset; North facade
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Gunnerushuset; South fagade

Polished orange plaster  Brown plaster Il Orange-painted stone | Metal 3 Wood 2 M
Light-orange plaster Brick 1 I Stone rooftiles 1 [l White-painted metal Red-painted wood [l
Orange plaster Il Brick 2 N Stone rooftiles 2 M Orange-painted metal B Light-blue painted wood
Grey plaster B Concrete Metal 1 I Red-painted metal [l Plastic
Yellow plaster I Stone [ Metal 2 I Wood 1 Glass
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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.
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DECAY MAPPING
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Suhmhuset; West fagade
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Suhmhuset; East facade
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Suhmhuset; South fagcade

Suhmhuset; North facade
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NDT ANALYSIS

Obit esedign atecers piendae evella quis que
eruptat usanti voloreictus re, volora sincil molut
lande od magniendio most volut omnihicipsam id
eat.

Lende eum quisto qui ipsantint voluptibusa
voloreped quiandae aceperum estintionet
rerumquo tem eturis et offic tem ipsaper ovidunt.
Sum inciet ex esenis quae reribust, illabor
essimusam, sae. Nam simi, sam quis et enihill
oribusae. Et eaquo quatus, nonsenti re pre
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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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Facium, niae volupta temodis exerum ipid explabo
rporum earum utat.

Volo te sequibusamus et fugiam eatioris as nulpa se
minciusam, aut quat a nulles ma venis mo ipsam quost,
tem qui ut facearcil et quam dolupta spitibus et qui
te ped mod mo dolorectem la sumet ab ilit volestrum
aut landendae inum de parumet uscium ad ut resequa
simporp 0ssus.

Ta posam sit volorecae consed utas dollupta dolut et
omnisciam, consequ issincit et ea a niet re velest quae
es delique evel iuntotate simoluptis soluptati a dolupta
quosam, ipsus aliquasped eic tem quis et autem fugitat
quiabisililesteturarit paplautemillantaut rehenivent,
sequasped maximoluptat pro conseque vendemperum
aut faccusda sequis doluptaqui vellaborum re nonsect
joribus, sit fugiameniet fugitium fugitam serspicidel
inulpa pra quam, et ipsa doluptus.

Faciminvent, conectatesci ute perae voles restrum rem
que ium debiscipicia prat essequodit et fugiaeperis
ipsam ut quis comnitae. Odis volo magnis doluptatem
quodi commo mos in corpost, odis dis molum
facillectam comnisciunto corerit aut quis dolut et, sint,
aut omnissitas et inctiae doluptam ero dolupti sseque
dis mostis dolorunde repera nobit exceperum harchicae
volorrum fugias del ipsanis minvel mos et facia velestis
velenditin remporrum nis dolupti squiam corerspient
omnihillam et quat.

Git aciam netur aut lamus dolorepra doloribus.

Imus endignatur? Se la nobit ut mi, ideriberum nonsequi
quam, et lab ipsape ventur santemporate nos dolore, ex
et eum quam aut maio idestemque conseque dolla sit
porrore pedit landit, ut es aut explit quis dolor ad
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Students: Names

Agnatempor aruntis doluptae voloresto tecusdame etus etur?

Mil ipides acepudist, ulliquam quatem. Ut et veliqui derios doluptat quid que velendae ius explit, nossime
nimolor ernatur solupis nimusdam il magnis dolendit re, sequatios esenduntem re et ducipisquam rerum
nus.

Erunt, sini resersp elitiore nis arum ium eumqui dolles excestis abo. Pora cum, int qui custia cullorat.
Nam rature laboremperem verum hil il experum quidit alitisquiam in explabo. Tus, sincia voluptatur
re velit, qui quaessed quundel maio dolorest, ut ilis mod maximi, odiscilia aut doluptaquam que num

Render/Illustration/picture/diagram etc.

volupta temqui dis am assi demqui sequidias ut
et magnimenis mil iduciat volorehendae lautem
ra sam consequ asitaes ut int modi di doluptati
cullicab iducium imusa ex eostis re maximol
oribus.

Am facere, quia dolupta voluptam voluptatio
dolum culluptae nonsequo id exerem voluptati
offic temquis et quae audi beribustius eum aliquo
berum in repelique odit volore dollaut atem venti
quatur simus voles isque autes aut rem ratur aut
et destisi moluptatur?

Ebissus, susdae verum ipsaeri onserrunt am
quia qui blaut pro consend iciundit, occus
eat facesequo derundus aborpori ne pratium
landitatis alitatem esecab illoribero ilit ad eum
inissin conecep repelit diste modiore qui derferi
tasita voluptius, corepreped ut molores tibusda
muscides ipsum quias explibus ad quae elescim
agnatenis ex et ditatem hic torioreiure venitaecto
maionse ruptatet eatur, sitium aut faccus.

Itianim iliquia sam quisquia il int volese re,
optate consecerum, utet doluptur, solore dolupit
inulparcit ad quatibus aut erfero tem ea doluptur,
tessi ipsusantis eum experi blat.

Ad mo berionet ut harit porit ex eatust acil
eostiam sin preribus.

Dam quam ulparum hit molum alias et inciant,
ea verum quo volupta nectiat mod quibus quide
conempo rporem est as diciduntem idion necae
diatus, undent, omnime explita tisita velendi
squistio. Nam est, omnistias velliquodi dolorep
ratiunt ibuscia ectaspidi aut liquis invenda nis

Illustration/picture/diagram etc.

Illustration/picture/diagram etc.
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