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The main goal for this proposal is to design a ZERO-emission student housing in Klostergate 56 that will accomodate 106students.  Re-
furbishing the existing concrete building and designing for the expansion will save a large amount of material which is fundamental in sus-
tainable approach. The three pillars of sustainability will be achieved in this proposal, the environmental protection, economic viability, and 
social equality.
Implementing passive house standard to a more energy efficient building is the solution that will be adopted for both refurbishment and ex-
tension of the existing student housing in Øya. Integrating renewable energy into the design will help balance the material and operational 
carbon emission. 
Multiple simulations and analysis were conducted to evaluate the right materials and strategies to be used to design this energy efficient 
building towards ZERO emission. Autodesk Revit, SIMIEN, Rhino with grasshopper and climate studio were used for the analysis of this 
proposal. The Life Cycle Assessment (LCA) was done with the collaboration with my partner Fiona Marie Dy to investigate which materials 
and system is more sustainable. The use of ZEB tool and Once click LCA is used.
The refurbished and extended designed structure showed that it has a less carbon emission compared to the new constructed building. 
Enhancing the ventilation and heating system including the huge amount of material saved from the existing building, resulted to a lower 
environmental impact.

ABSTRACT
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Background

Trondheim is known as the best student city in Norway having 36 948 
students in 2019. According to Norwegian student organization, the 
number of students continuously increasing as well as the number of 
housing units compared to their previous national goal of covering at 
least 20% of the housing demand. In 2019, 21.4% of the student has 
availed the student housing but this is not local based goal. In the city 
of Trondheim, only 15.32% of the housing demand was covered by 
the Student Welfare Organization. 

The student welfare organization aims to continuously provides new 
housing units for the students while implementing number of mea-
sures to reduce the negative environmental impact of their construc-
tion projects. One their projects is the student housing in Klostergate 
56, Øya aiming to increase the number of students to be accommo-
dated considering that the site has a very huge potential for expan-
sion.

The proposed project is an existing student housing that was built 
in 1991 located in Øya, Trondheim. It is strategically situated at the 
intersection of Klostergate, Raghildsgate and Mauritz Hansens gate. 
The existing building has 63units with three floors and a basement 
which is used as car parking for the students. The building footprint 
is 673sq. meters and has a total floor area of 1618sq. meter. Each 
floor level is divided into three sections. Each section has a common 
kitchen and toilet shared by the seven occupants with 12 sq. meter 
bedroom unit each. 

Existing buildings already embody significant carbon emissions, 
therefore opting for refurbishment over demolition to build a new 
building, will help reduce the negative environmental impact of the 
new project. The proposed project will retain all the prefabricated 
sandwich external walls and concrete hallow core flooring. This strat-
egy clearly yields the amount of material and energy saved. Another 
advantage of refurbishment project is the architectural and aesthetic 
qualities of the existing building. The adjacent buildings are also con-
crete except for the wooden houses across the road. The design of 
the 31-year-old structure fits very well with the context. 

The refurbishment and extension of the SIT student housing will ac-
commodate maximum 110 student with 95units. This proposal is the 
best solution for achieving the sustainability goal of the Student Wel-
fare Organization (SIT).

View from Klostergate

GOALS

1. The main goal of this proposal is to design a ZERO-emission hous-
ing in Klostergate 56. 

2. Prolong the lifespan of the existing building by improving the build-
ing elements.

3. To reduce the carbon emission by saving as much as 50% of the 
materials to be used for adding more units to accommodate more 
student.

To achieve the target goals, I used the following strategies and guide-
lines

REDUCEREDUCE

•	 The environmental impact by refurbishing the existing build-
ing, choosing the right material, adopting suitable methods and tech-
niques in building construction. 
•	 The materials to be used by optimizing the function of each 
space and circulation.

The main goal is to design a ZERO-emission building, I opted to refur-
bishing the existing building to save the amount of material to be used 
for accommodating additional 47 students. Traditional timber framed 
construction building elements will be used for the proposed project. 
One floor will be added to the existing building, and seven floor will be 
constructed on the northern part of the site. 30% of the existing inte-
rior timber framed walls will be refurbished while 70% will be sent to 
the recycling site due to proper circulation purposes. The circulation 
and quality of living will be prioritized over the amount of material that 
can be saved. 90% existing exterior walls will be retained and 95% of 
the existing haloow core floor slab will be refurbished to reduce the 
amount of carbon emission by saving as much material as possible.

OPTIMIZEOPTIMIZE

•	 The existing building spaces. Future plan of the municipality for 
densification will lead to optimizing the availability of the empty spac-
es for future expansion of the existing structure.
•	 The site has a huge potential, accessibility to campuses, recre-
ation, parks, hospital, shops, and public transport.
•	 Enhance ventilation and heating system to ensure good air 
quality.
•	 Adopt passive house standards to optimize the energy demand 
of the building.
The available space located at the northern side which is used as 
parking space has 493sq. meters and 243sq.meters is huge enough 
to fill up the block and accommodate more students instead of cars 
that is not included in the future densification plan of the municipality. 
The structure is centrally located where accessibility to everything is 
the most important aspect that everyone is looking for.
Designing an energy efficient building will ensure good air quality and 
prioritizing the health of the users. Adopting the passive house stan-
dard will optimize the energy demand of the building.

PRODUCEPRODUCE

•	 Energy using geothermal heat pump and Photovoltaic panels 
to compensate for the carbon emission from materials and operation-
al stage of the building.

The greenhouse gas emission from materials and operational stage 
of the building will compensated using renewable energy sources. It 
is undeniable that there will be huge environmental impacts from the 
PV panels but the trade off will be beneficial in the long run. Passive 
strategies will be adopted to minimize the energy demand. 
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Total floor area 1618sq.m
Bldg. footprint 673sq.m
63 units with 12m2 per unit.

EXISTING BUILDING 
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METHODOLOGY

Understanding the initial project proposal was the first step that was 
done. Meeting with a representative from Student welfare organi-
zation (SIT) together with my supervisor was conducted for further 
understanding what the goals of the owner are. The provided condi-
tion analysis performed by Multiconsult, made a huge impact on the 
decision to refurbish the existing building. Personal site investigation 
was the next step. Gathering more information from the supervi-
sor and the Trondheim municipality website is of great importance 
throughout the process. The following methods was conducted to-
wards zero emission building.

1.	 The copy of the existing drawings was handed and laid out 
using AutoCAD Revit since the proposal is refurbishment. The orig-
inal layout of the interior of the building was redesigned to create 
good circulation and better quality of living for the users. 30% of 
the interior walls were kept and improved the insulation and sound 
proofing.

2.	 Initial analysis of the building was conducted using Rhino and 
grasshopper to simulate the how much solar radiation and sunlight 
duration that the building is receiving. The adjacent buildings are 
very close, and the heights affects the design. The physical mod-
el was made to investigate closely the different heights of the sur-
rounding buildings. This has a huge impact in the process of de-
signing considering that the available space for new construction is 
limited. It is very important to do this part at the very early stage of 
the design process.

3.	 The solar, wind and daylight analysis was conducted using 
climate studio, Rhino, and grasshopper. The correct size and place-
ment of the windows determines the amount of daylight and energy 
demand of the building. The aesthetic part of the design does not 
necessarily compromise to save energy.

4.	 SIMIEN was used to analyze the initial energy demand during 
the preliminary stage of the project. Referring to the Norwegian 
building standard for passive house for the requirements to reached 
below the minimum requirement for the energy demand.

5.	 PV panels is used to maximize the amount of solar radiation 
as well as it will compensate the amount of carbon emission for the 
new building. The excess energy produced during summer will be 
exported to the grid and this is a way of giving back to the communi-
ty. The electricity production is determined using SIMIEN.

6.	 The existing building enveloped was improved by adding 
more insulation to the exterior wall and the basement was turned 
into heated space used for other student facilities. Building elements 
details are based on the recommendation from Byggforsk. Regard-
ing the structural part, a meeting with Bunji Izumi, assistant profes-
sor from the university was conducted for different suggestions on 
how to strengthen the existing elements to support the additional 
structure on the top.

7.	 The emissions from the operational energy and materials 
were calculated with the help of Fiona Marie Dy who is doing the 
master thesis on the Life Cycle assessment of my proposal at the 
early stage. The ZEB tool and One click LCA is used to calculate the 
carbon emission of the proposal.
8.	 Auto Cad Revit was used for the final drawings. Photoshop 
and InDesign for the final presentation of the project.
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II. SITE AND CONTEXT

Site analysis
Temperature and wind
SWOT analysis
Surrounding buildings
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Trondheim city lies inside large and deep Trondheim fjord that flows into 
the west coast with a colder winter, but less rain compared to places ex-
posed to the Atlantic Ocean. During winter season, the comfort range tem-
perature is between 21 and 24 degrees Celsius in while during summer 
season it lies between 24 and 27 degrees Celsius. The southwest façade 
is directly exposed to the sun with a maximum of 829kWh/m2 in summer.

The prevailing wind throughout the is coming from the south-southeast di-
rection. During summer, the strongest wind is coming from west-southwest 
and with an average windspeed of 3m/s and can reach up to 10.8m/s. The 
average windspeed of 4m/s from the east-southeast direction which can 
also reach up to 10.8m/s is experienced during cold season. The five-sto-
rey coop prix building is located on the east side of the existing building 
and that is why it is protected from the winter wind.

TEMPERATURE AND WIND

SITE ANALYSIS

The site
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On the east side is a 5-storey 
building in concrete and metal 
cladding façade on the top floor. 
Coop prix food shop on the first 
floor and the rehabilitation center 
on the upper floors. 

Extension of St. Olavs Hospital 
building for rehabilitation center 
in concrete and metal 
construction located at the 
northern side of the student 
housing with great view of the 
Nidelva.

Heritage protected building in 
bricks and concrete.

At the intersection between 
Klostergate and Mauritz gate lies 
numbers of apartment buildings in 
concrete including the coop prix 
building on the left side of the 
road.

Heritage protected concrete 
building which serves as the 
Regional Trauma center located 
the back of building along 
Schwachs gate.

A four-storey concrete building 
apartment located in the 
intersection between Klostergate 
and  Mauritz Hansens gate.

Heritage protected traditional 
two-storey wooden houses across 
the street.

View of the Nidarosdomen is a 
very important part of the square 
where the passageway going to 
the greenery along the river lies 
between the student housing and 
the coop prix building.

STRENGHTS WEAKNESS OPPORTUNITIES THREATS
Centrally located with a walking distance 
from all the campuses in the city including 
student Samfunndet, training centers, and 
Trondheim spectrum.

Cars and busses passing every day.

Level of sound facing Klostergate exceeded the 
minimum requirement of 55dB for housing.

Limited lot area for outdoor recreational space is a 
requirement. The roof top can be use as outdoor 
common space for students.

Densification and future plans
for the city.

Direct access to Nidelva for recreational, 
bicycle and walking paths along the river.

Public areas and private areas such as the courtyard for 
students is challenging because public can have direct 
access to the ground level.

Improve the outdoor areas around the building for both 
students and the public. Turn the road from coop prix to 
Student Samfunndet a walking street.

Building restrictions 

4-mins walk to Student Samfunndet bus 
stop at Elgeseter gate.

Intersection between Klostergate and Mauritz Hansen’s 
gate is quite busy.

Improve the outdoor areas around the building for both 
students and the public.

More vehicles and bus trips

5 mins walk distance to St. Olav’s hospital 
and health services.

Expensive and attractive site. Expect for higher 
rental cost.

Add bicycle lanes and safer walking streets.

Coop prix is across the road on the east side 
of the building.

The Regional rehabilitation center located on both sides 
of the building must be taken into consideration. 

Fire safety regulations with minimum 8meters distance 
between buildings.

Façade facing Klostergate must be aesthetically pleasing 
to attract safety for people to walk or use bicycle every 
day.

Existing concrete building can be 
refurbished.

Building does not comply with latest building 
regulations.

Some exemptions to the building’s regulations can 
be applied.

Expansion 

SITE ANALYSIS

THE SURROUNDING BUILDINGS
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III. CONCEPT AND FORM

Form
Site development plan
Illustrations
Floor plans
Facades
Site sections
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FORM 

Existing three level  build-
ing with car parking in the 
basement. 

New concrete floor and 
heated rooms in the exist-
ing basement carparking 
space. 

New kitchen on top of the 
existing roof on west wing 
of the building.
Additional one floor with 
12units on top of the exist-
ing roof on the east wing.

Maximizing the lot area and completing the 
block. Additional 6 floors with main kitchen 
on the first level.

Started making sketches using the ex-
isting floor plans to improve circulation 
inside and how it will connect to the new 
building.

Option 1

Option 3 North side facing NidelvaOption 4

Option 2

Option 5 is the final form in consideration for the structural capacity of the existing building.

The form is simple and the height of the facade along Klostergate was maintained. The extension at the north wing completed the block 
and is only one floor higher than the adjacent building. The purpose is to accomodate more students without sacrificing the quality of living 
as well the aesthetic quality that fits well into the neighborhood. Different options for the extension was developed until the final form was 
made and that is adding one floor on top of the existing building and new seven floor building is built at the existing car parking space.

DEVELOPMENT OF THE FORM
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SITE DEVELOPMENT PLAN
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ILLUSTRATIONS

The space between buildings serves as the extension of the kitchen and direct access to the park along Nidelva.

Existing car parking for the student. There is already shading after 12.noon on this side of the adjascent building.
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Fresh air supply pipe

Exhaust air extraction pipe

The existing basement is insulated, and 
additional mechanical room was added 
for the new extended building. Wash-
ing area, bicycle parking provided with 
working or repair space. There will be no 
need for cars since public transportation 
is available and has easy access to cam-
puses in the city. Ventilation system and 
water tank is in the basement for easy 
access for technical services mainte-
nance. There are two ventilation shafts 
located on the existing building and one 
at the new building beside the elevator.  

Total floor area 3482sq.m
93 units 
- 52 single bed
- 9 double beds
-21 collective
-11 units (HC)

The proposal has 93 units that will accomodate 103 students but it can reach up to 106 students 
if the 19sq. meter room wil be shared by couple. The existing housing accomodates 63 students. 
Additional 40 students will be a good solution for lack of student housing in Trondheim city.
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Legend:

Existing wall

New constructed wall

Added insulation on wall

Fresh air supply pipe

Exhaust air extraction pipe

Technical

The existing building is divided into east and west wing. The 
main entrance and lobby serve as the main connection be-
tween the existing building and the new building in the north 
wing while the stair and the lift for easy access to the base-
ment where the washing room and bicycle parking is located.  
West wing has the direct entrance from Klostergate while the 
east wing has the lobby for the main entrance. West wing 
has the collective units sharing two toilets and baths where 
one unit is also for handicap person. The existing kitchen 
is removed to provide more space for socializing with oth-
er roommates. Insulation is added inside to comply with the 
Norwegian Regulations on technical requirements for build-
ing works (TEK17) and Passive house standard (NS3700). 

The east wing has the lobby or common living space which 
has also access to fire exit towards Schwachs gate. Exist-
ing interior walls were demolished for a better circulation of 
traffic inside the building as well as the access to elevator 
that is in the north wing. The common kitchen is in the north 
wing with 132sq. meter that can accommodate maximum of 
60 people at the same time. Big windows are provided to 
allow more daylight into the room. At the end of the room is 
the dining area with windows on all sides for the view of the 
river and Nidarosdomen. The courtyard is the extension of 
the kitchen and dining hall where can be more useful during 
warmer season. There is 7.5meters distance from the adja-
cent building providing enough space for the daylight as well 
as comply with fire restrictions for the new building. 

16 Units
2-HC single bed
7-Collective with 2 T&B
1-Double unit
6-Single unit with T&B
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The west wing has the same original concept for collective 
living while the east wing is more private with own toilet and 
bath. The bigger unit with two students has own small kitchen. 
It has the same plan for level 3. To access the rooms in the 
north wing, the door is located beside the accessible toilet. 
Each floor level has one accessible toilet beside the elevator. 
There are 6 units with entrance from an open corridor facing 
northwest direction. The corridor serves as the balcony to en-
joy afternoon sun especially warmer season and opening the 
door will let fresh air pass through the window on the other 
side facing southeast direction. The fire exit ladder is located 
close to the end of the corridor. Minimalistic and practical de-
sign to save space and material.

24 Units
3-HC single bed
7-Collective with 2 T&B
2-Double unit wi T&Bth kitchen 
10-Single unit with T&B
2- Single unit with kitchen and T&B
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New living area for students to share.

Existing kitchen is removed will have shered kitchen 
in ground level and level 4.

24 Units
3-HC single bed
7-Collective with 2 T&B
2-Double unit wi T&Bth kitchen 
10-Single unit with T&B
2- Single unit with kitchen and T&B
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Exhaust air extraction pipe

The new floor is added to the existing roof where the 
kitchen is in the west wing. The kitchen has 139m2 
that can accommodate 40 people at the same time. 
The north and west wing has the same plan as the 
plan below. The light wooden construction above the 
existing prefabricated sandwich wall is used for struc-
tural reason. Structural design is for the further devel-
opment of the project.

17 Units
3-HC single bed with T&B
2-Double unit wi T&Bth kitchen 
10-Single unit with T&B
2- Single unit with kitchen and T&B
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Fresh air supply pipe
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Technical

Roof Terrace

The roof above the kitchen from level 4 is 
used as the outdoor space and extension 
of the kitchen during warmer season. The 
roof in the west wing is used for the PV 
panels.

To optimize the solar energy, PV panels 
are installed facing East-west direction. 

6 Units
1-Double unit with kitchen and T&B
3-Single bed with T&B
2- Single unit with kitchen and T&B
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6 Units
1-Double unit with kitchen and T&B
3-Single bed with T&B
2- Single unit with kitchen and T&B



24 25

J

L

M

P

N

6 9 10

K

16 m²
Bed

16 m²
Bed

13 m²
Bed

12 m²
Bed

23 m²
Bed

12 m²
Bed

O

Q

Dn

T&B

T&B

T&B

T&B

T&B

T&B

HC

26 m²
Hall

Technical

5.1

65
00

31
00

62
50

11
90

0

2200 1200

PLAN 7

4851

27
75

0
37

66

5172 3731

37
66

27
77

9

8902

0
SCALE 1:200

5 10 15

Legend:
Fresh air supply pipe

Exhaust air extraction pipe



25

+3
1.

4m

+2
5.

9m

+2
3.

15
m

Ea
st

 F
ac

ad
e

0 SC
AL

E 
1:

20
0

5
10

15

Th
e 

ex
te

ns
io

n 
of

 t
he

 s
tu

de
nt

 h
ou

si
ng

 im
pr

ov
es

 
th

e 
ae

st
he

tic
 q

ua
lit

y 
of

 t
he

 n
ei

gh
bo

rh
oo

d.
 T

w
o 

ad
ja

ce
nt

 b
ui

ld
in

gs
 a

re
 m

od
er

n 
w

ith
 c

on
cr

et
e 

an
d 

m
et

al
 fa

ça
de

. T
he

 m
ix

ed
 u

se
 o

f m
at

er
ia

ls
 m

ad
e 

th
e 

bu
ild

in
g 

m
or

e 
in

te
re

st
in

g.

Ex
is

tin
g 

Ea
st

 fa
ca

de



26

+3
1.

4m

+2
5.

9m

+2
3.

15
m

W
es

t F
ac

ad
e

0 SC
AL

E 
1:

20
0

5
10

15

Ex
is

tin
g 

W
es

t f
ac

ad
e

Th
e 

w
es

t f
aç

ad
e 

of
 th

e 
ex

te
ns

io
n 

is
 fa

ci
ng

 th
e 

3-
st

or
ey

 R
eg

io
na

l 
Tr

au
m

a 
C

en
te

r w
hi

ch
 is

 a
ls

o 
a 

he
rit

ag
e 

pr
ot

ec
te

d 
co

nc
re

te
 b

ui
ld

-
in

g.
 T

he
 c

ou
rty

ar
d 

se
rv

es
 a

s 
th

e 
“b

re
at

hi
ng

 s
pa

ce
” 

be
tw

ee
n 

tw
o 

bu
ild

in
gs

. T
he

re
 is

 o
nl

y 
on

e 
w

in
do

w
 fo

r e
ac

h 
le

ve
l a

t t
he

 e
nd

 o
f t

he
 

co
rri

do
r t

o 
av

oi
d 

di
re

ct
 v

ie
w

 to
 th

e 
ad

ja
ce

nt
 b

ui
ld

in
g.



27

+3
1.

4m

+2
5.

9m

+2
3.

15
m

N
or

th
 F

ac
ad

e
0 SC

AL
E 

1:
20

0
5

10
15

+3
1.

4m

+2
5.

9m

+2
3.

15
m

So
ut

h 
Fa

ca
de

0 SC
AL

E 
1:

20
0

5
10

15

Ex
is

tin
g 

So
ut

h 
fa

ca
de

Ex
is

tin
g 

N
or

th
 fa

ca
de

Th
e 

di
ni

ng
 a

re
a 

fo
r 

th
e 

tw
o 

ki
tc

he
ns

 h
as

 d
ire

ct
 v

ie
w

 
of

 t
he

 r
iv

er
. 

Th
e 

ki
tc

he
n 

in
 t

he
 g

ro
un

d 
flo

or
 h

as
 d

i-
re

ct
 a

cc
es

s 
to

 c
ou

rty
ar

d 
ga

rd
en

 a
nd

 t
he

 g
re

en
er

ie
s 

al
on

g 
N

id
el

va
 w

hi
le

 th
e 

ki
tc

he
n 

in
 le

ve
l 4

 h
as

 v
ie

w
 o

f 
th

e 
m

ou
nt

ai
ns

 a
nd

 th
e 

riv
er

 in
 th

e 
no

rth
 d

ire
ct

io
n 

w
ith

 
ea

sy
 a

cc
es

s 
to

 ro
of

 te
rra

ce
.

Va
ria

tio
n 

of
 h

ei
gh

ts
 o

f t
he

 b
ui

ld
in

g 
is

 th
e 

re
su

lt 
of

 m
ul

tip
le

 a
tte

m
pt

s 
on

 h
ow

 th
e 

re
fu

rb
is

hm
en

t a
nd

 e
xt

en
si

on
 p

ro
je

ct
 w

ill 
fit

 in
to

 th
e 

co
n-

te
xt

. A
dj

ac
en

t b
ui

ld
in

g 
of

 v
ar

yi
ng

 h
ei

gh
ts

 a
nd

 s
ty

le
s 

aff
ec

ts
 th

e 
fin

al
 

de
si

gn
 o

f t
he

 p
ro

po
sa

l. 



28 29

N
or

th
-S

ou
th

 S
ec

tio
n

Ea
st

-W
es

t S
ec

tio
n



29

ILLUSTRATIONS

Existing facade along Klostergate

Proposed facade along Klostergate
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IV. MATERIALS

Materials and U-values
Details
Main material with corresponding GWP
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Vapor barrier 0.15mm

Gypsum board 12.5mm

Gypsum board 12.5mm

Wind barier 12mm

Vapor retarder 0.15mm

Mineral wool insulation

Wood cladding 22mm

23x36mm Wooden butten (600mm c/c)

Gypsum board 12.5mm

OSB plate 36mm
Spoon plate 22mm

Floor Plate  22mm

I-beam 200mm (600mm c/c)

Gypsum board 12.5mm

350mm 48mm

Mineral wool insulation 200mm

Insulation
Plaster 15mm

Fall min. 1 : 50

Concrete basement wall

Drainage material

Fine gravel

Drainage pipe

Gypsum board 12.5mm

Vapor retarder 015mm

Plaster 15mm

Water proofing and radon membrane

48mm Rockwool Flexi-A Plate

250mm EPS insulation

80mm Low carbon Concrete

30mm Floor screed
15mm Floor plates

Vapor barrier 0.15mm
Gypsum board 12.5mm

Wind barier 12mm

Mineral wool insulation

Wood cladding 22mm

23x36mm Wooden butten (600mm c/c)

Asphalt sheating 4mm

Spoon plate 22mm

Floor Plate  22mm

I-beam 200mm (600mm c/c)

Gypsum board 12.5mm

Damp proofing

Slope 1:40

Mineral wool insulation 200mm

Mineral wool insulation 200mm

150 mm

Water proofing
and radon-membrane

Floor plate 15mm

Wind barier 12mm

Vapor retarder 0.15mm
350 mm

100 mm 100 mm
50
mm

Pa
pe

r

600
mm

Mineral wool insulation

48 mm

 Wood cladding 22mm

23x36mm Wooden butten

Gypsum board 12.5mm

300mm EPS insulation

80mm Low carbon
Concrete

Floor screed 30mm

Drainage material

Floor heating pipe

Ringmur

Roof deck detail

Basement floor and wall detail

Wall and floor on ground detail

Wall and bæring floor detail

To comply with the Norwegian standard 3700- Criteria for passive 
house and low energy house, certain rules must be followed. These 
rules and guidelines are important to reduce the energy demand 
of the building. The requirement for heat loss can get through the 
floors, walls, doors especially the windows. Air leaks through venti-
lation also has impact in heat loss.

The floor on ground has 80mm concrete on 300mm EPS insulation 
having u-value of 0.11. Since the existing basement is insulated both 
walls and flooring. The flooring used the same floor construction 
principle as the kitchen in the ground level. But the kitchen and din-
ing hall will have hydronic heating system installed under the floor 
tiles. See wall and floor on ground detail.

The existing hollow concrete floor up to roof level is still in use. The 
existing roof construction is refurbished since the new floor is add-
ed. Only one floor is added and is in light wooden construction. The 
existing building does not have columns and the exterior wall serves 
as the bearing structure that caries the load from the hollow core 
floors. Further structural details can be included in the next stage of 
the project.

The wooden flooring with 200mm I-joist spaced at 600mm and in-
sulated with 200mm mineral wool and 22mm spoon plate under the 
floor finish. The U-value is 0.10. See wall and bearing floor detail.

The exterior wall has 350mm I-profile with 400mm insulation. The 
vapor retarder is continuous from the floor to wall to keep it airtight. 
Based on the noise report from Brekke Strand and the Norwegian 
building standard, the average level of noise outside window is 55dB 
but the today is already reaching 62dB because Klostergate is a 
busy road and is predicted to increase up to 80dB in near future. 
See wall and bearing flooring detail.

The roof has 200mm I-profile with 200mm mineral insulation, above 
is 22mm spoon plate with continues dam proofing membrane and 
200mm insulation under the roof membrane. The roof of the kitchen 
on level four will be used as the roof terrace with out plants. 22mm 
wooden plates will be the finishing floor material. The required mini-
mum u-value for the roof is 0.10. See roof deck detail.

The existing windows has never been changed since it was built 
and has U-value of 2.4 according to Norwegian standard (Bygg-
forsk-TEK 1987) . The new windows are triple glazed with u-value of 
0.80. Windows facing southwest and north west will have automatic 
outdoor window blinds to avoid overheating. The glazing ratio used 
is 20% for the building to be more energy effecient.

Materials Details



32

Level 4-7

Level 3

Basement level

Level 1

Level 2

Existing element

Demolished

Legend:

Element Existing Re-used Demolished
Percentage 

Re-Used

Windows 150.7m2 0 0 0

Pre-fabricated floor slab 1840m2 1840 0 100%

Prefabricated sandwich wall 1111m2 1001m2 110m2 90%

Interior wall 1469m2 581m2 888m2 40%

Axonometry

Kebony Scots pine exter-
nal cladding
GWP = 6.86kgCO2eq/m2
Total = 8.7tons CO2eq

Isover Standard 40Roll 
(Saint Gobain)
GWP = 0.42kgCO2eq/m2
Total = 3.9tons CO2eq

Ready-mix concrete 
Low-carbon Class A
GWP = 184.55 kgCO2eq/m3
Total = 32tons CO2eq

I-Joist wood 
GWP = 2.4kgCO2eq/m2
Total = 1.3tons CO2eq

EPS insulation panels
GWP = 46.05kgCO2eq/m3
Total = 10tons CO2eq

Materials

Main materials used with corresponding GWP
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V. STRATEGIES AND ANALYSES
Daylight analysis
Renewable energy
Heating system
Ventilation system
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According to the Technical Regulations to the Planning and Building act, the minimum re-
quirement for daylighting is 2%. Since this is an existing structure and the original design 
was retained, the windows size is 1.2mX2m was decided to be used again and receiving 
an average daylight factor of 3.9%. Rhino and grasshopper was used to simulate the 
daylight analysis for the room size of 2.9mx6.0m having a minimum of 2.2%. The window 
size is 1.2mx1.4m and 0.8m above the floor level and is located closer on one end of the 
room as shown on fig..... Whereas the window of the same size that was placed on the 
middle of the room, the day light factor changed to 2.5% as shown on fig.... Some of the 
northwest and north facing rooms have double size windows since these rooms does not 
have a better view but have more daylight factor of 4% (Fig....).

Plan

Plan

The unit has 11m2 floor area with toilet and bath. The windows used for 
this room is 1.2mx1.4m with 2.5% daylight factor. The window is facing 
southeast and recieving the morning sun. Indoor window blinds can be 
used for the glare issues. Light painted interior walls and ceiling makes 
the room feels bigger and reflects light through out the space.

This unit has 16m2 floor area with small kitchen, toilet and bath. The 
window is facing southeast and recieving the morning sun. Indoor 
window blinds can be used for the glare issues. Bigger windows were 
used since it is bigger and provides more daylight for the kitchen area.

DAYLIGHT ANALYSIS

Fig.1 ( DF:2.2% ) 

Fig.2 ( DF:2.5% )

Fig.3 ( DF:4% )

Window facing southeast with DF of 2.5%.

Window facing southeast with bigger room area.
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The kitchen and dining hall on the ground floor has a higher 
daylight factor because of the big windows where the north-
east side of the room gives abundant daylighting as well as a 
good view of the river and Nidarosdomen. The view outside is 
a very important consideration in designing a common space. 

DAYLIGHT ANALYSIS

The final plan of the kitchen shows the diagonal wall in the end of the room to open up the backyard making it more inviting and alive. The 
dining area has a direct view of the Nidelva and Nidarosdomen, and has a direct access to the greeneries along the river. The kitchen also 
has direct access to the Coop prix food shop on the east side of the builing. The big windows facing the backyard makes the kitchen and 
dining space as part of the garden where the doors can be openned during summer season to avoid overheating. The water based heating 
system is used under floor tiles in this common space for dining and cooking. The space is shared by 50 student with 10 cooking plates. 

Prelimenary plan was used as basis for determining the amount of glaz-
ing and the DF was simulated using grasshopper.

Final kitchen plan at ground level

Illustration of Kitchen with morning sun
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The kitchen on the fourth floor has daylight factor of 8%. This serves as the common space for 
the students where more lighting is needed, and windows has automatic outdoor window blinds to 
avoid overheating. The height of the ceiling is 3meters with 139m2. The view of the mountains and 
the river north direction of the building is an important consideration in the process of design the 
additional floor on top of the existing building that will be socially beneficial for the students. 

The existing window size is 1.2mx2.0m and placed on end of the room 
giving an average daylight factor of 3.9%. All the units facing facing south-
east and southwest direction have issues with higher amount of glare but 
with the use of outdoor  automatic window blinds this can solve issues with 
both glare and direct heat from the sun.

3.9%
Average DF

Existing window 1.2mx2.0m

Kitchen located at plan 4 

Existing unit facing northwest 

Existing unit plan

The blue wall indicates existing wall and the 
red line indicates the added thermal insulation 
to comply with the present building require-
ment.

DAYLIGHT ANALYSIS
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HEATING SYSTEM

Hydronic radiant floor heating is used in the kitchen in the ground 
floor level installed under concrete floor. The main advantage of radi-
ant heating is the higher level of comfort and lower energy cost since 
the system will use the geothermal heat pump. The existing building 
is using the water-based radiator heating system that is connected 
to district heating. The existing radiators will still be used, and all the 
units for the new construction will also have radiators including the 
toilets with separate controllers so that temperature can be adjusted 
or turned off when not in use. The washing area and bicycle parking 
with working space will have radiators and the rest of the basement 
will not be heated. The coefficient of performance (COP) for heat 
pump used for the SIMIEN simulation is 3.2 for room heating.

The average temperature during summer is 25.4degrees considere-
ing that there is automatic outdoor window blinds to protect from 
direct sunlight comming from southwest direction facing Klostergate 
and southeast direction for the last two levels in the north wing. 

SPACE HEATING

The hourly temperature distribution during summer season.

Figure 4 illustrates that the roof is receiving a maximum of 921kWh/
m2 of solar radiation during summer while the southwest façade 
receives 830kWh/m2 on the higher level of the building. Based on 
this analysis, placing of big windows on the southwest façade was 
not a very good idea because of the sun exposure during summer. 
Since the project has already existing bigger windows, these will be 
replaced with triple glazed windows with U-value of 0.80 with auto-
matic outdoor window blinds to avoid overheating during summer. 

To optimize the amount of radiation from roof, photovoltaic panels 
facing  east-west direction and installed on top of the roof in east and 
north wing with 490m2 producing a total of 69151kWh per year. The 
delivered energy is 34101kWh per year and the rest is delivered to 
the grid. The graph in fig...illustrates the amount of energy produced 
and delivered from PV panels. The efficiency of PV panels used in 
the SIMIEN simulation is 20%.

Photovoltaic Panels

Radiation analysis

Geothermal energy is more sustainable source of energy where it 
can supply heating and cooling of air as well as pre heating of do-
mestic hot water for users consumption. Water heating account for 
38% of the energy budget for the operational of the student hous-
ing.  The heat pump gives 25kWh/m2 for domestic hot water and 
13.5kWh/m2 for space heating. The specific energy delivered from 
heat pump is 14.2kWh/m2. The amount of carbon emission from the 
heat pump is 1.8kgCO2eq/m2.

Geothermal Energy source

RENEWABLE ENERGY

Fig. 4

Pv panels 490m2 (20% effeciency)
Produced energy kWh/yr 69150
Delivered energy kWh/yr 35056
Exported to grid 34094
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VENTILATION SYSTEM

The building is divided into three wings. The existing building has 
the east and west wing with four floors including the common kitch-
en on the west wing on level 4. The new extension is the north wing 
with six floors for living units and the dining hall and kitchen on the 
ground level. Hybrid balanced ventilation system is used for a better 
indoor air quality and the use of the heat recovery saves heating de-
mand during winter. Natural Ventilation is used during summer sea-
son since all the windows can be opened including the two common 
kitchen. Every room has sensor that when the windows are open 
then the heating system will automatically turn off.  

The technical rooms for ventilation, heating and water supply tank 
are in the basement where the fresh air inlet and exhaust air vent 
is in the west wing facing the bicycle parking along Schwach gate.  
Pipes from the basement runs through the ventilation shafts provid-
ed in each wing. The air duct in the north wing are located above the 
main door of each unit where the ceiling height is 20cm lower than 
the sleeping area while in the east wing runs through the hallway 
and into the bedrooms. The average air supply is at 2.0m3 per hour 
per square meter during occupation.

GEOTHERMAL HEAT PUMP

VENTILATION WITH HEAT RECOVERY SYSTEM

EXHAUST AIR PIPE

COLD WATER PIPE

HOT WATER PIPE

SUPPLY AIR PIPE

LEGEND: 

PV panels

PV panels

Ventilation system with Geothermal heat pump. The fresh air inlet and exhaust air vent is located in west wing facing 
Schwach gate. Boreholes will be located outside the existing building.

Ventilation distribution principle each level.
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VI. ZEB BALANCE
Operational energy analy-
sys and carbon emission
Emission from materials 
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According to Norwegian building standard (TEK 17) the standard 
energy demand for building apartment is 95kWh/m2. To minimize 
the energy demand, different strategies were adopted to this proj-
ect. The passive house standard (NS3700) was used to save ener-
gy demand as well as integrating renewable energy to optimize the 
solar energy. To determine the energy demand and energy deliv-
ered, SIMIEN was used considering the floor to ceiling height is the 
same for the whole building with a total heated area of 3482m2 and 
8460m3 building volume. 

The total energy needed is 228778 kWh per year with a specific 
energy need of 65.7kWh/m2 which is lower than the standard de-
mand of 95kWh/m2 (TEK17). The most energy consumption is from 
domestic hot water of 86906kWh equivalent to 38% of the energy 
budget followed by room heating with 46885kWh that accounts for 
the 21% of the energy budget. See fig. 5.

The total energy delivered to the building is 49890kWh and specific 
energy delivered is 14.3kWh/m2. The total specific electricity deliv-
ered is 20kWh/m2.

Figure 6 shows how much heat is lost from each building element. 
The higher the heat lost the higher the energy is used.

The amount of carbon emission for the operation is 4.4kg/m2. Since 
the photovoltaic panels were used, the total amount of carbon was 
compensated by the amount of energy produced resulting to 1.9 
kgC02eq/m2 per year. See fig.7.

OPERATIONAL ENERGY ANALYSIS AND CARBON EMISSION

Heating
21 %

Heating battery
11 %

Hot water
38 %

Fans
11 %

Pupms
0 %

Ligthing
12 %

Technical 
equipment

7 %

Heating Heating battery Hot water
Fans Pupms Ligthing

Exterior wall
20 %

Roof
4 %

Floor slab on 
ground

4 %

Windows
35 %

Coldbridge
7 %

Infiltration
8 %

Ventilation
22 %

Exterior wall Roof Floor slab on ground

Windows Coldbridge Infiltration

Ventilation

Building data

Annual energy demand and delivered

Fig.5       Annual energy demand Fig.6        Heatloss budget

Annual energy need (kWh/yr) 228778

Annual specific energy need (kWh/m2/yr) 65.7

Annual energy delivered (kWh/yr) 49890

Annual specific energy delivered (kWh/m2/yr) 14.3

Operational carbon emission (kgCO2eq/yr) 6486

Specific annual carbon emission(kgCO2/m/yr) 1.9

Heated floor area (m2) 3482
Heated volume (m3) 8460
Area roof (m2) 673
Exterior wall area 2650
Exterior wall (U-value) 0,11
Roof (U-value) 0,09
Floor slab (U-value) 0,1
Windows and doors  (U-value) 0,8
Window to wall ratio (%) 18
Normalized thermal bridge (W/m2K) 0,03
Ventilation rate (m3/h/m2) 2.0
Heat recovery efficiency 0.86

Fig.7       SIMIEN carbon emission result
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EMISSION FROM MATERIALS

The carbon emissions for the proposal are 184758kgCO2 from 
material production (A1-A3), 93654kgCO2 for replacement (B1-
B5), 50380kgCO2 for the waste disposal over 60 years. The direct 
electricity needed is 69586kWh/year. The total carbon emissions is 
1.79kgCO2eq/m2/year. 

Based on a study conducted by my fellow student where another 
scenario was made for the calculation of carbon emissions, refur-
bishment has a lower result for carbon emission compared to new 
contruction. Carbon computation for a totally new constructed build-
ing using mainly wood materials compared to my proposal refurbish-
ment with extension using wood as main material. It shows that the 
totally new constructed building has 2.4kgCO2eq/m2/yr while the re-
furbished proposal has 1,79kgCO2eq/m2/yr. This result shows that 
by refurbishing the existing building can save 24% of carbon emis-
sion from raw materials early stage A1-A3, while the total amount of 
carbon saved per square meter is 25% including the replacement, 
waste processing and waste disposal of materials. See fig.8

Base on the table in fig.10 shows that emission from A1-A3 is the 
highest emission but the flooring roof and ceiling also showing high 
emission in B5 stage this is because of maintenance and replace-
ment. Some of the elements has average lifspan of 25 to 30 years.

Take note that this emission does not include emission for the A1-
A3 for Photovoltaic panel of 490m2 which is 102,900kgCO2. The 
carbon emission from the PV panels is high but the trade off for the 
amount carbon from production is compensated by the amount of 
energy it can give to the operational energy demand of the building. 
The amount of energy that the PV panels produces for building use 
is 34101kWh/year resulting to 9.8kWh/m2. A reduction of 1.3kgCO-
2eq/m2/year for the delivered energy to the building and 1.3kgCO-
2eq/m2/year for the exported energy to the grid. Research studies 
shows that PV panels today can reach 96% recycling efficiency and 
that is why it’s becoming more popular and cheaper now a days 
considering its sustainability. 
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CONCLUSION

The main goal for this proposal is to design a ZERO-emission student housing in Klostergate 56 with 106students.  According to a report 
conducted by Fiona Dy, doing the master thesis about LCA of my proposal, the result for carbon emission shows that refurbishment with 
extension resulted to 1.79kgCO2eq/m2 for materials used which is 25% lower than the new wooden construction of the same building 
design.  After doing the SIMIEN energy simulation, the carbon emission from energy used is 1.9kgCO2eq/m2 and this is the result using 
geothermal heat pump for heating and domestic hot water as well as using PV panels as renewable energy source.

Implementing passive house standard NS3700 and using the regulations on technical requirements for building works (TEK17) resulted to 
a lower environmental impact.

Thorough selection of material with lower GWP combined with material efficiency and recycling is crucial in designing a ZERO emission 
building. The ventilation system and renewable energy source must be carefully planned to balance the energy used.
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Building materials Amount

cast in situ concrete 171,21 m3
prefabricated 
concrete

wall 11,6 ton
slab 11,4 ton
column 0,6 m3
stairs 31,71 m3

screed 16,61 ton
vapour retarder 8651 m2
waterproofing 203 m2
EPS insulation 5728 m2
gypsum board 16039 m2
mineral wool 
insulation 41951 m2
vinyl 24 m2
profile sheet
windows 563,34 m2
wood panel

cladding 35,48 m3
roofing 1,08 m3

wind barrier 1993 m2
moisture resistant 
particle board 1796 m2
wood sheathing 7655 m2
glue laminated 
colum 24,29 m3
roof felt 563 m2
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INFORMATIONS FROM BYGGFORSK WEBSITE
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TIMELINE
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ENERGY SIMULATION DATAS AND RESULTS FROM SIMIEN
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