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 | ABSTRACT

The ZEB Flexibility Lab focuses on integrated energy 
design to create a zero emission building through pas-
sive energy design, reduction of thermal losses, and 
production of renewable energy on the site, while 
maintaining a comfortable indoor environment. The 
ultimate challenge of a zero emission building is to 
develop a balance between a building’s energy ex-
penditure and the energy that can is produced on 
site. The design goal of this project is to create a lab-
oratory that attains the status of ZEB-COM and pro-
vides a comfortable and flexible environment for the 
researchers and students that will be using the build-
ing. Upon analysis, it was determined that primary 
drivers of a building’s energy consumption occur in 
the heating and ventilation of the building, while the 
most promising renewable energy resources available 
on the site are solar power and geothermal heating. 
During the design process, computer simulations 
were used to determine the thermal efficiency of the 
building, leading to an evolution of the shape, layout, 
and structure of the building, as energy production 
techniques were evaluated, analyzed, and optimized. 
We attempted to reduce the building’s energy use 
by establishing an effective thermal envelope, im-
plementing a hybrid ventilation system, and using a 
geothermal heat-pump for the generation of heat for 
the building; balancing the building’s energy require-
ments with electricity produced by photovoltaic pan-
els mounted on the facade of a building. 
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 | INTRODUCTION

The project group consists of four members, all stu-
dents of MSc Sustainable Architecture but with differ-
ent academic backgrounds:

Brisa Bøhle: Architecture and Urbanism
Janja Radivojevic: Architecture
Ida Hallebrand: Structural Engineering
Kari Tarnstrom: Architectural Engineering

As the task sets quite complex requirements, merg-
ing into one another, good communication between 
group members and insight in tasks are necessary to 
in order to provide time-efficient and good-quality 
design. The design process started with discussion 
about fields of expertise, time-management, commu-
nication tools and softwares and setting milestones. 
After individual analysis of requirements and bound-
ary conditions and deeper understanding of the task, 
it was necessary to discuss priorities and find a com-
mon design key drivers in order to strive to the same 
goal. Further process until the submission is based 
on research and comparison of different concepts 
and group decision making based on pros and cons 
of each idea, in terms of both architectural quality 
and building =performance. During the process, the 
previous options were kept in mind and reevaluated 
as the design was progressing. The mapping helped 
keeping track of important interactions between dif-
ferent aspects.

The entire group worked together to establish gener-
al concepts and approaches, while specific tasks and 
responsibilities were distributed among members 
based on their skills sets and specialties. The floor 
plan layout and functional design of the building were 
the primary focus of Janja and Brisa, who both have 
Architectural backgrounds. They additionally took 
responsibility for the design the layout for the natu-
ral ventilation system due to its dependence on the 
building layout. The technical systems of the building 
were developed by Ida and Kari. Ida has a background 
in structural engineering led her to take responsibility 
for the construction techniques and to develop a plan 
for the building’s structural system. Kari’s background 
in architectural engineering and her experience with 
plumbing and mechanical systems led her to focus on 
the mechanical ventilation and heating distribution 
systems of the building.

Various software programs were used during differ-
ent design stages of the project. During the initial site 
analysis, Meteonorm and Ecotect were used to collect 
data specific to the site, including climate and shadow 
studies. Polysun was used to estimate the energy pro-
duction of the photovoltaic panels, while IDA ICE was 
used for interior daylight simulations throughout the 
project. Both SIMIEN and IDA ICE were used to track 
the building’s energy demand and indoor comfort.

Brisa Bøhle, BA Architecture and Urbanism:
• site analysis
• drawings
• architecture
• furniture layout
• presentations and posters
• renders

Ida Hallebrand, BSc Structural Engineering, major Ar-
chitecture:
• urban analysis
• resource analysis
• materials 
• construction
• occupancy
• LCA

Janja Radivojevic, BSc Architecture:
• climate analysis
• resource analysis
• workplace design
• PV optimization
• daylight
• energy modeling
• booklet

Kari Tarnstrom, BS Architectural Engineering Tech-
nology and BS Civil & Environmental Engineering:
• requirements and goals
• models
• heating system
• HVAC system  Figure 1: Weekly schedule [MindManager]
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 | REQUIREMENTS AND GOALS

The purpose of the ZEB Flexible Lab project is to de-
velop a building on a site on the NTNU campus that 
will act as a laboratory space for research and devel-
opment of Zero Emission Building technologies and 
methods. SINTEF wants to build a laboratory for a 
internationally competitive industry with the vision 
of generating knowledge at a high international stan-
dard, while acting as a national resource center for 
research within the field.

To incorporate ZEB technologies and address the de-
sires of the client, two goals have been established 
for the design of this building: to create a lighthouse 
project and a research laboratory.

The first goal is to create a Lighthouse Project, fulfill-
ing the criteria for a ZEB-COM building with an ap-
proach that combines high architectural quality with 
the use of future oriented material use and building 
technologies. The assumed emissions for the project 
will be 1,0 kg CO2-eq/m2 for construction and 4,0 kg 
CO2-eq/m2 for material use. Although the materials 
used from energy systems are not included in the 
used materials, they will be calculated and reported.

The second goal is to create a SINTEF research labo-
ratory. Flexibility of use is a key feature of this space. 
In addition to a flexible design, energy systems and 
HVAC systems must incorporate passive strategies, 
such as incorporating natural forces and pressure 
drops, and be prepared to adapt and upgrade to new 

technologies and control strategies, while providing 
quantitative information on energy performance and 
indoor comfort. 

The goal of creating a flexible building also extends to 
the design of the work space. A modern office system 
must be taken into account, considering the sharing 
of workstation areas, accommodation for working re-
motely, and the provision of different types of work 
areas. The focus of the workplace design will be based 
on the quality rather than the quantity of the space, 
with aims to use the available space more efficiently.

The site is located in Trondheim (63°24′51′′N 
10°24′31′′E), 37,5 m above the sea level.

The climate in Trondheim is temperate. It is classified 
as Dfc (continental subarctic climate) by the Köp-
pen-Geiger system. It is characterized by long, usually 
cold winters, and short, cool to mild summers. The 
average annual temperature is 5,1 °C and the average 
rainfall is 884 mm. The coldest months are January 
and February when the average temperature is be-
low 0°C, and the warmest months are July and August 
with around 14 °C average temperature. 

Over a year, the average monthly temperatures are 
below the comfort levels and there is a heating de-
mand at least from October to April.

The relative humidity levels are above the comfort 
levels almost throughout the whole year. It is the low-
est in May (61 % in average), while the average values 
in winter are around 85 %. Annual average relative 
humidity is 77,2 % [2].

 | CLIMATE ANALYSIS
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 Figure 4: Monthly average temperature range [2]

 Figure 5: Monthly average relative humidity [2] Figure 3: ZEB standards [1]

 Figure 2: Flex Lab ambitions and Passivhus standard NS 3701
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The precipitation in Trondheim is quite equally dis-
tributed throughout the year. The driest month is 
May, with 46 mm of rain. The greatest amount of 
precipitation occurs in September, with an average of 
106 mm. There is only 60 mm difference between the 
driest and the wettest month. 

In certain conditions, it takes a form as snow. The 
snowfall is moderate, from November to March. 
There are on average 14 days in winter with at least 
25 cm snow cover on the ground. In winter 2016/17, 
measured at Trondheim (Voll observation station), 
snow depth higher than 0 cm was measured on 
around 30 days. The difference in annual maximum 
snowfall between the periods 1961-1990 and 2071-
2100 is -80 % to -60 %. When it comes to the number 
of days with snow, it is predicted that in period 2071-
2100 it will be from  -80 % to  -65 % in comparison to 
the period 1961-1990 [3].

The annual prevailing winds are coming from SW di-
rection. The average wind speed varies each year but 
stays in a range between 2,5 and 4,5 m/s. The maxi-
mal wind speed reaches up to 15-20 m/s. Over a year, 
the wind speeds are almost constant, and in Summer 
it is slightly slower. In Spring the wind is blowing most-
ly from SW, in Summer rather from N, in Autumn SSE 
and eventually in Winter goes in SW direction. The 
wind data are not measured directly on the site and 
therefore might be different in reality.

Trondheim has around 1.084 kWh/m²a direct normal 
irradiation and around 441 kWh/m²a diffuse radia-
tion. The values for sunshine duration and solar ra-
diation have been interpolated by using Meteonorm 
7.2.2 tool. The values for sunshine duration represent 
the average duration per day in a certain month. It is 
visible that the sunshine duration is less than 50 % 
of the astronomical sunshine duration. It varies from 
0,7 h in December to 8,5 h in June. Accordingly to 
that, the global solar radiation in winter is very low 
and very high in summer, and because of cloudiness 
the most of it is rather diffuse than direct radiation. 
The best orientation of vertical surface based on av-
erage daily incident radiation is 175° (0°N), according 
to Ecotect weather tool.

In designing a project, one has to think over the en-
tire building lifetime (50-100 years). One of the most 
important factors to consider are influences due to 
climate change. The climate is changing more rapidly 
than before and climate in the future has to be taken 
into consideration. In Norway, this reflects in hotter 
and wetter weather in the years ahead. Depending 
on emissions that can be cut, there are different sce-
narios for the future. It is expected that the tempera-
ture towards the end of the century could increase 
by about 4,5 °C if emissions continue to rise with this 
trend.

The rise of temperature would also have huge im-
pact on precipitation and cloudiness resulting in less 
direct solar radiation. Studies suggest that the rain-
fall in Norway is going to increase by 10-20 % by the 
end of the century, but probably even more (20-25 
%) [3]. The increase of precipitation is resulting rath-
er in more rainy days than heavy rainfall. In coastal 
Norway, the rain intensity will be especially increased, 
which can lead to big damages to buildings.

The weather and warmer climate will increase the risk 
of fungal growth and a lot of buildings will be at risk 
of suffering big moisture and water damage. For this 
reason, it is extremely important to design buildings 
that will be able to withstand more rainy and humid 
climate.0

20

40

60

80

100

120

140

160

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

diffuse radia�on [kWh/m²] global radia�on [kWh/m²]

0

2

4

6

8

10

12

14

16

18

20

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

sunshine dura�on [h] astronomical sunshine dura�on [h]

 Figure 6: Average monthly precipitation [2]

 Figure 8: Diffuse solar radiation relative to global radiation [Meteonorm]  Figure 9: Average sunshine duration [Meteonorm] Figure 7: Prevailing winds over a year [Ecotect]

The number of sunny hours in Trondheim from 1961-
90 was approximately 1346,5 h per year [4]. A new 
sun recorder was established in the city at Gløshau-
gen in late 2015, and recorded 1,592 sun-hours in 
2016 [5].
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 | RESOURCES AVAILABILITY

The wind utilization starting point for BIWT and BAWT 
is around 2 m/s. The wind speed in Trondheim is high 
enough - around 4m/s in average, according to weath-
er data measurements. Depending on the character-
istics of wind turbine, it is roughly estimated that it 
would be possible to produce up to around 21.000 
kWh/a in an urban area in Trondheim with 3-blade 
rotor and high building augmentation with 24 m² tur-
bine area [App. B]. But, because the performance of 
wind turbines depends on many aspects (axis height, 
surrounding surface roughness, wind channeling ef-
fect, turbine type, turbine area), it is necessary to do 
thorough assessment.

However, further research suggests that because of 
the terrain and the fact that the site is surrounded by  
hills, wind turbines could be utilized only after 50 m 
above the ground level. Therefore, wind power will 
not be utilized in this project.

If solar energy is to be utilized, the solar active area 
would be used for PV and not for solar thermal be-
cause of low domestic hot water demands of office 
buildings and the highest energy quality (electricity) 
which is more crucial for office buildings. Another 
advantage of PV electricity production is analogy be-
tween electricity production and electricity use in the 
building, resulting in less demand on storing the pro-
duced energy. On the other hand, there is a seasonal 
mismatch (the highest energy demand in the time of 
lowest energy production and vice versa.

Nevertheless, the use of PV panels shows a lot of po-
tential and therefore more thorough calculations are 
to be done later in the process.

There is also a big potential in utilizing neighboring 
buildings’ area.

Even though the ambient air is available everywhere 
in unlimited quantities and utilization of it has rela-
tively low investment costs, heat pumps with ambient 
air as source is plausible to use only for low capacities 
or if they are operated in conjunction with a further 
heat exchanger. Taking the building heated area into 
consideration and regarding the type of climate with 
relatively high heating demand and long heating pe-
riod because of very low outdoor temperatures, the 
system is rather inefficient and will not be applied on 
this building.

The location of the water table at the site was indi-
cated to be at a quite shallow depth of about 0,2 – 
1,4 meters from the surface, showing in geotechnical 
investigations in 1968 [6]. But today the water table 
have the at the level around 2 meters from the sur-
face because of new buildings have been built at the 
site.

It is possible to utilize energy from the groundwater 
by drilling holes in the bedrock, as a source for a heat 
pump. The depth of drill holes varies between 50-200 
m depending on the distribution of groundwater in 
the area [7].

A large scale wastewater heat recovery system is not 
available at the site or in the Trondheim area. Such 
a system includes a heat pump and is generally in-
stalled in the wastewater treatment plant. This sys-
tem is more efficient than a small scale system which 
is often installed inside the specific building construc-
tion or in the sewer. The small scale system is general-
ly a heat exchanger where wastewater flows through 
the exchanger containing another fluid in addition to 
the wastewater. However the small scale system de-
mands a certain wastewater flow through the system 
in order for it to work efficiently [32].

Since NTNU is a university building the wastewater 
flow is most likely not sufficient for the system to be 
efficient enough.  

The bedrock at the site is located at a relatively low 
depth (8-18 meter) [8]. Due to geothermal activity 
the bedrock in Norway has in general a year round 
temperature of around 4°C.

Geothermal heating as a heat sources for heat pumps 
is a way to utilize the heat from the bed ground in the 
winter time and for cooling during the summer using 
the same technology [9].
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District heating grid is available at the site and is used 
by Gløshaugen campus, NTNU.

District heating facilities with waste release are locat-
ed in Heimdal and burns residual waste.  The burning 
of residual waste generates heat, the heat is used for 
heating of water, which are transported in pipes to 
the grid. The district heating in Heimdal covers 30% 
of Trondheim’s heating demand [10].

The thorough analysis of the resources available on 
the site provided information about possible solu-
tions for building energy supply. In further work, solar 
energy, bedrock sourced heat pump and district heat-
ing will be taken into consideration.

The general approach is to design the building as off 
the grid as possible by having highly efficient photo-
voltaics and ground sourced heat pump. It is taken 
into consideration the fact that the energy supply in 
Norway is very clean and therefore, it would still be 
considered sustainable to cover building peak loads 
from the grid instead of over-dimensioning the build-
ing’s supply systems in the first place.

During the construction planning of the Sintef Bygg-
forsk building, geotechnical investigations were per-
formed at a large area which also covers the site. The 
geotechnical investigation was performed by Nybygg 
Bygningsingeniör avdelingen NTH and summarized 
in report O.669 published the 8th of May 1968. The 
report from the ground investigations has been gath-
ered from the Government owned site NADAG where 
all ground investigations conducted for the Road Au-
thority, The Railway Authority and municipalities in 
Norway are published [8].

The ground can be divided into different layers based 
on their characteristics. The top layer stretches from 
the surface down to 4-6 meter below the surface and 
is classified as a dry crust clay. Underneath this layer 
the ground in the area mainly consist of clay with a 
varying firmness, partly with intrusion of sand layers 
and organic materials. Slightly north of the site a lay-
er of fast clay was identified just above the assumed 
level of bedrock.

The location of the water table was indicated to be 
at a quite shallow depth of about 0,2 – 1,4 meters 
from the surface. The bedrock was interpreted to be 
located between 8 to 18 meters below the surface 
and the frost free depth is located at 1,5 meter from 
the surface, which means that the ground is good to 
build on.

 Figure 10: Site plan
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 | URBAN ANALYSIS

The site is located at Gløshaugen in Trondheim, ap-
proximately 2-3 km south east of Trondheim city cen-
ter and are most known for the university area of Nor-
wegian University of Science and Technology, NTNU.

The site is a part of the university area and are locat-
ed south-east of the Gløshaugen campus. The area 
around the site dominates by residential buildings, 
university buildings and public areas. Just next to the 
site is Norwegian Institute of Natural research, NINA 
house and the science- and research institute SINTEF. 
It is also close to one of bigger roads on the area Stri-
nadvegen and on the other side of Strindavegen is Le-
rkendal stadium and the hotel Scandic Lerkendal 0,4 
km south of the site and Trondheim business School 
is 0,6 km west of the site. And several supermarkets 
are in the area of 0,5 km from the site. 

The site is a little bit hidden behind Gløshaugen cam-
pus area and hidden from the other side of the el-
evated railway. Around the site it is a movement of 
people, passing by and no one really stops at the site. 
It is a lack of green spaces at the site even though it 
is close to larger parks at the university area. In day-
time the area is lively and people are passing the site 
during the whole day due to the proximity of the uni-
versity and the public areas. By night time the district 
is quiet and not many people are passing there. 

The transportation in the area is good, there are sev-
eral alternatives to travel to the site.

NTNU

NINA

Housing

Church
Entretainment
Cantine/ Restaurant
Cafe

Institutional
Shops/service

Supermarkets

Institution/ 
Company

NTNU

Shops/ 
Services

Residential

Entretainment

ALL BUILDINGS

BYCICLE

TRAFFIC NOISE

TERRAIN

 Figure 12: Urban analysis Figure 11: Site mapping  Figure 15: Bicycle tracks and bicycle parking spots Figure 14: Transportation distances

 Figure 13: Distance to transportation stations

Because of the close distance to Strindvegen and the railway the site 
is exposed for noises from the traffic at the road and from the trains. 
The noise from traffic at Strindvegen are from cars and buses that are 
passing there every day. The noise level from traffic are 50-55 db [11].

The noise from the railway Stevne-Leangenbanen where NSB passenger 
trains are stopping by. The passenger trains travels between Trondheim 
and Steinkjer and are stopping by a few times a day, in the morning 
and in the afternoon [12]. The noise level from the railway is 55-60 dB 
during the trains are passing [11].
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 | SITE ANALYSIS
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Being on a parking lot, the site has a behind of the 
happening feeling.  Surrounded by the research build-
ings, Nina Huset, SINTEF, ZEB TestCell and SINTEF 
Byggforsk, and Lerkendal train stop. In analysis of the 
site in relation with the urban contest, the train track 
close to it acts as an urban divider which gives the 
area manly local flux.
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 Figure 16: Site photo, October 23 14:00

 Figure 17: Solar shading analysis on site  Figure 20: Pedestrian flux Figure 19: Bicycle flux Figure 18: Traffic flux

In analysis to the flux the cars that access the area are 
with parking propose, and building supply by small 
trucks. Once ZEB LAB takes place on one side of the 
parking area, it will result in fewer cars flux favors the 
pedestrians and bicycle flux. 

There are a few bike racks close by the site and a me-
dium to high flux a bicycle path and local pedestrian 
flux. the main access to SINTEF Byggforsk and ZEB 
TestCell are the closest to the site which was some-
thing to be considered for research interaction on 
process work.

The Solar analysis for the site during the year demon-
strate the shadow from the neighbor buildings, and 
we can observe that later in the year the solar ra-
diation is compromised on the ground level of the 
site. The photos were taken on October 23th around 
14:00, there we can observe the shadow reaching the 
site. After the site analysis the design of the building 
took a different direction, even though the site area is 

big enough to achieve the square meters required in 
a single floor building, because of the solar radiation 
been affected by the lower terrain and neighbors, to 
attempt ZEB COM standard, the building needed to 
be taller. 
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 | WORKPLACES DESIGN
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The building should provide 80 office workplaces 
(70-100 employees) on around 600 m² and teaching 
of 40 students on around 200 m². The design of the 
workplaces is based on kind of people, work they do 
and how often do they travel. If the number of em-
ployees is actually higher than 80, it is assumed that 
overbooking percentage has already been taken into 
account and the number shall not be reduced further.

The building should promote research in ZEB Flex Lab 
by both SINTEF researchers and NTNU professors and 
students. It can be assumed that there is a lot of dif-
ferent fields of expertise that need to communicate 
with each other and probably also interact with exter-
nal experts. Possibility for students in building indus-
try field to interact with workers and get familiar with 
research topics and environment should also be tak-
en into account (e.g. NTNU students have a possibility 
to book an available office workplace). Therefore the 
focus of the design is to support the variety of activi-
ties that are to be performed, rather than traditional 
static workplaces. Spaces create opportunities for dif-
ferent activities, from intense, focused work and solo 
telephone calls to impromptu meetings or more for-
mal collaborative work. 

The workplace design and its flexibility focuses on 
variation, choice and control as the most important 
aspects for happiness. If designed carefully, activity 
based workplaces (ABW) can fulfill this kind of em-
ployees’ requirements. 

 Figure 21: Mapping of the most important activities in office buildings based on Leesman’s research on ABW [13]

very important

less important

Leesman’s studies of workplace effectiveness based 
on workplace impact and workplace activities shows 
that there are big improvements in staff collabora-
tion, productivity, pride and effectiveness in ABW. 
Unfortunately, the benefits of ABW are seen only by 
workers with higher mobility profiles. The most of the 
people still belongs to low mobility profile (tradition-
al offices), meaning that 71 % of staff never or rarely 
change their working location. This puts them in con-
flict with their new environment and this poor adop-
tion to ABW represents a significant problem that 
limits widespread organizational benefits, resulting in 
decreased performance of employees. Also, it is inter-
esting to note that the youngest employees (under 25 
years), although showing great satisfaction with avail-
ability of various activity spaces, they are the ones the 
least likely to adopt to mobile behavior (84 % of them 
belongs to low mobility profiles) [App. C].

Still, the most mobile profile (10 % of employees) 
report the highest productivity, meaning that the 
more complex an employee’s daily work profile, the 
more beneficial it is for them to work in a mobile way 
that utilizes multiple settings. In general, ABW con-
cept makes overall improvement, and the aim is to 
be realistic and find the right portion of traditional 
to flexible spaces and satisfy both sides and provide 
enough possibilities for individual differences. The 
research provides information about which activities 
and features are considered to be the most important 
in workplaces [App. C].

With the knowledge from this research in mind, the 
most important activities in ABW are combined with 
the user-specific requirements (in this case research-
ers, professors and students). The brainstorming il-
lustration gives a base for the layout of the building, 
activities, number of participants in each activity and  
the level of noise [Fig. 21]. Because the building lay-
out is based on noise separation principle, in order to 
decrease problems with acoustics and necessary par-
titions and in that way provide higher space flexibility, 
the activities are assigned for each floor:

• 3rd floor - individual focused work
• 2nd floor - team work, presentations and lectures
• 1st floor - social activities

The design of the workplaces is very dynamic as a day 
of a typical researcher or student [Fig. 22]. In order to 
reach full use of the building, the design emphasizes 
this dynamic, interaction and circulation withing the 
building [Fig. 23]. It also provides a booking possibil-
ity for students and activities outside of the typical 
working hours (e.g. study desks for students, evening 
lectures and workshops, etc). 
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 Figure 23: Occupancy scenarios
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 Figure 22: Activity scenarios for different occupants
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 | DESIGN STRATEGIES

At the very beginning, for many reasons the con-
cept was going in a direction of multistorey building. 
One of them is reduction in material use for solving 
acoustic problems. One of the first concept solutions 
is having different floors based on activities provid-
ed on that floor. The idea is to have the loudest and 
the most active and social areas on the ground floor. 
Team work and cooperation along with lectures and 
presentations are mostly on the second zone, as 
a buffer betweens loud and silent. Finally, the third 
floor is planned for silent, focused work.

As the workplace design can be characterized as ac-
tivity-based, the function distributions also takes into 
account the dynamics during a typical work day. The 
blue line suggests circulation of an employee, with fo-
cused work early in a day, team work after lunch and 
social activities later during the day. At the same time, 
the green line suggests a circulation of a student, who 
engages in lectures or in group work activities with 
fellow students at the beginning, moving towards the 
focused work and studying in the evenings.

In order to achieve less energy demanding building, 
there are different ventilation strategies for summer 
and winter. In periods where the ambient air does not 
need to be preheated (roughly from May until Sep-
tember), it is possible to use natural ventilation only. 
The ventilation uses thermal buoyancy and cross ven-
tilation - the air enters on SE and SW facade, when it 
gets warmer it moves up through the staircase open-
ing and goes out through the windows on the NW fa-
cade. The bigger room height on the 3rd floor allows 
stratification of warm, avoiding overheating.

In winter, the air needs to be preheated, therefore 
the ventilation needs to be mechanical. Nevertheless, 
some of the passive strategies can still be utilized, 
leading to less required fan power. As the thermal 
buoyancy effect works the same way in winter, the 
heat recovery unit can be placed under the building 
roof and reduce the fan energy demand.

The initial daylight concept assumed PV modules 
and window areas with the same orientation. This 
presented a conflict between electricity production 
and daylight situation in the building. Depending on 
required glazing area, it could have also presented a 
potential overheating problem in summertime. 

In order to solve the problems, both PV and window 
areas are rotated in opposite directions. The facade 
part covered with PV modules is then orientated al-
most completely towards south and the windows to-
wards ESE, avoiding overheating in summer and utiliz-
ing solar gains in early mornings, preheating a space  
a bit after cold evenings.

noise levels winter ventilationABW dynamics windows initiallysummer ventilation windows final design
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 | DESIGN PROCESS

In this type of climate, undesirable thermal effects 
are reduced by building dense, well-insulated walls, 
backed up by thermal masses and designing building 
as compact as possible. A highly insulated building 
with high efficiency combined with these strategies 
provides indoor climate conditions inside the comfort 
area in summer and even reaches the comfort zone  
in winter [App. A].

The building is connected to the Sintef Byggforsk in 
order to minimize the heat losses and material use. It 

also makes it possible to shade the Test Cell less. For 
this reason and low daylight levels on the north side 
(due to orientation and neighboring building), ancil-
lary spaces are to be positioned on the north side. 
Additionally, it enables the technical room of the Flex 
Lab and the Byggforsk to be merged together, and ac-
cording to need of each building, offers a possibility 
of expanding technical area for testing of systems. 
Another advantage is space efficiency - it is not nec-
essary to have access to the technical room from the 
outside because it is accessed through the byggforsk.

In the next design stage, both facade and roof are tilt-
ed in order to provide better performance of photo-
voltaic panel which are to be used in the project. 

Next strategy is related to light inside the building. 
Window areas on the facade can provide plenty of 
daylight reducing artificial light demand, but glass has 
pour insulation properties resulting in heat losses, in-
creasing heat demand. For having better daylight con-
ditions with as least as possible window area, an atria 
is planned in the middle of the building .

The next step was tilting the atria in the way that the 
solar gains in summer are minimized, and in winter 
maximized. Even though this measure led to reduc-
tion in energy consumption and better daylight dis-
tribution, it also led to less PV active area, as the 
lower part of the facade is not highly efficient due to 
the neighboring building on the south and potential 
buildings on the south part of the site.

By changing the roof tilt to 45°, the building offered 
more efficient bigger potential PV area. The draw-
backs such as problems with acoustics and space in-
efficiency (more circulation area necessary) and the 
necessary hight of the building (therefore more ma-
terial use) due to the angle resulted in changing the 
approach in the later design process. 

The final concept is a compromise between all the 
advantages of different concepts considered during 
the process. It solves the daylight problem, uses less 
material, less height and has big PV area. It is also very 
space-efficient and pleasant for the people working 
in it - the most attractive areas are now at the build-
ing’s facades instead of the core. Equally important, 
its modular system provides areas suitable for testing 
of different systems on each floor and its construction 
offers a high level of workspace flexibility.

connection to Sintef Byggforsk tilting atriatilting of facade and roof 45° roof tiltrooftop atria atria to back
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The shape of the building needed to be vertical, and 
compact for photovoltaic panels on the main facade 
which conflicts with windows. The armadillo shape 
was the approach to increase surface area for win-
dows for daylight and solar gains.

Thinking towards the future use for the building, the 
idea was to create flexible spaces with less partitions, 
and reduced floor plan, dividing the spaces into three 
main flexible spaces separated by slabs.

At the back of the building where the fixed technical 
core is, with the toilets, kitchen, bike workshop, and 
technical room on all three floors to supply the build-
ing and the testing zones also on all three floors.

Compacting the building frees up the first floor area 
in front that can be used as a give back to the city 
as space with nice landscape and possibility for social 
events, outdoors tests and exhibitions.

The goal was to meet all the ambitions and criteria, as 
well as improving urban space changing the “behind 
feeling”. 

 | CONCEPT

 Figure 24: Concept  Figure 26: Testing zones

 Figure 25: Technical core  Figure 27: Social happenings/ Exhibition

office and teaching

desk arrangements

focused work

 Figure 28: Inspiration pictures [33]
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 | ARCHITECTURAL DRAWINGS

 Figure 29: 1st floor plan 1:250  Figure 30: 1st floor plan open layout examples  Figure 32: Layout and circulation concept Figure 31: 1st floor plan layout examples - closed for testing
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The main entrances are south and north east, and the 
vertical circulation on the fixed core of the building.
The first floor is the main social area, second floor 
teaching combined with cooperation area, and at the 
top landscape office and focused work. The armadil-
lo shape was modified to increase view and reduce 
shading on the photovoltaic panels. As demonstrated 
on the elevation of the main facade, the height of the 
building was so it could increase PV surface on facade 
and roof, giving high ceiling on each store, and raised 
floor for technical distribution and testing zones tech-
nical supply.

|  25   26  |  



TECHNICAL ROOM
40m2

TEACHING AND COOPERATION AREA
391m2

22m2

+5.1

N

0 2

1 3 5

4 10

TECHNICAL ROOM
40m2

TEACHING AND COOPERATION AREA
391m2

22m2

+5.1

N

0 2

1 3 5

4 10

 Figure 33: 2nd floor plan 1:250  Figure 34: 2nd floor plan open layout examples  Figure 35: 2nd floor plan layout examples - closed for testing
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 Figure 36: 3rd floor plan 1:250  Figure 37: 3rd floor plan open layout examples  Figure 38: 3rd floor plan layout examples - closed for testing
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 Figure 41: Elevation SE 1:250  Figure 42: Elevation  NE facade (up) SW facade (down) 1:250 Figure 39: Section SW-NE 1:250  Figure 40: Section SE-NW 1:250
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 | RENDERS

 Figure 43: View from the walkway on Høgskoleringen  Figure 44: View from the parking lot by Nina Huset
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 | MATERIALS

The acoustics in a building is an important part for 
the indoor environment and the acoustic has to be 
adapted for the employees, students and visitors 
in the building. To avoid problems with the acous-
tics inside the building some precautions have been 
made. The internal floors are made of wood, which 
in general has a high quality of acoustic performance, 
in addition to this a fabric carpet is placed on top of 
the raised floor in order to reduce footfall. Wooden 
acoustic panels are installed on the walls and under 
the ceiling in order to further absorb the noise in 
the building. Also the wood fiber insulation has good 
acoustic properties [14].

The indoor air quality in a building is an important 
part for the indoor environment for the employees, 
students and visitors in the building. The material 
choices and ventilation strategies are one of the key 
elements for good air quality. The materials used 
for the building is mostly wood materials. The super 
structure, roof, outer walls, inner walls and internal 
floors are all made of massive wood and are also in-
sulated with wood fiber insulation. Wood provides a 
healthy and pleasant living environment. Wood have 
a moisture equalization capacity which means that 
during the month of the year when the humidity in 
the air is high, wood material can “store” humidity 
and in the dry month of the year the wood materi-
al can “give back” humidity. This results in that the 
humidity in the air inside the house will be balanced 

Figure 46: Material palette Figure 48: Acoustic panels on the ceilingFigure 47: Acoustic panels on the walls

 Figure 45: Interior on the 3rd floor

[34]. The wood fiber insulation is also a natural ma-
terial, it does not scratch and it contains no harmful 
substances or additives that can affect the air quality 
[35]. 

The building is both natural ventilated and mechan-
ical ventilated in order to optimize the air quality. 
During all the hours of a day the air is changed, the 
exhausted air is constantly flowing out of the building 
through the natural ventilation and the mechanical 
ventilation system make sure that new fresh supply 
air enters the building. 
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 CONSTRUCTION

The structure of the house is made of massive wood 
combined with cross laminated timber panels and 
glue laminated pillars and beams. 
The load bearing structure of the building is made out 
of the outer walls and internal pillars and beams. The 
structure is dimensioned to take both horizontal and 
vertical loads, the buildings own weight, snow loads 
and wind loads [15].

The building is constructed out of massive wood in or-
der to reduce the carbon footprint. Massive wood is 
a natural material and by choosing a wood construc-
tion instead of other materials the CO2 emissions is 
reduced, since a wood construction has a reduced 
embodied emission [16].

The glue laminated wood structure has been proven 
to have a high fire resistance of 40 mm /hour and the 
fire resistance can be further increased by increasing 
the dimensions of the structure [17]. The massive 
wood construction have a lifetime at least as long as 
the building itself, dependent of the right treatment. 
The massive wood construction is standing on a low 
carbon concrete slab. All the building elements of the 
house are designed to reach the Passive house stan-
dards.  

Plywood 24 mm

Counter batten 25x38 mm

Batten 25x25 mm

Wind barrier

Insulation layer 45mm

Insulation layer 340 mm

Massive wood 5 layer, 120 mm

Vapour barrier

Photovoltaic panel

Photovoltaic panel

Photovoltaic panel

Mounting system

Mounting system

Mounting system

Roofing felt

Acoustic panel 20 mm

The roof is a well-insulated wood construction with a 
U-value of 0,1 W/m2 K. The material layer facing the 
inside of the building is the cross laminated panels 
which have a thickness of 120 mm and are part of the  
load bearing structure. The middle layer of the roof 
construction is the insulation layer. Between the cross 
laminated wood panels and the insulation layer is a 
vapor barrier in order to prevent the warm humid in-
door air from entering the construction with the pos-
sible result of condensation in the colder layers [18].

The roof is insulated with a wood fiber insulation 
which has good insulation properties with a lambda 
value of 0,036 W/m K. There is an inner and outer in-
sulation layer in order to minimize the thermal bridg-
es in the construction.

The wood fiber insulation has also a good stability 
and come in the shape of plates in order to  easily 
be placed between the studs in the roof construction. 
If any vapor should arise in the insulation the insula-
tion is water vapor permeable for protection of the 
construction [19]. The installation of the wood fiber 
insulation can be done by hand because it is a natural 
material without any harmful substances or additives 
that will scratch the skin [20]. The insulation is treated 
with natural fire retardant in order to withstand a fire  
[20].

On top of the insulations is a wind barrier. The wind 
barrier makes the construction air tight but will has at 

the same time breathable properties so that moist air 
can be released through the ventilated air gaps be-
tween the counter batten and batten.  

In order to make the whole building envelope air 
tight, all the joints of should be taped with anti-aging 
tape [20]. 
On top of the counter batten and batten is the water 
proof layer. It is a plywood with roofing felt in order to 
make the construction water proof. 

Figure 52: Detail-Roof

Figure 49: Construction section Figure 50: Construction plan

Figure 51: U-values of building elements

On top of the roof are PV panels installed on a mount-
ing system with a ventilated air gap. The PV panels 
are not integrated in the roof construction ensuring 
that they can be removed without and impact to the 
building physics.

The total thickness of the roof construction is 580 
mm, without the PV panels. The calculations of the 
U-value are made according to the Norwegian stan-
dard.
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The outer walls are a well-insulated wood construc-
tion with a U-value of 0,13 W/m2 K.
The first layer closest to the internal side of the build-
ing is part of the load bearing structure and are made 
out of  cross laminated wood panels with a thickness 
of 120 mm.

The outer walls are insulated with the same wood 
fiber insulation as in the roof construction and have 
the same properties with regards to  lambda value, 
installation, stabilization, fire protection and water 
vapor permeability as described in the chapter about 
the roof construction. There is an inner and outer in-
sulation layer to minimize the thermal bridges in the 
construction.  

Between the cross laminated wood panels and the 
insulation layer is a vapor barrier in order to prevent 
the warm humid indoor air to enter the construction 
with the possible result of condensation in the colder 
layers [18].

On top of the insulations is a wind barrier. The wind 
barrier makes the construction air tight but will at the 
same time make the construction breathable in order 
to release any moist indoor air through the ventilated 
air gap under the wood cladding.

In order to make the whole building envelope air 
tight, all the joints of should be taped with anti-aging 
tape [21].

Wood panel 44 mm

Air gap 36 mm
Wind barrier

Insulation layer 45 mm

Vapor barrier

Insulation layer 290 mm

Massive wood wall 5 layer, 120 mm

Stud

The outer layer of the outer wall construction is a 
wood cladding. The wood cladding have a burnt 
wood layer of a few millimeters on the outside of the 
cladding. The burning process draws out moisture, 
and results in a chemical compound protection of 
the wood resulting in a high durability of burnt wood 
cladding. For the burned wood cladding the quality 
of the wood can be of low quality wood, since it does 
not affect the cladding performance. The burned sur-
face also gives the wood a high resistance to; rot, fire, 
insect attack and fading due to UV radiation. With the 
right maintenance the finish can last up to 80-100 
years and even longer. This type of cladding is envi-
ronmentally friendly since it is completely reusable, 
biodegradable and it contains very low amounts of 
embodied energy. 

The total thickness of the outer wall construction is 
535 mm. Calculations of the U-value are made ac-
cording to the Norwegian standard.

Floor joist 228 mm
Wooden floor 22 mm

Air gap 228 mm
Carpet 5 mm

Under floor 14 mm
PE-foil 0,2 mm

Low carbon concrete 100 mm

Insulation EPS 150 mm and 200 mm
Radon membrane

Draining and capillary breaking layers

The internal floors are made out of cross laminated 
wood slabs, in order to reduce the carbon footprint.
The cross laminated wood slab has a thickness of 150 
mm and is resting on the load bearing outer walls and 
beams and pillars. 

Over the cross laminated slabs is a raised floor with 
an air gap of 228 mm, in this gap the technical instal-
lations are placed. The wooden raised floor covers 
the technical installations, but can easily be removed 
in order to access the technical installations.

The wooden floor is covered by a carpet in order to 
reduce the footfall and under the cross laminated 
wood slabs acoustic panels are installed in order to 
absorb noise. 

The ground slab is a low carbon concrete slab insu-
lated with EPS insulation. The result from previous 
geotechnical ground investigations shows that the 
ground conditions is a stable and solid surface crust 
of 4-6 meters and the frost free depth is located at 1,5 
meter from the surface, which means that the ground 
is good to build on.

The low carbon concrete slab has a thickness of 100 
mm and under the load bearing walls the thickness of 
the concrete slab footing is 500 mm in order to take 
the loads. The EPS insulation has a lambda value of 
0,035 W/m K and a thickness of 350 mm. The EPS in-
sulation is a material which is moisture resistant and 
serve as a capillary breaking layer [21]. The ground 
slab construction has a U-value of 0,08 W/m2 K.

Between the concrete slab and the EPS insulations 
is a radon membrane in order to protect the build-
ing from radon gas and other gases to leak inside the 
building [22]. The ground slab has a slab edge insula-
tion to minimize the thermal bridges [23].

On top of the ground slab of low carbon concrete 
there is a layer of PE-foil to protect the building from 
moisture from the ground slab and ground. Above 
the layer of PE-foil is first an under floor made out of 
wood and above that there is a raised floor.

The ground slab including the low carbon concrete 
and EPS insulation, has a total thickness of 450 mm.

Floor joist 228mm

Wooden floor 22mm

Air gap 228mm

Carpet 5mm

Massive wood floor 5 layer, 180mm

Acoustic panel 20mm

Massive wood wall 5 layer, 120 mmFigure 53: Detail-external wall Figure 54: Detail-internal floor Figure 55: Detail-ground slab
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Figure 56: Connection slab and slab [17]
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Figure 57: Connection wall and slab [17] Figure 60: Construction section

Figure 58: Connection beam and beam [17]

Figure 59: Connection concrete slab and wall [17] Figure 61: Detail-connection of ground slab and outer wall Figure 62: Detail-connection of outer wall, internal floor and roof Figure 63: Detail-connection of wall towards Byggforsk and internal floor

1 2 3
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 | PHOTOVOLTAICS

The optimization of the building’s electricity produc-
tion was done by using Polysun software. In order to 
reach ZEB-COM level, the PV needs to be used very 
efficiently. Initially, the site analysis showed that there 
is overshadowing on the S and E due to the neighbor-
ing buildings and surrounding terrain [App. D]. There-
fore it is assumed that it is plausible to use PV after 5 
m above the site level.

The modules that are being used are PV-Modul-350W 
with 22,45 % STC efficiency, 104 cm wide and 155 cm 
long. The diagram represents the tilt optimization as-
suming 60.000 kWh of total consumption of G0 Trade 
and commerce profiles, based on self-consumption 
fraction as a guideline [Fig. 65].

The optimization included  comparison of several op-
tions [Fig. 64] and optimization of the inverters and 
their layout:
1. seasonal tracking (winter and summer design)
2. fixed PV, 50° tilt
3. fixed PV (20° and 70° tilt)

The first option was dismissed due to very high costs 
and extensive maintenance of the tracking system. 
The second option was later also dismissed due to 
unused attractive space on the south side due to the 
steep tilt. The end design compromises with interi-
or design, user comfort and space-efficiency and by 
tilting the roof up to 70°, it provides more attractive 
working space, better exposed to the natural daylight. 

 Figure 67: Example of all-black PV  Figure 68: Example of mounted PV surfaces  Figure 69: Nissan Leaf with 40 kWh battery [24] Figure 66: Example of All-black PV

 Figure 65: Optimization of self consumption fraction depending on tilt [Polysun]

 Figure 64: PV optimization - analyzed options

The fact that electricity production of PV and loads in 
the building are matching provides high percentage of 
direct use of electricity. Therefore it is not necessary 
to have a battery. Nevertheless, by optimizing the bat-
tery capacity [App. D] it is possible to have more than 
50 % higher self-consumption fraction (68,5 %) by us-
ing 100 kWh battery. But since there are no regula-
tions for that, in terms of LCA it is better not to have it.

However the electricity can also be stored external-
ly, for example in electric cars that would belong to 
SINTEF or NTNU. For example, the new Nissan Leaf 
coming out in 2018 will have a lithium-ion battery 
with 40 kWh capacity. By having a couple of those 
that would be charged by Flex-Lab photovoltaics, it 
would be possible to have higher self-consumption of 
produced energy [24].

The roof is tilted 20° and in this way compromising 
architecture with highly efficient PV design [Fig. 65].

Even though the photovoltaics are not orientated ex-
actly to the S (7° towards E), the performance of the 
modules is insignificantly lower compared to the per-
formance of modules with south orientation. 

Because the PV area is separated into 8 surfaces (4 
surfaces with 20° tilt and 4 surfaces with 70°), with 
different number of modules, different string invert-
ers are used for different layouts [App. D]. For 20° tilt-
ed roof (350 m²) NT10000 with 96,4 % efficiency and 
for 70° tilted roof (200 m²) SOLPLUS 80 inverter with 
98,0 % efficiency are used. 

The modules are only mounted and not integrated 
into the building in order to provide better perfor-
mance due to better ventilation and in order to be 
exchangeable for testing in future [Fig. 66,67].

The all black panel design, combined with the dark 
charred wood facade lowers the contrast of PV to the 
cladding and emphasizes the contract between dark 
facade surfaces and window areas [Fig. 68].

Over a year, the PV modules the total of 336 modules 
produce 99.325 kWh AC (107.921,4 kWh DC), with 
46,1 % self consumption fraction without using a bat-
tery [App. D].
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 | DAYLIGHT DESIGN

option 3

lighting 3,27 kWh/m²

option 4

lighting 3,13 kWh/m²

option 1

lighting 3,29 kWh/m²

option 2

lighting 3,34 kWh/m²

 Figure 70: Examples of different window distribution and its influence on lighting demand  [IDA ICE]
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The goal of the design is to maximize the daylight in 
the rooms, increase solar gains in winter but at the 
same time avoid overheating in summer. In the final 
design, the building is repeatedly cut in slices by win-
dow areas orientated towards ESE. In this way, solar 
gains are higher in morning hours when the building 
is starting to be occupied and passive solar heating is 
being utilized. Afterwards, when the sun is in the S, 
the solar gains are minimized due to facade covered 

providing better natural daylight. For the NE and SW 
facade different options have been taken into account 
[Fig. 70]. The chosen option is option 4 because of 
the lowest average lighting demand over the whole 
area and also because the big window area on the SW 
facade opens the building in that direction, providing 
workers with a nice view and people walking by the 
building with an insight.

The final design has 19,3 % window area. The average 
daylight factors (DF) for 21st September at 12 h:

• 1st floor - 3,25 %
• 2nd floor - 2,90 %
• 3nd floor - 4,25 %

Figure 75: Example of internal sunscreen roller blind

Average daylight autonomy (DA) calculated for re-
quirements for tasks at given floors:
• 1st floor 80% of occupancy time above 200 lux
• 2nd floor 74 % of occupancy time above 400 lux
• 3nd floor 72 % of occupancy time above 500 lux

All the windows except sky-lighters are SGG Planith-
erm Ultra-N 3-panes, U-value 0,8 W/(m²K) and g-val-
ue 0,42. The skylights are made of SGG COOL_LITE 
KSN-174 3-panes, U-value 0,8 W/(m²K) and g-value 
0,3. In this way, overheating in summer is prevented 
and passive solar gains in winter are still available. 

For artificial lighting, the floor is subdivided in max. 30 
m² control zones [Fig. 72] with LED, dimmable, lumi-

with PV. Additionally, the spaces planned for work 
have been placed mostly on the SE facade and par-
tially towards NE and SW. The rooms that do not re-
quire natural daylight (toilettes, technical rooms, stor-
age and circulation) have been placed towards NW 
facade, connected to the SINTEF Byggforsk building. 

Since the highest illuminance on workspace is re-
quired on the 3rd floor, there are additional skylights 

 Figure 71: Daylight factor distribution on 0,8 m height above floor (21st September at 12 h) [IDA ICE]

 Figure 74: Example of skylights Figure 73: Example of skylights

circulation toilettes workplaces technical room

 Figure 72: Lighting zoning control 

naries with ‘‘multi-sensor automatic control’’ (pres-
ence detection and daylight availability). The dimming 
level is lower than 20 % of normal on, and the timing 
less than 15 min delay. The lighting energy demand 
simulations assume 50 W/m² in occupied areas.

When it comes to shading devices, according to in-
door climate simulations, it is not necessary to have 
shading. But in terms of glare control on work surfac-
es, it is. There are many solutions that can be used, 
and can be tested on the building. 

In order to avoid higher costs and maintenance of 
external shading systems, internal sunscreen roller 
blinds are planned.

On the SW facade, the part of the construction bear-
ing the glazing is designed in a way to provide protec-
tion from direct sunlight.
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MECHANICAL SYSTEMS

The primary mechanical systems of the building con-
sist of hydronic heating, ventilation, and domestic 
water distribution. A single technical room contains 
these systems and is located along the north wall of 
the building, spanning three floors, with metal plat-
forms dividing the floors. The kitchen, bike work-
shop, showers, and water closets are located along 
the north wall, to the east and west of the technical 
room, centralizing the rooms that require a large de-
mand for water distribution and exhaust system on 
either side of the technical room.

The layout of the building’s mechanical systems was 
designed to be flexible for both interchanging and 
testing different systems. The raised floor allows for 
flexible access and distribution of systems. The hy-
dronic heat and ventilation air is distributed through 
the raised floor system. The distribution systems have 
been set up in underfloor grids, allowing for isolated 
heating and ventilation techniques to be applied to of 
different zones.

Ventilation Air Distribution
Ventilation Exhaust Collection
Zone Boundaries

Figure 76: 2nd Floor Heating and Ventilation Distribution Systems

A heat pump is used to meet the main heating load 
for the building, with a connection to district heating 
as a backup heating source for any additional required 
loads. The heat pump uses bedrock as a heat source 
by means of three boreholes located along the west 
side of the building. The heating system gathers and 
distributes heat using water as a primary and second-
ary energy carrier; providing heat for the domestic 
hot water, ventilation, and space heating needs. Due 
to the cooler climate of Trondheim, a cooling load 
was incorporated into the design of the building. 

The hydronic heating system consists of hot water 
pipes run beneath the raised floor, providing hot wa-
ter access for appliances throughout the building. A 
main distribution line runs along the perimeter and 
central hallway of the building providing connection 
points for different types of hydronic heating distrib-
utors throughout the building. The individual connec-
tion points and the raised floor system allow for the 
interchange of different potential hydronic heating 
systems, including radiators, heated floor and wall 
systems. 

The geothermal heat used to operate the heat pump 
provides a stable and steady heat source for the 
building. Although the initial cost of installing the sys-
tem is high, the only energy demand, once the system 
has been installed, is the electricity that is required to 
run the pumps used for the circulation of the water. 
When temperatures drop and the heat load increases 

BIKE
18m2

KITCHEN
25m2

Boreholes

N

Minimum: 5 meters

Soil layer

Bedrock layer

Hot water return
Cold water feed

Figure 77: Geothermal borehole detail Figure 78: Geothermal borehole site plan

beyond the maximum heat load of the heat pump, 
district heating provides the heat needed for any sur-
plus demand. This reduces the energy demand of the 
building’s heating load to the electricity used to run 
the pumps used by the heat pump.

ventilation air distribution

hydronic heating line

zone boundaries
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A hybrid ventilation system has been incorporated 
into the design of the building, combining natural 
and mechanical ventilation systems. During the warm 
summer months, the building is ventilated primarily 
with natural techniques, with a back-up mechanical 
system used to remove exhaust air from the kitchen, 
showers, and water closets when required. During 
the cold fall, spring, and winter months, the building 
utilizes the mechanical ventilation system. 

The mechanical ventilation system uses the displace-
ment method to ventilate the building. The high ceil-
ings heights of the natural ventilation system, using 
buoyancy and stack effect to circulate the air, facili-
tates the use of displacement ventilation. Air is dis-
tributed and released through the raised floor system, 
and rises as internal heat loads slowly raise the air 
temperature, causing it to move upward. When the 
natural is not active, during colder outdoor air tem-
peratures, the ventilation system collects air through 
vents along the high roof of the building, drawing it 
back into the exhaust system, allowing the warm air 
to be channeled through a heat exchanger before it is 
expelled from the building. 

This hybrid ventilation system combines a natural 
ventilation system with a mechanical heat energy and 
reduces energy demands in warmer months by limit-
ing the mechanical ventilation system to removing ex-
haust air from the kitchen, water closets, and showers. 
During the colder months, when natural ventilation 

GSEducationalVersion

Exhaust Ducts

Distribution Ducts

Air Intake
Exhaust Air

Heat exchanger,
heating coils, & fans

Exhaust Vent

Ventilation Air Distribution Ducts

Figure 79: 2nd Floor Ventilation System Figure 80: 3D Technical Room with Ventilation Ducts

would drastically increase the energy needed to heat 
the building, the mechanical ventilation system is pri-
marily in use. Exhaust air is channeled through a heat 
exchanger, preheating the intake air before it is run 
through heating coils and distributed to the different 
floors. This reduces the energy demand needed to 
heat the ventilation air. 
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 | ENERGY DEMAND

General information about the building:
• A/V=0,31 m²/m³
• window area 19,3 %
• HVAC heat recovery system 85 %
• SFP 1,5 kW/(m³/s)
• infiltration n50=0,5
• normalized thermal bridge value 0,03 W/m²K
• DHW demand 3l/person
• occupancy 7-18 h

DHWzone heating vent. heating HVAC aux equipment vent. coolinglighting reduction

roof atria 86,2 kWh/m²
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 Figure 82: Energy demand - SIMIEN, IDA ICE CAV and IDA ICE VAV based on indoor comfort Figure 81: Energy demand reduction [IDA ICE]

For the calculation of the energy demand, two differ-
ent softwares have been used - IDA ICE and SIMIEN. 
IDA ICE was used because it is very handy in early de-
sign phase and was immediately showing the impact 
of passive measures on energy demand. The figure 
81 shows the reduction of energy demand by apply-
ing certain strategies during the early design phase. 
The initial design with atria on the rooftop was later 
changed to atria tilted towards the facade opening. 

By having three floors with different activities and dif-
ferent requirements (more or less strict), it is possible 
to reduce the building’s energy demand by about 12 
kWh/m2. By having natural ventilation in summer, 
from 15th of May until 15th of September, the HVAC 
aux energy demand can be significantly reduced, re-
sulting in 43,2 kWh/m² total energy demand. 

Afterwards, the design has be changed to the final 
one and internal loads have been modified. The light-
ing input is 5 W/m² for LED lighting. The highest elec-
tricity demand is due to use of equipment. As build-
ings are becoming more efficient, when it comes to 
office buildings, it means that computers are an in-
creasingly important source of energy use. Therefore 
it is of great importance to use energy efficient equip-
ment and operate it as efficiently as possible. The IT 
equipment is getting more and more efficient rapidly. 
For this reason it is very difficult to predict its energy 
consumption in a period over the building’s lifetime 
(100 years). The energy balance is based on a study of 
power demand of small equipment in office buildings 
[25] and the value of 30 W/occupant is taken as an 
input for equipment.

These changes resulted in total energy demand of 
28,7 kWh/m². It is important to mention that this val-
ues do not fulfill the NS 3701 Norwegian standard, 
but are according to the indoor comfort requirements 
[App. F].

SIMIEN was used in order to fulfill the Passivhus stan-
dard according to NS 3701 as a part of the project 
requirements [App. F].

The main input difference between these two are the 
mechanical ventilation volumes. In SIMIEN, according 
to the Passivhus standard for this type of the build-
ings, it has to be 7 m³/hm² and 1 m³/hm² when the 
building is not occupied (VAV).

Therefore the energy consumption is higher than in 
the other two simulations and is resulting in total of 
59,7 kWh/m². 

The second result represents the IDA ICE simulation 
of energy demand with the same ventilation strategy 
as SIMIEN. Nevertheless, because of dynamic simu-
lation and fine tuning, the energy demand is signifi-
cantly lower in comparison to the one from SIMIEN 

(almost 50 %). Furthermore, the IDA ICE VAV with  CO2 
level control and automatic natural ventilation with 
temperature and CO2 control provide the best results 
(28,7 kWh/m²). Even though the simulations show 
that the indoor climate is good, it is not according to 
standard [App. G]. Therefore, the second option can 
be taken as a reference for the LCA calculation. 
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In order to obtain the ZEB-COM standard, the PV pan-
els need to compensate for the CO2 emissions from 
the building construction process, building materials, 
operational time for the building and the embodied 
emission for energy supply i.e. PV and heat pump for 
this building.

The first calculations that have to be in count is the 
calculations for CO2 emissions for the building con-
struction process. The value are assumed to be 1.0 kg 
CO2eq/m2 per year. Careful consideration in the choice 
of materials for the building are a key factor in order 
to minimize the CO2 emissions from the building.

Wood is a natural and renewable material and by 
choosing a wood construction instead of other ma-
terials the CO2 emissions is reduced, since a wood 
construction has a reduced embodied emission. The 
building is constructed out of massive wood in order 
to reduce the CO2 emissions. The building elements 
such as roof, outer walls, internal floor slabs and pil-
lars and beams are made of cross laminated timber 
and glue laminated wood. The insulation in the roof 
and outer walls are also made of wood, in form of 
wood fiber insulation.
 
The only construction element that is not made out of 
wood is the ground slab, since a concrete ground slab 
has a good resistance against moisture and also pro-
vides a stable foundation for the building. The ground 
slab is made of concrete but in order to reduce CO 

 | LIFE CYCLE ASSESSMENT

emissions a low carbon concrete was chosen.  The 
CO2 emissions for the materials of the building are as-
sumed to be 4 kg CO2eq/m2 per year. 

The values of the PV panels and the heat pump are re-
calculated from the report [37]. The values from that 
report are used in order to be as close as possible to 
the PV used for the project. For more detailed calcu-
lations, see the App. H.

The roof area of the building is covered with 550 m2 
PV panels in order to produce electricity for the build-
ing. The electricity production of the PV panels is 99 
325 kWh per year. The electrical grid factor of 132 g/
kWh was used in the calculations. The PV panels that 
was chosen has an efficiency of 22,5 %.

The result of the calculations are the following:

 Figure 84: Life Cycle Assessment Figure 83: Calculated values for each category in kgCO2/m²/year 
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When calculating all the impact and compensation 
the result gives 1,715465 kgCO2/m2/year. This means 
that the compensations from the PV are not enough 
to cover all the impact of the building. But the value 
1,715465 kgCO2/m2/year is compensating for almost 
all the impact of the building.



ZEB zero emission building

PV photovoltaics

HP heat pump

LCA life cycle assessment

BIWT building integrated wind turbines

BAWT building augmented wind turbines

ABW activity based workplace

DA daylight autonomy

DF daylight factor

SFP specific fan power

DHW domestic hot water

HVAC heating, ventilation and air conditioning

STC standard test conditions
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 Climate statistics for the year 2005 (interpolated climate data for Trondheim) [Meteonorm]

 Monthly average temperature range [Ecotect]  Monthly direct normal (blue) and diffuse solar irradiance (orange) profiles in Wh/m² (interpolated climate data for Trondheim) [Meteonorm]
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 Sun path stereographic diagram [Ecotect]  Optimum orientation base on average daily incident radiation on a 
vertical surface [Ecotect]

 Influence of thermal mass effects and passive solar heating during the 
operating hours in Summer [Ecotect]

 Influence of thermal mass effects and passive solar heating during the 
operating hours in Winter [Ecotect]
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 Height profile through the site  in N-S direction [30]  Height profile through the site  in E-W direction [30]

|  65   66  |  



Influence of axis height, surrounding surface roughness and wind factor on wind energy production [31] Influence of turbine type and area on wind energy production in Oslo, Trondheim and Tromsø [31]

Height profile through the site  in N-S direction [30] Height profile through the site  in E-W direction [30]

Comparison of Leesman’s effectiveness score of ABW group to control 
group in ABW - Profile 1 the lowest mobility, Profile 4 the highest mobility 
[13] Preferred activity complexity in ABW [13]

Drilling profile
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 Evaluation and rating of supported workplace activities and features in ABW [13]
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Optimization of battery capacity [Polysun]

PV final design [Polysun] Monthly comparison of self-consumption fraction with and without a 100 kWh battery [Polysun]
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ion

Ventilation Air Distribution

Hydronic Heating Line

Zone Boundaries

Ventilation Exhaust

Cold Water Distribution

Wastewater Collection
Hot Water Distribution

First Floor

Second Floor

Inverter layout [Polysun] Mechanical systems distribution
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SIMIEN
Evaluering passivhus

Simuleringsnavn: Passivhusevaluering
Tid/dato simulering: 12:10 1/12-2017
Programversjon: 6.007
Simuleringsansvarlig: 
Firma: Undervisningslisens
Inndatafil: C:\Users\Janja\Desktop\SIMIEN\1130_Gills.smi
Prosjekt: FlexLAB
Sone: Alle soner

SIMIEN; Evaluering passivhus Side 1 av 5

Resultater av evalueringen
Evaluering mot NS 3701 Beskrivelse
Varmetapsramme Bygningen tilfredstiller kravet for varmetapstall
Energiytelse Bygningen tilfredsstiller krav til energiytelse
Minstekrav Bygningen tilfredsstiller minstekrav til enkeltkomponenter
Luftmengder ventilasjon Luftmengdene tilfredsstiller minstekrav gitt i NS3701 (tabell A.2)
Samlet evaluering Bygningen tilfredstiller alle krav til passivhus

Varmetapsbudsjett
Beskrivelse Verdi
Varmetapstall yttervegger 0,09
Varmetapstall tak 0,04
Varmetapstall gulv på grunn/mot det fri 0,03
Varmetapstall glass/vinduer/dører 0,15
Varmetapstall kuldebroer 0,03
Varmetapstall infiltrasjon 0,05
Totalt varmetapstall 0,39
Krav varmetapstall 0,40

Energiytelse
Beskrivelse Verdi Krav
Netto oppvarmingsbehov 12,0 kWh/m² 24,3 kWh/m²
Netto kjølebehov 0,7 kWh/m² 6,6 kWh/m²
Gjennomsnittlig effektbehov belysning 4,5 W/m² 4,5 W/m²

SIMIEN
Evaluering passivhus

Simuleringsnavn: Passivhusevaluering
Tid/dato simulering: 12:10 1/12-2017
Programversjon: 6.007
Simuleringsansvarlig: 
Firma: Undervisningslisens
Inndatafil: C:\Users\Janja\Desktop\SIMIEN\1130_Gills.smi
Prosjekt: FlexLAB
Sone: Alle soner

SIMIEN; Evaluering passivhus Side 1 av 5

Resultater av evalueringen
Evaluering mot NS 3701 Beskrivelse
Varmetapsramme Bygningen tilfredstiller kravet for varmetapstall
Energiytelse Bygningen tilfredsstiller krav til energiytelse
Minstekrav Bygningen tilfredsstiller minstekrav til enkeltkomponenter
Luftmengder ventilasjon Luftmengdene tilfredsstiller minstekrav gitt i NS3701 (tabell A.2)
Samlet evaluering Bygningen tilfredstiller alle krav til passivhus

Varmetapsbudsjett
Beskrivelse Verdi
Varmetapstall yttervegger 0,09
Varmetapstall tak 0,04
Varmetapstall gulv på grunn/mot det fri 0,03
Varmetapstall glass/vinduer/dører 0,15
Varmetapstall kuldebroer 0,03
Varmetapstall infiltrasjon 0,05
Totalt varmetapstall 0,39
Krav varmetapstall 0,40

Energiytelse
Beskrivelse Verdi Krav
Netto oppvarmingsbehov 12,0 kWh/m² 24,3 kWh/m²
Netto kjølebehov 0,7 kWh/m² 6,6 kWh/m²
Gjennomsnittlig effektbehov belysning 4,5 W/m² 4,5 W/m²

SIMIEN
Evaluering passivhus

Simuleringsnavn: Passivhusevaluering
Tid/dato simulering: 12:10 1/12-2017
Programversjon: 6.007
Simuleringsansvarlig: 
Firma: Undervisningslisens
Inndatafil: C:\Users\Janja\Desktop\SIMIEN\1130_Gills.smi
Prosjekt: FlexLAB
Sone: Alle soner

SIMIEN; Evaluering passivhus Side 1 av 5

Resultater av evalueringen
Evaluering mot NS 3701 Beskrivelse
Varmetapsramme Bygningen tilfredstiller kravet for varmetapstall
Energiytelse Bygningen tilfredsstiller krav til energiytelse
Minstekrav Bygningen tilfredsstiller minstekrav til enkeltkomponenter
Luftmengder ventilasjon Luftmengdene tilfredsstiller minstekrav gitt i NS3701 (tabell A.2)
Samlet evaluering Bygningen tilfredstiller alle krav til passivhus

Varmetapsbudsjett
Beskrivelse Verdi
Varmetapstall yttervegger 0,09
Varmetapstall tak 0,04
Varmetapstall gulv på grunn/mot det fri 0,03
Varmetapstall glass/vinduer/dører 0,15
Varmetapstall kuldebroer 0,03
Varmetapstall infiltrasjon 0,05
Totalt varmetapstall 0,39
Krav varmetapstall 0,40

Energiytelse
Beskrivelse Verdi Krav
Netto oppvarmingsbehov 12,0 kWh/m² 24,3 kWh/m²
Netto kjølebehov 0,7 kWh/m² 6,6 kWh/m²
Gjennomsnittlig effektbehov belysning 4,5 W/m² 4,5 W/m²

Documentation of the Passivhus requirements according to NS3701 [SIMIEN]

Ventilation Air Distribution

Hydronic Heating Line

Ventilation Exhaust

Cold Water Distribution

Wastewater Collection
Hot Water Distribution

Third Floor

Technical Room
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Predicted Percentage of Dissatisfied in summer [SIMIEN]

Mean and operative air temperature over a year [IDA ICE]

Predicted percentage of dissatisfied in winter [SIMIEN] Air flow over a year [IDA ICE] Influence of window orientation and natural ventilation on indoor temperatures [IDA ICE]

 Indoor air quality over a year [IDA ICE]
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 | H Lifetime house    60 year
Lifetime PV    30 year
Lifttime heat pump   20 year
  
Floor area    1430 m2
PV area     550 m2
  
PV embodid emission for 60 years 298,92 kg CO2 eq/m2
PV embodid emission per year  4,982 kg CO2 eq 
PV el.production per year  99325 kWh/year
PV el.production per year
and m2 of the house   69,458 kwh/year per m2
  
Heating demand   31095 kWh/year
Electric grid factor   132 g CO2eq/kWh  
  
Eletricity demand    37784,2 kwh/yr
Eletricity demand per m2  26,42252 kwh/yr
   
Construction process emission  1 kg CO2eq/m2
Material for the building   4 kg CO2eq/m2
  
Calculations:  
  
Operational time for the building per year 3487,772 g CO2/m2/year
      3,487772 kg CO2/m2/year
  
PV embodied emission per year   1,916154 kg CO2eq/year
  
PV compensation    9168,462 g CO2eq/year
      9,168462 kg CO2eq/year
Compensation      -9,16846 kg CO2eq/year
  
Heat pump emissions            0,48 kg CO2eq/year
  
  
Result       1,715465 kg CO2eq/year




