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Introduction

1.1

Project description

This report is the deliverable of a summer project with ENERSENSE. This is a
research area with focus on energy efficiency, energy storage and sensor technology,
including building automation. This summer project is a part of L.C Felius’ PhD work,
and her research concentrates on how building automation can contribute to energy
efficient refurbishment of buildings.
Buildings account for roughly 40% of the total energy consumption in the EU [1] and
the building sector is still growing, which will result in increased energy consumption.
Therefore, it is important to reduce the energy consumption as well as to improve energy
efficiency of the built environment. Building automation could be a useful measure for
achieving these goals since it is a relatively simple and cheap measure that reduces the
energy consumption and operational costs, and improves the thermal comfort. However,
it is not always easy to make changes to the HVAC systems in existing buildings.
The author’s research project therefore concentrates on how building automation can
contribute to energy efficient refurbishment of buildings. The focus of the project is on
optimising the building envelope in combination with building automation for monitoring
and control of the indoor climate, for different types of buildings: detached housing,
apartment blocks and offices.
This report contributes to the mentioned research project by analysing the energy
consumption of an office building and how to improve energy efficiency. This is an ongoing
sub-project that will later continue to look into how building automation can improve
energy efficiency. The outcomes of the project are a reliable simulation model and an
analysis of energy saving measures related to the building envelope. The results will be
used as part of the PhD work of the author.

1.2

Goals

The main goals for the summer project are described as, but not limited to:
• Analysis of the building, including the state of the building and actual energy
consumption
• Simulation of the energy consumption using different methods, including calibration
and verification of the model
• Comparison of the two different simulation tools
• Analysing different energy saving measures for refurbishment
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2

Methods

This project is based on a case study: the building that facilitates a part of the civil
engineering faculty of NTNU. Analysis of the state of the building, system parameters,
and the energy consumption is based on the original drawings, and data from Statsbygg.
The software tools that are used for the energy simulations are SIMIEN [2] and
IDA-ICE [3]. The summer student simulated the building in SIMIEN, and the PhD-candidate
simulated the building in IDA-ICE. SIMIEN uses the dynamic calculation method as
described in NS 3031:2014 and IDA-ICE is a dynamic multi-zone simulation tool.
At the start of this project, 18 sensors [4] were placed in the building to monitor
temperature, humidity, movement, and lighting levels in the room. The sensors were
placed in rooms on different floors of the building and in different types of rooms (e.g.
auditorium, laboratory, class rooms).

2.1

Limitations and uncertainties

In order to compare results from both simulation models, the building and system
parameters are kept as similar as possible. The models are however from two programs
with a different level of detail and executed by different persons. There is thus an
uncertainty when comparing both simulation tools, but since both tools simulate energy
consumption they should give similar results.
There are some uncertainties regarding indoor climate and system parameters for
the case study. The U-values were calculated according to the original drawings and the
system parameters are either from Statsbygg, or assumed as typical values for an office
building between 1987 and 1996 (TEK 87).
Since the sensors have only been installed several weeks ago, the data is not representative
for a typical year or even typical summer week. It is therefore difficult use this data to
verify the model, since the models use averaged climate data. It does, however, give an
indication of the indoor climate in the building.
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3.1

Case study
General description

The case study for this project is one of the buildings used by the department of
civil and environmental engineering at NTNU. It is located at Kalvskinnet in the centre
of Trondheim. The building is categorised as a office building, and was built in 1995.
It facilitates the bachelor program ’civil engineering’ and has a mixed function of office
and education. The building has 4 floors including a basement and has a north-south
orientation. Figure 1 shows the orientation of the building and the relation to the
surrounding buildings.

Figure 1: Relation of the building to its surroundings

3.2

Building envelope

The structural part of the building consists of concrete slabs and walls. The facade
cladding is red brick as to match the architectural expression of Kalvskinnet and cannot
be changed. The building has large windows on all sides, where east, south, and west
facing windows have solar shading that can be operated manually, as can be seen in
Figure 2.

Figure 2: South facade
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The roof construction is a warm roof with a cold and ventilated attic. This space is
used as technical room and for storage. Since the building was built in 1995, it follows
the building code of 1987 [5]. This means that there are significant heat losses through
the envelope and there is a high infiltration rate because of poor air tightness. Details
regarding U-values can be found in table 1.
Table 1: U-value

3.3

Parameter

Value

Facade

0,29 W/m2 K

Foundation wall, stairs

0,22 W/m2 K

Foundation wall, auditorium

0,19 W/m2 K

Foundation wall, raid shelter

0,31 W/m2 K

Foundation wall, north side

3,47 W/m2 K

Floor, basement

0,17 W/m2 K

Floor, internal

3,47 W/m2 K

Roof

0,17 W/m2 K

Windows

2,4 W/m2 K

Thermal bridge factor

0,12 W/K(m2 envelope)

ACH

3,0 1/h

HVAC system

The building uses district heating as energy source for ventilation, heating and hot
water. There is no active cooling system in the building, but there is a cooling aggregate
to cool down the inlet air if necessary. Electricity is used to cover the energy demand
regarding lighting and equipment.
There are three different ventilation system, one for to laboratories, one for the
lobby and stairs and one main system for the rest of the building. However, only the
main system is used and therefore the ventilation system settings are the same for all
rooms in the building.
Most system parameters were acquired through Statsbygg, and other parameters are
assumed as typical values [5, 6].
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Table 2: System parameters and internal heat gains

Parameter

Value

Set point

Operational hours

Monday to Friday, 07h -16h
Summer: 06h - 10h, 13h - 16h
18,5 ◦ C

Temperature ventilation
SFP

4 kW/m3 s

Heating system

Effect: 100 W/m2

07-16: 21◦ C

Efficienct heater:

16-07: 19◦ C

Lightning

8,0 W/m2

Domestic hot water

1,60 W/m2

Heat gains occupants

6,00 W/m2 (floors -1 to +2)
4,00 W/m2 (floor 3)

3.4

Energy consumption

The actual energy consumption of the building was calculated as a montly average
over the last 10 years. Data was provided by Statsbygg and is shown in Table 3.
Table 3: Average energy consumption per month

Year

Electricity

District heating

Total

2016

271600

424800

696400

2015

268800

386300

655100

2014

270100

377000

647100

2013

251100

396800

647900

2012

238100

403300

641400

2011

244800

327600

527400

2010

235000

358600

593600

2009

254100

344900

599000

2008

248000

331800

579800

2007

582600

36500

619100

2006

257400

332300

589700

Average

283782

338173

621955
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Results

This section gives an overview of the most important results from the simulations.
Since the report focuses mainly on analysing the energy consumption, most results show
the delivered energy to the building. The evaluation of different energy saving measures
also take other aspects into account such as costs, user disturbance and thermal comfort.

4.1

Analysis of delivered energy

Figure 3: Comparison of results - simulation 1

Figure 3 shows the delivered energy to the building as measured and compared to the
result from the simulation in SIMIEN (SIMIEN-1) and the result from the simulation in
IDA-ICE (IDA-ICE-1). The average energy consumption for the building is 211 kWh/m2
per year. In accordance with the Norwegian classification for energy labelling [7] this
corresponds with class E. For reference, the delivered energy following the current building
code corresponds with class C. The simulated result showing the total delivered energy
from SIMIEN is 6% lower and the result from IDA-ICE is 3% lower than the actual value.

Figure 4: Comparison of results - simulation 2
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Figure 4 shows the increase of delivered energy when the temperature set point of
the heating system is increased from 21◦ C to 22◦ C. The simulated average result from
SIMIEN-2 is 5% lower than the measured delivered energy, and the result from IDA-ICE-2
is 1% higher. The delivered electrical energy does not change, because the energy source
for heating is covered fully by district heating.

Figure 5: Comparison of results - simulation 3

Figure 5 shows similar simulation results as the previous figure, but in this case the
temperature set point for heating is increased to 23◦ C. The total result from the SIMIEN-3
simulation is 2% lower than the actual value, and the total result from IDA-ICE-3 is 6%
higher.

Figure 6: Comparison of results - simulation 4

Figure 6 shows that the delivered energy increases if the windows are opened as
compared to never opening them. In this simulation the windows are open from March
to October during operational hours, except on holidays. In the offices they are open
10% of the time, and in the auditoriums and classrooms they are open 20% of the time,
which corresponds to breaks between lectures. The average result from SIMIEN-4 is 6%
higher than the measured value, and the result from IDA-ICE-4 is 4% higher. In the
9

IDA-ICE simulation only the energy for district heating increased, while in the SIMIEN
simulation the electrical energy also increased.

4.2

Energy saving measures

In this section the simulation results from different energy saving measures are
presented. The measures mainly focus on improving different elements of the building
envelope; both individual as well as combined solutions. One of the measures analyses
adding PV panels on the roof for electricity generation. This does not directly lower the
energy demand, but it lowers the delivered energy.
First the delivered energy is presented, then the payback period and afterwards the
economic profitability of the measures. The input parameters for the different energy
measures are in accordance with TEK 17 [8] and can be found in table 4.
Table 4: energy saving measures: input parameters

Measure

Existing

TEK 17

Windows

2,4 W/m2 K

≤ 0,8 W/m2 K

Facade

0,29 W/m2 K

≤ 0,18 W/m2 K

Roof

0,17 W/m2 K

≤ 0,13 W/m2 K

Floor

0,17 W/m2 K

≤ 0,10 W/m2 K

Thermal bridges

0,12 W/m2 K

≤ 0,05 W/m2 K *

Infiltration

4,0 1/h

≤ 0,6 1/h *

Heat recovery

60%

≥ 80 %

SFP

4,0 kW/(m3 /s) ≤ 1,5 kW/(m3 /s)

* The given value for thermal bridges and for infiltration are
only valid when a complete thermal upgrade is done that
includes windows, floor, roof, and facade. If only one of the
elements is upgraded, the thermal bridge value was set to 0,08
W/m2 K and the value for infiltration to 2,0 l/h.
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Figure 7: Comparison of the energy saving measures

Figure 7 shows how much energy can be reduced by implementing energy saving
measures. From this figure it appears that it is energy efficient to upgrade the windows,
the ventilation system, to have a complete thermal upgrade, or a combination of thermal
measures with upgrading the ventilation system.

Figure 8: Payback period of the energy saving measures

Figure 8 shows the payback period of the energy saving measures. It is calculated by
dividing the investment costs by the yearly savings. The investment costs are calculated
according to Norsk Prisbok [9], and investment costs for PV panels are calculated according
to current selling prices [10].
An upgrade of the ventilation system has the shortest payback period, while upgrading
the facade has the longest payback period. When combining an upgrade of the facade with
other thermal measures and/or ventilation, the payback period decreases significantly.
However, it still exceeds the lifetime of the elements (60 years).
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Figure 9: Economic profitability for the energy saving measures

Figure 9 shows the economical profitability of the measures. It shows the investment
cost, the yearly savings and the net present value. Unlike the payback period, the net
present value takes into account the time value of money and is in this case calculated
over the life time of the measure (i.e. 30 years for windows and PV panels, 60 years for
other measures). The value represents the losses or earnings per measure at the end of
the life time. This means that if the NPV is positive, the measure is profitable.
The measures that are economically profitable are an upgrade of the ventilation
system, a combination of thermal upgrade excluding the facade and in combination with
the ventilation system, a combination of upgrading the windows and the ventilation
system, and adding PV panels to the roof to generate electricity.

4.3

Comparison of the measures

Table 5 shows the evaluation criteria for the energy saving measures. It is divided
into 6 categories that are important when comparing different measures. The first aspects
are related to economics: costs, savings, and payback period. The second main group
looks at user disturbance. This is a qualitative estimation and includes the duration
of the building process, the amount of noise and dust, and whether the buildings can
still be used or not. The last group looks at technical aspects and includes the energy
consumption of the building and the thermal comfort. Thermal comfort is estimated
based on how much draft and assymetric temperatures are expected in a room.
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Table 5: Evaluation of the energy saving measures

Costs:

Energy savings:

1=

> kr 4 000 000

1=

0 - 12,5 %

2=

kr 3 000 000 - kr 4 000 000

2=

12,5 - 25 %

3=

kr 2 000 000 - kr 3 000 000

3=

25 - 37,5 %

4=

kr 1 000 000 - kr 2 000 000

4=

37,5 - 50 %

5=

kr 0 - kr 1 000 000

5 = > 50 %

Payback period:

User disturbance:

1=

> 100 % of lifetime

1=

very high

2=

75 - 100 % of lifetime

2=

high

3=

50 - 75 % of lifetime

3=

normal

4=

25 - 50 % of lifetime

4=

low

5=

0 - 25 % of lifetime

5=

very low

Energy consumption:

Thermal comfort:

1=

> 190 kW h/m2 year

1=

decreased

2=

165 - 190 kW h/m2 year

2=

not improved

3=

140 - 165 kW h/m2 year

3=

slightly improved

4=

115 - 140 kW h/m2 year

4=

well improved

5=

< 115 kW h/m2 year *

5=

highly improved

* based on the energy label classification: 115 = class B [7]

The results from the previous section were analysed according to these criteria and
are collected in the figure below. No weight was added to the different categories, so that
the evaluation is as objective as possible. Weighing the measures can be done later based
on a more specific situation (e.g. profitability is more important than user disturbance).
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Figure 10: Evaluation of the energy saving measures

Figure 10 shows the complete evaluation of the measures according to the earlier
mentioned criteria. It sums up much of the results that were presented earlier, but
adds an evaluation of user disturbance and thermal comfort. Upgrading the floor and
ventilation system have a low user disturbance because this will happen in the basement,
were mainly storage rooms are located. PV panels also have a low user disturbance since
it is an add-on to the roof. The costs and user disturbance are the highest when the
all measures are implemented, but at the same time this gives the best results regarding
improved thermal comfort and energy consumption.

4.4

Measurements with sensors

In the building, 18 sensors were placed to measure temperature, humidity, movement,
and lighting levels in the rooms. To show the difference in temperature in the building,
results from hall in the basement and from the hall on the 2nd floor are presented in
figure 11 and figure 12. The hall on the 2nd floor is connected to the hall on the floors
above and below via large floor openings. There are windows on both north and south
facade and it thus represents a good average value for the building.
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Figure 11: Temperature measurements in the basement for 17 days

Figure 11 shows that the temperature in the basement is quite stable, but the
temperature is still higher than the assumed set point temperature for the heating system,
which is 21 ◦ C.

Figure 12: Temperature measurements in room 219 for 17 days

Figure 12 shows that the temperature in the hall is high in the summer, the maximum
temperature is nearly 28 ◦ C. This is much higher then the set point temperature for the
heating system. The average temperature in this room was 25 ◦ C in the period from
10.07.17 to 27.07.17.
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5

Discussion

This section will first discuss the results from the simulations versus the actual data.
The energy saving measures will then be discussed and finally, the difference between
SIMIEN and IDA-ICE will be discussed.

5.1

Simulation versus reality

The first and maybe most important step in the modelling process is to verify and
validate the model and software, so that the outcome is a realistic and reliable model.
A simulation is never a completely accurate representation of reality, because simulation
software models a ’perfect’ environment for the given boundaries and input parameters.
In reality, this is not the case. Users do not always follow the modelled patterns and their
behaviour influences the energy use. The thermal properties of the building envelope
might be compromised due to damages or mistakes during construction. These and other
factors can result in unexpected energy losses that are not taken into account in the
simulation model.
The data regarding the delivered energy to the building provides a good reference
for comparing the simulation results and thus verifying the model. The average delivered
energy from the SIMIEN-1 simulation is 6% lower than the measured amount of delivered
energy, and the IDA-ICE-1 simulation is 3% lower. Both simulation models are expected
to have a lower need for delivered energy, since the models are simplified and ’perfect’,
so there are no unexpected energy losses. It can be argued that the results are too close
to reality, assuming that some of the parameters are estimations and will therefore result
in uncertainties. The results also show that the simulated delivered energy for district
heating is higher than the actual situation. This might be due to an over-estimation
of the use of domestic hot water, since there is no data available for this. Therefore, a
typical value was used for the input data. Despite some uncertainties, both the SIMIEN
and the IDA-ICE model were calibrated and produced similar results, the models were
accepted for further studies.
Another factor that influences the energy consumption and delivered energy, in
addition to uncertainties regarding thermal properties and system parameters, is user
behaviour. Some of the input values that are used in the models are standardised values.
This could explain why the results of delivered energy are lower than the measured data.
Three simulations were done to show how user behaviour might affect the energy demand
of the building. The three scenarios are: raising the temperature set point of the heating
system by one degree, raising the temperature set point of the heating system by two
degrees, and lastly opening the windows during 10% of the time in the offices and during
20% of the time in the educational rooms.
In the first scenario (simulation 2), the delivered energy increases by 2% in the
simulation from SIMIEN when the temperature increases to 22◦ C, and increases by 4%
in the IDA-ICE simulation. SIMIEN-3 shows that the delivered energy increases by 5 %
if the temperature set point of the heating is increased by 2◦ C during operational hours.
And in IDA-ICE-3, the delivered energy increases by 9%. Both scenario’s are plausible
16

and when comparing this with the data from the sensors, it seems that the temperature
during operational hours is over 23◦ C. These results might not be representative, because
it is a summer period. However, data from the sensor in the basement shows that the
temperature is rather stable between 22◦ C and 23◦ C.
The third scenario shows that the delivered energy increases by 13% in SIMIEN-4 and
by 7% in IDA-ICE-4 if the windows are open from March to October during operational
hours, but not during the holidays. In the offices they are open 10% of the time, and in the
auditoriums and classrooms they are open 20% of the time, which corresponds to breaks
between lectures. All these scenarios are plausible for this building. The model does
however not take into account that the doors on the first floor open whenever someone
enters the building. This could be an additional significant heat loss.
To sum up, it seems that user behaviour has an effect on the delivered energy of the
building. However, without detailed mapping of the behaviour patterns it is difficult to
evaluate which of the scenarios is most realistic. The sensors in the building will help
partly with this, since they measure temperature, humidity and movement amongst other
parameters. This only shows if there are one or more people present in the room, but not
how many and the level of activity. A sudden change in temperature and humidity could
represent the opening of a window. The higher temperatures could be a result of solar
gains instead of a higher temperature set point, since the only available data is during the
summer period. More data needs to be gathered before the logged sensor data becomes
a representative data source that can be used for comparison.

5.2

Energy saving measures

After verification of the model, changes were made to test the effect on the energy
consumption of different energy saving measures. In order to evaluate them in a bigger
perspective, other aspects were also taken into account. Most of these were quantitative
and can be calculated, whether precise or as an estimation. However, two of the criteria
are difficult to measure: thermal comfort and user disturbance.
Thermal comfort can be simulated in IDA-ICE, but it takes more time and requires
a good understanding of the tool. At the same time it is dependent on user behaviour,
which is difficult to estimate. It might not be cost-effective to extensively evaluate many
different energy saving measures by means of a full-year simulation. A better way would
be to look at a typical design summer and winter week. User disturbance has several
aspects that should be taken into account: the duration of the construction, the amount of
noise and dust, and whether the occupants can stay in the building during construction
or not. This can all be estimated, but there are several external factors that have an
influence on these aspects so the estimation is imprecise.
Because a detailed thermal comfort analysis and an estimation of user disturbance
were not within the scope of the project, for these aspects the measures were evaluated in
relation to each other. For example, upgrading the roof results in lower user disturbance
than an upgrade of the building envelope. However, the thermal comfort will be higher
if the complete envelope is upgraded compared to only refurbishing the roof.
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This example also highlights that it is difficult to define which of the energy saving
measures is best, or optimal. The evaluation presented in the result section still needs
to be weighed. What is optimal depends on which of the aspects are valued most in the
process of choosing measures. If the focus is to have the highest reduction in delivered
energy no matter the cost, the result will be different than when the goal is to have
the best possible energy reduction with the highest economic profitability. Some energy
saving measures are not realistic, since the payback period is larger than the lifetime of
the elements. However, if less profitable measures are combined with more profitable
measures (e.g. ventilation with windows), this can result in a positive net present value.
In this way, improved energy efficiency and thermal comfort can be achieved in a way
that is still economically profitable.

5.3

SIMIEN versus IDA-ICE

One of the goals of this project is comparing the simulation tools. The tools used in
this project are SIMIEN and IDA-ICE. SIMIEN is the tool that is most commonly used
in Norway for energy calculations, while IDA-ICE is used on an international scale.
SIMIEN is a relatively easy-to-use tool that gives good average results for calculating
the energy consumption. It relies on manual input data for the geometry that is required
for every climatic zone. All surfaces and systems have to be defined per zone with
corresponding U-values and other parameters. This can result in a lengthy process if
the building is complex and/or when there are many zones. This could result in errors
that might be difficult to identify and correct. The amount of detailed input data is
limited, which is an advantage if there is no detailed data available, and it makes running
a simulation fast. This also means, however, that if there is detailed data available or if
the building includes systems that are not standard available in the program, this could
be difficult to model. The use of this tool is limited to Norwegian buildings because of
the internal references to the Norwegian building code.
IDA-ICE is a more complex software and can be used for simulating the energy
consumption, but also gives insight into thermal comfort, daylighting, air quality, and
others. The program has the possibility of importing a 3D model of the building, which
makes modelling rather easy. It requires more input data than SIMIEN, which may be
both an advantage and a disadvantage. If there is no detailed data available for the
building, or if the project is still in an early design phase, it might be difficult to estimate
and assume the correct input values. However, if the data is available, it can result
in a more accurate and reliable simulation model compared to a simple model. Since
there is a high level of flexibility when modelling, it requires a good understanding of
the program and computational times are a lot longer compared to SIMIEN. This tool
is internationally available and the company offers trainings in different languages. For
international use, that makes IDA-ICE preferable to SIMIEN.
The table below sums up some of the mentioned characteristics of both simulation
tools in comparison to each other.

18

Table 6: SIMIEN vs IDA-ICE

SIMIEN

IDA-ICE

Modelling geometry

Manually

IFC import

Simulation time

Fast

Rather slow

Level of detail

Limited

Very detailed

Results

Basic results

Detailed results

Scope

Energy related only

Indoor climate and energy

Use

Only in Norway

International

Overall it can be concluded that IDA-ICE is more detailed than SIMIEN, which
results in a better insight in results and more flexibility during the moddeling process.
This does however also result in longer computational times and a proper training is
required to understand the program and the results. It depends on the type of project
and the available resources (e.g. time, skills, money) which of the two programs is
preferable. SIMIEN might be better to use for a quick evaluation of the estimated energy
consumption of a building, while IDA-ICE might be preferable for more detailed studies
and research project. Both simulation tools were satisfactory for achieving the goals in
this project.
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6

Conclusion

This project intends to contribute to the PhD-degree of one of the authors. The focus
in this report was on the energy analysis of an office building and finding measures that
improve the energy efficiency. The case study used for this project is an office building,
located in the centre of Trondheim. The building was built in 1995. The building follows
the building code of 1987 and therefore there are significant heat losses through the
envelope and due to infiltration.
Analysis of the building state and energy consumption showed that the building has a
high amount of delivered energy that corresponds with an energy class E. Data regarding
the actual delivered energy to the building was provided by Statsbygg. The software
that was used to calculate the delivered energy were the simulation tools IDA-ICE and
SIMIEN. The average delivered energy from the simulating in SIMIEN is 6% lower than
the measured amount of delivered energy, and the IDA-ICE simulation is 3% lower.
Despite this difference both models were calibrated and produced similar results and the
models are accepted for further studies.
When a building is simulated it is never a perfect representation of reality. One of
the aspects that is difficult to predict and model is user behaviour. Users do not always
follow the modelled patterns and their actions can influence the energy demand. Three
scenarios were simulated to find the possible influence of user behaviour on the delivered
energy. In two of the scenarios the temperature set point was raised to respectively 22◦ C
and 23◦ C, which resuls in a higher energy deman.d The third scenario takes into account
that windows are opened during the day, which results in more heat losses. All scenarios
are plausible, but mapping of user behaviour is needed to define a precise behavioural
pattern for this building.
Different energy saving measures were simulated to identify the effect on the energy
consumption. Since a refurbishment project is about more than simply saving energy,
the different measures were evaluated in a bigger perspective. Here, energy savings, cost,
thermal comfort and user disturbance were taken into account. The final choice of the
measure depends on which of those aspects is valued most.
One of the other goals in this project was to compare the simulation software. After
using both simulation tools it appears that SIMIEN is easy to learn and fast to use,
especially when simulating less complex buildings, but is is also less precise. SIMIEN
is an approved tool in Norway for energy simulations and checks if the building follows
the building code and gives the correct energy label. Simulating in IDA-ICE is more
flexible, which results in a longer computational time and more insight in the results. It
therefore requires a good understanding of the program. IDA-ICE is an internationally
used program and simulates indoor climate in general, including energy demand and
other types of simulation. It can be concluded that the choice of simulation tool depends
on the project, how much time is available, and on the knowledge of the engineer.
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