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1 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 [I] 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



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.



3 Case study

3.1 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 signi cant heat losses through
the envelope and there is a high in ltration rate because of poor air tightness. Details
regarding U-values can be found in tableg] 1.

Table 1: U-value

Parameter Value
Facade 0,29 W/ntK
Foundation wall, stairs 0,22 W/mPK

Foundation wall, auditorium 0,19 W/m?2K
Foundation wall, raid shelter 0,31 W/m?K
Foundation wall, north side 3,47 W/n?K

Floor, basement 0,17 W/ntK

Floor, internal 3,47 W/m?2K

Roof 0,17 W/m?K

Windows 2,4 WIm?K

Thermal bridge factor 0,12 W/K(m? envelope)
ACH 3,0 1/h

3.3 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 dierent 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].



Table 2: System parameters and internal heat gains

Parameter Value Set point
Operational hours Monday to Friday, 07h -16h
Summer: 06h - 10h, 13h - 16h
Temperature ventilation 185 C
SFP 4 kW/m?3s
Heating system E ect: 100 W/n? 07-16: 21C
E cienct heater: 16-07: 19C
Lightning 8,0 W/m?2
Domestic hot water 1,60 W/n?

Heat gains occupants 6,00 W/rh (oors -1 to +2)
4,00 W/m? (oor 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




4 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 di erent 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/m
per year. In accordance with the Norwegian classi cation 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



Figure 4 shows the increase of delivered energy when the temperature set point of
the heating system is increased from 2C 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 gure, but in this case the
temperature set point for heating is increased to 28. 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 o ces 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
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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 di erent energy saving measures are
presented. The measures mainly focus on improving di erent 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 pro tability of the measures. The input parameters for the di erent 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/m?K 0,8 W/m?3K
Facade 0,29 W/nfK 0,18 W/m2K
Roof 0,17 W/m?K 0,13 W/m?K
Floor 0,17 W/m?K 0,10 W/m2K
Thermal bridges 0,12 W/n?K 0,05 W/m?K *
In Itration 4,0 1/h 0,6 1/h *
Heat recovery 60% 80 %

SFP 4,0 KW/(m?3/s) 1,5 kW/(m3/s)

* The given value for thermal bridges and for in Itration are
only valid when a complete thermal upgrade is done that
includes windows, oor, roof, and facade. If only one of the
elements is upgraded, the thermal bridge value was set to 0,08
W/m 2K and the value for in Itration to 2,0 I/h.
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