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Sammanfattning  
                                                                                                                                                                  

Vikten av energieffektivisering och hållbarhet i samhället har blivit allt mer uppenbar under de      
senaste åren på grund av ökade CO2-utsläpp, energipriser och den globala uppvärmningen. 
Europeiska unionen har som mål att minska utsläppen av växthusgaser med 20% och öka andelen 
förnybar energi till 20 %  av den totala energianvändningen fram till 2020. Dessa mål ska uppnås 
på flera olika sätt där investering i energieffektiva byggnader, transporter och produkter är en av 
prioriteringarna (European Commission, 2015).                                                                                                  

                                                                                                                                                                    
Krav på energiuppföljning och miljöcertifiering av byggnader har lett till att fastighetsägarna  
måste vara mer uppmärksamma på hur energin förbrukas i byggnaden. Enligt den senaste upplagan 
av Boverkets byggregler BBR 22 (BFS 2015:3),  måste alla nyproducerade byggnader  under 
projekteringsfasen bevisa att energiprestandan i byggnaden kommer att uppfylla kraven i BBR. 
En energiuppföljning baserad på energimätningar av den verkliga  energianvändningen i 
byggnaden måste ske inom 24 månader efter det att byggnaden är färdigställd (Boverket, BFS 
2015:3).  

Detta masterexamensarbete går ut på att göra en energiuppföljning av teknikbyggnad; U3 på Nya 
Karolinska Sjukhuset (NKS) i Solna. Energiuppföljningen har baserats på att jämföra 
simuleringsresultaten från projekteringsstadiet med den verkliga energianvändningen av 
byggnaden under perioden 31 mars 2014 till 31 mars 2015. 
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NKS har höga energi- och miljökrav och sjukhuset kommer att vara  en av de 
första universitetssjukhusen i världen som är certifierade av LEED. Teknikbyggnaden som 
ligger i den norra delen av sjukhuset är hjärtat av energiproduktionen och energidistribution i 
sjukhuset. U3 står för sjukhusets el, värme, kyla och reservkraftsförsörjning. Byggnaden 
slutfördes  maj 2014 och sedan dess har byggnaden överlämnas till Coor Service Management för 
driftsättning. 

Examensarbetet har genomförts i samarbete med företaget, Skanska Healthcare (SHC). Målet med 
projektet var att på ett tidigt stadium ta reda på hur energiförbrukningen i byggnaden skiljer sig 
med de beräknade värdena i simuleringar och de utlovade värdena i avtalet. 

Mätdata på värme, kyla och elanvändning av byggnaden från 31 mars 2014 till 31 mars 2015 och 
simuleringsunderlag har använts som grund i analysen. Det totala värdet på den uppmätta specifika 
energianvändningen av teknikbyggnaden är 60 kWh per m2 Atemp per år, jämfört med resultaten 
från projekteringssimuleringar som är 73 kWh per m2 Atemp per år. 
Begränsningar såsom begränsningarna i indata, i simuleringsverktyget eller begränsningar 
orsakade av användaren samt osäkerhet i mätningarna som oftast inte är välorganiserade har 
påverkat noggrannheten i denna jämförelse.  

 

 



 4 

  



 5 

 

 

 

 Master of Science Thesis  

 

Energy follow-up of the technology building in 
New Karolinska Solna (NKS) 

 

   

  Asal Mohsenchian 
 

Approved 

 

Examiner 

Joachim Claesson 

Supervisor 

Jaime Arias Hurtado, 
Joachim Claesson 

 Commissioner 

Skanska Healthcare 

Contact person 

Anders Wiklund 

Abstract 
 

For the past few years the importance of energy efficiency and sustainability has been 
in more focus due to increased CO2 emissions, energy prices and global warming. The European 
Union aims  to reduce greenhouse gas emissions by 20% and increase the renewable energy share 
of total energy consumption to 20% by the end of 2020.  These requirements will be achieved by 
different means where investing  in energy efficient buildings, transport and products is one of the 
priorities. (European Commission, 2015). 

Requirements on energy and environment certification and the energy performance directives have 
resulted in closer attention of property owners to the importance of the energy consumption in 
buildings. According to the last edition of Boverket's Building Regulations; BBR 22, at design 
stage, all new buildings  must be proven to meet the energy performance requirements of BBR. A 
verification of the energy performance based on the measurements of energy consumption must 
be done within 24 months after the building is completed (Boverket, BFS 2015:3).  

In this master thesis project an energy follow-up of the technology building U3 in NKS (New 
Karolinska Solna Hospital) will be carried out. This will be done by comparing the results from 
simulations at the design stage with the results of real energy consumption of the building from 31 
March 2014 to 31 March 2015.  

NKS has high energy and environmental requirements and it is supposed to be one of the first 
university hospitals in the world certified by LEED (Leadership in Energy and Environmental 
Design). Technology building or U3 is located in the northern part of the hospital and it is the heart 
of the energy distribution and production of the hospital. It provides hospital with  power, heating, 
cooling and backup power. Technology building was completed in May 2014 and since then Coor 
Service Management is responsible for the operation of the building. 
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This thesis has been done in cooperation with the company Skanska Healthcare (SHC). The goal 
of the project was to find out, at a very early stage, the difference between measured energy use 
of the  building with the estimated values during the design stage. 

For analysis, the measured data for heating, cooling and electricity consumption of the building 
from 31 March 2014 to 31 March 2015 was used. The total specific energy use of the technology 
building, U3,  obtained by measurements is 60 kWh per m2 Atemp per year, which can be 
compared to the result from simulation which is 73 kWh per m2 Atemp per year. 

The accuracy of this comparison is impacted by limitations in simulation tools, such as input 
data limitations, internal tool limitations, or user caused limitations, and the uncertainty in 
measured data which are usually not well organized. 
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FOREWORD 
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NOMENCLATURE 
 

The abbreviations and notations that are used in this report are summarised in this chapter.  

Notations & Abbreviations 

Symbol Description 

Atemp The area inside of the building envelope intended to be heated to more than   
 10 ◦C. The area for garages is not included. 

Um The average thermal transmittance (W/m2K)  

Ui Thermal transmittance for a single part of the building envelope (W/m2K) 

Ai The surface area of the single part of the building envelope facing the heated        
 indoor air (m2) 

Aom Total surface area of the building envelope facing the heated indoor air (m2). 

DHW domestic hot water 

SFP Specific fan power, the total power rating of all fans in the ventilation  
 system divided by maximum flow of the extract air or supply air.
 (kW/(m3/s). 

AHU Air handling unit 

BBR Boverket 's building regulations 

IDA Indoor Climate And Energy 

LEED            Leadership in Energy & Environmental Design 

NKS           New Karolinska Solna Hospital 

EMC            Energy Management and Controlling solution 
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1 INTRODUCTION 
 

The importance of energy efficiency and sustainability has been in more focus for the past few years 
due to increased CO2 emissions, energy prices and global warming.  

Almost 36% of the CO2 emissions and 40% of energy consumption in EU belongs to buildings.  Old 
buildings consume much more energy compared with new buildings and currently 36% of the 
buildings in EU consist of old buildings with more than 50 years old. It is estimated that by 
implementing energy efficiency measures, it is possible to reduce the CO2 emissions and energy 
consumption in EU with 5% (SVEBY, 2015). 

European Union has some goals to be achieved by 2020 such as reducing greenhouse gas emissions 
by 20% and increasing renewable energy share of total energy consumption to 20%.  These targets 
will be achieved in different ways in which investing  into energy efficient buildings, transport and 
products is one of the priorities. (European Commission, 2015)  

Requirements of energy certifications and the energy performance directives of buildings have made 
it more important for building owners to make attention to how the energy consumes in the building. 
Continuously monitoring of energy consumption in a building has some advantages such as provides 
information for possibility of implementing energy efficiency measures, makes it possible for 
building owners to compare consumption level with other buildings or with the energy consumption 
in previous periods and shows any problem in the property's electricity, heating and cooling 
consumption (Motiva, 2011).  

According to the new edition of Boverket's Building regulations, BBR 22  all the new buildings at 
the design phase has to prove that the energy performance of the building will meet the requirements 
of BBR. A verification of the energy performance based on the measurement of energy consumption 
must be done within 24 month after the building is finished. Measured energy consumption in 
buildings in most of the cases must be corrected in order to be comparable to regulations or 
agreements in the contract (Boverket, BFS 2015:3).  

A well planned energy measuring and control system where energy consumption in different zones 
are measured and divided into property and operational energy based on the BBR regulations 
simplifies the verification process. Documenting the location, function and characteristics of meters 
and activities that may affect the energy performance of the building are also important for an 
effective verification of energy performance (SVEBY, 2015).  

In this master thesis project an energy performance analysis of technology building; U3 in Solna 
will be carried out. This will be done by comparing the simulations results from design stage with 
the energy consumption of the building in use during a period from 31 March 2014 until 31 March 
2015. The major challenge in this project is to organize and divide the measured data in such way 
that the comparison is possible. Considering the fact that this building will supply the required 
energy of the entire hospital and consist of ultra-modern energy efficient systems to meet the high 
energy and environmental requirements of NKS makes this study more interesting. 
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2  Background 
                                                                                                                                                                
This chapter briefly describes the background of the project. 

2.1 NKS (New Karolinska Solna) 
                                                                                                                                                            
NKS (New Karolinska Solna), located in the south western part of the existing Karolinska university 
hospital in Solna. It will be a new and ultra-modern university hospital in Stockholm for high quality 
and specialized healthcare, education and research. This new hospital, which will be open for the 
patients at the end of 2016, has some unique features which distinguish it from other hospitals in 
Sweden and even in the world. NKS is the world’s largest and Sweden’s first Public Private 
Partnership (PPP) hospital and has managed to be awarded the LEED and Miljöbyggnad (Swedish 
Green Building) Gold certification. The main goal of building this new hospital has been to build a 
high-tech hospital where the patient’s comfort, integrity and safety are at the centre. New Karolinska 
Solna hospital’ most unique characteristics are: 

 Single rooms for each patient with possibility for relatives to spend over the night 
 Less requirements of moving the patient inside the hospital 
 high focus on the safety and integrity of the patients 
 distinct focus on sustainability and energy efficiency 
 good connection  between research, care and training  
 a hospital close the city and inhabitants 

The present campus from 1930s consists of more than 40 buildings spread over a large area. In order 
to improve and adapt this hospital to more modern healthcare methods some major changes were 
required. Due to these issues the decision of building a new hospital was taken in 2008 ( Stockholm 
County Council, Maj 2013).  

In 2006 White architects won the design competition of the new Karolinska hospital and together 
with one of the Sweden’s leading architectural company Tengbom, formed the White Tengbom 
Team (WTT) which would continue the design work of the NKS (White Tengbom Team, 2014). 
Stockholm Country Council is the customer of the project and the Swedish Hospital Partners has 
the responsibility for the construction, design, operation and financing until 2040. Swedish company 
Skanska is design-build contractor and Coor Service Management provides the services and 
operational parts ( Stockholm County Council, Maj 2013) .  

NKS has high energy and environmental requirements and it is supposed to be one of the first 
university hospitals in the world that is certified by LEED. The buildings are supposed to have high 
performance envelope with a heat transmission loss coefficient less than 0,5 W/m2 K. 100% of the 
supplied electricity to the building must be from renewable electricity production with low CO2 

emissions. NKS has its own cooling and heating production by ground source heat pumps but also 
uses district cooling and heating based on waste, biomass and other renewable sources (Maria 
Nordberg, 2014). Considering these interesting and unique properties of New Karolinska Solna 
project, evaluation of energy performance of one of the buildings in this project was chosen as a 
master theses project in the sustainable energy engineering field. 

2.2 Technology Building U3 
                                                                                                                                                        
Technology building or U3 is located in the northern part of the hospital, see Figure 1, and it is the 
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heart of the energy distribution and production of the hospital. It is responsible for the hospital’s 
heating, cooling and reserve power supply. This building with its unique technology solutions 
contributes to make NKS to one of the most sustainable and energy efficient hospitals in the world. 
The energy and environmental goal of NKS was to build a hospital that is sustainable and 
environmental friendly in long-term. The energy use in the new hospital is supposed to be halved 
compared with the existing hospital. This will be possible by using energy efficient installations, 
smart energy solutions and increased recycling. The NKS is supposed to be operated and constructed 
with the smallest possible environmental footprint. The low operation energy use of the hospital 
will be possible by using a combination of environmental friendly district heating and cooling, 
recovered energy from ventilation and a large geothermal heating plant installed in technology 
building. The geothermal heat pumps are supposed to cover the main part of the hospital’s cooling 
and heating demand. This solution decrease the purchase energy of the building since the heating 
and cooling will be stored in the plant from different seasons. The used electricity in the hospital 
comes also from renewable sources (NKS Bygg, 2015). 

 

Figure 1.  Orientation of Technology building at NKS (White Tengbom Team, December 2013) 

Technology building has been completed in March 2014 and since May 2014, the building is handed 
over to Coor Service Management which is responsible for monitoring and operation of the building. 
According to Coor Service Management several measuring equipment have been installed in 
different part of the heating and cooling systems of the building. Collected data from these meters, 
will be used for the evaluation of the energy consumption of the building in the project.  
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2.3 Co-operative companies 
                                                                                                                                                          
This thesis has been carried out with the cooperation of the company Skanska Healthcare (SHC). 
The goal of the project was to in an early stage find out how the energy consumption in the building 
is compared with the estimated values in simulations and promised values in the contract. It was 
important for the company to do this evaluation already within a few months after the handover of 
the building due to the high environmental requirements of the NKS project.  

The project has been carried out based on the materials and documentations of the design phase 
from SHC and current energy measurements from the company Coor Service Management. 
Additional support has been received from the involved consultants from SWECO who did the 
calculations and energy modelling. Continuous discussions have been held between the involved 
parties during the period from February to June 2015. The results of the project has been 
continuously presented to my supervisor from SHC during the regular meetings. These meetings 
and discussions with the involved parties have been of great help to push the project forward. 

2.3.1 Skanska	Healthcare	
Skanska Healthcare AB (SHC) is owned by 70 % Skanska Sweden and 30 % Skanska UK. SHC 
which is a Construction Joint Venture is established for NKS project. NKS is the largest project 
done by Skanska where SHC is responsible for the design-build contract of the project agreement 
(Skanska Healthcare, 2014). 

2.3.2 Coor	Service	Management	
Coor Service Management has the responsibility of the facility management agreement of the 
hospital until 2040. Coor is also responsible for development and management of all FM services 
of the NKS, such as electrical systems, logistics, data system, telecom, transport and etc. (Skanska 
Healthcare, 2014).  
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3 Goals and objectives 
 

Since the building has recently been completed, no evaluation of energy consumption of the building 
has been carried out until now, except the continuous measurements that have been done in different 
parts of the building since 31 March 2014.  Considering this fact the main goals of this study are: 

 To follow-up the energy use in technology building by analysing and comparing the 
outcomes of energy calculations and simulations from design phase with the current 
measured energy use of the building during its operation. This includes analysis of the input 
data from energy simulations, organisation of measured data based on the  BBR regulations 
and simulations and  estimation of the uncertainties in the measurements. 

 Evaluate the energy performance of the installed heat pumps in the building by calculating 
the COP of both cooling and heating side. 
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4 Methodology 
 

This section describes how the following questions has been evaluated and answered in this study. 
The report covers a case study of the technology building, U3 at NKS, and evaluation of the specific 
energy use of the building during the operating time. This study is done mainly based on the 
following questions: 

 How much is the difference between the outcomes of the energy simulations during the 
design stage with energy consumption in operation time? 

 What are the reasons of this difference and how much is the uncertainty of the results? 
 What are the performance factors; COP1 and COP2 of the installed heat pumps? 

Answers of these questions and the goals of the project have been achieved by the following steps: 

4.1 Literature review                                                                                                            
                                                                                                                                                            
A literature review of the BBR regulations for this building, existing energy model and outcomes, 
energy systems of the building including cooling, heating and electricity system, energy measuring 
and measurement tools in the building  have been done in order to facilitate the analysis and 
comparison of energy consumption. Similar studies and projects have also been studied for a better 
understanding of the topic and comparison. Furthermore the literature study will be useful in order 
to find factors that should be considered for further research and for understanding of how, in other 
cases, possible problems were faced and corrected. 

4.2 Measured data collection                                                                                       
                                                                                                                                                            
Measured data for heating, cooling and electricity consumption of the building from 31 March 2014 
to 31 March 2015 have been used for further analysis and breakdown of measured data according 
to the BBR regulations and the results from simulations. Measured data has mainly been collected 
from the building's energy monitoring system and its database, but also some data have been 
collected directly from specific equipment, for example Air Handling Units (AHU). Input data of 
the energy model and the results of the simulations have been collected from documents and the 
IDA energy model presented by SHC. Microsoft Excel 2010 has be used for collection of data and 
calculations. 

4.3 Data analysis and breakdown                                                                                                   
                                                                                                                                                            
Collected data has been organized according to the structure of the energy simulations and BBR 
regulations in order to facilitate the evaluations and comparisons later in the project. Estimations 
that have been done during the data analysis will influence the results of the project and has been 
therefore presented later in the report.  

4.4 Conclusion and possible suggestions   
                                                                                                                                                            
The results from calculations and collected data have been evaluated and a discussion regarding 
possible deviations between the results from energy simulations during the design phase and the 
actual results from measurement has been done. Possible errors have also been discussed in this 
section. Conclusions and suggestions for improvements are also included in this section. 
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5 Delimitations 
 

The set energy goals during the design stage of a building is important to be achieved and it is a big 
challenge to build and perform the buildings so they meet these requirements. Comparing the energy 
consumption based on the measured data with simulations is another challenge since the presented 
measured data in the monitoring system of the buildings are usually not well organized. 
Unorganized measured data means that the energy consumption of the building is presented in the 
monitoring system of the building as the total heating, cooling and electricity consumption. In order 
to be able to compare these data with BBR regulations, these date must be collected and separated 
to property electricity and comfort cooling and heating. This limitation affects the quality and 
accuracy of the comparison between simulation results and measured energy consumption if the 
measured data are not organized and separated based on the BBR regulations in the energy 
monitoring system. Figure 2 shows which limitations are existing while comparing the measured 
data and simulated data, here the unorganized data are data that are not included in neither presented 
measurements in monitoring system or simulations such as data that should be read manually from 
the AHU or data that has not been included in simulation input values. 

 

Figure 2. Limitations in comparison of measured energy consumption with simulation. 

Limitations in simulation tools such as the limitations in input data, limitations embedded in the 
simulation tool or caused by the user of a tool also influence the accuracy of this comparison (Maile, 
2010).  

In this project, it has been chosen to focus on the comparison of specific energy use and the COP 
calculation of the heat pumps with the results from simulations and BBR regulations. Operational 
energy has not been taken into account in the analysis and the collected measured  data has been 
sorted and separated based on the structure of the simulation model and categories of BBR 
regulations. To facilitate the evaluations and to organize data in a way that it is possible to compare 
the measured data with outcomes of the simulations, several estimations have been done during the 
project which will be described later in the report. BBR 16 has been studied since this version of 
regulations has been used during the design stage of the project. Since the installed heat pumps in 
the building, have not been fully operated , it has been chosen to calculate the COP of each heat 
pump during the hours that the pumps have been tested.  
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6 Litterateur Review 
 

This chapter contains a summary of the literature that has been studied during the project. It 
describes BBR regulations related to this building, the building's energy system, the energy 
measuring system, energy simulation tool, input data and documentation regarding normal year 
correction and the COP calculations of the heat pumps. 

 

6.1 Boverket's building regulations, BBR 
                                                                                                                                                    
Boverket is the national agency for housing and building, planning, urban development and 
management of land and water resources in Sweden.  Boverket implements the EU directives in the 
Swedish legislation. BBR (Boverket's building regulations) is a collection of general rules and 
regulations which are established for Swedish buildings by Boverket. It consists of requirements 
and regulations for energy conservation, designing, fire, bearing capacity, health, thermal comfort, 
noise and safety (Boverket, BFS 2015:3). The Building regulations that have been used in this study 
are from BBR 2008, according to the contract and construction permit of the building. 

	
6.1.1 Climate	zones	in	Sweden	
Temperature varies in different parts of Sweden, this means that different regulations are chosen to 
be used for buildings depending on where in the country they are located, in order to make the 
comparison between the buildings easier and more equal. Table 1 and Table 2 show the temperature 
and daylight variation in three different cities during the January and July (Boverket, 2008)  

Table 1. Temperature (average) variation in three different cities in Sweden during July and January. 

City Temperature in July Temperature in January 

Malmö +16,8 °C -0,2 °C 

Stockholm +17,2 °C -2,8 °C 

Luleå +12,8 °C -16,0 °C 

 

Table 2, Daylight variation in three different cities in Sweden during July and January. 

City Daylight in July Daylight in January 

Malmö 17 h 7 h 

Stockholm 18 h 6 h 

Luleå 23 h 3 h 

 

Based on these different climate conditions the country is divided into three climate zones, I, II and 
III, see Figure 3. According to the BBR 16 the Technology building U3 has a heating system based 
on district heating and it is located in climate zone III. 
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Figure 3. three climate zones in Sweden (Boverket, 2008). 

 

6.1.2 Specific	energy	use		
According to the BBR, the energy use of a building must be limited by efficient use of electricity, 
heat and cooling and low heat losses. Non-residential premises such as the technology building in 
this case must be designed in such a way to make sure that the following criteria do not exceed the 
given values in Table 3.  

 specific energy use of the building 
 the average thermal transmittance (Um) of the building envelope(Aom). 

 
Building’s specific energy use is defined as the energy that is required to be supplied to a building 
for comfort cooling, heating, building’s property energy and hot tap water during a reference year. 
Here reference year means an average value of outdoor temperature during a long period e.g. 30 
years. Building’s property energy is the electrical energy that is used for necessary services in a 
building. Permanently installed lighting in utility rooms and common spaces, energy uses in pumps, 
heating cables, motors, fans and monitoring and control equipment are included in building’s 
property energy. It is common to use the building’s specific energy use in kWh/m2, where the 
building’s energy use is divided by the Atemp. It doesn’t include the operational energy. Energy used 
for other purposes than dwelling purposes in a building is defined as operational energy and it 
includes lighting, process energy, computers, refrigerators, TVs, machinery and other applications 
for the operation.  
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Table 3, Requirements for non-residential premises with other heating than electric heating (Boverket, 2008). 

Climate zone I II III 

Specific energy use of 
the building [kWh per 

m2 Atemp and year] 
 

 
140 

 
120 

 
100 

 
+supplement when in 

temperature-controlled 
spaces, the air flow due 

to extended hygienic 
reason is more than 0,35 

l/s per m2 . Where the 
average specific flow of 

supply air during the 
heating season is qaverage. 
The maximum value for 
qaverage.  considered here 
can be 1,00 l/s per m2 

 

 
 
 
 
 
 

110 (qaverage-0,35) 

 
 
 
 
 
 

90 (qaverage -0,35) 

 
 
 
 
 
 

70 (qaverage -0,35) 

 
Average thermal 

transmittance [W/m2 K] 
 

 
 

0,70 

 
 

0,70 

 
 

0,70 

 

Since the building is considered to have heating system based on district heating and by considering 
the additional supplement due to outdoor air flow rate the following values in Table 4 can be 
formulated as the specific requirements for U3 building based BBR 16: 

Table 4, Requirements for Technology building based on BBR 16. 

The building’s specific energy use [kWh/m2 
Atemp and year] 

104 (including the supplement for outdoor air 
flow rate) 

Average thermal transmittance [W/m2 K] 0,7 
 

6.1.3 HVAC	systems	
The design of cooling and heating systems in the building must be in such ways that provides 
acceptable efficiency during normal operation. Possibility of testing, servicing and exchange, 
calibration and supervision must even be available for HVAC installations. The energy losses from 
cooling, heating and DHW (domestic hot water) installations must be limited through technical 
measures and design. In order to reduce the heating and cooling demand certain factors must be 
considered such as the selection of window location, window size, type of the glass, electric efficient 
equipment and lighting (Boverket, 2008). 

6.1.4 Regulating	and	Control	systems	
Regulating and control systems must be available in the building in order to provide a good thermal 
comfort and energy efficiency. HVAC systems must have automatic regulation equipment that 
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adjust the supply of cooling and heating based on the power demand depending on the proposed use 
of the building, indoor and outdoor climate (Boverket, 2008). 

6.1.5 Use	of	electricity	
Ventilation, electric heaters, fixed lighting equipment, motors and circulation pumps must be 
designed in such way to ensure that the energy is used efficiently and to limit the power requirement. 
The specific fan power (SFP) at the designed airflow rate of the ventilation system shall not exceed 
the values according to Table 5. Ventilation systems with air flows less than 0,2 m3/s, variable air 
flow and with operational time less than 800 hours per year may have higher SFP values (Boverket, 
2008). 

Table 5. The requirements of SFP in different sections of ventilation system (Boverket, 2008). 

Ventilation section SFP [kW/(m3/s)] 
Supply and extract air with heat recovery 2,0 

Supply and extract air without heat recovery 1,5 
Extract air with recovery 1,0 

Extract air 0,6 
                                                                                                                                                          
Efficient light sources such as low-energy lamps and compact fluorescent lamps or similar devices 
must be used for fixed lighting fittings in bathrooms and kitchens. Outdoor lightings should be 
provided with reflectors, efficient light sources and optical devices and be controlled by motion 
detectors, dusk sensors or similar devices. Comfort underfloor heating and electric heaters must 
have timer control or similar regulating equipment (Boverket, 2008). 

6.1.6 Measuring	systems	
Continuously monitoring of the buildings energy use must be possible by different measurement 
methods. The amount of energy consumption in kWh of cooling, heating and property energy of the 
building and domestic hot water must be measured in order to be able to verify the requirements of 
Boverket. When the amount of energy use is not expressed in kWh, e.g. biofuels and oil, the value 
of measured volume of fuel must be recalculated to kWh. 

6.2 Energy system in technology building  
                                                                                                                                                            
A general description of how energy is produced and used in technology building is described in 
this chapter. Energy in U3 building uses as comfort heating and cooling, property electricity, 
domestic hot water and process cooling. As it has been mentioned before the main part of the 
required heating and cooling of the entire hospital and U3 building itself will be supplied from the 
geothermal heat pumps while district heating and cooling will also will be used. 

6.2.1 Heating	
U3 building is heated by using the heat produced locally by heat pumps and district heating in a 
radiator heating system. A large amount of the heat demand in the building is provided through the 
radiator system and ventilation system for technology areas and office units and the rest is used for 
DHW, see Figure 4. The building is considered to be heated by district heating according to BBR 16 
(Karlsson Fredrik, 2014). Heating demand of the building is divided into an ambient temperature 
dependent part called comfort heating and an almost constant part, domestic hot water, see Figure 4. 

 



26 
 

 

Figure 4. Heating consumption in technology building. 

The primary supply heating system of U3 describes with VS300 and VS301. Figure 5 shows how 
the heating and cooling needs of the hospital covers by geothermal heat pumps and district heating 
and cooling. Here KVP001, KVP002 and KVP003 are the installed geothermal heat pumps which 
will be described later in the report . Table 6 shows the technical parts of the VS300 and VS301.  

 

Figure 5. Heating and cooling distribution in U3. 
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Table 6, The different parts of the heating system in U3. 

 
 
 

VS301 
 

 
Ventilation heat pump room 

General ventilation 57BLB302 
General ventilation 57BLB303 
General ventilation 57BLB309 
General ventilation 57BLB310 

VP300 
 

Radiator 

VV301 DHW 
 

6.2.2 Cooling	
Cooling needs for both comfort and process purposes. Cooling demand of the U3 building supplies 
by produced cooling from heat pumps and district cooling from the  Norrenergi AB, see  Figure 6.  

 

 

Figure 6. Cooling demand in technology building. 

 

The primary supply cooling system in U3 is divided in two parts; dry and wet cooling and describes 
with KS301 and KS302, see Figure 5.  usage. 
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Table 7 shows the included technical parts of KS301 and KS302 and their usage. 

 

 

 

 

 

 

Table 7. The different parts of the cooling system in U3. 

 

6.2.3 Electricity	
The main part of the energy demand in the U3 is related to electricity usage but mainly to operational 
electricity since most of the technical equipment in the building are dependent on electricity. For 
instance, the UPSes that are connected to the reserve power of the hospital consumes large amount 
of electricity which distributes between all buildings of the entire hospital. These unites have to run 
all the time. This operational energy will not be included in the specific energy use of the building 
and therefore has not been considered in the analyses.  

The measured total electricity use of the building should be divided into property and operational 
electricity due to the building regulations, but in the current energy presentation system in the 
building the electricity consumption has not yet separated into property and operational electricity.   

Table 8 shows how the electricity use has been divided in this project based on the structure of the 
simulations and the buildings regulations in order to facilitate the comparison. Property electricity 
is the electricity that is used by the building installations (Pumps, fans, etc.) and lighting of public 
areas while process electricity includes electricity used of computers, machines, appliances for the 
operation, copiers, TVs, machinery, stoves, dishwashers, refrigerators, freezers, Dryers etc. 
(Boverket, 2008) 

 

 
 
 
 
 

Wet cooling KS301 
 
 

Ventilation VS301 (comfort cooling): 
 

Ventilation heat pump room 
General ventilation 57BLB302 
General ventilation 57BLB303 
General ventilation 57BLB309 
General ventilation 57BLB310 

 
Circulation air cooling (process cooling) 

 
 

 
Dry cooling KS302 

 
Chilled beams (comfort cooling) 
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Table 8.  The different parts of property and process electricity consumption. 

Property electricity 
 
 
Electricity consumption of 
ventilation(fans) 
 
 
 
 
Electricity consumption of pumps  
 
 
 
 
 
Lighting 

 
 
 
Ventilation heat pump room 
General ventilation 57BLB302 
General ventilation 57BLB303 
General ventilation 57BLB309 
General ventilation 57BLB310 
 
MQ4001(pump in DHW system) 
MQ4001(pump in radiator system) 
MQ4001(cooling of heat pump’s 
compressors) 
Pump for floor heating 
 
Lighting in Corridors, staircases and 
entrance 
 

Process electricity 

Operational lighting (all lighting except 
property lighting such as lighting in 
offices and bathrooms) 
UPSes 
Technical equipment 

 

 

6.3 Energy simulation  

 
The limitations in energy simulation software can contribute to the differences between the results 
from simulations and the measured energy use in the building. The assumptions, approximations 
and simplifications during simulations increase the uncertainties in the output of the energy 
simulation model (Maile, 2010). The input data to the building energy performance simulation 
model consist of HVAC components and systems, internal loads, building geometry and control 
strategies. In order to achieve a high accuracy in the results, these input values in the energy model 
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must be as accurate and detailed as possible. A good simulation tool must have the properties as 
below: 

 ability to model complex and detailed HVAC systems 
 high level of detail of input values  
 ability to create detailed control strategies 
 ability to model buildings with complex geometry 
 ability to run simulations with small time scale 
 ability to import the measured data during operation to the initial simulation model created 

during the planning phase (Maile, 2010). 
 

6.3.1 IDA	Indoor	Climate	and	Energy	(IDA	ICE)	
The energy simulation tool that has been used for this building during the planning phase is IDA 
ICE 4.6. IDA ICE is dynamic and detailed software for studying of energy consumption and thermal 
indoor climate, see Figure 7 . Dynamic simulation models uses equations for simulating energy and 
mass transfer in a building which decrease the simplifications and limitations. A dynamic model 
created in IDA ICE includes the climate data, standards and materials and it has the possibility to 
capture the thermal mass and internal gains. IDA ICE can be used for both advanced and simple 
cases and it has the possibility to import all common 3D and 2D files. It even supports models 
created in Revit, ArchiCAD, MagiCAD and AutoCAD Architecture (EQUA Simulation AB, 2014).  

 

Figure 7. Layout of the IDA ICE program (EQUA Simulation AB, 2014). 

IDA ICE has some advantages and disadvantages according to below,  

Advantages: 

 ability to import BIM-based geometry 
 fluid loops 
 possibility to design the HVAC systems by users 
 integrated simulation 
 small time step( less than 1 sec) 

 



31 
 

Disadvantages: 
 

 lack of ability to link to other control tools 
 lack of possibility of automated import of measured data (Maile, 2010). 

 

6.3.2 Energy	simulation	of	technology	building	
The results obtained from energy simulations is a prognosis which is very useful and gives an 
estimation of the building’s energy use during the design phase but it may differ from the actual 
energy use due to factors such as the uncertainties in input values, future climate condition and 
building’s real energy use based on the real internal operation and loads (Karlsson Fredrik, 2014).   

The energy consumption in the building has been divided into two categories in the simulations; 
property energy and operational energy based on the BBR 16. Figure 8Figure 8 shows the structure 
of the energy simulation model.  

 

 

 

Figure 8, The structure of the energy demand distribution in simulations. 

 

6.3.2.1 Input	data	in	the	simulations	
A summary of the most important input data in energy simulation model of U3 building are 
presented in this chapter to further compare these with the results from measurements. The 
technology building also includes energy production equipment such as diesel engines for 
emergency reserve power of the hospital, bridging systems to cover temporary power failure, 
switchgear for transformation of voltage from external to internal networks. In the simulations only 
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the heat dissipation from these equipment are included in the calculation of the building's energy 
demand. The energy demands of these units are considered as operational energy. 

Domestic hot water demand has been considered as a constant load of 5 kWh per m2
 and year 

(Karlsson Fredrik, 2014).  Offices have a minimum set point temperature of 21 ° C and maximum 
temperature of       25 ° C. The technology parts of the U3 have been considered to have the lowest 
temperature of   18 ° C and no cooling. Climate data used for energy simulations is Stockholm; 
Bromma. The U-values used in the energy model can be seen in  

 

 

Table 9. A constant infiltration of 0,05 l/s m2 exterior wall area has been considered in the simulations 
(Karlsson Fredrik, 2014).  

 

 

 

Table 9. U-values used in the model. 

Part of the building U-value [w/m2 ,K] 
Wall 0,23 
Roof 0,12-0,22 

Cellar wall 0,2-0,58 
Cellar floor 0,22 

Window (Ucw) 0,9-1,5 
Doors 2,1 

 

Some important input values of internal loads in the building which includes the equipment, people 
and lighting are summarized in Table 10, for more information about assumption of internal loads 
and their operation hours see appendix 1 (Karlsson Fredrik, 2014).  

Table 10. Some of the used values for internal loads in simulations. 

Zone Group Area 
[m2] 

Heat set 
point[°C

] 

Cool set 
point[°C

] 

Occupants, 
items 

Lights, 
[W/m2] 

Equipment,[W] 

U3 P1 
TE 

right 
side 

Technology 
part 

770,7 15 30 0 0 12600 

U3 P2 
TE 

right 
side 

Technology 
part 

614,7 20 25 3 3,949 1500 

U3 P3 
TE 

right 
side 

Technology 
part 

877,1 20 30 0 0 35880 
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U3 P4 
TE 
left 
side 

Technology 
part 

811,9 15 30 0 0 27200 

U3 P5 
TE 
left 
side 

UPS 792,7 15 25 0 0 125 

U3 P6 
FM 
right 

FM-part 229,8 21 23 5,2 8,211 1650 

U3 P7 
FM 
right 

FM-part 188,3 21 23 4,2 8,058 2000 

 

Some of the schedules and operation hours used in the simulations can be seen in    

 

Table 11, for more detailed values see appendix 2.   

 

Table 11. Schedules and operation hours in some of the technology part of the building used in the simulations. 

Name Group Occup.schedule Light 
schedule 

Equipm.schedule

U3 P1 TE right 
side 

Technology part Always present Always on Always on 

U3 P2 TE right 
side 

Technology part 07-17 every day 07-17 every 
day 

07-17 every day 

U3 P3 TE right 
side 

Technology part Always present  Always present 

U3 P4 TE left 
side 

Technology part Always present  Always present 

U3 P5 TE left 
side 

Piller Always present Always 
present 

Always present 

U3 P6 FM right FM-part 07-17 weekdays 07-17 
weekdays 

07-17 weekdays 

U3 P7 FM right FM-part Always present Always 
present 

<mixed> 

 

There are several ventilation units in the building, Table 12 shows the location of these devices and 
their efficiency. Average air flow rate during heating season is considered to be 0,6 l/s, m2 . 
Operating hours in offices has been assumed to be between 06:00-18:00 except in some alarm 
centrals where operating hours are 24 hours.     

Table 12, Schedules and operation hours in some of the technology part of the building used in the simulations. 

Device Function Efficiency 
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LB31 Electrical substation 70 % 

LB37 Technical areas 80 % 

UPS Reserve power 0 % 

LB35, LB36 Engine room 70 % 

LB38 Control room 80 % 

FM-del Offices/ personal rooms 80 % 

 

Building is heated from district heating and borehole heat pumps. Cooling supplied to the building 
from district cooling and cooling from heat pumps which produce both heating and cooling at the 
same time.  

6.3.2.2 Simulation	results	
According to the simulations results,  the specific energy consumption of the building is estimated to be 73 kWh/m2 per 

Atemp and years. More detailed results can be seen in  

 

 

 

Table 13. 

 

 

 

 

Table 13, Results from energy simulations. 

Parameters kWh/m2 Atemp and year 
 

Heating- ventilation and radiator 
Hot water including losses 

 
37 
8 

Comfort cooling(multiply with 3 according to 
BBR) 

 
9 

Property electricity 
 

Fan power 
Pump power(not including the distribution 

pumps to other buildings at NKS) 
Property lighting 

 
 

10 
5 
 
1 

Other property energy 
Losses 

 
3 

Operational electricity 
 

Lighting 
Equipment 

UPS 
 

 
 
3 
19 
14 
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Process cooling 28 
 

Total property energy 
Total operational energy use except the 

electricity to pumps and heat pumps 

 
73 
64 

 

6.4 Energy measurements  
 

The standard function of energy measurements in buildings is to archive utility dataset of the 
building for billing.  The collected dataset from HVAC control systems is required for control and 
operation of the HVAC system. The utility dataset consist mainly of the total energy consumption 
in terms of different energy sources and a validation of this dataset is of little use in this case.  

Evaluation of a building’s energy performance depends mainly on the reliability of the available 
measured dataset, missing measurements or uncertainty in energy measurements leads to a lack of 
necessary information of the performance of a building. Energy measuring in a building consists of 
a measurement dataset, control data such as setpoints, transmission of the measured data and data 
storage. Each single part of the measurement system must fulfil their specific function continuously 
all the time. The quality of the archived measured data depends on the installed measurement system 
and the reliability of its consisting parts (Maile, 2010).     

Errors in the measurement system have two main influences on the comparison of the simulation 
results with measured values: 

 Limitations and uncertainties of the used sensors in the building must be collected and 
documented as assumption. This document can be very useful to understand the differences 
between simulation and measurements results.   

 High uncertainty margin in the measured results make the comparison difficult since the 
obtained results are not reliable and realistic and the actual values may be hiding in 
uncertainties. The energy performance issues may be then hidden due to this high uncertainty 
margin.  

 

The assumptions made during the measurements must be according to guidelines and related to the 
measurement dataset since the property of the sensors such as accuracy, placement or type of the 
sensor influence the limitations of the energy measurement system.                                        Another 
factor that has an important role in the quality of the results from measurements is how the data is 
stored; data is archived in different ways in various measurement system. This will be discussed 
later in this report (Maile, 2010).   

6.4.1 Sensor	accuracy		
The uncertainty associated with each installed sensor in a measurement system is defined as the 
difference between the real and the sensor reading value. The typical accuracy value of the common 
sensor products during normal operation conditions is in the range of 1% to 5% which is reported 
by the manufacturer of the product. A sensor may show incorrect and irrelevant measured values if 
the sensor is incorrectly placed or if it measure values outside of its normal operating range. 

Calibration uncertainties are the most common source of uncertainty. Correctly calibration of 
sensors based on the manufacturer specifications is very important. The placement of the sensor as 
it mentioned before is also very important in order to achieve relevant measured data set. Sensors 
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installed in HVAC systems which measure temperature, pressure or flow are more sensitive to this 
issue since the incorrectly placement of these sensors may result in irrelevant values (Maile, 2010).    

6.4.2 Data	transmission 
Additional uncertainties may occur during the transmission of data from sensor to storage.  The 
device (controller) that connects to the sensors may do some transformation due to the differences 
between the controller input and sensor output signal. The more transformation steps there are in 
the measurement system the more uncertainties creates in the results. Different networks and 
technologies in a building require devices to integrate with these different systems which also 
increase the errors. Using an IP-based building system, where only one transformation is required 
since each sensor is directly integrated into the IP-based network, can be a possible solution (Maile, 
2010).  

6.4.3 Data	Archiving		
The last step of a measurement system is archiving the measured data at equivalent timestamps. A 
timestamp is attached to each sensed value (Maile, 2010). Errors in data archiving also increase the 
total uncertainty in measuring result, these errors recommends to be documented.  

6.5 Energy measurements in U3 

 
The measurement and monitoring systems in technology building consist of following components: 

 temperature sensors, Pt100 thermometer 
 Ultrasonic flow meters 
 M-Bus 
 DESIGO database 
 EMC 

The measured data by sensors is collected by M-bus and sent to PLC which later sends to the 
DESIGO database and finally to EMC energy presentation system of the building, see Figure 9. 
DESIGO is Siemens’ building automation system that works as a central control system that collects 
all information from different installed technical systems. It controls, operates and monitors energy 
use, HVAC systems, alarms and lighting (Siemens, 2015). 

 

Figure 9. Energy measurement system in Technology building. 
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EMC (Energy Management and Controlling solution) is an internet- based application from Siemens 
for controlling and monitoring of heating, cooling and electricity use in a building. It consists of 
three parts; the navigation menu; number 1 in Figure 10, the user structure; number 2 and the 
display; number 3 (Siemens Switzerland Ltd, 2009). 

 

Figure 10. EMC structure (Siemens Switzerland Ltd, 2009). 

6.5.1 Inor	Pt100,	Resistance	thermometer 
Resistance thermometers are used for temperature measurements based on the principle that the 
temperature is correlated to the resistance of the thermometer. It is made of pure material, typically 
nickel, platinum or copper. The resistance of these materials changes as the temperature changes. 
Pt-100 sensor has the resistance of 100 Ohms at 0 °C. Pt100 has some advantages and disadvantages 
according to below: 

Advantages: 

 high accuracy 
 linear change of sensor resistance with temperature 
 good stability in time 
 wide operating range between -200 °C to 860 °C 

 
Disadvantages: 
 

 fragile 
 slow due to large mass 
 small change of the resistance of Pt-100 with temperature 

 
Figure 11 shows how the accuracy of a Pt-100 made by platinum changes by temperature variation. 
The lowest tolerance occurs at 0 °C and it is equal to ± 0,15 °C for Class A and ± 3 °C for Class B 
(Claesson, 2014).  
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Figure 11. Accuracy of Pt-100 made of platinum. 

 

Pt-100 thermometer typically installs in two ways, see Figure 12. 

 

 

Figure 12. Typical installations of resistance thermometer Pt-100 (Claesson, 2014). 

There are some factors that may affect the accuracy of the temperature measurement by Pt-100 thermometer: 

 Self-heating 
 Mechanical loads and vibrations 
 Ambient temperature 
 Insertion length 
 Chemical reactions 
 Response time 
 Thermal loads 
 Magnetic and electric interference fields 
 Resistance of the internal insulation of the thermometer (Inor, 2015). 
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The resistance thermometers installed in the U3 are Inor Pt-100, see Figure 13Figure 13, where four 
thermometers are installed around the heat pumps to obtain higher accuracy in measurements. The results 
from all four thermometers compares with each other and an average value of results from these 
thermometers is considered to be more reliable result with less uncertainty and .  

 

Figure 13. Four installed Pt-100 thermometers around the heat pumps in U3. 

The uncertainty of the measured data by paired thermometers, is calculated according to equation 
below: 

Et	 	 	 . 	 	 ∗ 	
	      (3) 

where Δθmin is the lowest temperature difference over the thermometer and  Δθ is temperature 
difference between the supply and return flow. In order to achieve high accuracy, it is important that 
the temperature difference is measured and not the absolute temperatures. In U3 building this 
temperature difference is measured by Inors Pt-100 sensors and collects by M-bus ERW700. The 
maximum uncertainty from thermometers (temperature difference) according to the requirements 
of the contract must be lower than ±2 %  (Kedbrant, 2012).  

6.5.2 Ultrasonic	flow	meters	
The flow in the cooling and heating system is measured by UFM 3030 KROHNE which is a 3-beam 
ultrasonic flowmeter see Figure 14. UFM 3030 measures the flow independent of viscosity, 
conductivity, temperature, pressure and density. UFM 3030 needs no regular maintenance or 
calibration and it is used for different purposes such as: 

 cooling water metering  
 measurement of mass flow  
 allocation measurement 
 irrigation 
 district heating 
 energy measurement (KROHNE, 2015). 
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Figure 14.  KROHNE ultrasonic flow meter (KROHNE, 2015). 

Flow meter must be at least Class 2 based on the standard SS-EN_1434-1 and according to the 
contract. According to the requirement in the contract, the uncertainty of the measured data by flow 
meters can be calculated according to equation 4 and it has to be less than ±5 %  : 

Class	2:	Ef	 	 	 2	 	0.02*		 		 	 	 	 	 4 	

UMF3030 flow meter installed in U3 has an uncertainty according to below, considering that the 
highest flow through the flow meter will be 10 m/s (Kedbrant, 2012): 

Ef , 	

_ ö
		 	 	 	 	 5  

    	

6.5.3 	M‐Bus		
SVM F4 M-bus can be used for more advanced calculations in cooling and heating applications.  
Figure 15 shows a SVM F4 M-bus,  it can be used for multiple parallel communications outputs. 
SVM F4 can handle the measured temperatures to -20 °C. It has some advantages such as extra high 
accuracy with 4-wire connection, can be used for glycol mixtures and integrated service function 
without tools (Kampstrup, 2012). 

 

Figure 15.  SVM F4 (Kampstrup, 2012). 

The uncertainty of the M-bus; Ec  is calculated according to equation 6: 
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Ec 	 	 , 	 	 	
	      (6) 

where Δθmin is the lowest temperature difference over the specific M-bus and  Δθ is temperature 
difference between the supply and return flow. Ec must be less than ±2 % according to the 
requirements in contract (Kedbrant, 2012). Since the media used in some systems aren’t water, it is 
important that the relevant density and media properties are chosen in the M-bus.  

6.5.4 Root	Sum	Square	(RSS)	or	Quadratic	sum		
Root sum square method can be used to calculate the total uncertainty in the measurements if the 
uncertainties are random and independent (claesson, 2015): 

       (7) 

According to the standard SS-EN_1434-1, the final uncertainty can be calculated according to 
below: 

      (8) 

According to the requirements in the contract as it mentioned before, the error of the thermometers 
and M-bus ( 	shall not exceed more than ±2% and uncertainties of flowmeter ±5%. 
Considering this values and using the equation 7 and 8, gives a total uncertainty of 5.7% (Kedbrant, 
2012).  
Figure 16 shows the uncertainties in measured temperature differences by thermometer 
66RRS1011P10214X at different flowrates measured by UFM3030. Maximal flowrate is 
considered to be 7 m/s (Kedbrant, 2012). The lowest temperature difference that meet the 
requirement of total uncertainty of 5,7 % is 1 °C according to Figure 16. 

 

 

 

0,03 %flow    

ΔT 10% 9% 8% 7% 6% 5% 4% 3% 2% 1%

3 1,8% 1,9% 1,9% 1,9% 2,0% 2,0% 2,2% 2,4% 3,1% 5,3%

2,8 2,0% 2,0% 2,0% 2,0% 2,1% 2,1% 2,3% 2,5% 3,1% 5,3%

2,6 2,1% 2,1% 2,1% 2,1% 2,2% 2,3% 2,4% 2,6% 3,2% 5,4%

2,4 2,2% 2,3% 2,3% 2,3% 2,3% 2,4% 2,5% 2,7% 3,3% 5,5%

2,2 2,4% 2,4% 2,5% 2,5% 2,5% 2,6% 2,7% 2,9% 3,4% 5,5%

2 2,6% 2,7% 2,7% 2,7% 2,7% 2,8% 2,9% 3,1% 3,6% 5,6%

1,8 2,9% 2,9% 2,9% 3,0% 3,0% 3,0% 3,1% 3,3% 3,8% 5,8%

1,6 3,3% 3,3% 3,3% 3,3% 3,3% 3,4% 3,5% 3,6% 4,1% 5,9%
1,4 3,7% 3,7% 3,7% 3,7% 3,8% 3,8% 3,9% 4,0% 4,4% 6,2%

1,2 4,3% 4,3% 4,3% 4,3% 4,3% 4,4% 4,4% 4,6% 4,9% 6,6%

1 5,1% 5,1% 5,1% 5,1% 5,2% 5,2% 5,3% 5,4% 5,7% 7,1%
0,8 6,4% 6,4% 6,4% 6,4% 6,4% 6,4% 6,5% 6,6% 6,8% 8,1%
0,6 8,4% 8,5% 8,5% 8,5% 8,5% 8,5% 8,5% 8,6% 8,8% 9,8%
0,4 12,6% 12,6% 12,6% 12,6% 12,6% 12,6% 12,7% 12,7% 12,8% 13,6%
0,2 25,1% 25,1% 25,1% 25,1% 25,1% 25,1% 25,1% 25,2% 25,2% 25,6%
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Figure 16. Total uncertainties  in measured data by thermometer 66RRS1011P10214X  and flow meter UFM3030 

(Kedbrant, 2012). 

6.6 Normalized energy use 
 

A part of the cooling and heating consumption of a building is usually dependent on the ambient 
temperature. In order to compare the heating of a building to previous years or to heating use of 
other buildings, the energy use must be correct to the use of a “normal” year. Only the ambient 
temperature dependent energy use must be corrected, in this case the heating of the building was 
corrected where energy use from DHW is not included (Wallin, 2014). The heating has been 
corrected to the normal year based on the equation 9: 

       

(9) 

Where nclimat,Q
is normalized ambient temperature dependent heating of the building to the normal 

year,  climatQ
 is the measured heating use of the building from March 2014 to March 2015, ntG ,  

is the normal year’s number of degree days and tG is the number of  actual degree during this period 
(Wallin, 2014). 

 

 

 

 

 

7 COP calculations of heat pumps 
 

7.1 Heat pump principle 
 

Free energy of a low temperature heat source, pumps to a higher temperature heat sink which can 
be used for heating purposes, Figure 17 shows the principle of how a heat pump works. 
Heat due to natural laws moves spontaneously from a high temperature area to low temperature 
area. This means that an amount of external energy requires to reverse this natural process. Electrical 
energy through compressor uses in a heat pump system to transfer the heat from low temperature 
heat source to high temperature heat sink (Sawalha, 2014).  
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Figure 17. Principle of heat pump system (Sawalha, 2014). 

 

7.2 Coefficient of performance, COP 
 

The technology building includes three heat pumps that will supply some part of the heat demand 
of the entire hospital. Heat pumps have not been running continuously since the handover of the 
building in March 2014. Due to this operating issue, the COP calculations have been made for those 
hours that the heat pumps have been tested. Heating coefficient of performance; COP1 and cooling 
coefficient of performance; COP2 has been calculated for each heat pump. In the calculations the 
electricity use of the circulation pumps on each side of the heat pump and electricity use of the 
compressor has been taken into account. The COP1 has been calculated based on equation 10.  

       (10) 

Where  is the rejected heat from the heat pump cycle in kWh and E is the electricity consumption 
of the compressor and the circulation pumps related to each heat pump. COP2  has been calculated 
in the same way according to the equation below: 

COP        (11) 

Where  is the produced cooling in kWh and E is the electricity consumption of the compressor 
and the circulation pumps. 
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7.3 Carnot COPC 
 

The Carnot coefficient of performance; COPC is the maximum theoretical coefficient of 
performance of a heat pump system, operating between the absolute temperatures, T1 and T2. 
Equation  12 and 13 shows the heating- and cooling Carnot coefficient of performance. T2 is the 
evaporation temperature and T1  is condensation temperature. 

 
 

COP                (12) 

 

COP                 (13) 

 

The real COP  and COP  expect to be around half of the Carnot COP due to losses in the heat pump 
cycle and efficiency of the heat pump components (Sawalha, 2014). 

 

7.4 KVP001 and KVP002 
 

KVP001 and KVP002 Heat pump systems will supply the primary production of heat for heating 
system of VP303 with max temperature of 55ºC, preheating of domestic hot water of VP301 system 
and cooling to the cooling system  of KP301 through KP303, see Figure 5. In COP calculations, 
electricity use of the circulation pumps of the heat pump has been considered.          

The three heat pumps are serial connected on both hot and cold sides. The return from VP301 and 
VP303 systems is combined before it goes to the low temperature KVP001 and KVP002 heat 
pumps, see Figure 18 (Healthcare, 2013). 
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Figure 18. KVP003,KVP002 and KVP001 Heat pump’s connection. 

7.5 KVP003 
 

The high temperature heat pump system of KVP003 supplies the primary production of heat for 
domestic hot water and heat to the systems with requirements of a temperature level higher than 55 
°C and cooling to the cooling system of KP301. In COP calculations, electricity used of the 
circulation pumps of PV007 from warm side and PK009 from cold side of the heat pump has been 
considered. 
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8 Results  
 

This chapter describes the results obtained by collecting, analysing and sorting the measured data. 
The results are presented as the structure of the simulations results and BBR 16 regulations, in order 
to simplify the comparison. Table 14 shows the final results of the various categories in the specific 
energy use of the building. In simulations a value of 3 kWh/m2 Atemp year  has been considered as 
other property losses, Since it was very difficult to identify these losses and separate these losses 
from measured values, the same value has been considered as the real property losses . This means 
that this value is an assumption that has been taken and can’t be compared with results of 
simulations, but it will not affect the comparison of the total energy use of the building. 

Table 14. Results for energy use of the building 31 March 2014 – 31 March 2015. 

 
Category 

 
Simulation results 

[kWh/m2 Atemp year] 

 
Measured energy use  
[kWh/m2 Atemp year] 

Heating 
 

Radiators and Ventilation 
Domestic hot water (inclusive pipe 

losses) 

 
 

37 
8 

 
 

30,5 
6,5 

Cooling 
 

Comfort cooling 
 
 

Process cooling 

 
 

9 (Multiplied with 3 
according to BBR 

requirements) 
28 

 
 

10,14 (Multiplied with 3 
according to BBR 

requirements) 
80,44 

Property electricity 
 

Fans 
Distribution pumps 
Property lighting 

 
 

10 
5 
1 

 
 

7,37 
0,84 
1,45 

Other property losses 3 3 

Total specific energy use 73 60 

 

The total specific energy use of technology building, U3 that has been achieved by measurements 
is 60 ± 5,7 % kWh per m2 Atemp per year compared to the value from simulation’s result which is 
73 kWh per m2 Atemp per year. Results for the subcategories in specific energy use can also be seen 
in Table 14This chapter describes the results obtained by collecting, analysing and sorting the 
measured data. The results are presented as the structure of the simulations results and BBR 16 
regulations, in order to simplify the comparison. Table 14 shows the final results of the various 
categories in the specific energy use of the building. In simulations a value of 3 kWh/m2 Atemp 
year  has been considered as other property losses, Since it was very difficult to identify these losses 
and separate these losses from measured values, the same value has been considered as the real 
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property losses . This means that this value is an assumption that has been taken and can’t be 
compared with results of simulations, but it will not affect the comparison of the total energy use of 
the building. 

. The biggest difference is between the process cooling which according to the simulations  has 
supposed to be 28 kWh per m2 Atemp per year but the result obtained from measurements gives a 
value of 80,44 kWh per m2 Atemp per year. Process cooling is not included in the specific energy 
use of a building according to the BBR regulations and it has not been considered in the analyses in 
this project. 

Table 15 shows the results of measured comfort cooling and its subcategories. The total comfort 
cooling that has been obtained from measurements is 3,38 ± 5,7 % kWh per m2 Atemp per year, 
compared to the results from simulations which is 3 kWh per m2 Atemp per year. 

Table 15, Different parts in comfort cooling and the measured values during 31 April 2014 to 31 March 2015. 

Comfort cooling KWh 

Ventilation (VS301) 
 

Ventilation heat pumps room 
General ventilation 57BLB302 
General ventilation 57BLB303 
General ventilation 57BLB309 
General ventilation 57BLB310 

 
 

4028 
21008 
3243 
5017 
1755 

Dry cooling KS302 
 

Chilled beams 

 
 

10290 
 

Total comfort cooling in kWh 
Total comfort cooling in kWh/m2 Atemp 

year 

45341 
3,38 

 
Results for property electricity and its subcategories can be seen in Table 16. Electricity 
consumption of the pumps which is considered to be property electricity can also be seen in Table 
16 where the including pumps are mentioned. 

Table 16, Different parts in electricity use and the measured values during March 2014 to March 2015. 

Property electricity KWh 

Ventilation(fans) 
 

Ventilation heat pumps room 
General ventilation 57BLB302 
General ventilation 57BLB303 
General ventilation 57BLB309 
General ventilation 57BLB310 

 
 

15193,5 
45030 
9722,6 
19510 
9458,5 

Pumps 
 

MQ4001(pump in DHW system) 
MQ4001(pump in heating water system) 

 
 

1001,7 
5387,5 
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MQ4001( cooling of compressors in heat 
pump system 

Floor heating (floor 2) 
 

4311,3 
 

596,3 

Property lighting 
 

Corridor, staircase and entrance 

 
 

1,45 

 
The diagram in Figure 19 shows the comparison between the results from simulations and 
measurements. 

 

Figure 19. Comparison between the results from simulations and the measurements of the real energy use in U3. 

8.1 Energy Signature, E-signature of the building 
 

In energy signature or E-signature method, the average monthly power use of a specific building, 
plots as a function of the average outdoor temperature of the month for that specific location. Error! 
Reference source not found. shows the E-signature of a building, where is it obvious that the lower 
the outdoor temperature becomes the higher energy is required for heating of the building. 13.5 ° C 
can be considered as the balance temperature at which there is no energy requirement for heating. 

In order to be able to present a reliable  E-signature for a building, it recommends to compare E-
signatures from one or several previous years and choose the one as reference E-signature which is 
closest to the reality and the current operation of the building. The E-signature is based on the current 
condition and activities of the building and after implementing the energy efficiency measures or 
changes in operations, it recommended to create a new E-signature to compare with the previous ones 
(Catrin Heincke, 2011).  
 

0
10
20
30
40
50
60
70
80

[k
W
h
/m

2
 A
te
m
p
, y
e
ar
]

Simulation results

Results from measurement



49 
 

 

Figure 20. Shows the E-signature of a building (Catrin Heincke, 2011). 

E-signature of the U3 building during March 2014 to March 2015, based on the data from two 
different climate stations; Solna and Bromma has been created. Energy signature describes as it 
mentioned before the characteristics of a building by showing the relation between the different 
ambient temperatures and the corresponding average heating power consumption of the building, 
see Error! Reference source not found. and Figure 22. The ambient temperature dependent 
heating demand of U3 is zero at about 17 ° C which is called balance temperature (Wallin, 2014). 
Energy signature is created based on the climate data from Solna and Bromma weather stations.  
The climate data that has been used in simulations is based on the data from weather station in 
Bromma. The balance temperature based on these two climate data can be seen in Figure 21 and 
Figure 22. 

As it mentioned before, the E-signature of the building from several years must be compared in 
order to choose a reliable and closest E-signature to reality. Therefore it recommends to create E-
signature of the building for each coming years and compare these to each other.  
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Figure 21. Building energy signature based on climate data from weather station in Solna. 

 

Figure 22. Building energy signature based on climate data from weather station in Bromma. 

 

8.2 Results from COP calculations 
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The COP1 of the heating side and COP2 of the cooling side of all heat pumps; KPV001, KPV002 
and KPV003 is calculated for those hours that the heat pumps have been tested since the they have 
not been operated continuously. The results have been compared with Carnot COP1 and COP2 of 
each heat pump. These comparisons can be seen in tables 17-22.  

 

 

Figure 23. Results from COP1 calculations of KPV001. 

Figure 23 and Table 17 shows the results from COP1 calculations of the KPV001, where the 
average COP1 is 3,92, the highest value is 4,99 and the lowest COP1 is 3,31.  

Table 17, Average, min and Max values of COP1 of KPV001. 

 

 

Obtained COP2 values for KPV001 can be seen in Table 18 and Figure 24, where the average COP2 
for KPV001 is 2,23. 

0
1
2
3
4
5
6

COP1, KPV001

COP1

COP1 Measured 
COP1 
Value 

Carnot  COP1 

Average 3,92 7,95 

Min 3,31 7,46 

Max 4,99 8,15 
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Figure 24. Results from COP2 calculations of KPV001 

Table 18. Average, min and Max values of COP2  of KPV001. 

COP2 Measured 
COP2 
Value 

Carnot  COP2 

Average 2,23 6,92 

Min 1,77 6,46 

Max 3,19 7,15 

 

Heat pump KPV002 has not been tested for as many hours as the KPV001. Figure 25 shows the 
results from calculations of the heat pump KPV002. The average COP1 is 4,56, the highest value is 
5,84 and the lowest COP1 is 4,05, see Table 19. 
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Figure 25. Results from COP1 calculations of KPV002. 

Table 19. Average, min and Max values of COP1 of KPV002. 

COP1 Measured 
COP1 Value 

Carnot COP1 
Value 

Average 4,56 7,97 

Min 4,05 7,67 

Max 5,84 8,30 

 

The results from COP2 calculations of KPV002 can be seen in Table 20 and Figure 26. 

 

Figure 26.  Results from COP2 calculations of KPV002. 
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Table 20. Average, min and Max values of COP2 of KPV002. 

COP2 Measured 
COP2 Value 

Carnot COP2 

Average 2,37 6,89 

Min 2,00 6,66 

Max 3,18 7,28 

 

The results of COP1 and COP2 values of the third heat pump; KPV003 can be seen in Figure 27 and 
Figure 28. The average values of COP1 and COP2 of this heat pump are 3,80 and 2,29 according to 
Table 21 and Table 22 

 

 

Figure 27. Results from COP1 calculations of KPV003. 

Table 21, Average, min and Max values of COP1 of KPV003. 

COP1 Measured 
COP1 Value 

Carnot 
COP1 Value 

Average 3,80 7,94 

Min 3,03 7,40 

Max 5,18 8,10 
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Figure 28. Results from COP2 calculations of KPV003. 

Table 22, Average, min and max values of COP2 of KPV003. 

COP2 Measured 
COP2 Value 

Carnot COP2 
Value 

Average 2,29 6,95 

Min 1,81 6,49 

Max 3,09 7,21 
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9 Discussion 
 
Energy monitoring of technology building with its complex energy systems which will supply the 
entire hospital with energy has not been so easy. The existing monitoring and measuring systems 
weren’t  designed to sort and present the data based om BBR categories for specific energy 
consumption. Therefore most of the project time has been spent to collect and organize the measured 
data based on the BBR regulations in order to make the comparison possible with simulation results.  
In this section the results presented in previous chapter will be discussed based on different 
categories in specific energy use of a building.  

9.1 Comfort cooling  
 
The measured energy used by comfort cooling according to simulations is 3,0 kWh/m2 Atemp year 
while the result obtained from measurements is equal to 3,38 kWh/m2 Atemp year, see This chapter 
describes the results obtained by collecting, analysing and sorting the measured data. The results 
are presented as the structure of the simulations results and BBR 16 regulations, in order to simplify 
the comparison. Table 14 shows the final results of the various categories in the specific energy use 
of the building. In simulations a value of 3 kWh/m2 Atemp year  has been considered as other 
property losses, Since it was very difficult to identify these losses and separate these losses from 
measured values, the same value has been considered as the real property losses . This means that 
this value is an assumption that has been taken and can’t be compared with results of simulations, 
but it will not affect the comparison of the total energy use of the building. 

 and Table 15. The cooling use in the building is measured and presented in  the building´s 
measuring data bases; Desigo and EMC. EMC shows the total value of the cooling use in the 
building, thus both comfort and operating cooling. Therefore, more specific measuring data has been 
used from Desigo data base where the cooling use of the building is divided into dry and wet cooling, 
see Figure 6. 

Table 15 shows the values that have been obtained from the Desigo data base for the period 31 
March 2014 to 31 March 2015. The results show 0.38 kWh/m2 Atemp year difference compared 
with the simulation results. The difference is not so great and it may be due to the uncertainties in 
measurements as mentioned before and the uncertainties that have been created by breakdown of 
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the total cooling use into comfort and operational cooling. For cooling it is not common to do a 
normal year correction (SVEBY, 2009) and therefore no normal year correction has been done of 
the cooling use of U3.  

Since the comfort cooling is not measured separately in the building at the moment it has been 
very difficult to estimate the uncertainties due to the breakdown of total cooling into comfort and 
operational cooling. The building is not in full operation yet which means that these values can be 
changed later when the energy use of the building has been stable.  

9.2  Heating and domestic hot water 
                                                                                                                                                             
The uncertainties in the comparison of the comfort heating and domestic hot water were lower since 
there is no operational heating use in the building and the comfort heating and DHW consumption 
are presented in EMC separately. The total comfort heating use according to simulations is 37 
kWh/m2 Atemp year while the measured value is 30,5 kWh/m2 Atemp year. Total energy used by 
domestic hot water consumption is estimated to be 8 kWh/m2 Atemp year according to simulations 
while the obtained value from measurements is 6,5  kWh/m2 Atemp year. The heating use of the 
building is normal year corrected according to equation 9. The measured energy use of both comfort 
heating and domestic hot water are lower than the estimated values , this difference may be because 
the building is not fully operated as it has been mentioned before.  

The Energy signature of the building, which shows the relation between the different ambient 
temperatures and the corresponding average heating power use is created for U3 based on two 
different climate data, see Figure 21 and Figure 22. It is obvious that the heating power follows the 
ambient temperature except during the May month where the heating power is high and does not 
follow the curve as other months.  The reason of this deviation may be due to higher required heating 
to heat the office rooms during the first two months (April and May) after moving in of the 
employees. The balance temperature is 17,3 based on climate data from Bromma station and 17,1 
for Solna station.  The climate data that is used in simulations is from Bromma weather station while 
the building is located in Solna.  

It mays expect lower balance temperature for new buildings but considering this fact that the 
building hasn’t been fully operated during this year and the internal loads haven’t been stabilized, 
this balance temperature can be considered as normal . In order to decrease the uncertainties in the 
results and to have a more reliable value, it suggests to repeat the evaluation during several years  
and compare the values.  

9.3 Electricity  
 

The most difficult part of the analysis was to break down the electricity consumption of the building 
into the property and operating electricity since only the total value of electricity use of the building 
is available in EMC. Electricity use of distribution pumps and fans in the ventilation system has 
been read manually which increases the uncertainties in the results considerably. Electricity use of 
property lighting has been impossible to obtain from either EMC or Desigo data base and it has been 
estimated by calculating the installed lighting effect of common areas in the building such as entre, 
stairs and corridors. The total property electricity consumption of the technology building is 16 
kWh/m2 Atemp year according to simulations and 9,67 kWh/m2 Atemp year from measurements, 
see This chapter describes the results obtained by collecting, analysing and sorting the measured 
data. The results are presented as the structure of the simulations results and BBR 16 regulations, in 
order to simplify the comparison. Table 14 shows the final results of the various categories in the 
specific energy use of the building. In simulations a value of 3 kWh/m2 Atemp year  has been 
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considered as other property losses, Since it was very difficult to identify these losses and separate 
these losses from measured values, the same value has been considered as the real property losses . 
This means that this value is an assumption that has been taken and can’t be compared with results 
of simulations, but it will not affect the comparison of the total energy use of the building. 

. In order to get more accurate values of property and operational electricity use of the building, 
these must be measured separately for different zones.  

 

9.4 COP calculations  
 

COP calculations have been done based on equations 10-13 and by using the measured values during 
those hours that the heat pumps have been tested since they have not been operated continuously. 
Coefficient of performance (COP) is a measure of the efficiency of the heat pump and use to be 
between 1 and 5, the higher the COP is the more efficient heat pump system is. It shows how 
much heating or cooling is provided from the heat pump  in relation to the electricity consumption, 
see equation 10 and 11. 

 A COP value of 4 means that the produced energy is 4 times more than the supplied energy in that 
specific measuring condition. While calculating the COP1 and COP2 the electricity consumption of 
all related system components of the heat pump must be included such as circulation pumps to the 
cooling and heating distribution system of the building, in order to get an accurate COP value. If the 
electricity consumption by these components in heat pump systems ignores and only the electricity 
consumption of the compressor uses in calculations, the result will give a high COP value which is 
not the real efficiency of the total heat pump system. 

In this project the electricity use of the circulation pumps for both heating and cooling side has been 
considered in calculations according to 10 and 11. In order to get a much more reliable and accurate 
efficiency of the heat pumps, the Seasonal Performance Factor(SPF) can be calculated. SPF of a 
heat pump is the average value of the COP over a year which gives a more reliable value for how 
effective the heat pump system is during a long period and in different ambient temperatures. 

The average COP1 of KPV001, KPV002 and KPV003 are 3,9, 4,56 and 3,80 while the average 
Carnot COP1 are 7,95, 7,92 and 7,94 for each heat pump. As it mentioned before the expected real 
COP, uses to be half of the Carnot COP due to losses. The closer the real COP values are to the 
Carnot COP, the more efficient becomes the heat pump system.  

The average values of COP2 for KPV001, KPV002 and KPV003 are 2,23, 2,37 and 2,29. Carnot 
COP2  are 6,92, 6,89 and 6,95. The results for COP2 shows that the cooling side of the heat pumps 
are less efficient since the real values are less than half of the Carnot COP.  
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10  Conclusions & future work 
 

It is very common that the real energy consumption of the commercial and residential buildings 
does not match with the estimated values during the design stage. It is very important to have a well-
planned measuring system in order to facilitate this comparison and to more easily identify the cause 
of this difference.  

This project was a case study of a building that has been completed for less than one year ago and 
the purpose of the project was to in an early stage evaluate the energy use in the building compared 
with the promised value of the contract due to the high energy and environmental requirements of 
the NKS project.  

Considering this fact that the building is not in full operation, it will affect the accuracy of the results. 
This evaluation still gives a good estimation of how the real energy use in the technology building 
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is against the results from simulations. This project is, in other words, the beginning of a process 
that must be continued until the energy use in the building is stable. The monitoring of energy 
consumption of a building must be continuous in order to be able to identify energy losses and 
implement the appropriate energy-efficiency methods. This project will also contribute to 
improvements in the measurement system and the way the measured values are presented, which 
even contributes to better and more accurate energy performance evaluations in the future.  

The case study in this project shows slightly better result than the similar studies. The results show 
a lower specific energy use based on measurements compared with calculated values during the 
design stage. The possibility of getting a reliable and more accurate results increase,  when the 
building has a well-organized measurement system which presents the measured values based on 
the Boverket's regulations and the used structure in the simulations.  

The main part of the project has been spent on gathering and organizing measured data so that the 
comparison becomes possible. The main conclusions and recommendations that can be obtained 
from this work in order to be able to follow-up the energy use of a building in the best way are: 

 All input data and estimations used in energy simulations must be collected and documented 
to facilitate the follow-up process. 

 The used simulation software and energy model must meet the actual conditions of the 
building and not only be based on theoretical facts and input data.  The more correct model 
and input data with reality the easier comparison  

 The energy used for cooling in the building recommends to be measured and divided by 
operational and comfort cooling based on the BBR rules.  

 The electricity consumption of the building should be measured and  divided into operational 
property electricity based on the BBR rules.  

 All energy supplied for preparation and heating of domestic hot water should be measured 
and presented separately. 

 Comfort heating should be measured and presented separately 
 The uncertainties in the measurements must be estimated and documented. 
 The energy measuring system should simultaneously cover many measuring points and the 

results should be presented in a logical and understandable way. The presentation of the 
measurements is as important as the measuring itself since the results can be useless if they 
are difficult to understand and analyze.  

The results for COP calculations showed good or acceptable performance of condersor sides and 
low perforance for cooling or evaporator side. Even in this evaluation requirs more measurements 
to have more reliable values which hasn’t been possble during this projekt since the heat pumps 
werent fully operated due to technical problems. Following conditions in heat pump systems give 
high COP values and high profitability of the investment: 

 High temperature of the heat source 
 Many usage hours during the year 
 Keep the heat demand at moderate temperature 
 High energy prices that  
 Combining the air conditioning system of the building with heat pump system 
 The demand located close to the heat source. 

 

 



61 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

11 REFERENCES 

 
Stockholm County Council. Maj 2013. The University Hospital of Tomorrow. Stockholm : 
Stockholm County Council, Maj 2013. 

Alm, Casper. 2011. Uppföljning av energiförbrukningen i fastigheter. Roseborg : s.n., 2011. 

Boverket. 2008. Boverkets Författningssamling BBR 16. s.l. : Boverket, 2008. 

—. 2008. BBR 16. s.l. : Boverket, 2008. 

—. May 2013. Boverket, Swedish National Board of Housing, Buildingand Planning. May 2013. 

—. 2011. Boverkets byggregler, BBR. Stockholm : s.n., 2011. 

—. BFS 2015:3. Boverkets byggregler, BBR Avsnitt 9 Energihushållning. s.l. : Boverket, BFS 
2015:3. 



62 
 

Catrin Heincke, Lennart Jagemar, Per-Erik Nilsson. 2011. Normalårskorrigering av 
energistatistik. Göteborg : CIT Energy Management AB, 2011. 

Claesson, Joachim. 2014. Lecture 9- Temperature. 2014. 

claesson, Joachim. 2015. Uncertainty Analysis. Stockholm : KTH Energiteknik, 2015. 

EQUA Simulation AB. 2014. EQUA. [Online] 2014. [Citat: den 18 02 2015.] 

European Commission. 2015. Energy Strategy 2020. European Commission. [Online] 26 05 2015. 
[Cited: 26 05 2015.] http://ec.europa.eu/energy/en/topics/energy-strategy/2020-energy-strategy. 

Healthcare, Skanska. 2013. Kylsystem-värmesystem, instrumentlista. Stockholm : SKanska 
Healthcare AB, 2013. 

Inor. 2015. http://www.inor.se. [Online] 2015. [Cited: 06 05 2015.] 
http://www.inor.se/temperatur/temperatur-produkter/TempDel1/Teori.pdf. 

ISOVER AB. 2015. ISOVER. [Online] 2015. [Cited: 12 07 2015.] 
http://www.isover.se/konstruktionsl%C3%B6sningar/bbr/krav+p%C3%A5+specifik+energianv%
C3%A4ndning+och+installerad+eleffekt. 

Kampstrup. 2012. SVM meters cooling and heating. 2012. 

Karlsson Fredrik. 2014. Energiberäkning, uppföljning energikrav BH. u.o. : SWECO, ÅF, 2014. 

Kedbrant, Anders. 2012. Energimätning NKS. 2012. 

KROHNE. 2015. UFM 3030 Technical Datasheet. s.l. : KROHNE, 2015. 

Maile, Tobias. 2010. Comparing measured and simulated building energy performance data. s.l. : 
Stanford University, 2010. 

Maria Nordberg. 2014. NEW Karolinska Solna-Outstanding envirnmental standards and a green 
flagship. Solna : s.n., 2014. 

Motiva. 2011. Motiva. [Online] 05 08 2011. [Cited: 26 05 2015.] 
http://www.motiva.fi/en/public_sector/administer_energy_use/premises_energy_management. 

NKS Bygg. 2015. Nya Karolinska Solna. [Online] 2015. [Cited: 28 12 2015.] 
http://www.nyakarolinskasolna.se/en/The-New-Hospital/News-at-NKS/A-green-university-
hospital-takes-shape/. 

Sawalha, Samer. 2014. Heat Pumps Technology and applications. Stockholm : KTH, Royal 
institute of technology, 2014. 

Siemens. 2015. Smart control for building systems. [Online] 15 August 2015. [Cited: 14 January 
2016.] http://www.siemens.com/about/sustainability/en/environmental-portfolio/products-
solutions/building-technology/desigo.htm. 

Siemens Switzerland Ltd. 2009. EMC manual – System description . 2009. 

Skanska Healthcare. 2014. Skanska Healthcare portal. [Online] 21 Maj 2014. [Cited: 01 Juli 2015.] 
http://shc.portal.skanska.info/Support-pages/SettingsMenu/Display-news/?newsid=v6Q1nKbC. 



63 
 

SVEBY. 2015. SVEBY. SVEBY. [Online] 27 05 2015. [Cited: 27 05 2015.] 
http://www.sveby.org/hur-anvander-jag-sveby/verifiering/. 

—. 2015. SVEBY. [Online] 28 05 2015. [Cited: 28 05 2015.] 
https://ec.europa.eu/energy/en/topics/energy-efficiency/buildings. 

—. 2009. Verifiering av byggnaders energiprestanda genom mätning handledning. Stockholm : 
SVEBY, 2009. 

Wallin, Jörgen. 2014. Achieving energy efficiency in existing buildings. Stockholm : s.n., 2014. 

White Tengbom Team. December 2013. Nya Karolinska Solna, Gestaltningsstrategi. Stockholm : 
s.n., December 2013. 

—. 2014. White. [Online] 2014. http://www.white.se/en/project/205-new-karolinska-solna-
university-hospital. 

 

 

 

 

 

 

 

 

 

 

Appendix 1 
 



64 
 

 

 

 

 

 

 



65 
 

Appendix 2 

 

 


