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Preamble 

This work is carried out by Simone Lapioli and Pierpaolo Maggiore with the purpose of analyzing 

all the different aspects of the Swecohuset after its energy retrofit, which can be summarized in two 

principal and complementary categories: the active aspects, which have mainly been the investigation 

field of Pierpaolo Maggiore, and the passive ones, which are largely related to the study of Simone 

Lapioli. Consequently, two different theses have been written in order to deal with these two 

categories. 

Nevertheless, even though the work is divided in the aforementioned way which allows us to 

exhaustively explore and study all the topics of a building analysis, in this dissertation there are 

common parts jointly written (mainly descriptive), which have not to be considered reciprocal 

plagiarism. This is firstly due to the preparatory role that the description of the building development 

and its current state has for the later and distinct analysis. Secondly we consider that two different 

description sections would be just redundant information simply written in different words. Thus we 

opted for a structure of the theses as it follows: 

 The Introduction, Contextualization (chap. 0) and The retrofit (chap. 2) are common 

chapters, that the reader can find identical in both theses; 

 From chapter 3 onwards of each thesis, however, the work separates and starts discussing the 

two categories specified at the beginning of this preamble and related improvements. 
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Abstract 

The increasing attention towards energy efficiency issues has triggered an important process 

involving the renovation of existing buildings and, at the same time, the creation of recognized 

certifications assuring the quality of the projects. In line with this trend, the Sweco headquarters, an 

office building characterized by 24700 m2 of floor area and located in Stockholm, was totally 

retrofitted in 2012 and obtained the Gold rating after being assessed with the Miljöbyggnad 

certification procedure. The HVAC system was a key element of the retrofit project since one of the 

final aims was to combine high indoor environment standards with efficient system performances. 

However, even if the quality of the design is certified, it is possible that, under real operating 

conditions, complex systems behave differently from the expectations and adjustments are necessary 

to correct the emerged gap. To achieve this goal, it is essential to identify the points of weakness of 

the system by carrying out an energy performance analysis, which is the core of this project. In fact, 

after providing an overview of the building and the retrofit, this work focuses on the analysis of the 

cooling system installed in the Sweco building and proves the importance of adopting a step-by-step 

approach to the problem. Therefore, an increasing level of detail characterizes each step of the 

analysis, whose final aim is to highlight potential aspects to be improved and create a baseline to test 

possible solutions. 



Energy retrofit of an office building in Stockholm 

Pierpaolo Maggiore 

 

3 

Scope and limitations 

The thesis project aims at analysing the energy performances of the Sweco headquarters in 

Stockholm, Sweden. In particular, the work is focused on the cooling system and is carried out in 

three different steps. The first one outlines the structure of the cooling plant and clarifies the way it 

operates. 

The second phase is a preliminary assessment of the chillers’ performances during summer 2015: 

measured data have been processed by using a method that permits to evaluate how the ratio between 

cooling capacity and input power varies at part load. The approach is based on simplified 

assumptions, but the outcomes can be considered adequately indicative of the chillers’ real 

behaviour.  

The third step aims at adding a further level of detail to the previous analysis through the use of 

IDA ICE, which is a building simulation program. This tool has been used to create a model of the 

studied building and its systems, as close to the reality as possible. Then, the gap between the real 

behaviour and the simulated one has been assessed by resorting to the validation procedure, 

consisting in the comparison between actual data and the outcomes of dynamic simulations, both 

referred to a daily time-scale. 

Finally, it is important to make it clear at the outset that the model has been somewhat simplified. 

In fact, the shortage of data and the complexity of the problem have sometimes forced to adopt trade-

off solutions. However, the simplifications, adopted whenever necessary, and their effects will be 

discussed in detail in the following chapters. 
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Introduction 

Nowadays the building sector is characterized by a design strategy which aims to create a more 

sustainable and green future. As a consequence of environmental and geopolitical issues, the last 20 

years of European policies in the energy field forced the building sector to develop new strategies 

and to resort to new technologies in order to fulfil the strict restrictions that, year after year, have 

been introduced in matter of energy performance: indeed each European country, whether or not 

member of the EU, in these years has developed its legislation pattern to implement (or if not 

member, just to be aligned to) the European directives. 

The direct consequence has been that the research sector started rushing to find new ideas for the 

building system and to improve the old ones, with a common denominator: cost-effectiveness and 

efficiency. You can have the most efficient system of the world with the lowest payback time, but if 

the installation cost is too high your idea will struggle to find a place in the market. Thus the research 

worked to reduce the cost and increase the efficiency of already known technologies: it is not a 

coincidence that buildings today are characterized by heat pumps, heat exchanger, radiant surfaces 

and so on even though out there is plenty of captivating and interesting ideas. PCMs & co. are great 

solutions that unfortunately have to face and defeat the leading force in the building sector: money. 

Along with these changes, the European panorama witnessed the birth of several certification 

agencies which, obviously basing their ranking on the EU standards, created their own scale to 

identify the “green level” of the constructions. Currently this is a way that the design firms use to 

compete in the market and to promote their projects by comparing them with others. We can call it 

as the early ‘00 publicity of the building sector: stop to the old and ugly eco-monster, say welcome 

to the new sustainable and environmental-friendly buildings. But that’s not all. Indeed, it happens 

that these agencies, more than the European restrictions, are a tool used by several design companies 

as guideline to achieve a sustainable and energy efficient building: that is, if one manages to meet 

their requests, the national law restrictions are more easily fulfilled. 

Another aspect of this “green revolution” lies in the conscience of the building users. Of course, 

the little numbers that follow the currency symbol on the electricity bill is something that bothers all 

the owners of a building (from the smallest to the biggest), and the increasing cost of the energy does 

not give good prospect in these terms: therefore, keeping the level of the energy consumption very 

low is always appreciated. But fortunately, besides the mere financial reason, there is also a light but 

increasing awareness of the environmental issues, which is spreading among the people leading some 

to move towards the choice of a sustainable construction. 

Today this change towards sustainability is becoming tangible. Indeed, it is possible to witness 

the rise of new constructions and the refurbishment of old ones which reflect all the concepts 

abovementioned and follow this “green” path. The final goal is to create a wider sustainable building 
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panorama which could relieve the burdensome impact of this sector on the environment. Today the 

creation of a single eco-friendly unit is possible and relatively easy to realize, the real challenging 

aspect is their connection to a bigger sustainable network, otherwise the problem will never be solved 

– or, if you want, controlled – properly. Fortunately, the starting point is very promising. 

Now, if we look at the Swecohuset, we notice that its retrofit perfectly follows this trend. An 

energy efficiency-oriented design succeeded in transforming an energivorous building into a great 

example of energy retrofit, by smartly resorting to well-known and reliable technology solutions. 

The Miljöbyggnad certification has been the guideline tool, besides being a declaration of 

sustainability. The future step could be a network including also the nearby buildings. 

Furthermore, beside the energy features, the Swecohuset retrofit shows a new architectural 

concept of office environment and related spaces: no more single cellar offices, but open spaces with 

workstations spread across the entire floor and cozy aggregation points to foster spontaneous 

meetings and talks. This new spatial distribution helps to get a better work environment which is 

more comfortable, livable and somehow more “human”. 

All these aspects make the Swecohuset an interesting and stimulating building to be firstly 

observed, then understood and finally described. This is right what is covered in the first part of the 

work: a complete investigation process of the Swecohuset, both in energetic and technical aspects. 

It has been necessary to create a solid background to proceed, in the second part of the study, with 

the research and analysis of further applicable solution(s), both active and passive, which can 

improve the energetic behavior of the building. In these sections, along with the mere energetic point 

of view, it will be also considered the economic aspect related to a possible installation of the new 

elements. Hence, this work firstly has to be intended as a study of a complex building system in order 

to find the methodologies to properly analyze the installation of new solutions in this “scheme”. 

Then, it might also be intended as a test-bed to verify whether or not there are actual margins for 

improving the current situation of the building: a real challenge, bearing in mind the deep retrofit 

the building has been already subjected to and the economic constraints related to further and more 

innovative solutions. 

It is also important to clarify that the whole building complex is rented by different tenants: 

therefore, whenever in this thesis the energy utilization is mentioned, it has to be considered to the 

extent rented by Sweco (excluding garages and technical rooms) since only these have been affected 

from the retrofit. In conclusion, all the results related to simulations are obtained by using an IDA 

ICE model provided by Sweco: this has been used as base model for all the further analysis. 
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1 Contextualization 

1.1 Building history 

The Swecohuset is an office building located in Gjörwellsgatan 22, on the Kungsholmen island (see 

Figure 1.1-1), owned by the AMF Fastigheter and headquarters of the Swedish building consulting 

company Sweco. 

 

Figure 1.1-1 Swecohuset position. Source: Google Maps. 

Originally designed for the Swedish newspaper Svenska Dagbladet (SvD) by the Swedish architect 

Anders Tengbom, its construction lasted from 1960 to 1962. It is a concrete structure building with 

a brick cladding, whose shape resembles the Grattacielo Pirelli in Milan (see Figure 1.1-2). The 

design concept, suitable for the necessities of a newspaper, provided for an original rooms 

distribution in which the lower floors were intended for the machineries, whereas the 14 floors 

höghusdel (high housing part) was intended for the offices. 

The building has been for almost forty years the Svenska Dagbladet headquarters (called also 

SvD-huset) until 2001 when they moved out; Sweco instead moved in in 1997 (sharing the offices 

for some years with the editorial staff). During this period the property was first sold by the Svenska 

Dagbladet to the Saf in 1973, then these latter did the same and the ownership passed to the AMF 

Fastigheter, which is the current owner. 

http://sv.wikipedia.org/wiki/AMF_Fastigheter
http://sv.wikipedia.org/wiki/AMF_Fastigheter
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Today Sweco is the main tenant of the property whereas other businesses and facilities (shops, bank, 

school etc.) rent less than 10 % of the venues. It managed to set up its Stockholm headquarters here 

and gather all its employees thanks to the retrofit, begun in 2010 and completed in 2012, which 

concerned only the portion intended for the consultancy company and changed completely the 

building’s capabilities (Figure 1.1-3). 

 

Figure 1.1-2 The Swecohuset main building. Source: fogen.se 

 

Figure 1.1-3 Blueprint of the first floor showing the portion of the building rented by Sweco and subjected to retrofit. 
Source: AMF Pension Fastigheter online database. 
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1.2 Why the retrofit? 

When the Sweco company started growing it had to deploy a part of its employees in other two 

departments in Stockholm, due to the cohabitation with the Svenska Dagbladet. Indeed, the 

distribution and the architecture of the offices were totally different, and did not allow for the 

presence of all the workers in the same headquarters. This “scattering” was cause of difficulties of 

communication and collaboration among the different figures in the company. 

Thus, to solve this problem, the most obvious solution was to gather all the employees in a main 

office, and create a modern working environment totally different from the usual cellar-offices. Here 

architects and engineers could have been meeting each other, and this spontaneous and casual 

mingling could have ended up in new ideas and suggestions. The question now was: where to create 

this environment and gather all the employees? The next chapter will explain the choices which led 

to the current situation.  
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2 The retrofit 

2.1 The project constraints, requirements and objectives 

If we exclude the design of a box built in the middle of nowhere – and I’m not totally sure even about 

this – every project has restrictions which may create problems to be overcome. In this specific case, 

the first limitation comes from outside, precisely from the Länsstyrelsen i Stockholm (County 

Administrative Board of Stockholm), an authority that decides which buildings must be listed for 

cultural and historical reasons. Unfortunately - especially for the engineers - the former SvD-huset is 

a listed building (blue colored, the highest level) and its external shape and appearance cannot be 

modified: so, if the architectural purposes could easily tolerate this restriction since they mainly 

concern the inner spatial distribution, the engineers have been deprived of a potential “tool” to be 

exploited in order to reduce the energy request. 

Furthermore, it is also necessary to take the goals into account the goals set by the designers 

which, depending on the point of view, can be considered restrictions. The first one is the creation 

of a comfortable, sustainable office from both the architectural and energy viewpoint: a modern and 

open spaces where different figures can easily meet each other during the everyday working routine, 

in a healthy environment with a very low energy request and an efficient use of it. The second one is 

the fulfillment of all the requirements to achieve the gold level in the rating system issued by 

Miljöbyggnad, a Swedish certification agency in the sustainable field. These requirements not only 

concern the energy performance of a building and its utilization but, like most of the certifications, 

also the IEQ and the health safety of the materials. 

Then, last but not least, the building “imposes” its own constraints, that is its energy needs, which 

obviously are strictly related to the constraints and requirements abovementioned.  

Thus, at the beginning of the design phase there was a quite strict pattern of requirements and 

constraints which had been very challenging to be met and satisfied by a fifty year-old building 

subject to refurbishment. The consequences will be shown first in the following sections, by 

explaining the reasons behind the decisions made and then, in the following chapters, by describing 

the refurbishment process. 

The following sections illustrate and describe the objectives set by the designers and the related 

achieved results. 

2.1.1 The early design phases 

When the need of a retrofit knocked on Sweco’s doors, there were different available options on the 

table to be discussed and analyzed. The final solution, the one with all the employees gathered in 

Gjörwellsgatan 22, was the one which had less consideration at the beginning. Indeed, after having 
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skimmed 45 proposals, only 5 of them were left. Then a further selection narrowed down the options 

to 4 potential projects: two regarding the construction of a new building, two regarding a retrofit of 

existing ones. The proposals were evaluated according to the following requirements: 

 General requirements: the Swecohuset must have architectural values that distinguishes it 

from the others building, must support the values of sustainability and low environmental 

impact becoming a “concept” in the public conscience and must have the ability to attract 

new employees; 

 Spatial needs: about 25 000 m2 of floor area and 250 parking spots required; 

 Location: close to public transport and easy accessible to cyclists, in order to minimize the 

impact of the transfers, and close to useful facilities (restaurants, shops, banks etc.); 

 Security: the only part freely accessible to the public must be the entrance and the reception, 

whereas passes must be necessary to access the other zones of the building. The fire isolation 

should not hinder the communication among the spaces; 

 Rooms design: the key concepts are open spaces and flexibility. These must allow the 

Swecohuset to increase the mingling among different figures and help it to face the rooms 

allocation and even any future change of business. 

So, why was the former SvD-huset chosen? Obviously AMF’s intention was to keep its main tenant, 

so they proposed the retrofit to Sweco of the former SvD-huset. On its part, Sweco accepted the 

“challenge” to show that it is possible to create an energy-efficient office, with a modern and 

stimulating working environment, starting from the refurbishment of an historically valuable 

building for the city of Stockholm. Moreover, a smart retrofit is synonymous of sustainability if 

compared to the construction of a new building, and this certainly was an aspect which further pushed 

the architects towards this decision, along with the positive publicity that Sweco’s image would have 

gained from headquarters which reflects the sustainability concept that they want to promulgate. 

Thus, once that AMF and Sweco agreed upon the retrofit of the former SvD-huset, it was time to 

establish the goals to be achieved, to define a path to be followed and a strategy to tackle any related 

problem. 

It is possible to split the retrofit into two aspects/main objectives: the first one deals with a new 

architectural concept of office and its distributive aspects, and it is driven by the ambition to build a 

creative and stimulating environment which foster the contacts both among all the departments and 

with the customers. The second one concerns the plant system and the energy demand, and it has 

been characterized by the big challenge to slash the energy demand and create a sustainable 

“organism” and efficient building. Actually, also a third, structural aspect could be pointed out: the 

complications related to the removal of a lift shaft so as to create a connection between the hall and 

the gallery of the lower body. However, it won’t be discussed in this work, since it falls outside our 

study purposes and doesn’t affect the topics we intend to analyze. 

Since the beginning it was clear that the design had to be developed in a parallel way in order to 

achieve a good and satisfying result: the architectural ambitions were supposed to meet and fulfil 

the necessities of the plant system, and vice versa. Indeed, it is impossible to face a complex project 

like an architectural and energy retrofit of a building without the reciprocal interaction of their two 
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main “actors”. This has been the starting point and characterizing feature of the entire 

refurbishment. 

2.1.2 The indoor comfort 

This field is always tricky and difficult to handle in such big buildings. Firstly, because it deals with 

thermal, hygrometric, air, acoustic and light quality of the environment; secondly, because there 

could be relevant differences to be evened out all across the building. 

In the Swecohuset the main concerns are related to the thermal comfort, the IAQ and the daylight 

quality, also because of the Miljöbyggnad requests. However, as for the two remaining aspects, the 

hygrometric one is not problematic since the weather in Stockholm on one hand does not give 

particular issues in terms of air moisture, being neither too dry nor too humid, whereas the acoustic 

aspect had to deal mainly with the acoustic insulation of the meeting rooms and the noise from pipes 

and ducts. Therefore, the designers mainly focused on guaranteeing a good natural light inflow and 

a proper control of the temperature inside the rooms. And, if for the daylight aspect a careful design 

of the building’s transparent surfaces is required in connection with a proper spatial distribution of 

working stations and rooms, the temperature control demands even more precaution, starting from 

the system which is delegated to fulfill this necessity to reach the terminal units in the rooms. But, it 

is useful to distinguish each aspect and briefly analyze it. 

2.1.2.1 Thermal comfort 

In the preliminary stage of the design it has been decided that the indoor temperature must fulfill the 

TQ1 quality class of the R1 - riktlinjer för specifikation av inneklimatkrav (Swedish Guidelines for 

the Specification of Indoor Climate, 2006 revision), as specified in [1], that is: 

 20 – 24 °C in the winter period 

 23 – 26 °C in the summer period 

In such big and complex buildings, the zooning become a fundamental tool to achieve an optimal 

control of the indoor temperatures. Indeed, the system is intended to be zone-adjustable, in order to 

ensure the desired local-comfort. According to the IDA ICE model, and despite the dimensions of 

the building, the zoning of Swecohuset has been fairly easy to establish: a first indication comes 

precisely from the floors of the high house, since each of them is a starting macro-zone to be further 

divided into smaller ones (i.e. each meeting room/private office, each set of working stations etc.). 

Likewise, in the low house it is possible to spot 4 macro-zones divisible in smaller ones: each floor 

has three macro-zones, whereas the whole gallery is a zone itself (see Figure 2.1-1). 
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Figure 2.1-1 The macro-zones in the Swecohuset: highlighted in orange, the zone related to the gallery. 

2.1.2.2 IAQ 

As for the air quality, all the different zones represented both the solution to the problem and an 

obstacle to overcome. Indeed, to have the best control on the air quality the zoning is a key procedure, 

but in the Swecohuset even each meeting room can be considered a single zone, and each of them 

has different needs in terms of airflow: so, how is it possible to control this “variety” of air quality 

request? The first answer is a control through CO2 sensors in each room, therefore each zone is 

presence-controlled and the system switches to basic ventilation if the room is unoccupied. The 

second answer lies in the connection between cooling beams and VAV system of the AHU, which 

guarantee a good air mixing also when the inlet airflow velocity is reduced (because the system is 

working below the peak load, see chap. 2.3.2). Therefore, this particular configuration of the AHU 

is characterized by the zone control capability of a VAV system and the air-mixing effectiveness of 

a CAV system. 

2.1.2.3 Daylight 

As specified in [1], the daylight has been intended to fulfill the BBR (Boverkets byggregler, the 

regulations of the National Board of Housing, Building and Planning) and the AFS requirements 

(Arbetsmiljöverkets författningssamling, that is Work Environment Authority). Obviously, the 

working stations have been placed by the daylight inflow in order to exploit the natural lighting rather 

than the electric one. 

Furthermore, since the daylight quality is naturally strictly related to the windows choice, the 

design aimed at achieving the required amount of natural light avoiding at the same time excessive 

heat gains due to the solar radiation. 

2.1.3 The Miljöbyggnad certification 

Since Sweco wanted the building to achieve high sustainability standards they needed a certification 

body to evaluate the accomplishments on the subject. Therefore, AMF decided to resort to 
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Miljöbyggnad, a certification system approved by the Sweden Green Building Council and developed 

according to Swedish regulations, whose evaluation indicators are connectable to three main fields: 

energy utilization, IEQ and materials. The achievable levels for each indicator are Gold, Silver and 

Bronze; then these indicators contribute to the final result which is globally expressed through the 

same classification and which is attested by a certification valid 10 years (or less, in case of further 

major renovations within this period). 

The goal of Sweco and AMF was to obtain the Gold label both for the renovation and for the 

energy use. It is important to say that, unlike other evaluation tools as BREEAM or LEED, 

Miljöbyggnad is focused only on the building and the inside environment, without considering any 

aspect related to the surroundings (e.g. the presence or not of good public transport connections). 

Nevertheless, also these “surrounding aspects”, which obviously further improve the quality of the 

refurbishment, have been taken into account when the choice of refurbishing the Swecohuset was 

made. 

The assessment was made according to the 16 Miljöbyggnad indicators, which have different 

limits depending on whether the building is a new construction or renovated (although in certain 

cases this difference is very slight). Those certification requirements were adopted throughout the 

design phase as a useful guideline to achieve a good final result. The Miljöbyggnad certification 

evaluates the building energetic performance according to a simulated model: in the Swecohuset case, 

according to simulations carried out before the complete building retrofit (simulations dated 2011) 

the indicators strictly related to the building needs and energy area (numbers 1 to 3) respects not only 

the limitations set for refurbished buildings, but even the ones for new constructions. Note that those 

simulations were carried out without taking into account the boreholes presence (because this tool 

was not implemented in IDA ICE yet) and the night ventilation. The table below (Table 2.1-1) shows 

exactly those indicators, their evaluation criterion and the achieved preliminary results. 

Table 2.1-1 Preliminary certification fulfillment of Miljöbyggnad indicators number 1,2 and 3. Source: Miljöklassning av 

Swecohuset – Indikatorer 1,2,3,10 och 11. 

 

As written in the Swecohuset report about the Miljöbyggnad indicators concerning the energy 

simulation [2], they are used to reward the following features: 

Aspect Indicator Class Criterion Estimated result 

Energy consumption #1 Purchased energy GOLD 

< 84 kWh/m2year 

(from 0.65 × BBR 

new building limit) 

57,3 kWh/m2a 

Heating losses #2 Heating load GOLD < 30 W/m2 18,5 W/m2 

Cooling load #3 Solar heat load GOLD < 32 W/m2 

Some zones > 32 W/m2 

Extra sunscreen is 

required in those zones 
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 #1 Building’s capability to consume low energy (purchased energy for heating, cooling, hot 

water and building services per heated square meter per year); 

 #2 Building’s capability to have low power needs during the cold season (e.g. thanks to good 

insulation, efficient heat recovery etc.). It is evaluated through the heat losses to be 

compensated, which are defined as loss by the transmission and exchange of air at the design 

winter outside temperature (Swedish acronym DVUT) divided by the total heated surface 

(Atemp); 

 #3 Building’s capability to have low solar heat loads during the hot season (e.g. thanks to 

shading devices), which could be counterproductive since it might have to be removed. It is 

evaluated through a solar heat load value (Swedish acronym SVL), which is determined 

based on the maximum solar radiation, solar heat transmission and room size. Note that this 

indicator takes a singular room into account: therefore, it must be verified in different zones 

which characterize the building (two representative plans for each part of the building have 

been selected, that is plan 2 for the low-house and plan 12 for the high-house); 

Furthermore, from the same preliminary studies, the results of the indicators related to the indoor 

thermal comfort were satisfactory (see Table 2.1-2). 

Table 2.1-2 Preliminary certification fulfillment of Miljöbyggnad indicators number 10 and 11. Source: Miljöklassning 

av Swecohuset – Indikatorer 1,2,3,10 och 11. 

 

Those indicators reward the following characteristics: 

 #10 Building’s capability to ensure a good thermal comfort during the cold season. It is 

evaluated through the operative temperature and the surfaces’ temperatures at the design 

winter outdoor temperature (Swedish acronym DVUT); 

 #11 Building’s capability to ensure a good thermal comfort during the hot season. It is 

measured through the probability of exceeding a limit operative temperature (P values) at the 

design summer outdoor temperature (Swedish acronym DSUT): this probability must not 

exceed the 10%. 

Then, new simulations were run once the building’s refurbishment was completed (2013): therefore, 

according to the actual state of the retrofit, some of the values shown above have slightly changed 

(Table 2.1-3 and Table 2.1-4). 

Aspect Indicator Class Criterion Estimated result 

Thermal climate 
#10 Winter thermal 

climate 
GOLD 

Top > 20 °C 

∆T window/wall < 10 °C 

∆T floor/ceiling < 5 °C 

20°C < T floor < 26 °C 

Top = 20,34 °C 

∆T window/wall = 5 °C 

∆T floor/ceiling = 0,5 °C 

T floor = 20,45 °C 

Thermal climate 
#11 Summer thermal 

climate 
GOLD 

P27 (Top=27 °C) 

(tT > 27 °C < 10%) 
tT > 27 °C = 0 h/days 



Energy retrofit of an office building in Stockholm 

Pierpaolo Maggiore 

 

15 

Table 2.1-3 Post-retrofit fulfillment of Miljöbyggnad indicators number 2 and 3. Source: Miljöklassning av Swecohuset – 
Indikatorer 2 Energibehov vinter; Miljöklassning av Swecohuset – Indikatorer 3 Solvärmelasttal. 

Table 2.1-4 Post-retrofit fulfillment of Miljöbyggnad indicators number 10 and 11. Source: Miljöklassning av 

Swecohuset – Indikatorer 10 Termiskt klimat vinter; Miljöklassning av Swecohuset – Indikatorer 11 Termiskt klimat 

sommar. 

 

In conclusion, the expected result of the Swecohuset’s Miljöbyggnad certification, pending the results 

of the surveys which could affect the indicators number 5,7,9,10,11 and 12, are shown in the next 

page (Table 2.1-5). 

 

 

 

 

 

 

 

Aspect Indicator Class Criterion Estimated result 

Heating losses #2 Heating load GOLD < 30 W/m2 24,1 W/m2 

Cooling load #3 Solar heat load GOLD < 32 W/m2 

Most rooms fulfill the 

gold criterion; the most 

vulnerable rooms fulfill 

the silver criterion: 

overall grade is gold. 

Aspect Indicator Class Criterion Estimated result 

Thermal climate #10 Winter thermal 

climate 

GOLD Top > 20 °C 

∆T window/wall < 10 °C 

∆T floor/ceiling < 5 °C 

20°C < T floor < 26 °C 

Top = 20,3 °C 

∆T window/wall = 5 °C 

∆T floor/ceiling = 0,5 °C 

T floor = 20,2 °C 

Thermal climate #11 Summer thermal 

climate 

GOLD P27 (Top=27 °C) 

(tT > 27°C < 10%) 

tT > 27 °C = 3 h during the 

hottest week of July 
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Table 2.1-5 The expected result of the Miljöbyggnad certification. Source: Sweco. 

Nr Indicator Aspect Area Building 

1 Purchased energy GOLD Energy use GOLD 

Energy GOLD 

GOLD 

2 Heat losses (VFT) GOLD Energy 

demand 
GOLD 

3 Solar heat load (SVL) GOLD 

4 
Shares of different type 

of energy 
GOLD 

Energy 

source 
GOLD 

5 
On-site 

assessment/noise rating 
GOLD 

Sound 

environment 
GOLD 

Indoor 

environment 
GOLD 

6 Radon content SILVER 

Air quality SILVER 7 
Outdoor air flow and 

technical design 
SILVER 

8 Inner nitrogen content SILVER 

9 

Assessment of 

construction and 

moisture damage 

GOLD 
Moisture 

safety 
GOLD 

10 
Transmission factor 

(TF)/max and min temp. 
GOLD 

Thermal 

climate 
GOLD 

11 
Solar heat factor/temp. 

simulation 
GOLD 

12 
Window area by floor 

area/daylight factor 
GOLD Daylight GOLD 

13 Potable water GOLD 
Legionella 

risk 
GOLD 

14 
Presence of listed 

hazardous substances 
GOLD 

Hazardous 

substances 
GOLD 

Materials 

and 

chemicals 

GOLD 
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2.2 The architectural design 

The Swecohuset is characterized by two main blocks: a 15-stories High House and a 4-stories Low 

House. As for the architectural point of view, the retrofit aimed at creating a pleasant and comfortable 

work environment which fostered spontaneous meetings and exchange of ideas, in a building which 

has been chosen since deeply integrated in the urban context of Stockholm. In the retrofit process it 

is possible to distinguish a first phase focused on finding the most suitable building, and a second 

phase oriented towards the refurbishment of the indoor spaces. 

2.2.1 The architectural choices 

As already mentioned, the main goal concerning the architectonic point of view was to create a place 

which stimulated and fostered the contacts among different figures. So, what are the best architectural 

solutions to increase this aspect? A good starting idea is a big, open gallery to increase the mingling. 

Then, if the previous cellar-offices pushed the employees to stay in their own little world, it is 

necessary to tear down the walls and create an open space. Eventually, aggregation points such as 

coffee corners, lunch and living room complete the work. 

The first intervention therefore concerned the creation of the big gallery characterizing the low 

building-body, in order to increase the customer-employees mingling. Before the retrofit, this part of 

the construction was a rectangular-plant body constituted by five connected branches, four stories 

each, which delimited two inner courts covered by a roof at the height of the first floor (see Figure 

2.2-1).  

 

Figure 2.2-1 The building before the retrofit: here it is possible to notice the shape of the low-body of the building and 
the two courts inner courts (with their roofing still at the first floor). Source: Sweco. 
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The architects first decided to join the two courtyards and to raise the roof three floors so as to create 

the necessary volume and to insert four skylights for the daylighting, then to connect this newly-

created gallery with the entrance hall by removing one elevator in order to create a spacious way 

through for the installation of a staircase (indeed the gallery is one floor above the entrance, see 

Figure 2.2-2, Figure 2.2-3 and Figure 2.2-4).  

 

Figure 2.2-2 Blueprint of the ground floor: at this level Sweco rents only the entrance hall (in orange), whereas several 

businesses and facilities rent the other venues. Source: AMF Pension Fastigheter online database. 

 

Figure 2.2-3 Blueprint of the first floor: at this level the main feature is the central gallery (with the staircase in the 
middle) and the meeting rooms at its sides. Source: AMF Pension Fastigheter online database. 
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An important aspect has been the construction of the central staircase of the gallery, which connects 

all the floors of the low building-body, its main feature is to symbolize the movement in the office 

which ends up in the encounters among the occupants (Figure 2.2-5).  

 

Figure 2.2-4 Section of the Swecohuset (east on the left): here it is possible to notice that the entrance hall and the gallery 
are at two different levels. Source: Sweco. 

 

Figure 2.2-5 View of the gallery and its staircase. Source: Sweco. 

Moreover, at each floor the walls facing inward have been removed and replaced by glass parapets 

or transparent partitions creating visual contacts among the floors, like if there were several loggias 
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(in a modern version). To further increase this, and also to give a feeling of movement, the edge joists 

are reciprocally staggered here and there. Then, along the sides of the gallery the architects opted for 

the realization of meeting rooms for customers and consultants. The first thing that stands out is the 

strong color, useful to spot suddenly a place where it is possible to have a private conversation. 

If the entrance and the gallery are intended for both visitors and employees and their meetings, 

the other floors host all the departments of the company. But this doesn’t mean that these spaces are 

less colorful and welcoming. Indeed, at each floor the walls that separated the cellar-offices and 

created long corridors (Figure 2.2-6 and Figure 2.2-6) have been tore down in favor of big open 

spaces, with clusters of working stations which allows architects and engineers to talk and 

communicate easily. It is important to point out that this new distributive solution allowed for a more 

efficient use of the space, increasing the working seats approximately from 1100 to 1600. Obviously, 

some “classic” offices at each floor have been left for those who look for a quieter environment to 

work. Then, soberer but still colored meeting rooms have been built and a cozy lounge with couches, 

tables and a coffee-spot has been conceived to welcome you once got out of the elevator, providing 

a kind of “home sweet home” sensation (Figure 2.2-8 and Figure 2.2-8). 

  

Figure 2.2-6 and Figure 2.2-7 The situation before the retrofit. Source: Sweco. 

                

Figure 2.2-8 and Figure 2.2-9 Floor of the high-body of the building after the retrofit (living room and meeting 

room/private working spots). Source: Sweco. 
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Figure 2.2-10 Typical spatial distribution in the upper floors of the high-body of the building (tenth floor in this case). 

Source: AMF Pension Fastigheter online database. 

 

Figure 2.2-11 The working stations. 

2.3 The solutions 

Before the retrofit, the building’s energy utilization was 179 kWh/m2a (excluding the share of 

tenant’s electricity), a relatively high amount which is the consequence of the construction period of 

the building. This was mainly due to the poor insulation and to the old and low-efficient installations. 

Moreover, the different tenants modified the plant components several times during the years, 

without proper control, further affecting the performances in a negative way. 
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As stated by H. Berg von Linde in [1], the general strategy to achieve an high energy efficiency has 

been: 

 Firstly, reducing the amount of purchased energy (including the use for operations related 

equipment), with the highest priority to the minimization of the use of primary energy. 

 Secondly, ensuring a supply energy as much as possible provided by renewable sources. 

By and large two of the three steps of the Trias Energetica. The third one, that is the efficient use of 

the non-renewable energy, is delegated to the components of the building system. Hence, thanks to 

these steps, the current situation is characterized by an actual energy request for space conditioning 

of 44 kWh/m2a (whereas the IDA ICE simulation gave an outcome of 57 kWh/m2a), a result which 

has been achieved mainly by improving the building system with high efficient components and, at 

the same time, making the most of the envelope’s configuration. Furthermore, the zoning helps to 

better identify the building needs of each zone and localize the control in that specific area, 

guaranteeing a smarter use of the resources and a better result in terms of IEQ. 

The same report  [1] quotes few lines taken from the “Environmental contract stage” between 

Sweco and AMF which states that the building is intended to be upgraded with "not new knowledge 

and not tomorrow's technology, but very good application of technology available today" (translated 

from Swedish). Furthermore, it is pointed out that an important aspect which has had great 

consideration during the design of the building system is the capability of the latter of being flexible 

to any possible transformation, facilitating in this way further rebuilding measures. 

The strategy and the intentions just illustrated, along with the results of the model simulation, led 

the designers towards specific system solutions to satisfy the building needs. The following lines 

summarize them. What follows is related to the IDA ICE building model which has been used to 

evaluate the service needs. 

According to the simulations, the building request is 17.5 kWh/m2a for the tenants’ energy usage 

(computers, lights etc.): a relatively low amount which is mainly due to LED lights, dimmers and a 

proper behavior of the employees. Instead, the energy request by the HVAC aux would have 

depended on the system installed. In any case, the building mainly relies on the electricity bought 

from the public network, since the n PV panels on the high house roof can contribute with a minimum 

share of 0.5 kWh/m2. Despite this low electrical production, as reported in an interview in [3], their 

installation has been justified with the will of taking part to the solar cell development  more than 

with their ability to satisfy the needs. 

As for the building system, according to the simulations it has been designed to meet a simulated 

heating load of 24.1 W/m2 and a cooling load of 14.8 W/m2, which are significantly low values 

considering the surrounding conditions of the retrofit. Hence, this proves that an efficient building 

system and a proper zoning are powerful tools to reduce the energy utilization. The supply of thermal 

energy is delegated to an HVAC system which is described in section 2.3.2. 

Eventually, as for the DHW, it is heated up thanks to three heat exchanger, each of them intended 

for a different area of the building, which connects the district heating to the public water network: 

in simple terms, the first supplies the thermal energy, the second the water.  
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2.3.1 The envelope 

When a refurbishment which aims at an energy reduction is required, one of the first action usually 

is on the building envelope. Indeed, nothing is more reasonable than act on the element which 

dissipates energy (thermal energy in this case), and reduce its thermal transmittance in order to 

consequently reduce the energy required to compensate any loss. Maybe the Sweco’s engineers 

would have really appreciated the opportunity to freely act on this element but, due to the afore 

mentioned cultural and historical restrictions the building is subjected to, the allowable options have 

been reduced. An external insulation has been therefore excluded from the beginning since it would 

have modified the appearance of the façade. 

Unfortunately, even combing through the drawings, it is not possible to accurately individuate all 

the dimensions and physical features of the envelope layers. By and large, what the engineers had to 

tackle is a concrete structure with external walls 40 cm thick on average, with a brick cladding. The 

point is that both concrete and bricks are characterized by a quite low thermal resistance but also by 

a high thermal inertia which, as later we’ll see, will prove useful. Then, according to blueprints and 

sections, the walls are generally provided with a 5 cm thick – or better say thin –insulation layer, 

which increases up to 24 cm just in the recently built lanterns over the gallery. These obviously are 

not the best conditions to face the Scandinavian winter (although Stockholm is quite south) without 

taking into account a significant investment for heating. 

A solution to fix this could have been an internal insulation addition which, besides being an 

invasive installation, maybe it would have granted less benefits than the related design problems to 

be solved: indeed, this typology of insulation doesn’t allow for a good elimination/reduction of the 

thermal bridges. Hence, there is even the risk of ending up with a pejorative result in which any 

remaining thermal bridges localizes the “weak points” of the envelope, further enhancing their 

dangerousness which could cause serious damages (e.g. mold onset into the walls). 

The other option instead was to act on the transparent parts of the envelope, since by changing 

just the windows the thermal properties would have been an improved and at the same time the 

external shape and appearance of the façade would have been preserved. This is what the engineers 

actually did: indeed, they opted to replace the old windows (except some on the second floor) with 

new and most performant ones. The windows selected have a well-insulated frame, a better air-

tightness and a pane-film which reflects most of the IR light but let the visible lights to penetrate. 

This could sound odd, since the IR radiation could be a free gain useful to heat up the rooms of a 

building at this latitude. Nevertheless, being the building intended for offices, the internal gains are 

already very high and further heat contribution due to the solar radiation could be counterproductive 

(especially in the summer). So, to recap, the building is characterized by four different types of 

windows described hereinafter (Table 2.3-1 and Figure 2.3-1). 
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Table 2.3-1 Characteristics of the panes. Source: Miljöklassning av Swecohuset – Indikatorer 1,2,3,10 och 11. 

Number 

(see fig. 

below) 

Window position 
Visible 

transmittance1 
G-value2 

Solar energy 

transmittance3 

Transmittance 

[W/m2K] 

1 Everywhere but the north-facades 0.51 0.28 0.26 1 

2 Existing window atrium floor 2 0.74 0.68 0.60 2.5 

3 North-facades 0.71 0.55 0.44 1.5 

4 Existing gable windows High-House 0.44 0.6 0.21 1.3 

 

1: fraction of the visible spectrum of sunlight (380 to 720 nanometers), weighted by the sensitivity of the human eye, that 

is transmitted through the glazing of a window. 

2: ratio between the solar thermal energy transmitted by the pane (directly transmitted share + absorbed and inward re-

emitted share) and incident radiation on the pane. 

3: fraction of solar energy passing through the window. 

 

 

Figure 2.3-1 Position of the different typology of windows. The light blue point out the venues of the Swecohuset. 
Source: Miljöklassning av Swecohuset – Indikatorer 1,2,3,10 och 11. 

Furthermore, to face the already mentioned opposite problem of an extra and undesirable solar gain 

during the summer – yes, the global warming strikes also at those latitudes – the southern and western 

windows of the low-body have been provided with an external solar shading, whereas the top of the 

gallery’s lanterns has been slightly tilted to the north, to reduce the incidence angle of the solar rays. 

In conclusion, it is not easy to have the detailed values of the envelope transmittance, at least as 

for the opaque part, without resorting to thermal analysis. Nevertheless, to have a general idea as 

well as for the purposes of this thesis, we can settle for the guideline values which have been used to 

run the simulations on IDA ICE (Table 2.3-2). These results are the outcome of a sensible reasoning, 

which have considered and weighed the likely values of the opaque envelope’s thermal properties 

and the known values (Table 2.3-2) of the transparent partitions’ ones. 

2 
3 

4 
4 
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Table 2.3-2 Transmittance values of the envelope (used in the IDA ICE simulations). Source: Miljöklassning av 

Swecohuset – Indikatorer 1,2,3,10 och 11. 

Partition 
U-value 

W/m2K 

Roof 0,25 

High house façade 0,74  

Low House façade 0,80 

Roof floors 14 & 15 0,37 

Roof floor 13 0,25 

Ceiling/floor 2,7 

 

Whose relative areas are (Table 2.3-3): 

Table 2.3-3 Areas of the Swecohuset envelope (related to the extent rented out by Sweco). Source: Miljöklassning av 

Swecohuset – Indikatorer 1,2,3,10 och 11. 

Partition 
Area 

m2 

Roof 4377 

Höghus façade 4425 

Låghus façade 1395 

Windows 2833 

 

In conclusion of this chapter, it is worth spending few lines to explain how the “balance” between 

the quite elevate U-value and the high thermal inertia of the external walls helps the energetic 

behavior of the building, since it will a useful background later on. High U-value means that a 

material has a good ability in the heat conduction, whereas high thermal inertia means that a material 

varies its temperature very slowly as a response to external variation of temperature. Thus, 

considering separately both the heating season and the cooling one, it is possible to hypothesize the 

benefits that this building obtains from this particular condition. Let’s start from the cooling season: 

considering the high internal gains (due to appliances and occupants) and the relatively high summer 

temperatures of Stockholm, the quite elevate U-value allows the building to dissipate enough heat 

which otherwise would burden the cooling systems, whereas the high massive envelope manage to 

reduce and lag the heat flux from the outside without increasing excessively its temperature, with 

positive repercussion on the operative temperature. On the other hand, during the heating season, 

even though in the coldest months this U-value causes relatively high heating loads, for a 

considerable part of this period the internal gains are still too elevate and they must be dissipated 

somehow: therefore, this situation becomes a compromise which could be accepted against the 

eventuality of turning on the cooling system. Furthermore, the heat capacity of the wall compensates 

for its bad thermal resistance and succeeds in ensuring an acceptable surface temperature, with a 

consequent better indoor comfort. 
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2.3.2 The HVAC system 

The main scope of the HVAC system is to guarantee thermal comfort and indoor air quality, by 

providing and removing not only energy but also fresh and exhaust air, respectively [4]. As shown 

in  Figure 2.3-4 (at the end of this section), the aforementioned tasks can be fulfilled through a very 

complex system, that, at this stage, can be divided in three main parts [5]: 

 the primary system: it consists of the heating and cooling equipment, designed to cover the 

variable thermal loads of the whole building and to guarantee the proper temperature of the 

hot tap water; 

 the secondary system: it mainly meets the specific requirements of each zone, by distributing 

the heated or chilled fluid from the primary system to the terminal devices and handling the 

air; 

 the control system: it regulates the operation of each component depending on both the indoor 

and outdoor varying conditions. It therefore works by adjusting in real time what has to be 

provided in order to satisfy the requirements, which, in turn, are set to guarantee thermal 

comfort and indoor air quality. 

The detailed analysis of each component is beyond the scope of this thesis, so the following 

descriptions will be focused on aspects of interest. 

2.3.2.1 The heating plant 

The heating plant has been designed to provide the service hot water and to satisfy the heating loads 

of the building and, for these purposes, the heating system includes both a geothermal brine to water 

heat pump and a connection to the district heating. 

The former (heating capacity = 305,5 kW; COP = 3,21 [6])1, identified with the code VS01-VP1 

on the plant blueprint, extracts the heat from the ground via a closed brine circuit and transfer it to 

the zone heating devices. The brine, necessary to avoid freezing damages to both the cold circuit and 

the evaporator, in this specific case is an ethanol-water mixture (29% by volume), characterized by 

a freezing point equal to 14,4 °C. 

However, Table 2.3-4, showing how the zone hot water set points are correlated to the outdoor 

temperature, highlights that the hot water temperature can easily reach high values and, since this 

negatively affects the heat pump COP, the zone hot water circuit is equipped with the heat exchanger 

VS1-VX101, which in turn is connected to the district heating network. This means that the heat 

pump could be partially helped by the district heating network to cover the heating loads in certain 

conditions. 

 

 

                                                      
1 Evaporator entering/leaving water temperature = 9/5°C.  

Condenser entering/leaving water temperature = 50/60°C. 

 



Energy retrofit of an office building in Stockholm 

Pierpaolo Maggiore 

 

27 

Table 2.3-4 Zone hot water setpoint. Source: Sweco 

Outdoor temperature [°C] -30 -20 -10 0 10 20 

Zone hot water setpoint [°C] 63 56 46 43 35 20 

 

Besides working as the auxiliary heater combined to the heat pump, the district heating connection 

has to fulfill another task: providing the service hot water. The latter circuit is split in three parts 

(VV2, VV1L and VV1H), depending on which section of the building it feeds, and each of them is 

connected to a heat exchanger, identified as VV2-VX102, VV2-VX103 and VV2-VX104 

respectively. On closer inspection, another detail emerges: the service water flowing through the 

VV1L circuit can be pre-heated when chillers operate, since the VÅ2 circuit draws the heat from 

condensers and exchanges it through the VÅ2-VX105 heat exchanger. The weakness of this system 

lies in its dependence on chillers operation, which are turned on during the summer period, when the 

use of hot service water is less. 

2.3.2.2 The cooling plant 

Despite the location and the climate, the cooling issue assumes great importance and this aspect is 

confirmed by the presence of the borehole system and the three chillers. 

The first one consists of 26 vertical boreholes with an active depth of 280 m and it was conceived 

mainly to cover the basic cooling loads: this means that during the year the cooling power provided 

by the boreholes is enough to face the needs of the building, except for the summer period, when the 

chillers operation is required to decrease the brine temperature to a greater extent.  

The consequence of using boreholes as a heat sink is that the temperature of the surrounding 

ground rises, but this increase is balanced during the winter period, when the heat pump uses the 

boreholes as a heat source. 

As for the chillers, it’s important to start distinguishing between those which feed the Sweco 

cooling terminal devices, identified as KA101 and KA102 (cooling capacity = 750,9 kW; EER = 4,6 

[7])2 on the plant blueprint, and the KA201 chiller (cooling capacity = 956,8 kW; EER = 3,68 [7])3, 

which is characterized by a greater cooling capacity and provides chilled water mainly to the zones, 

such as the stores at the ground floor, which doesn’t belong to the Sweco company. 

The majority of the terminal devices served by the KA201 are the cooling coils integrated into 

those AHUs which were not changed after the retrofit, while the other two chillers, characterized by 

the same cooling capacity, were designed to feed the following systems: 

 the chilled beams, whose circuit is denoted with the KB21 code; 

 the cooling coils integrated into the new AHUs and the air coolers, whose circuit is denoted 

with the KB11 code. 

                                                      
2 Evaporator entering/leaving water temperature = 18/13°C.  

Condenser entering/leaving water temperature = 38/44°C. 
3 Evaporator entering/leaving water temperature = 12/7°C.  

Condenser entering/leaving water temperature = 38/43°C. 
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The cooling plant is completed with the heat rejection equipment, which is necessary to let the 

chillers operate: in fact, the heat indirectly drawn from the indoor environment has to be transferred 

to a heat sink, represented by the outdoor air. This purpose is achieved thanks to the installed dry 

coolers, which basically consist of a coil and a fan unit placed outside and work mainly relying on 

the forced convection heat transfer. As a dry heat rejection system, the dry cooler theoretical limit is 

represented by the outdoor dry-bulb temperature, but the Stockholm climate reduces the extent of 

that problem. 

2.3.2.3 The secondary system 

It is undeniable that the building in question is characterized by not only significant internal gains 

but also remarkable variability in terms of thermal loads. In these conditions, the need for high levels 

of thermal comfort and indoor air quality and the decision to reduce the waste of energy led to a 

retrofit strategy based on the variable-air-volume system, which minimizes the penalties that affect 

the CAV systems at part loads by reducing the airflow, which in turn means a decrease in the fan 

power. 

The air handling units, which can be considered the core of a VAV system, are equipped with a 

cooling coil and a regenerative heat exchanger, which can reach an efficiency of 90% thanks to two 

accumulators that fresh and exhaust air pass through alternately [8]. In particular, during the winter 

operation, shown in Figure 2.3-2, the return air is channeled to one accumulator in order to heat it 

up, while the fresh air passes through the other accumulator, which transfers the heat stored during 

the previous cycle. The code that identifies the AHUs in Figure 2.3-3 begins with “LB”, which is 

followed by a number. 

It should be noted that there is a problem related to the operation of the VAV systems below the 

peak load: the reduction of the airflow negatively affects the distribution of the air within a zone 

because of its dependence on the velocity of the air entering the zone itself. This particular issue was 

solved by installing chilled beams operating according to the induction principle [5]: the primary air, 

provided by the air handling unit, is discharged into the zone only after being mixed with secondary 

air, which is sucked into the unit plenum because of a pressure difference (see 

Fig. 2.7-3). In particular, when the primary air reaches the plenum, the pressure raises, thus forcing 

the air through the nozzles the unit is equipped with. As a consequence, a negative pressure is created 

in the space above the built-in cooling coil, through which the room air passes and, when it is 

required, undergoes a temperature reduction before mixing with the primary air. 
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Figure 2.3-2 Regenerative heat exchanger: winter operation. Source: menerga.com 

 

 

Figure 2.3-3 Chilled beams cooling operation (left) and neutral operation (right). Source: swegon.se 

Besides the aforementioned systems, there is also another type of cooling terminal device: the air 

cooler. This equipment, which in the plant blueprint is identified with a code beginning with “CA” 

and ending with a number, uses fan units to force the room air through a cooling coil and is installed 

http://www.menerga.com/
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where the previous ones are not enough to guarantee the proper thermal comfort: an example is 

represented by the atrium, where there is a real risk of an excessive thermal stratification of the air.  

As for the heating, the terminal devices are represented by radiators. 

2.3.2.4 The control system 

The way HVAC systems perform under variable conditions is strictly related to a proper design of 

the control system, whose components are basically the following ones [5]: 

 the sensor: it measures the quantity of interest and sends the respective feedbacks; 

 the controller: it receives the feedbacks from the sensor and compares them with the set 

point, the desired value that can be fixed or variable. The difference between the control point 

(the current sensor value) and the set point represents the error, i.e. the imbalance in the 

controlled variable that has to be corrected by sending an output signal to a controlled device; 

 the actuator: it is the controlled device with the task of regulating the variable of interest 

depending on the signals received from the controller. 

In the Swecohuset, each zone is equipped with CO2 and temperature sensors: the former affect the 

indoor air quality by regulating the airflow rate, while the latter impact the thermal comfort. In 

particular, while the CO2 limit is fixed, the temperature set point changes and is computed by the 

Ecopilot system, which takes into account the following variables:  

 balance point temperature; 

 outside temperature; 

 time constant; 

 sun and wind effects; 

 set minimum and maximum temperatures for the zones (ranging from 20 °C to 25 °C). 

Moreover, a further energy saving can be achieved because Ecopilot is connected to a forecast 

system, which avoids the operation of the plant if the predicted weather conditions make it 

unnecessary. For example, if the current conditions required the use of the chiller and, at the same 

time, the weather forecast predicted a decrease of the outdoor temperature within one hour, the chiller 

would not be switched on, even though this would penalize the thermal comfort for a short time span.
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Figure 2.3-4 The plant blueprint. Source: Sweco
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3 Methodology 

The retrofit entailed a deep renovation of the building systems, which can be considered the outcome 

of a demanding design phase. In general, after being installed, the chosen systems are expected to 

perform as intended by HVAC designers. However, since the design is based on theoretical values 

and simulated scenarios, there is always a gap between plans and real behaviour. For this reason, 

systems usually require adjustments aiming at minimizing the aforementioned gap and realigning the 

real performances with simulated ones. But the tuning phase can be effective only if preceded by an 

accurate analysis of the actual performances. In fact, the latter is necessary in order to detect potential 

weak spots in the systems’ operation or configuration. Once the problems are identified, then it is 

possible to explore different strategies to be evaluated in relation to their feasibility, costs and 

benefits. It is obvious that after a considerable investment due to the retrofit, the constraint 

represented by costs is very strict and, as a consequence, all the feasible adjustments taken into 

account usually lead to improvements without adding significant extra costs.  

3.1 Energy audit 

All the activities involving energy performance analyses and aiming at providing cost-effective 

solutions to enhance the current situation are commonly known as energy audit [6]. There are many 

reasons leading to perform this type of analysis, but some of them are reported below: 

 The installed systems do not guarantee acceptable indoor conditions; 

 The energy consumption highlights a waste of resources; 

 The energy certification standards are not fulfilled; 

 It is required the optimal strategy for a planned energy retrofit of the building.   

The core aspect of this assessment is the comprehensive understanding of the complex relationships 

among all the building components under operating conditions, even though the analysis is focused 

on a specific part. This because they constantly affect each other making the overall behaviour hard 

to be predicted. For this reason, once defined the final aim, the first step of an energy audit is to 

collect data about the whole building and those parameters affecting the energy consumptions and 

performances. A common way to approach this phase is to ask for blueprints and project documents 

and take those measures which are required, in order to have a full picture of the starting conditions. 

In effect, it is quite common that provided information are not enough, so it is necessary to 

compensate the shortage of data. However, it is important to point out that the amount and the type 

of measures depend on the degree of detail required by the analysis. In fact, the audit procedure is 

structured in order to provide different levels of accuracy according to the customer’s necessity and 
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convenience. As for the latter aspect, if an in-depth analysis was directly performed, it could result 

in a waste of time and resources. On the contrary, the energy audit is based on a step-by-step method 

and is constituted by three main phases characterized by an increasing level of detail and efficacy. 

The Walkthrough audit represents the first stage. It usually consists in a one-day inspection during 

which systems must be quickly examined, trying to find the inefficiencies and figure out which could 

be the possible paths leading to a solution. It obvious that the outcomes of this kind of analysis can’t 

really provide definitive answers to the problem, but rather they could highlight the necessity to 

deepen certain aspects with further inspections. Certainly, this analysis is economical in terms of 

time and costs, but its efficacy is limited and strictly dependant on the auditor’s experience. As a 

consequence, when it is required a more complete analysis, the Standard audit should be performed. 

In this case, detailed information about technical features of each system are gathered, inspections 

focused on specific parts of the building are carried out and monitoring activities are conducted for 

a better understanding of the current performances under operating conditions. All of these data are 

therefore assembled in order to define a framework of the current situation representing the basis on 

which potential adjustments should be elaborated and the yardstick for measuring the practical effects 

of the proposals (note that economic evaluations are also taken into account). The latter are the results 

of simulations performed with simplifying assumptions such as steady-state conditions. Finally, the 

highest level of detail and accuracy can be obtained by resorting to the Simulation audit, which 

involves the use of a dynamic simulation software. This implies the creation of a model able to 

describe the whole building performances: as a consequence, it is possible to model the real building 

as it is and test each scenario associated with the proposed adjustments. However, the obvious 

drawbacks are represented by the amount of information required to create an accurate model, the 

specific expertise in the use of a dynamic simulation software and, as a consequence, costs. The 

amount of needed data increases because every element of the building has to be modelled, otherwise 

the accuracy decreases. Moreover, advanced skills are necessary to configure the model properly and 

avoid simulation instabilities. 

3.2 Employed methodological approach 

The framework of this project takes the key features of the energy audit and represents the necessary 

support of a challenging task, i.e. the analysis of a recently retrofitted office building with the purpose 

of highlighting potential rooms for improvements of the HVAC system. None of the reasons listed 

in the previous paragraph have led to undertake the energy audit, which, on the other hand, has been 

made to check if the installed systems perform as intended.  

In the first step of the process, efforts have been made to understand the main characteristics of 

the building, with a particular focus on the HVAC system. The cooperation of Sweco and AMF 

Fastigheter engineers and technicians has been essential during this phase, whose core has been 

mainly represented by the project documentation acquisition and periodic meetings arranged to 

discuss and clarify different examined aspects. Therefore, the analysis of the collected information 

has outlined a picture of the current situation and provided precious indications about potential areas 

of intervention. Once decided the focus of the assessment, a preliminary analysis has been carried 
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out in order to evaluate the current performances of the chillers. To do this, measurements of the 

parameters describing the chillers’ operation have been collected by resorting to the Ecopilot 

Analysis system4 the Sweco building is equipped with. Then, gathered data have been processed and 

compared with the outcomes of a simplified model that predicts the chillers’ performances. The 

comparison has allowed to identify the weakness points of the chillers’ current operation and, as a 

consequence, it has been decided to further investigate the problem by using IDA ICE, a dynamic 

simulation software. During this phase, the analysed building has been modelled with the highest 

possible level of details, even though simplifications have been sometimes necessary. However, it 

should be noted that a proper model configuration requires only details that can really make the 

difference in predicting the building performances. Therefore, useless information should be 

neglected, otherwise data processing gets overloaded and the simulation process takes much more 

time than it should. Although certain details can be ignored, the amount of required data is still 

significant not only to create the model but also to validate it. In effect, before considering the 

simulation outcomes representative of the real building behaviour, they should be validated, i.e. 

compared with real measurements referred to the same period. If this condition is not fulfilled, then 

the model must be tuned to correct the discrepancy. This has been the final step of the presented 

project, but it is worthwhile to point out that a validated model is a powerful decision support tool 

since it provides data necessary to identify the problem and, at the same time, is the baseline to test 

the effectiveness of the potential interventions. Figure 3.2-1 summarizes the aforementioned steps. 

 

Figure 3.2-1 Framework of the applied method. 

                                                      
4 It is an on-line tool displaying real-time measurements deriving from the installed sensors. 
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4 The cooling system 

If we take a look at the plant shown in Figure 2.3-4, its complexity can be instantly noticed. 

Therefore, the first step of the energy audit is doubtless the comprehension of the cooling system’s 

overall structure, the task each unit is designed for and the way they operate. Moreover, since the 

central plant serves not only the part of the building hosting the Sweco premises but also different 

stores and the spaces inside the Jensen school, it is important to clearly identify which of the installed 

units contribute to meet the Sweco requirements. 

4.1 Primary and secondary systems 

The core is definitely represented by the primary cooling system, constituted by the following units 

(see Figure 2.3-4): 

 The chillers KA101 and KA102: they have the same cooling capacity and are installed to 

cover the thermal loads occurring in the Sweco part of the building; 

 The chiller KA201: it mainly covers the thermal loads of the building portion not belonging 

to Sweco, consisting of the stores at the ground floor and a portion of the Jensen school. It 

also feeds the chilled beams of the low-rise part of the building.  

 The boreholes: they provide free cooling to the whole building; 

 The heat exchangers KB1-VX101, KB21-VX101 and KB11-VX101: they allow the heat 

exchange between the primary and the secondary circuits; 

 The dry coolers KM201, KM202, KM101 and KM102: they fulfill the task of rejecting the 

heat deriving from the chillers operation. 

It can be considered a WLHP system [10], even though there are some differences with respect to 

the typical configuration. The latter usually consists of a main closed water loop connected with 

water-source reversible heat pumps located in each thermal zone. In this way, zones are directly 

cooled down (direct expansion air conditioning) while the main water loop works as a heat sink. Heat 

rejecting systems are also installed and connected to the loop in order to transfer the heat to the 

outside air, thus avoiding an excessive increase of the circulating water temperature. 

Like the WLHP systems, the Sweco-huset cooling plant is designed so that both the primary and 

the secondary systems are connected to the main brine loop, while a set of devices constituted by 

variable-speed pumps, valves, actuator and sensors regulates the interactions between each unit and 

the brine loop. On the other hand, in the Sweco-huset, the chilled water production is not 

decentralized (i.e. there are no as many heat pump units as the thermal zones are) and the plant 

operates only on the cooling mode even if the differences occur depending on the period of the year. 
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Figure 4.1-1 Boreholes cooling capacity: yearly trend. Source: Sweco. 

 

Figure 4.1-2 Boreholes cooling capacity: monthly values. Source: Sweco. 

In Figure 4.1-1, data obtained from the installed sensors and gathered during one year of 

measurements highlight that the boreholes provide cooling capacity during the whole year: this 

means that cooling loads are not only typical of the summer period. Moreover, boreholes are enough 

to cover a base load which, according to data measured during the year 2015 (see Figure 4.1-2), is 

equal to 92870 kWh on average, while, during summer, the increasing amount of heat indirectly 
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transferred from the building to the main water loop forces the chillers to start running. In fact, a 

close look at the graph in Figure 4.1-3 reveals that from the half of May till the end of August, the 

installed chillers KA101 and KA102 are turned on to face the increasing cooling demand. They never 

work together since their size makes them capable of satisfying the cooling needs one at the time, 

although possibility of a simultaneous operation was considered as a possible scenario during the 

design phase. As expected, also the dry coolers KM102 and KM102 have the same operation 

schedule of the related chillers.  

 

Figure 4.1-3 Chillers PLR: yearly trends. Blue curve for KA101, red curve for KA102. Source: Sweco. 

However, the systems which actually realize the indoor environmental comfort are the air handling 

units and the chilled beams, both equipped with cooling coils connected to the central plant. The size 

of the building implies that each unit is designed to face the requirements of a limited amount of 

zones, so it is worthwhile to highlight, with the help of Figure 4.1-4, Figure 4.1-5 and Figure 4.1-6, 

how this particular aspect has been solved (see also Figure 2.3-4 to identify the relationships between 

the primary and the secondary system).  

The ground floor is mainly occupied by stores, so the secondary system basically relies on the old 

AHUs to which the codes KB1-SHG1, KB1-SHG2, KB1-SHG3 and KB1-SHG5 are referred in the 

plant blueprint. However, there is an exception at the ground floor represented by the Sweco entrance 

hall, where the AHU CA201-K1 recirculates the air and cools it down when necessary. The 

aforementioned AHUs as well as LB501A and LB501B (which fulfill the indoor requirements of the 

Jensen school) are equipped with cooling coils fed by the chiller KA201. In the high-rise part of the 

building, the conditioned primary air is provided by the AHUs LB001, LB002, LB003 and LB004, 

whereas the last floor relies on the LB005. As for the low-rise part, the north-oriented zones and the 

big atrium (the “Ljusgård”) are served by AHUs LB201A and LB201B: the supply air is directly 

provided only to the north-oriented zones, but the lack of partition walls let it flow to the atrium 

where it is finally sucked by the return air terminals. The atrium is also equipped with the AHUs 

CA201 and CA401, which recirculate the inside air and cool it down when it is necessary. The south-

oriented part is mainly served by the AHUs LB101, LB301A and LB301B, even though there are  
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Figure 4.1-4 AHUs distribution: the ground floor on the top, the first floor on the bottom.  
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Figure 4.1-5 AHUs distribution: the second floor on the top (the distribution is representative also for the fourth floor), 

the third floor on the bottom. 
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Figure 4.1-6 AHUs distribution: last floor. 

some exceptions: at the first floor, in the GEOLAB and the auditorium (the “hörsal”), the air quality 

is respectively assured by the AHUs LB302 and LB006, while the third floor is partially occupied 

by the Jensen school which shares the AHUs LB301A and LB301B with Sweco. The cooling coils 

of the AHUs LB001, LB002, LB003, LB004, LB005, LB006, LB101, LB201A, LB201B, LB301A, 

LB301B and LB302 are all indirectly connected to the chillers KA101 and KA102.  

The chilled beams (“kylbafflar”) are installed both in the high-rise and the low-rise part of the 

building, but with a difference: in the first case, they are connected to the chiller KA201 (see the ID 

code KB22-SHG101 in the plant blueprint), whereas in the second they rely on the chillers KA101 

and KA102. 

A better understanding of the cooling system can be achieved by analysing the yearly energy 

flows, whose description is reported below. 

During summer, both the boreholes and the chillers extract the heat from the water loop. The first 

ones transfer it to the ground, while the second ones, partially reject it by using the dry cooler circuit 

as a heat sink and partly recover it by transferring it to the circuit VÅ2 which has the task of 

preheating the hot service water. Moreover, in the former case, the continuous absorption of heat 

causes a gradual increase of the temperature of the ground surrounding the geothermal probes, while, 

in the latter one, the heat term consists of two contributions: the heat extracted from the water loop 

and the one related to the compressor operation. The secondary water circuits, i.e. the KB11 for the 

AHUs and the KB21 for the chilled beams, transfer the heat taken from the building to the water loop 

by means of plate heat exchangers, identified with the codes KB11-VX101 and KB21-VX101. 

Another heat exchanger, the KB1-VX101, uses the water loop as a heat sink in order to cool down 

the water returning from the water circuit KB1. However, the pumps KB01-PK104 and KB1-PK103 

speed graphs shown in Figure 4.1-7 reveal that there is no significant heat transfer from June to the 

end of September since the pumps are turned off and, as a consequence, the two fluids can’t circulate 

through the heat exchanger. By taking into account also the PLR trend of the KA201 chiller (see 

Figure 4.1-7), it is clear that the cooling loads are completely covered by the chiller in summer, even 

though the low values of part load ratio (the 20% is never reached) suggest the possibility that the 

chiller is oversized.  
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Figure 4.1-7 PLR chiller KA201 and speed of the pumps KB1-PK103 and KB01-KB104: yearly trends. Source: Sweco. 

 

Figure 4.1-8 Speed of the pumps KB11-PK101 and KB01-PK106: yearly trends. Source: Sweco. 

During winter, the coils of the air handling units do not give any contribution to cool down the supply 

air, so it is possible to consider negligible the heat transfer occurring through the heat exchanger 

KB11-VX101: in fact, as shown in Figure 4.1-8, the pumps triggering the heat exchange between the 

water and the brine flows are switched off. A considerable reduction also characterizes the heat 

transferred through KB21-VX101, in fact, as shown in Figure 4.1-9 and Figure 4.1-10, a comparison 

between the summer and the winter period shows that there is a drop in terms of pump speed and an 

increase of the temperature of the chilled water. The two chillers KA101 and KA102, as already 

written before, are switched off, while a share of the returning water of the KB1 circuit is channelled 

to the heat exchanger KB1-VX101, where the heat is transferred to the main water loop.  
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Figure 4.1-9 Speed of the pumps KB21-PK101 and KB01-PK105: yearly trends. Source: Sweco. 

 

Figure 4.1-10 Data from the temperature sensor KB21-GT101: yearly trends. Source: Sweco. 

There is another important energy contribution during winter: the heat pump is connected to the 

boreholes branch circuit and, as a consequence, the brine returning from the main loop is partially 

channelled to the heat pump evaporator, which, in turn, draws the heat to be transferred to the heating 

devices. This configuration implies some important benefits:  

 the temperature of the returning brine, as shown in Figure 4.1-11, is higher than the 

temperature of the supply brine, thus enhancing the heat pump COP;  

 the heat transferred to the main loop through the KB21-VX101 and the KB1-VX101 units is 

partially recovered;  

 the brine leaving the heat pump evaporator is channeled to the boreholes by the three-way 

valve KB01-SV31 in order to cool them down, thus contributing, as shown in Figure 4.1-12, 

to achieve the energy balance that boreholes need in order to keep on working as expected. 

In fact, if the boreholes were used only as a heat sink, their temperature would gradually 

increase year by year to the detriment of their capacity to cover the cooling loads of the 

building. 
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Figure 4.1-11 Data from the temperature sensor KB01-WMM1: yearly trends. Source: Sweco. 

 

Figure 4.1-12 Heat pump cooling capacity: monthly values. Source: Sweco. 
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4.2 Cooling system operation: how is it controlled? 

A good design of the installed units is not enough to assure the proper performances of the whole 

HVAC system, even more so when its complexity is considerable. In fact, each unit can’t be 

considered as an independent component since the performance of the whole system basically 

depends on the mutual relationship among the components and the way they operate together or in 

sequence. For this reason, it worth analyzing how the whole cooling systems are controlled and which 

are the control specifications it is based on.  

The boreholes are connected to the main loop through a circuit where the brine always flows: in 

fact, the pump KB01-PK104:2 always operates under the control of the pressure difference sensor 

KB01-GP51. The three-way diverting valve KB01-SV32 is always in the open position, while the 

other one, the KB01-SV31, is closed when the pump KB01-PK104:2 operates: as consequence of 

this configuration, the brine always flows towards the boreholes. The last main component of this 

circuit is the pump KB01-PK103:2, which is switched on 60 seconds after the heat pump VS01-VP1 

starting.  

As for the chillers KA101 and KA102, they are controlled by the temperature sensor KB01-

GT410 that fixes the chilled brine temperature 1 °C below the KB11-GT101 setpoint, when the pump 

KB11-PK101 operates. If not, the reference setpoint is given by the temperature sensor KB21-

GT401. When the KB01-GT410 exceeds the setpoint, the first chiller starts, gradually increase the 

provided power and then stops when the goal is achieved. If one chiller is not enough, the other unit 

is turned on. Moreover, the role of first chiller is exchanged on alternate weeks. However, before the 

chiller KA101 starts operating, the valves KB01-SV901 (on the cold side) and KM11-SV901 (on the 

warm side) opens. After 60 seconds, the pumps KB01-PK102 and KM11-PK101 starts working at 

the set speed, while other 60 seconds are required for the chiller to be switched on. Although different 

devices are involved, the same rules characterize the chiller KA102 operation whereas the inverse 

control sequence occurs when the cooling loads drop.  

Something different happens in the KB1 circuit, where the pump KB1-PK107 in always on and, 

as a consequence, the valve KB1-SV901 is always open. In this circuit, the cooling capacity is 

provided either from the boreholes or from the chiller KA201, whose operation, as a consequence, 

stops the pump KB1-PK103. However, in both the cases, the adjustments to the temperature derive 

from the sensor KB1-GT401, whose signals regulate the power provided by the chiller or the speed 

of the pumps KB01-PK104 and KB1-PK103 (in this case, the setpoint temperature is obtained by 

modifying the flows), which can start operating only after the valve KB01-SV903 opening. When 

the chiller KA201 is switched on, the control sequence follows the same operating mode the other 

chillers are based on.  

The water circuits KB11 and KB21 are both controlled by temperature sensors, KB11-GT101 and 

KB21-GT101 respectively, which in turn are governed by the Ecopilot system, that computes in real 

time the setpoint. In particular, the pump KB11-PK101 starts if the outside temperature and the 

flowing water respectively exceed 14 °C and the setpoint defined by Ecopilot. In this case, the valve 

KB01-PK106 opens and then the pump KB01-PK106 in switched on, while the reverse control 

sequence occurs if at least one of the aforementioned conditions no longer exists. The same rules 
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regulate the KB21 devices operation, even though there are no constraints linked to outside 

temperature variation and the pump KB21-PK101 always operates. The pressure sensors KB11-

GP73 and KB21-GP71 maintain a constant pressure differential between the supply and the return 

pipes by modulating the speed of the pumps.  

Ecopilot is also responsible for computing the setpoint of the primary air supplied by the AHUs. 

In particular, as shown in Figure 4.2-1, the temperature sensor B340.2 sends a signal to a PI 

controller, which, in turn, adjusts the opening of the three-way valve Y360.1. Moreover, the 

regenerative heat exchanger operation relies on the dampers (“spjäll”) opening sequence alternation, 

which is clearly represented in Figure 2.3-2. 
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Figure 4.2-1 Detailed AHU scheme. Source: Sweco. 
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5 The preliminary analysis 

This step of the analysis is intended for the preliminary assessment of the chillers’ performances. 

Despite the simplified approach used, the results are still significant to identify possible points of 

weakness to be further investigated with the IDA ICE model. However, before presenting the applied 

method, it is worthwhile to outline some key aspects regarding and affecting the chiller operation. 

5.1 Refrigeration cycle 

5.1.1 Carnot refrigeration cycle 

The operation of a chiller has its theoretical basis in the Carnot refrigeration cycle [5]: the heat is 

removed from a low-temperature reservoir and rejected to a high-temperature one, while a certain 

amount of work is required to allow the process to occur. This cycle can be conveniently described 

on the T-S diagram (see Figure 5.1-1) where the following processes are highlighted: 

 1-2: reversible isentropic compression:  the surroundings do work on the fluid and compress 

it, thus increasing its pressure and temperature but reducing its volume. This process is 

assumed to be adiabatic, so it occurs without heat exchange; 

 2-3: isothermal compression: the heat is rejected to the high-temperature heat reservoir which 

is assumed to be big enough to avoid temperature variations;  

 3-4: reversible isentropic expansion: the fluid does work on the surroundings by expanding 

and thus reducing its temperature and pressure. The hypothesis of adiabatic process is valid 

again; 

 4-1: isothermal expansion: the fluid is brought in contact with the low-temperature reservoir, 

which does not undergo temperature variations. The heat is absorbed by the fluid. 

It is possible to evaluate the performances of the Carnot refrigeration cycle by taking into account 

the provided benefits, i.e. the heat extracted, and the amount of work required to obtain them. The 

meter of the cycle efficiency is defined coefficient of performance, which is given by: 

𝐶𝑂𝑃𝑅𝐸𝑉𝐸𝑅𝑆𝐸𝐷 𝐶𝐴𝑅𝑁𝑂𝑇 =
𝑄𝑙

𝑊𝑛𝑒𝑡
 

Where, according to the first law of thermodynamic: 

𝑊𝑛𝑒𝑡 = 𝑄ℎ − 𝑄𝑙 

And because of the lack of irreversibilities: 
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𝑄ℎ

𝑇ℎ
=

𝑄𝑙

𝑇𝑙
⇒ 𝑄ℎ =

𝑄𝑙 ∙ 𝑇ℎ

𝑇𝑙
 

The expression of the COP becomes (note that the temperatures are absolute): 

𝐶𝑂𝑃𝑅𝐸𝑉𝐸𝑅𝑆𝐸𝐷 𝐶𝐴𝑅𝑁𝑂𝑇 =
𝑄𝑙

𝑊𝑛𝑒𝑡
=

𝑄𝑙

𝑄ℎ − 𝑄𝑙
=

𝑇𝑙

𝑇ℎ − 𝑇𝑙
 

And represents the highest theoretical COP.  

Even though it is based on theoretical assumptions, the reversed Carnot cycle formula can be 

considered the first general rule to be followed in order to optimize the chiller performance. The 

lower is the value of the denominator, the highest is the COP, which implies that the temperature of 

the reservoir providing heat should be the highest possible, while the temperature of the reservoir 

absorbing heat should lowest possible [11]. 

 

Figure 5.1-1 Carnot refrigeration cycle. 

5.1.2 Rankine refrigeration cycle 

The first step towards the real cycle can be done by applying some modification to the 

aforementioned cycle. The theoretical refrigerating engine able to perform the reversed Carnot cycle 

could be a leak proof system constituted by a cylinder and a piston, able to be perfectly thermally 

insulated during the steps 1-2 and 3-4 and to convert to a perfect thermal conductor during the 

remaining phases. First of all, the described system itself is not able to trigger a proper heat exchange 

because the transfer surface is not optimized for that purpose. Therefore, two heat exchangers (the 

condenser on the warm side and the evaporator on the cold side) should be added to the system. 

Moreover, the hypothesis of isothermal process, valid for the steps 2-3 and 4-1, can be accepted only 

if the chosen fluid undergoes the heat exchange in the wet saturated vapor condition. For practical 

purposes, the step 3-4 can be realized through the use of an expansion valve, where the saturated 

liquid is throttled to low-pressure wet mixture. The throttling is an irreversible isenthalpic process 
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and, for this reason, the 3-4 process should be modified on the T-s diagram because it can’t be 

represented as a straight line. Finally, real compressors can’t operate with wet mixtures and, as a 

consequence, the fluid is forced to absorb heat until it reaches the saturated vapor condition [11]. The 

compression process is consequently translated to the right.  

 

Figure 5.1-2 Schematic representation of the chiller according to the Rankine refrigeration cycle. Source: Heating and 
cooling of buildings: design for efficiency. 

 

Figure 5.1-3 Rankine refrigeration cycle on the T-s diagram. Source: Cooling equipment (KTH educational material). 

After all of the aforementioned changes, the obtained operating system is more complex than the 

simplified one considered at the beginning. The new system, shown in Figure 5.1-22, is constituted 

by four parts, i.e. compressor, condenser, expansion valve and evaporator, which are the main 

devices of a real chiller. Moreover, the modifications affect also the representation of the cycle on 
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the T-s diagram as Figure 5.1-3 proves. In particular, the obtained vapor compression refrigeration 

cycle is better known as reversed Rankine cycle [5]. Although it is closer to the reality than the Carnot 

cycle, it is still defined ideal because it neglects:   

 Pressure drops; 

 Heat losses and gains; 

 Superheating and subcooling processes respectively in the evaporator and the condenser; 

 Compressor inefficiencies, which make the process not isentropic. 

 

Figure 5.1-4 Rankine refrigeration cycle on the p-h diagram. Source: Cooling equipment (KTH educational material). 

As shown in Figure 5.1-4, the Rankine cycle is made up of the following processes: 

 1-2: isentropic compression: the refrigerant is sucked into the compression chamber where 

the provided shaft work Ẇi raises the temperature and the pressure of the refrigerant, which 

reaches the thermodynamic state 2. This is necessary to trigger the heat rejection during the 

next step. The isentropic compression work is given by: 

𝑊𝑖 = ℎ1 − ℎ2 < 0 

 2-3: isobaric refrigerant desuperheating and condensation: from point 2 till the saturated-

vapor condition (the interception between the saturation curve and the process one), the 

refrigerant undergoes a temperature drop by releasing sensible heat. The remaining part of 

the process is characterized by a latent heat rejection causing the condensation of the 

refrigerant, which, as a consequence, moves from the saturated-vapor to the saturated-liquid 

condition (point 3). The rejected heat is given by: 

𝑄𝐻 = ℎ3 − ℎ2 < 0 
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 3-4: throttling in the expansion valve: after the heat rejection, the refrigerant is still 

characterized by a high temperature, but this condition has to be changed to allow the heat 

transfer during the next phase. For this reason, since in the saturation region (each 

thermodynamic state under the saturation curve) a variation of the pressure entails an equal 

variation of the temperature, the refrigerant is channelled through the expansion valve, which 

causes a pressure drop; 

 4-1: isobaric refrigerant evaporation: during this step, the refrigerant evaporates thus 

removing heat from the fluid flowing in the warm-side of the evaporator. The cooling effect 

associated to the chiller operation is a consequence of this phase and the heat transfer is 

proportional to the length of the horizontal line representing the process. The removed heat 

is given by: 

𝑄𝐿 = ℎ1 − ℎ4 > 0 

The refrigeration cycle performance can be evaluated by taking into account the heat removed by the 

chiller and the input power required by the compressor to operate. The relation between these two 

parameters is expressed by the coefficient of performance COP, which is usually used to assess the 

refrigeration cycle performance. The COP is therefore given by: 

𝐶𝑂𝑃𝑅𝐸𝑉𝐸𝑅𝑆𝐸𝐷 𝑅𝐴𝑁𝐾𝐼𝑁𝐸 =
𝑄𝐿

𝑊𝑖
=

ℎ1 − ℎ4

ℎ2 − ℎ1
 

5.1.3 Real refrigeration cycle 

The real refrigeration cycle can be obtained only if the neglected thermodynamics irreversibilities 

are taken into account. As shown in Figure 5.1-5, their effects are quite significant and, besides the 

pressure drops occurring in the pipes and the heat exchangers (note that, under the saturation curve, 

the lines are sloped instead of being horizontal), it is worthwhile to focus the attentions on the 

following relevant aspects [11]: 

 During the step 1-1’ the refrigerant undergoes a superheating process, necessary to obtain 

dry vapor and avoid damages due to the accidental presence of unwanted droplets in the 

compressor. If the vapor superheating occurs in the evaporator, an extra amount of heat is 

absorbed to reach the condition and this increases the cooling effect. On the other hand, there 

is a drawback: this process causes also the increase of the refrigerant specific volume which 

means that the compressor has to provide more work. 

 During the step 3-3’ the refrigerant undergoes a subcooling process which ensures that pure 

liquid is channelled to the expansion valve and, at the same time, has the benefit of reducing 

the enthalpy of the wet mixture flowing to the evaporator. The consequence is an increase of 

the cooling effect. 

The irreversibilities occurring during the compression move away the real curve from the 

isentropic one. So the end of the process is shifted from point 2’ to 2, characterized by a higher value 

of temperature: in fact, the irreversibilities cause a share of the compression work to be wasted in the 

form of heat, which is absorbed by the refrigerant. The consequence is its expansion, which has to 
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be compensated by a further addition of work. This fact negatively affects the COP, whose expression 

should be modified by adding the term of the isentropic efficiency, which measures how far is the 

real process from the ideal isentropic compression. The aforementioned modification can be 

expressed with the following formulas: 

𝜂𝐼𝑆𝐸𝑁𝑇𝑅𝑂𝑃𝐼𝐶 =
𝑊𝐼𝑆𝐸𝑁𝑇𝑅𝑂𝑃𝐼𝐶

𝑊𝐴𝐶𝑇𝑈𝐴𝐿
=

ℎ1′ − ℎ2′

ℎ1′ − ℎ2
< 1 

𝐶𝑂𝑃𝐴𝐶𝑇𝑈𝐴𝐿 =
𝑄𝐿 ∙ 𝜂𝐼𝑆𝐸𝑁𝑇𝑅𝑂𝑃𝐼𝐶

𝑊𝐼𝑆𝐸𝑁𝑇𝑅𝑂𝑃𝐼𝐶
< 𝐶𝑂𝑃𝑅𝐸𝑉𝐸𝑅𝑆𝐸𝐷 𝑅𝐴𝑁𝐾𝐼𝑁𝐸 

In the actual vapor compression refrigeration cycle, it should be taken into account also the 

volumetric efficiency ηVOL which is the ratio between the actual volume flow rate of the inlet 

refrigerant and the displacement rate of the compressor. This aspect is particularly relevant for 

reciprocating compressors, where the compressed fluid is only partially expelled. However, the 

analysed chillers are equipped with screw compressors, which can achieve a higher volumetric 

efficiency because they are not affected by factors such as the re-expansion of the previously 

compressed fluid or the pressure drops occurring in the valves. 

 

Figure 5.1-5 Real refrigeration cycle. Source: Heating and cooling of buildings: design for efficiency. 

5.2 Cooling capacity modulation at part-load conditions 

The cooling plant is designed and sized to face a certain peak capacity, but, during the real operation, 

that condition is rarely reached and, as a consequence, all the elements belonging to the plant have 

to automatically undergo specific adjustments in response to the reduced cooling loads whenever 
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they change [5]. All of the aforementioned modifications contribute to define the overall operation 

at part load. But before analysing the latter problem, it is important to understand which parts play 

an active role during the partialization and how the capacity control is handled. 

 

Figure 5.2-1 Screw compressor cutaway. Source: Screw compressors: misconception or reality.  

The chillers installed in the Sweco plant are equipped with screw compressors, whose typical 

cutaway is shown in Figure 5.2-1. The key components are a two meshing helical lobed rotors 

contained in a casing, provided with a refrigerant intake manifold on the top and an outlet one on the 

bottom [12]. As illustrated in Figure 5.2-2a, while the rotation proceeds, the convex lobe on the male 

rotor separates from the groove on the female one thus creating a volume of increasing size which 

can be filled with the refrigerant flowing from the intake manifold. The suction process continues 

until the space defined by the thread pitch is exposed to suction port: once its edge is passed by, the 

refrigerant gets trapped between the grooves and the casing wall (see Figure 5.2-2b). The rotating 

rotors transport the volume to the discharge side, where the convex lobe and the concave one remesh 

thus shrinking the volume and compressing the refrigerant. Finally, the discharge port is reached and 

the compressed refrigerant is expelled (see Figure 5.2-2c).  
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Figure 5.2-2 Compression process. (a) Beginning of the suction, (b) end of the suction, (c) discharge. Source: Screw 

compressors: misconception or reality. 

The control systems commonly used to modulate the screw compressor capacity in response to the 

cooling load variation are either a sliding valve or a variable-speed drive [13].  

In the first case, the valve, located below the rotors and moved back and forth by a hydraulic 

piston, opens an internal recirculation port and changes the location of the discharge port. The 

recirculation port allows the trapped refrigerant to partially flow back to the suction port, thus 

reducing the suction volume and delaying the starting point of the compression. The latter, in fact, 

can’t begin until the refrigerant volume gets trapped again. The position of the discharge port is also 
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controlled in order to adjust the discharge volume of refrigerant thus avoiding under-compression or 

over-compression phenomena, which both translate to wasted work. The effects produced by the 

valve position on the cooling capacity are shown in Figure 5.2-3: the relationship between the two 

parameters is clearly non-linear and, as a consequence, even a small valve translation causes a 

significant drop of the cooling capacity. The specific relationship (i.e. how they affect each other) 

between the two parameters depends on the compressor design, but the non-linearity still remains.  

 

Figure 5.2-3 Relationship between slide valve position and capacity of a screw compressor. Source: Sequencing & 
control of compressors. 

 

Figure 5.2-4 Relationship between speed and capacity of a screw compressor. Source: Sequencing & control of 
compressors. 

The amount of refrigerant drawn into the compressor can be also modulated by varying the shaft 

speed of the main rotor: the highest the speed, the highest the volumetric flow rate of refrigerant. 

This is the principle the variable-speed drive is based on and, as pointed out in Figure 5.2-4, there is 



Energy retrofit of an office building in Stockholm 

Pierpaolo Maggiore 

 

57 

a direct proportionality relationship between the compressor speed and the capacity. Moreover, the 

curve stops at 20% of full speed since every screw compressor is characterized by a specific speed 

threshold which can be bypassed by adding a slide valve if control is required also at lower part load 

ratios. The speed modifications are performed by means of VFDs (Variable Frequency Drives), 

which are devices able to control the speed of an alternating current motor by adjusting the frequency 

and the voltage power needed by the motor itself to operate. Between the two capacity control 

methods, the variable-speed drive is the one that guarantees less power penalties at part loads. In fact, 

Figure 5.2-5, whose graphs are valid for the same screw compressor performing a single-stage 

compression process, demonstrates the difference in terms of efficiency (expressed as the horsepower 

to tons of refrigeration ratio) between the described methods and confirms the previous statement. It 

is important to highlight that, although the shown graph is representative for the general trend, the 

specific performances are affected by many factors such as the compressor design and size but also 

the suction to discharge pressure ratio. The chillers installed by Sweco relies are equipped with a 

variable speed compressor. 

 

Figure 5.2-5 Comparison between slide valve and variable-speed controls. Source: Sequencing & control of 
compressors. 

There is another key element that each chiller needs in order to allow the automatic and dynamic 

adjustment in response to the variable thermal loads: the thermostatic expansion valve [11]. This 

device has two main tasks: 

 Adjusting the pressure of the liquid refrigerant coming from the condenser to the pressure in 

the evaporator; 

 Regulate the refrigerant flow rate so that a complete evaporation plus a certain degree of 

superheating can be always accomplished, regardless the thermal load variations. 
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Figure 5.2-6 Schematic representation of the thermostatic valve. Source: Condizionamento dell’aria e refrigerazione – 

teoria e calcolo degli impianti. 

In particular, the second goal is achieved thanks to the variation of the equilibrium between three 

forces, as shown in Figure 5.2-6. The entering refrigerant exerts a pressure p2 on the lower surface 

of the valve diaphragm and its action adds to the spring force (corresponding to an equivalent 

pressure of p3): the overall effect tends to close the valve. The opposite action is provided by the 

pressure p1 exerted on the upper surface of the valve diaphragm by the fluid contained in the thermal 

bulb. This device is filled with the same refrigerant type used in the system and installed on the 

suction line. In this way, the thermodynamic conditions of the refrigerant inside the bulb are the same 

of the superheat vapor leaving the evaporator. As a consequence, the extent of the superheating 

process affects the valve opening degree and the selected spring determines the minimum amount of 

superheat required to open the valve. So, if the cooling loads drop, the amount of heat transferred to 

the refrigerant decreases and therefore the same happens to the superheating process: the valve moves 

towards the closing position and the refrigerant flow rate diminishes. If the pressure drop occurring 

in the evaporator is considerable, the design of the thermostatic expansion valve has to be changed 

in order to limit the superheating process. Without any modifications, in fact, the temperature 

perceived by the thermal bulb would be lower than the expected one and, as a consequence, the force 

exerted on diaphragm would drop thus reducing the refrigerant flow rate. Less mass flow rate with 

the same cooling load translates to a higher degree of superheat. 

The other two main parts constituting the chiller are the evaporator and the condenser, which are 

both heat exchangers, i.e. devices allowing the heat exchange between two fluids separated by a solid 

wall preventing mixing. The occurring heat transfer can be split into three steps [14]: 

 Convective heat transfer between the hot fluid and the wall surface the fluid is in contact 

with;  
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 Conductive heat transfer through the separating wall; 

 Convective heat transfer between the cold fluid and the wall surface the fluid is in contact 

with. 

The counterflow design is usually preferred to the parallel-flow one because it guarantees a better 

effectiveness, but further improvements can be obtained by maximizing the heat exchange surface 

area for example.  

The previously described control methods affect the rate of heat transfer occurring within the 

evaporator and the condenser. However, besides these adjustments performed within the chiller, there 

are further strategies to tune the capacity indirectly, i.e. by means of devices belonging to the loops 

connected to chiller. This aspect is important especially for the condenser: in this case, the 

aforementioned devices are represented by the heat rejecting equipment. The systems commonly 

used to reject the heat to the outside air are the following ones [5]: 

 Mechanical draft cooling towers5: the warm water coming from the condenser is forced to 

cross the nozzles, thereby creating a down-flowing droplet cascade. The installed fans draw 

the outside air and pull it up against the droplet stream, which is cooled down mainly because 

of the heat absorbed by the evaporation process involving a portion of the liquid. The 

remaining part is collected in a basin from which the liquid is pumped to condenser and the 

cycle starts again. The fans’ arrangement permits to distinguish between the forced draft 

towers. Unlike the first type, the latter avoids the outlet humid air from flowing back into the 

air intake thanks to the higher exit velocities and reduces the risk of fan freezing since the 

fans are located where the airflow is warmer. The theoretical minimum temperature that can 

be reached by the leaving cold water is represented by the wet-bulb temperature of the inlet 

air.  

 Dry coolers: they work like common air-cooled heat exchangers. The warm water (or brine) 

coming from the condenser is channelled into finned tubes releasing the heat absorbed from 

the flowing liquid to the surrounding air. This one is forced over the exterior surface of the 

finned tubes by the installed fans in order to enhance the convection heat transfer. Compared 

to the cooling towers, these heat rejection systems need less maintenance (for example, 

fouling problems due to the minerals contained by water), but cause higher condensing 

temperature because the driving potential the dry coolers rely on is represented by the dry-

bulb temperature. Higher condensing temperatures translate to high condensing pressures 

that compressors can achieve only increasing the energy consumption. This problem is 

obviously attenuated in cold climates and this is probably the reason why the Sweco plant is 

equipped with these kind of systems.  

 Evaporative coolers: they can be considered as enhanced dry coolers since the heat rejection 

performances are improved by wetting the external surface of the finned tubes with purified 

water. 

                                                      
5 Atmospheric cooling towers also exist but they are not taken into account since they are rarely used. In fact, 

they are quite ineffective in rejecting heat compared to the other described systems.  
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As for the capacity control, the analysis will be focused on the strategies applied to the dry-coolers 

(the equipment installed in the Sweco plant), even though the methods used to control the different 

types of systems are similar or even equal sometimes. The key parameters for the required 

adjustments should be searched among the terms of the equation6 defining the maximum possible 

rate of heat transfer occurring in a heat exchanger, which occurs when the fluid characterized by the 

minimum capacitance rate CMIN undergoes the maximum possible temperature lift ΔTMAX [15], that 

is: 

𝑄𝑀𝐴𝑋 = 𝐶𝑀𝐼𝑁 ∙ ∆𝑇𝑀𝐴𝑋 = (𝑐𝑃 ∙ ṁ)𝑀𝐼𝑁 ∙ (𝑇𝐻𝑂𝑇,𝐼𝑁 − 𝑇𝐶𝑂𝐿𝐷,𝐼𝑁) 

Where: 

Q: maximum possible rate of heat transfer [W] 

cP: specific heat of the fluid [J/(kg K)] 

ṁ: mass flow rate of the fluid [kg/s] 

THOT,IN: temperature of the hot fluid entering the heat exchanger [K] 

TCOLD,IN: temperature of the cold fluid entering the heat exchanger [K] 

So the parameters that can be adjusted in response to the variation of the thermal loads are the mass 

flow rate and the temperature difference. Since the TCOLD,IN depends on the climate conditions and 

the THOT,IN depends on the amount of heat to be rejected, all the adjustments are usually performed 

by changing the mass flow rate. In particular, the most common methods to regulate the air flow rate 

are the following ones [5]: 

 Fan speed variation: when multiple cell units are required to face the cooling loads, it is 

recommended to turn on as many cells as needed on the lowest speed and avoid uneven fan 

operation in terms of speed.  

 Damper position variation: it is less effective than the previous method, also in terms of 

energy consumption. 

A correct control of the heat rejected allows the chiller to work properly. In fact, an excessive 

subcooling and a too low condensing temperature can jeopardize the expansion valve and the 

compressor operation respectively. In the first case, the risk is represented by a partial expansion of 

the refrigerant, while in the latter, although the reduction of the condensing temperature enhances 

the chiller efficiency, there is a minimum value that can’t be overcome.  

5.3 Chiller performance prediction models  

Any analysis aiming at benchmarking the real performances of a chiller has to take into account the 

effects of the forenamed control systems. Design values lead to an evaluation which is inevitably not 

representative of the operating conditions because referred to the peak loads. Similar problems arise 

                                                      
6 It derives from the steady-state energy equation (also known as the open-system first law). The steady-state 

condition, according to which all the properties at any point within the control volume do not vary with time, 

is suitable to describe many phenomena involving the HVAC systems. In fact, during their operation there is 

a negligible variation of the properties with time, except for the starting and the turning off processes.   
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when the analysis is carried out by using data at rated conditions, i.e. data provided by the 

manufacturer and obtained under specific test conditions. So, the combined effect of the system 

adjustments and the penalties occurring at off-design conditions can be more correctly evaluated at 

part load conditions.  

From a practical point of view, the chillers’ real performances can be evaluated by using specific 

prediction models.  

5.3.1 The detailed prediction model 

The detailed prediction model [16] is based on the three following parameters: 

 The Capacity as a Function of Temperature CAPFT: it adjusts the available capacity as a 

function of the evaporator and the condenser operating temperatures7. The CAPFT equation 

is given by: 

𝐶𝐴𝑃𝐹𝑇 = 𝑎0 + (𝑎1 ∙ 𝑇𝐶𝐻𝑊𝑆) + (𝑎2 ∙ 𝑇𝐶𝐻𝑊𝑆
2 ) + (𝑎3 ∙ 𝑇𝐶𝑊𝑅) + (𝑎4 ∙ 𝑇𝐶𝑊𝑅

2 )

+ (𝑎5 ∙ 𝑇𝐶𝐻𝑊𝑆 ∙ 𝑇𝐶𝑊𝑅) 

Where: 

a0, a1, a2, a3, a4, a5: regression coefficients 

TCHWS: chilled water supply temperature 

TCWR: condenser water return temperature 

The temperature values should be recorded in order to have a set of measures describing the 

whole range of operating conditions. On the other hand, the coefficients should be 

determined by using the least squares linear regression method. In particular, the latter 

problem can be solved by using the full-load conditions measured data set since, in those 

conditions, it is allowed to write: 

𝑄𝐴𝐶𝑇𝑈𝐴𝐿

𝑄𝑅𝐸𝐹 𝑗

= 𝑎0 + (𝑎1 ∙ 𝑇𝐶𝐻𝑊𝑆,𝑗) + (𝑎2 ∙ 𝑇𝐶𝐻𝑊𝑆,𝑗
2 ) + (𝑎3 ∙ 𝑇𝐶𝑊𝑅,𝑗) + (𝑎4 ∙ 𝑇𝐶𝑊𝑅,𝑗

2 )

+ (𝑎5 ∙ 𝑇𝐶𝐻𝑊𝑆,𝑗 ∙ 𝑇𝐶𝑊𝑅,𝑗) 

Where: 

QACTUAL: measured actual cooling load 

QREF: cooling load at design conditions (used as a reference value) 

j: j-th record in the full-load data set  

The previous equation can be demonstrated by referring to the definition of the part load 

ratio PLR: 

𝑃𝐿𝑅 =
𝑄𝐴𝐶𝑇𝑈𝐴𝐿

𝑄𝐴𝑉𝐴𝐼𝐿𝐴𝐵𝐿𝐸
=

𝑄𝐴𝐶𝑇𝑈𝐴𝐿

𝑄𝑅𝐸𝐹 ∙ 𝐶𝐴𝑃𝐹𝑇
 

                                                      
7 The described method uses the chilled water supply and the condenser water supply temperatures as proxies 

for the evaporator and condenser temperatures respectively. 
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However, at full-load: 

𝑃𝐿𝑅 = 1 ⇒ 𝐶𝐴𝑃𝐹𝑇𝐹𝑈𝐿𝐿−𝐿𝑂𝐴𝐷 =
𝑄𝐴𝐶𝑇𝑈𝐴𝐿

𝑄𝑅𝐸𝐹
 

After identifying the coefficients, they should be used to compute the CAPFT for the whole 

set of recorded measures, both at full-load and part-load. In this way, the curve is finally 

defined.  

 The Energy Input Ratio as a Function of Temperature EIRFT: it adjusts the chiller full-load 

efficiency as a function of the evaporator and the condenser operating temperatures. The 

EIRFT equation is given by: 

𝐸𝐼𝑅𝐹𝑇 = 𝑏0 + (𝑏1 ∙ 𝑇𝐶𝐻𝑊𝑆) + (𝑏2 ∙ 𝑇𝐶𝐻𝑊𝑆
2 ) + (𝑏3 ∙ 𝑇𝐶𝑊𝑅) + (𝑏4 ∙ 𝑇𝐶𝑊𝑅

2 )

+ (𝑏5 ∙ 𝑇𝐶𝐻𝑊𝑆 ∙ 𝑇𝐶𝑊𝑅) 

Where: 

b0, b1, b2, b3, b4, b5: regression coefficients 

TCHWS: chilled water supply temperature 

TCWR: condenser water return temperature 

The procedure to be followed is equal to the one applied to compute the CAPFT curve. So, 

at first, it is necessary to compute the EIRFT at full-load, which is given by: 

𝐸𝐼𝑅𝐹𝑇𝐹𝑈𝐿𝐿−𝐿𝑂𝐴𝐷 =
𝑊𝐴𝐶𝑇𝑈𝐴𝐿

𝑊𝑅𝐸𝐹 ∙ 𝐶𝐴𝑃𝐹𝑇𝐹𝑈𝐿𝐿−𝐿𝑂𝐴𝐷
=

𝑊𝐴𝐶𝑇𝑈𝐴𝐿
𝑄𝐴𝐶𝑇𝑈𝐴𝐿

⁄

𝑊𝑅𝐸𝐹
𝑄𝑅𝐸𝐹

⁄
 

Where: 

WACTUAL: measured actual input power 

WREF: input power at design conditions (used as a reference value) 

Then the least squares linear regression method should be applied to the full-load conditions 

data set in order to get the regression coefficients from the following equation:  

𝑊𝐴𝐶𝑇𝑈𝐴𝐿
𝑄𝐴𝐶𝑇𝑈𝐴𝐿

𝑊𝑅𝐸𝐹
𝑄𝑅𝐸𝐹 𝑗

= 𝑏0 + (𝑏1 ∙ 𝑇𝐶𝐻𝑊𝑆,𝑗) + (𝑏2 ∙ 𝑇𝐶𝐻𝑊𝑆,𝑗
2 ) + (𝑏3 ∙ 𝑇𝐶𝑊𝑆,𝑗) + (𝑏4 ∙ 𝑇𝐶𝑊𝑆,𝑗

2 )

+ (𝑏5 ∙ 𝑇𝐶𝐻𝑊𝑆,𝑗 ∙ 𝑇𝐶𝑊𝑆,𝑗) 

Where j is the j-th record in the full-load data set. 

Once the coefficients are computed, they should be used to define the EIRFT curve with the 

same procedure adopted for the CAPFT one. 

 The Energy Input Ratio as a Function of part-load ratio EIRFPLR: it adjusts the chiller part-

load efficiency as a function of the part-load ratio. The EIRFPLR equation is given by: 
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𝐸𝐼𝑅𝐹𝑃𝐿𝑅 = 𝑐0 + (𝑐1 ∙ 𝑇𝐶𝑊𝑅) + (𝑐2 ∙ 𝑇𝐶𝑊𝑅
2 ) + (𝑐3 ∙ 𝑃𝐿𝑅) + (𝑐4 ∙ 𝑃𝐿𝑅2) + (𝑐5 ∙ 𝑃𝐿𝑅3)

+ (𝑐6 ∙ 𝑇𝐶𝑊𝑅 ∙ 𝑃𝐿𝑅) 

Where: 

c0, c1, c2, c3, c4, c5, c6: regression coefficients 

TCWR: condenser water return temperature 

PLR: part-load ratio (already defined in the first item) 

In this case the procedure changes slightly since the interim values of EIRFPLR required to 

get the regression coefficients should be computed for each record of the whole dataset (so, 

both part-load and full-load conditions have to be considered). The interim values of 

EIRFPLR can be determined by using the following equation: 

𝐸𝐼𝑅𝐹𝑃𝐿𝑅𝐼𝑁𝑇𝐸𝑅𝐼𝑀 =
𝑊𝐴𝐶𝑇𝑈𝐴𝐿

𝑊𝑅𝐸𝐹 ∙ 𝐶𝐴𝑃𝐹𝑇 ∙ 𝐸𝐼𝑅𝐹𝑇
 

Moreover, it is necessary to compute also the PLR per each record of the whole data set.  

Then it is possible to determine the regression coefficients by solving with the least squares 

linear regression method the following equation: 

𝑊𝐴𝐶𝑇𝑈𝐴𝐿

𝑊𝑅𝐸𝐹 ∙ 𝐶𝐴𝑃𝐹𝑇 ∙ 𝐸𝐼𝑅𝐹𝑇𝑘

= 𝑐0 + (𝑐1 ∙ 𝑇𝐶𝑊𝑅,𝑘) + (𝑐2 ∙ 𝑇𝐶𝑊𝑅,𝑘
2 ) + (𝑐3 ∙ 𝑃𝐿𝑅𝑘) + (𝑐4 ∙ 𝑃𝐿𝑅𝑘

2)

+ (𝑐5 ∙ 𝑃𝐿𝑅𝑘
3) + (𝑐6 ∙ 𝑇𝐶𝑊𝑅,𝑘 ∙ 𝑃𝐿𝑅𝑘) 

Where k is the k-th record in the whole data set.  

After computing the coefficients, they should be used to compute the definitive values of 

EIRFPLR, one per each record. This will provide the EIRFPLR curve. 

The quality of the regression outputs is then tested by using the coefficient of variation of the root 

mean squared error CVRMSE and the mean bias error MBE. The former is an indicator of the data 

scatter defining the independent variables’ suitability to predict the value of the dependent variable, 

while the latter is an indicator of the bias error in the model (i.e. if MBE>0 then the model tends to 

overpredict the independent variable, while MBE<0 translates to underprediction). They can be 

evaluated with the following formulas: 

𝐶𝑉𝑅𝑀𝑆𝐸 =
√

∑ (𝑊𝑃𝑅𝐸𝐷𝐼𝐶𝑇𝐸𝐷,𝑘 − 𝑊𝐴𝐶𝑇𝑈𝐴𝐿,𝑘)2𝑛
𝑘=1

𝑛
∑ (𝑊𝐴𝐶𝑇𝑈𝐴𝐿,𝑘)2𝑛

𝑘=1

𝑛

 

𝑀𝐵𝐸 =

∑ (𝑊𝑃𝑅𝐸𝐷𝐼𝐶𝑇𝐸𝐷,𝑘 − 𝑊𝐴𝐶𝑇𝑈𝐴𝐿,𝑘)𝑛
𝑘=1

𝑛
∑ (𝑊𝐴𝐶𝑇𝑈𝐴𝐿,𝑘)𝑛

𝑘=1

𝑛

 

Where: 

k: k-th record 
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n: total amount of records 

WPREDICTED,k: k-th independent variable (in this case, the input power) estimated by using the 

regression coefficients 

WACTUAL,k: k-th measured value of the independent variable 

The three curves allow to predict the input power required by the chiller during operation, because: 

𝑊𝑃𝑅𝐸𝐷𝐼𝐶𝑇𝐸𝐷 = 𝑊𝑅𝐸𝐹 ∙ 𝐶𝐴𝑃𝐹𝑇(𝑇𝐶𝐻𝑊𝑆, 𝑇𝐶𝑊𝑅) ∙ 𝐸𝐼𝑅𝐹𝑇(𝑇𝐶𝐻𝑊𝑆, 𝑇𝐶𝑊𝑅)

∙ 𝐸𝐼𝑅𝐹𝑃𝐿𝑅(𝑄𝐴𝐶𝑇𝑈𝐴𝐿 , 𝑇𝐶𝐻𝑊𝑆, 𝑇𝐶𝑊𝑅) 

Therefore, it is possible to plot the curve representing the performances of the analysed chiller. On 

the x-axis there are the PLR values from 0 to 1, while on the y-axis there are the COP(PLR) values, 

which are given by: 

𝐶𝑂𝑃𝑃𝐿𝑅 =
𝑄𝐴𝐶𝑇𝑈𝐴𝐿

𝑊𝐴𝐶𝑇𝑈𝐴𝐿
 

Chiller performances can be accurately modelled with the presented detailed method only if enough 

input data covering the entire range of the chiller operation are available. Results can be considered 

reliable only if there are at least 10 data set for full-load conditions as well as for the part-load ones. 

Of course, that is the minimum requirement to avoid inaccurate results, but it would be preferable to 

double the number of required data. Since getting these data is costly in terms of time and work, 

manufacturers usually provide them when a potential sale is probable [17]. As consequence, 

sometimes it can be hard to obtain all the required data necessary to perform a reliable analysis.  

5.3.2 The simplified prediction model 

When available data are not enough to carry out the accurate method, it is still possible to check 

chillers’ performances by resorting to a simplified prediction model [5] which, however, has a limit 

that makes the assessment not totally representative of the actual operation. In fact, the effects 

depending on the temperature lift are not taken into account: the input power is therefore determined 

only as a function of the PLR while the condenser and evaporator temperatures are assumed constant. 

Despite the limits deriving from the simplifications, it can be still considered useful as a preliminary 

evaluation aiming at outlining the performances at part-load and identifying possible aberrations to 

be further investigated. The simplified analysis should be started by computing the PLR, given by: 

𝑃𝐿𝑅 =
𝑄𝐴𝐶𝑇𝑈𝐴𝐿

𝑄𝑅𝐴𝑇𝐸𝐷 𝐹𝑈𝐿𝐿
 

In this case, the PLR definition is slightly different from the one provided for the comprehensive 

approach. In fact, the actual cooling load should be divided by the rated full-load capacity (i.e. the 

full-load capacity evaluated by the manufacturer under specific test conditions), which replaces the 

available capacity (i.e. the maximum recorded capacity or design capacity adjusted by the CAPFT 

factor). The actual input power can be then predicted by using the following equation: 
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𝑊𝑃𝑅𝐸𝐷𝐼𝐶𝑇𝐸𝐷 =
𝑄𝑅𝐴𝑇𝐸𝐷 𝐹𝑈𝐿𝐿

𝐶𝑂𝑃𝑅𝐴𝑇𝐸𝐷 𝐹𝑈𝐿𝐿

(𝐴 + 𝐵 ∙ 𝑃𝐿𝑅 + 𝐶 ∙ 𝑃𝐿𝑅2)

= 𝑊𝑅𝐴𝑇𝐸𝐷 𝐹𝑈𝐿𝐿(𝐴 + 𝐵 ∙ 𝑃𝐿𝑅 + 𝐶 ∙ 𝑃𝐿𝑅2) 

Where A, B, C are regression coefficients that have to be determined and assessed by using the same 

procedure described for the comprehensive method. Finally, the performances curve of the chiller at 

part-load conditions can be defined by using the following equation: 

𝐶𝑂𝑃𝑃𝐿𝑅 =
𝑄𝐴𝐶𝑇𝑈𝐴𝐿

𝑊𝑃𝑅𝐸𝐷𝐼𝐶𝑇𝐸𝐷
=

𝑄𝐴𝐶𝑇𝑈𝐴𝐿

𝑄𝑅𝐴𝑇𝐸𝐷 𝐹𝑈𝐿𝐿
𝐶𝑂𝑃𝑅𝐴𝑇𝐸𝐷 𝐹𝑈𝐿𝐿

(𝐴 + 𝐵 ∙ 𝑃𝐿𝑅 + 𝐶 ∙ 𝑃𝐿𝑅2)
=

𝐶𝑂𝑃𝑅𝐴𝑇𝐸𝐷 𝐹𝑈𝐿𝐿 ∙ 𝑃𝐿𝑅

(𝐴 + 𝐵 ∙ 𝑃𝐿𝑅 + 𝐶 ∙ 𝑃𝐿𝑅2)
 

5.4 Simplified prediction model applied to the case study 

In this project, the simplified approach has been adopted to carry out the preliminary analysis, which 

has been focused on two chillers8: 

 AQS/CLIMAVENETA FOCS2/W/D2701/CAE, identified as KA101 and KA102 on the plant 

blueprint; 

 AQS/CLIMAVENETA FOCS2/W/D4202/CA, identified as KA201. 

Since provided datasheet did not contain enough data to compute regression coefficients per each 

chiller, those reported in Table 5.4-1 have been adopted to firstly define chillers’ performance curve.  

Therefore, the COPPLR has been computed per each PLR value from 0 to 1 by using the following 

equation: 

𝐶𝑂𝑃𝑃𝐿𝑅 =
𝐶𝑂𝑃𝑅𝐴𝑇𝐸𝐷 𝐹𝑈𝐿𝐿 ∙ 𝑃𝐿𝑅

(𝐴 + 𝐵 ∙ 𝑃𝐿𝑅 + 𝐶 ∙ 𝑃𝐿𝑅2)
, 𝑤𝑖𝑡ℎ 𝑃𝐿𝑅 = 0, 0,1, 0,2, … ,1 

Table 5.4-2 reports useful data referred to the chillers. 

Then, measurements of daily PLR values, referred to the period from the 1st June 2015 and the 

31st August 2015, have been collected in order to compute the actual COPPLR by using the 

aforementioned equation, to be filled, in this case, with the measured PLR values. It is important to 

point out that PLR values < 10% have been considered equal to 0 because the model is inaccurate in 

that range. The last step has been the calculation of the mean actual COPPLR per each chiller: the 

comparison of that value with the chiller curve has permitted to evaluate the average performance 

during summer 2015 (see Appendix A). 

Moreover, it has been provided an example for the calculation of the regression coefficients 

referred to chillers KA101/KA102. Even though manufacturer datasheet refers to the same product, 

technical specifications are slightly different because they regard a more recent product addressed to 

the Italian market.  

The reference equation9 reported below: 

                                                      
8 The cooling plant consists of three chillers, but two of them are the same product. 
9 Note that WRATED, PART-LOAD and WRATED, FULL-LOAD are input power values at rated conditions provided by 

the manufacturer. 
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𝑊𝑅𝐴𝑇𝐸𝐷,𝑃𝐴𝑅𝑇−𝐿𝑂𝐴𝐷

𝑊𝑅𝐴𝑇𝐸𝐷,𝐹𝑈𝐿𝐿−𝐿𝑂𝐴𝐷
= 𝐴 + 𝐵 ∙ 𝑃𝐿𝑅 + 𝐶 ∙ 𝑃𝐿𝑅2 

Has led to resort to the following quadratic regression model: 

𝑌 = 𝐴 + 𝐵 ∙ 𝑋 + 𝐶 ∙ 𝑋2 

Then, provided data have been used to compute the dependent variable, Y, and the independent ones, 

X and X2. Finally, the computed input values have been processed by using Excel regression tool, 

tested with the CVRMSE and MBE indicators and used to compute the chiller performance curve. 

All data necessary to accomplish the analysis are reported in the Appendix B. 

Table 5.4-1 Part-load coefficients. Source: Heating and cooling of buildings: design for efficiency. 

A [-] B [-] C [-] 

0,160 0,316 0,519 

 

Table 5.4-2 Chillers’ technical data.  

QFULL,KA101  
[kW] 

COPFULL,KA101  
[-] 

WFULL,KA101 

[kW] 

750,900 4,6 163,239 

QFULL,KA201  
[kW] 

COPFULL,KA201  
[-] 

WFULL,KA201 

[kW] 

956,800 3,7 260,000 
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6 The advanced analysis 

The creation of an IDA ICE model able to represent the real situation is a mandatory step whenever 

the final purpose of the energy performance assessment is to provide alternatives leading to further 

improvements. However, it is inconceivable to perform a detailed analysis by just defining the object 

under investigation. In fact, the cooling system operation is strictly connected to many other variables 

that characterize the building and that should be taken into account while creating the model. As a 

consequence, the range of the analysis enlarges. 

In this specific case, the model was not created from zero since Sweco provided the one used to 

perform the assessment for the Miljöklassad byggnad certification. However, before examining the 

modifications applied to align the simulation with the reality, it is worthwhile to describe the main 

characteristics and present the settings defining the behaviour of the provided model.  

6.1 The provided IDA ICE model 

6.1.1 Weather file 

The weather file is referred to Arlanda, an area located approximately 40 km north of Stockholm. 

The aforementioned data belong to the ASHRAE International Weather files for Energy Calculations 

IWEC) database.  

6.1.2 Zones 

The building has been divided in zones according to ventilation requirements and thermal loads. All 

the types of zones constituting the model are illustrated in Figure 6.1-1.  

6.1.3 Heat gains and ventilation requirements 

The main sources of heat gains are represented by occupants, lights and equipment, which have to 

be defined per each zone. The adopted values reflect the actual standards defined for the office 

buildings and are summarized in Figure 6.1-2. Moreover, each type of load is associated with the 

respective operation schedule, even though in this case there is only one profile, which is shown in 

Figure 6.1-3. 

As for the ventilation, even though the Sweco is equipped with a VAV system (except for the 

small premises), the model is configured as a CAV in order to provide a margin of safety in the 

calculations. For this reason, a fixed volume flow rate of supply and return air is defined for each 

zone according to data reported in Figure 6.1-4.  
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Figure 6.1-1 Zones. (a) ground floor, (b) first floor, (c) second floor, (d) third floor, (e) fourth floor, (f) high-rise part 
typical floor, (g) last floor. Source: Miljöklassning av Swecohuset – Indikatorer 1,2,3,10 och 11. 
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Figure 6.1-2 Heat gains and cooling requirements. Source: Miljöklassning av Swecohuset – Indikatorer 1,2,3,10 och 11. 

 

Figure 6.1-3 Heat gains schedule. Source: Miljöklassning av Swecohuset – Indikatorer 1,2,3,10 och 11. 

In general, the AHU provides 1,8 L/s per m2 on average and removes the same amount because the 

ventilation is assumed perfectly balanced. 

6.1.4 Building envelope  

The reader is referred to Sec. 2.3.1 concerning the envelope layers and the windows’ features. 

However, it important to report the input values used to define the thermal bridges and the 

airtightness. As for the first ones, IDA ICE provides default values associated with a scale ranging 

from “Good” to “Very poor” level: since the building was constructed in 1960 without any layer of 

insulation, the “Poor” level has been chosen in order to have a margin of safety.  

Figure 6.1-5 gives all the information about the thermal bridge settings. As for the airtightness, 

the input value is 0,8 L/s per m2 of enclosing area at 50 Pa of pressure difference. 
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Figure 6.1-4 Ventilation requirements. Source: Miljöklassning av Swecohuset – Indikatorer 1,2,3,10 och 11. 

 

Figure 6.1-5 Thermal bridges configuration. Source: Miljöklassning av Swecohuset – Indikatorer 1,2,3,10 och 11. 
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6.1.5 Plant 

The model relies on the IDA ICE default plant, which is basically constituted by a boiler, an air 

cooled chiller and the respective schedules for their operation. Its structure is represented in Figure 

6.1-6, where the supply/return lines for the central ahu’s cooling coil and the room units are 

recognizable. The default chiller schedule is always on while the performances are defined by a fixed 

value of COP, equal to 1. 

 

Figure 6.1-6 Default standard plant. Source: Swecohuset 1450 pers IDA ICE model. 

6.1.6 Air handling unit  

The ahu is modelled by using the IDA ICE standard one. It is shown in Figure 6.1-7, where the 

following elements can be identified: 

 Two fans, one on the supply duct and the other on the return duct, with the respective 

schedules making the two devices operate only from 7:00 to 19:00 on weekdays; 

 Two coils to heat up and cool down the primary air. In this case, the heating coil is switched 

off (etaAir=0), while the cooling one is turned on and its efficiency, defined by the parameter 

etaAir, is assumed equal to 1. The cooling coil operation is determined by a setpoint 

controller based on the temperature profile reported in Figure 6.1-8; 

 A heat exchanger, configured with an efficiency equal to 91% corresponding to the nominal 

value provided by the manufacturer. It always operates according to the same setpoint profile 

controlling the cooling coil. 
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Figure 6.1-7 Default standard AHU. Source: Swecohuset 1450 pers IDA ICE model. 

 

Figure 6.1-8 Setpoint for supply air temperature control. Source: Swecohuset 1450 pers IDA ICE model. 

6.1.7 Room units 

In the model, the zones are not set up with specific terminal devices since the thermal loads are 

covered by ideal heaters and ideal coolers. IDA ICE offers the possibility of using the forenamed 

room units whenever there is no detailed information about terminal devices. Ideal room units are 

not connected to the central plant and do not have a physical location in the zone. Their operation is 

controlled by a PI controller whose controlled variable is the internal setpoint temperature. Finally, 

it is required to specify the coil temperature and the maximum capacity. As for the latter parameter, 

each value has been determined on the basis of data presented in Figure 6.1-2. 
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6.2 The refined IDA ICE model 

The provided model is very detailed as regards the envelope characteristics, the heat gains and the 

ventilation requirements. This is in contrast to the systems’ part, which mainly rely on the IDA ICE 

default settings. For this reason, it has been assumed that the former aspects did not require any 

further investigations and consequently all the modifications have been focused on the primary and 

the secondary systems. However, the outcomes of the simulation carried out after tuning the model, 

have highlighted the necessity to check the settings initially considered adequately detailed. In 

particular, since office building loads are generally strongly affected by the heat gains, these data 

have been revised with respect to the standard ISO/DIS 18523-1 [18]: therefore, a second tuning has 

been done and another set of simulated data have been obtained.   

6.2.1 Weather file 

The weather data used by Sweco has two limits. First of all, data are referred to an area which is 

around 40 km far from Stockholm. Moreover, the ASHRAE IWEC files derive from meteorological 

reports based on weather observations that has been carried out and recorded for several years [18]. 

For this reason, they can be considered general-purpose weather files in the building simulation field, 

but are less suitable when the final goal is the calibration of the model. These are the causes that has 

led to replace the existing file with another one containing climate information about the city of 

Stockholm referred to the year 2015 and provided by the Swedish Meteorological and Hydrological 

Institute (SMHI) [19].  

6.2.2 Internal gains and ventilation requirements 

The final results take into account the outcomes obtained from the simulation of two models, which 

have everything in common but the heat gains and the ventilations requirements. In particular, the 

first model has the original configuration, while in the second it has been redefined according to the 

standard ISO/DIS 18523-1, ANNEX D. The latter provides schedules and conditions characterizing 

different categories of spaces and zones that can be typically found in specific types of buildings. As 

for the offices, the adopted standard identifies 19 main categories, each of which is representative of 

a group of spaces/zones. However, the analysed building can be adequately described from a 

functional viewpoint by using the following categories: office room, meeting room, lavatory, tea 

room, corridor and lobby. Appendix C summarizes the information related to the aforementioned 

categories, useful to configure the model. Since each parameter can be quantified as a function of the 

floor area, expressed in m2, the first step has been done with the support of the building blueprints 

and considering the zone subdivision applied to the IDA ICE model. In fact, every zone 

characterizing the model has been identified on the blueprint and, within its boundary, it has been 

computed the share of floor area per each category of space. For instance, the total floor area of the 

IDA ICE zone named “Höghusdel våning 14” is 234,3 m2, which are split into 55,0800 m2 of meeting 

room, 4,2684 m2 of lavatory, 78,6200 m2 of corridor and 96,3316 m2 of lobby. This approach has 

permitted to calculate every contribution to the final value of each parameter. Moreover, the shares 
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of floor area have been used as weighting factors to define the final heat gains’ schedules. It is 

important to highlight that the standard requires also the use of the simultaneous usage ratio, applied 

to the heat gains calculation and defined, according to the standard ISO/DIS 18523-1, as the “ratio 

of the number of zones or spaces, which belong to a group of zones and spaces and are occupied or 

used at the time, to the total number of zones or spaces in the group. This concept is applied to a 

group of zones or spaces of the same category […]”. As a consequence, it reduces the value of the 

heat gains (except when it is equal to 100%). To clarify the procedure, an example of calculations 

regarding the “Höghusdel våning 14” is reported below: 

𝑉𝐴𝐼𝑅,𝐻Ö𝐺 𝑉Å𝑁 14 = ∑(𝑣𝐴𝐼𝑅,𝑘 ∙ 𝐴𝐹𝐿𝑂𝑂𝑅,𝑘)

𝑘

 

Where: 

VAIR, HÖG VÅN 14: total airflow rate characterizing the zone “Höghusdel våning 14” [m3/h] 

vAIR, k: airflow rate per m2 characterizing the k-th category of space/zone [m3/(hm2)] 

AFLOOR, k: floor area of the k-th category of space/zone [m2] 

𝑃𝐿𝐼𝐺𝐻𝑇,𝐻Ö𝐺 𝑉Å𝑁 14 = ∑(𝑝𝐿𝐼𝐺𝐻𝑇,𝑘 ∙ 𝐴𝐹𝐿𝑂𝑂𝑅,𝑘 ∙ 𝑓𝐿𝐼𝐺𝐻𝑇,𝑘)

𝑘

= ∑(𝑃𝐿𝐼𝐺𝐻𝑇,𝑘 ∙ 𝑓𝐿𝐼𝐺𝐻𝑇,𝑘)

𝑘

 

Where: 

PLIGHT, HÖG VÅN 14: total heat gain due to lighting characterizing the zone “Höghusdel våning 14” [W] 

pLIGHT, k: heat gain per m2 due to lighting characterizing the k-th category of space/zone [W/m2] 

AFLOOR, k: floor area of the k-th category of space/zone [m2] 

fLIGHT, k: simultaneous usage ration factor characterizing the k-th category of space/zone [%] 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒𝐿𝐼𝐺𝐻𝑇,12:00,𝐻Ö𝐺 𝑉Å𝑁 14 =
∑ (𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒𝐿𝐼𝐺𝐻𝑇,12:00,𝑘 ∙ 𝐴𝐹𝐿𝑂𝑂𝑅,𝑘)𝑘

∑ (𝐴𝐹𝐿𝑂𝑂𝑅,𝑘)𝑘
 

Where: 

PercentageLIGHT,12:00, HÖG VÅN 14: percentage of the heat gain due to lighting characterizing the zone 

“Höghusdel våning 14” at 12:00 %] 

PercentageLIGHT,12:00, k: percentage of the heat gain due to lighting characterizing the k-th category of 

space/zone at 12:00 [%] 

AFLOOR, k: floor area of the k-th category of space/zone [m2] 

The calculation of the heat loads due to occupants has required a conversion from W/m2 to MET 

because IDA ICE uses the rate of metabolic energy production per surface area of skin. The surface 

area of skin ranges from 1,5 to 2 m2 for an adult [5], but IDA ICE considers it equal to 1,8 m2. The 

equation used to carry out the conversion is presented below: 

𝑀 =
𝑝𝑂𝐶𝐶𝑈𝑃𝐴𝑁𝑇𝑆

𝜌𝑂𝐶𝐶𝑈𝑃𝐴𝑁𝑇𝑆 ∙ 1,8 ∙ 58,2
  

Where: 

M: metabolic rate [met or W/m2 of body surface] 

pOCCUPANTS: heat gain due to occupants [W/m2] 
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ρOCCUPANTS: occupancy density [person/ m2] 

1 met = 58,2 W/m2 of body surface 

All the calculated data are reported in the Appendix D. 

6.2.3 Plant 

This part of the model has been subjected to many modifications since the original one can’t be 

considered sufficiently representative of the real system, which is the final achievement the 

remodelling tends to. The structure of the adjusted primary cooling system is shown in Figure 6.2-1: 

starting from the left, it is possible to identify the boreholes, two small tanks collecting the supply 

and the return brine respectively, the chiller and the stratified tank for the chilled water addressed to 

the AHUs cooling coils and the chilled beams. Compared to the real plant, the model still presents 

some differences regarding the arrangement of the units, such as the connection between the chiller 

condenser and the boreholes, lacking elements, such as the dry coolers, but also additional elements, 

such as the brine reservoirs. The highlighted dissimilarities are mainly due to the complexity of the 

real system whose transposition leads to deal with model instabilities. So, simplifications have been 

applied whenever no other alternatives were available and IDA ICE default input values have been 

used whenever provided data were insufficient.  

 

Figure 6.2-1 Plant in the refined model. 
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6.2.3.1 Ground HX 

The Ground HX, i.e. the IDA ICE built-in model for boreholes, takes into account just one borehole 

and its interaction with the surrounding ground. A multiplier factor, in this case equal to 26, which 

is the number of the drilled holes, permits to overcome the numerical limit of the model. Moreover, 

this method leads to neglect thermal interactions occurring among boreholes over long periods and 

causing a drop of their capacity [21], but this is not a serious issue because the simulation has been 

run over a short time span. As shown in Figure 6.2-2, the active depth has been set equal to 280 m 

[22], while the other parameters, i.e. the hole radius RHOLE and the overall thermal resistance RB, 

have not been changed due to a lack of data. In particular, the overall thermal resistance is the result 

of many contributions as highlighted in Figure 6.2-3, which reveals the thermal networks method the 

dynamic modelling of heat transfer phenomena relies on. 

 

Figure 6.2-2 Boreholes settings in the refined model. 

It is worthwhile to outline the bases of the forenamed approach in order to provide the basic 

framework necessary to understand why the software requires certain input data, even though the 

IDA ICE computational model is more complex. Every system undergoing phenomena of heat 

exchange can be split into a certain number of parts characterized by a specific value of temperature 

and heat capacity. By applying the thermal networks method [5], each part becomes a node, while 

the  
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Figure 6.2-3 Borehole resistances in the refined model. 

respective connections are represented by thermal resistances. Therefore, the heat flow between two 

neighbouring nodes is given by: 

𝑄𝑛,𝑛−1 =
𝑇𝑛 − 𝑇𝑛−1

𝑅𝑛,𝑛−1
 

Where: 

Qn, n-1: rate of heat flow between the neighbouring nodes n and n-1 [W] 

Tn and Tn-1: temperature at each node [K] 

Rn, n-1: thermal resistance [K/W] 

According to the first law of thermodynamics and assuming constant the heat capacity Cn, the second 

term of the previous equation expresses also the rate of variation of the heat stored in node n, i.e.: 

𝐶𝑛Ṫ𝑛 =
𝑇𝑛 − 𝑇𝑛−1

𝑅𝑛,𝑛−1
 

Where Ṫn is the derivative of Tn. 

The described concepts are the bases necessary to approach the heat transfer problems related to the 

four main elements constituting the boreholes: ground, pipes, grout and liquid. As shown in Figure 

6.2-1, their physical properties have been configured in order to make the problem solvable. 

The ground properties were determined through the in-situ Thermal Response Test 10 performed 

in 2011. The key outcome is the thermal conductivity, which is the index of the ground performances 

in conducting heat and, in this case, is equal to 3,8 W/(mK) [23]. The specific heat capacity CPGRD 

and the density RHOGRD parameters have not been modified since specific values were not 

provided. Nevertheless, a comparison with other analyses carried out in Stockholm [24] allows to 

consider the default values rather representative.  

                                                      
10 A controlled heat source provides a constant amount of heat to the water pumped into a test borehole, 
for a certain period. The pumped water releases the heat to the ground and returns back to the starting 
point, where the cycle restarts. During the test, inlet and outlet temperatures of the flowing liquid are 
recorded and then used to estimate the thermal conductivity of the ground. 
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As for the pipes, PEM PE80 2x40x2,4 type [22] was chosen and this implies that each borehole 

is constituted by 0,0026 m thick U-pipes whose radius is equal to 0,016 m. Their specific heat 

capacity and thermal conductivity are unknown, but default values are typical for medium density 

polyethylene PEM based materials [24]. 

The grout has the important task of enhancing the heat exchange between pipes and ground: for 

this reason, the space between the aforementioned elements is backfilled with a material 

characterized by a high value of thermal conductivity. In the specific case, although there is no 

information about it, the shown physical properties refer to water since it is largely utilized as 

grouting material in Sweden [24].  

Finally, it has been required to enter data about the heat carrier liquid, which is an ethanol based 

water solution. In particular, the ethanol concentration is 29% of the total volume and the freezing 

point of this mixture has been computed by interpolating data reported in Table 6.2-1. The 

interpolation curve, shown in Figure 6.2-4, provides a freezing temperature of -14,5 °C. The thermal 

conductivity is approximately equal to 0,419 W/(mK) [26]. 

Table 6.2-1 Freezing point of ethanol based water solutions. Source: http://www.engineeringtoolbox.com/. 

Freezing Point of Ethanol based Water 
Solutions 

Concentration [%vol] Freezing point [°C] 

0 0 

10 -4 

20 -9 

30 -15 

40 -23 

50 -32 

60 -37 

70 -48 

80 -59 

90 -73 

100 -115 
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Figure 6.2-4 Freezing point of ethanol based water solution: data interpolation. 

6.2.3.2 Cold tanks 

Both the brine tanks and the chilled water one do not exist in the real plant as represented in the 

model, but they are necessary in order to provide stability to the simulation since they add a certain 

degree of thermal inertia to the whole system. In fact, as shown in Figure 6.2-5 and Figure 6.2-6, the 

chiller compressor hourly start up and operating time depend on the plant water content: the lower is 

the thermal inertia, the higher is the system instability because temperatures of the liquid within the 

circuits change too quickly.  

 

Figure 6.2-5 Effects of the plant water content on the compressor hourly start up. Source: Manuale d’ausilio alla 
progettazione termotecnica. 
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Figure 6.2-6 Effects of the plant water content on the system operating time. Source: Manuale d’ausilio alla 
progettazione termotecnica. 

The chilled water reservoir is stratified and this has allowed to define two setpoints, one for the water 

channelled to the AHUs and the other for the water addressed to the zones. Since in the real plant 

both the setpoints are continuously computed by Ecopilot (i.e. the installed system that collects data 

from sensors, processes them in real time and provides output signals optimizing the HVAC system 

performances) which is based on unknown algorithms, variable setpoints have been replaced by fixed 

ones, corresponding to the minimum temperatures among the ones measured in 2015. In particular, 

measures are referred to: 

 sensor KB11-GT101 for the water addressed to the AHUs; 

 sensor KB21-GT101 for the water addressed to the chilled beams. 

Figure 6.2-7 and Figure 4.1-10 show the yearly trend of the aforementioned temperatures, whose 

minima are equal to 13 °C and 18 °C respectively. These values are also the lower limits of the 

respective ranges of variation.  

 

Figure 6.2-7 Data from the temperature sensor KB11-GT101: yearly trends. Source: Sweco. 
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6.2.3.3 Chiller 

The chiller model has been defined by entering parameters at rated conditions: as a consequence, all 

the input data are those provided by the manufacturer [27]. Figure 6.2-8 and Figure 6.2-9 show data 

required by IDA ICE to create the chiller model. The total cooling capacity and EER values are 

referred to full-load conditions. The chosen compressor type is the screw one, but it is associated 

with part-load coefficients belonging to the IDA ICE database. Also the temperature differences 

between the fluids flowing within the evaporator, i.e. water and refrigerant HFC-134a, and the 

condenser, i.e. refrigerant HFC-134-a and brine, are default values since the refrigerant temperatures 

at rated conditions are unknown. On the contrary, the remaining parameters have been configured 

according manufacturer data. The chiller and the related pump operations are governed by a PI 

control, which constantly receives input signals from the temperature sensor located within the cold 

tank, compares them with the chilled water setpoint and calculates the outputs that correct the sensed 

imbalance by adjusting the chiller capacity and the water flow rate.  

 

Figure 6.2-8 Chiller settings in the refined model: part 1. 
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Figure 6.2-9 Chiller settings in the refined model: part 2. 

6.2.4 Air handling units  

Modifications introduced in this part of the model basically originate from the following premise: 

one central AHU can hardly be representative of more than ten AHUs. However, it is not possible to 

model as many AHUs as the real ones because this would overload the software with unnecessary 

calculations: a trade-off should be found. Therefore, real AHUs have been grouped by specific 

common aspects and each group has been transposed to a single AHU model. In the real building, 

LB001, LB002, LB003, LB004 and LB005 provide conditioned primary air to the high-rise part, 

LB201A and LB201B to the north-oriented low-rise part while LB101, LB301A, LB301B and 

LB006 to the south-oriented low-rise part. The central atrium (the ljusgård) AHUs, i.e. the CA201 

and CA401, instead recirculate the air and regulate its temperature when required.  

 

Figure 6.2-10 Macro-zones subdivision: (1) LB001, LB002, LB003, LB004, LB005; (2) LB201A, LB201B; (3) LB101, 

LB301A, LB301B, LB006; (4) CA201, CA401. 
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Figure 6.2-11 Supply air temperature, supply air setpoint, speed of the supply fan: daily trends. Source: Sweco.
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The aforementioned parts of the building correspond to four macro-zones of the model, whose plan-

view is displayed in Figure 6.2-10. Real AHUs are therefore grouped according to this subdivision 

not only due to the previously explained reasons, but also because of analogies regarding their 

operation. As for the latter aspect, analyses of the measured supply air temperature, supply air 

setpoint and speed of the supply fan have been carried out per each AHU.  

Daily trends of the forenamed parameters have been used in order to obtain a high degree of 

precision. However, since measured data are only temporarily displayed11 and there are no 

possibilities to export or save records, the analyses have been focused on 23rd May, 2016 because the 

outside weather conditions were rather representative of the average summer conditions occurring in 

Stockholm [28]. Figure 6.2-11 reports the graphs related to three studied parameters, whose trends 

confirm the analogies characterizing the grouped AHUs. LB005 and LB006 are excluded because 

their operation is different but, since they are small systems compared to the others, their contribution 

is negligible.  

Table 6.2-2 Relationships between real and modelled AHUs. 

Real AHUs Modelled AHUs 

LB001, LB002, LB003, LB004, LB005 Standard air handling unit_1 

LB201A, LB201B Standard air handling unit_2 

LB006, LB101, LB301A, LB301B Standard air handling unit_3 

CA201, CA401 Mixing box (recirculation) 

 

So, four AHUs have been created in the model and Table 6.2-2 clarifies the relationships between 

them and the real ones.  

The standard air handling unit types are based on the same structure, even though differ in terms 

of setpoint for supply temperature and fan operation, while the mixing box (recirculation) is 

completely different. Figure 6.2-12 shows which elements the standard air handling unit types are 

made of: a comparison with the AHU in the provided model (see Figure 6.1-7) demonstrates that the 

main modifications have been focused on the control systems, whose core is Sched_AHU macro. 

This one has three input (on the left) and three output (on the right) spots, both represented by 

triangles. The first ones receive input signals from the two temperature sensors placed on the return 

and the supply ducts and the setpoint for the supply air temperature, while the other ones provide 

output signals for the fans’ operation and the setpoint for the supply air leaving the coils and the heat 

exchanger. However, a better clarification about how the macro works is provided by Figure 6.2-13. 

The first important aspect that should be noted is that the macro aims at defining two distinct 

operating modes: the normal operation and the night cooling one. The latter in on when the following 

conditions are simultaneously fulfilled: 

 fans are expected to be activated according to the night cooling fan operation schedule; 

 outdoor air is at least 3 °C below the return air (see the benefit limit parameter); 

                                                      
11 The analysis tool that reports data collected by sensors permits to display only five-day measurements. As 

a consequence, old data are constantly replaced the most recent ones. 
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 return air is above 23 °C, which is the lower setpoint limit for indoor spaces during summer 

(see the return air limit parameter);  

 supply air temperature is above 12 °C (see the outdoor temp limit parameter). 

 

Figure 6.2-12 Standard AHU in the refined model. 

 

Figure 6.2-13 Sched_AHU macro in the refined model. 

If night cooling mode is on, the setpoint for the supply air temperature is increased (see the setpoint 

shift for cooling) and, as a consequence, since outdoor temperatures are usually lower than the fixed 

setpoint, the heat exchanger operation is the only one required to achieve the goal. Moreover, the 

ventilation signal is governed by the night cooling fan operation schedule. On the contrary, during 
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weekdays, the setpoint for the supply air temperature does not undergo any variation and the 

ventilation signal is defined by the normal fan operation schedule. 

The last step has been the calculation of the fan operation schedules according to the airflow rate 

measurements gathered on 23rd May 2016. However, the creation each schedule has required the 

conversion of measured data into signals. This has been done by normalizing them with respect to a 

reference value of airflow rate corresponding to the ventilation requirement for the macro-zone 

served by the considered AHU. Measured data reference values and the obtained schedules for 

weekday are presented in the Appendix E. Holidays and weekends are not included because systems 

are switched off during those periods. 

As for the mixing box (recirculation) AHU, its structure is illustrated in Figure 6.2-14. Since the 

modelled systems do not provide fresh air, the mixing box schedule is configured as always off: this 

guarantees the recirculation of the whole amount of return air. The second core aspect is represented 

by the control system, constituted by a temperature sensor placed on the return duct and a thermostat 

that compares the received signal with a limit value equal to 26 °C. If the return air temperature is 

higher than the aforementioned limit, then fans are activated and the cooling coil cools down the 

flowing air to 20 °C.  

 

Figure 6.2-14 Mixing box (recirculation) AHU in the refined model. 

6.2.5 Room units 

Ideal coolers have been replaced by active chilled beams, whose configuration box is shown in Figure 

6.2-15. Since there was no information about the total power provided at design conditions per each 

zone, that field has been filled with the same values used for the ideal coolers. The same reason has 

led to roughly estimate the design airflow as the half of the zone ventilation requirement value. On 

the contrary, since at design conditions the room temperature is 26 °C, the supply coolant temperature 

is 20 °C and the return one is 23 °C, then the remaining parameters have been set by entering 6 and 

3 °C respectively [29]. 
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Figure 6.2-15 Chilled beams’ settings in the refined model. 
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7 Results 

In the following section, the outcomes of the preliminary analysis and the validation of the two IDA 

ICE models are presented. It is important to remind that, although efforts have been made to minimize 

simplifying assumptions and approximations, these ones have been sometimes necessary to 

compensate the occasional shortage of data and approach the analysis of a very complex system. 

7.1 Preliminary analysis results 

 

Figure 7.1-1 Chiller KA101 and KA102 performance curve. 

 

Figure 7.1-2 Chiller KA201 performance curve. 
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Figure 7.1-1 and Figure 7.1-2 show the performance curves related to chillers KA101, KA102 and 

KA201 (according to the part-load coefficients reported in Table 5.4-1). As already clarified in the 

previous Chapter, even though chillers KA101 and KA102 are identified by different codes, they are 

equivalent products and so their performances are represented by just one curve. It should be noted 

that, according to the shown trends, chiller performances are expected to be higher at middle values 

of PLR. However, this is just a consequence of neglecting the effects due to the condenser and 

evaporator temperatures’ variation. 

Table 7.1-1 Chillers’ mean COPPLR. 

Mean  COPPLR,KA101 [-] Mean  COPPLR,KA102 [-] Mean  COPPLR,KA201 [-] 

3,51 3,35 2,03 

 

Moreover, calculations of the mean actual COPPLR per each chiller have given the outcomes listed in 

Table 7.1-1. In general, the comparison between them and the respective chiller curves highlights a 

poor level of performance, which, maybe, would be even worse if the comprehensive approach was 

applied (and, as a consequence, variations of condenser and evaporator temperatures were taken into 

account). The worst performances characterize the chiller KA201 and the main reasons are following 

ones: 

 At full-load conditions, its COP is 3,7, while the other chillers’ one is equal to 4,6; 

 Its full-capacity is higher than the other chillers’ one, but the cooling loads it has to cover do 

not justify the additional capacity. 

In general, since all the chillers operate at low part load conditions, it is probable that the main cause 

of operation penalties depends on chillers’ over-sizing, which can be accepted only until a certain 

limit, defined by a reasonable margin of safety that is required to face the hardest conditions. 

However, an excessive over-sizing results in very poor performances at part load. The emerged 

problems have justified the creation of a detailed IDA ICE model to deepen the analysis.  

Table 7.1-2 Computed part-load coefficients. 

ACOMPUTED BCOMPUTED CCOMPUTED 

0,195 0,746 0,060 

 

A further analysis has been done in order to test how the PLR coefficients affect the performance 

curve. In particular, the chiller manufacturer has provided a more detailed datasheet about the product 

CLIMAVENETA FOCS2/W/D2701/CAE. The Excel regression tool has provided the regression 

coefficients reported in Table 7.1-2, which have been tested by using the coefficient of variation of 

the root mean squared error CVRMSE and the mean bias error MBE. In particular: 

 CVRMSE = 0,051, which means that the independent variables are suitable to describe the 

dependent one; 
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 MBE = 0,014, which means that the dependent variable is slightly over-predicted by the 

model. 

Figure 7.1-3 reports the comparison between the performance curve computed with the part-load 

coefficients listed in Table 5.4-1 and the one obtained with the computed coefficients. It shows how 

different are the performance curves referred to the same chiller: this confirms the importance of a 

correct chiller modelling. 

 

Figure 7.1-3 Comparison between chiller performance curves. 

7.2 Validation of the IDA ICE models 

The validation aims at verifying how the model describes the reality and, as a consequence, it implies 

the comparison between simulated and real data. These ones are referred to two parameters: the 

cooling power provided by the plant and the supply airflow rate. It is important to point out that, to 

obtain values representative of the real systems operation, it has been necessary to sum up the 

contributions of all the installed AHUs, as regards the airflow rate parameter, and the boreholes and 

the three chillers, as regards the total cooling power. 

However, since the installed sensors measure only chillers’ input power, the cooling power has 

been calculated by resorting to the following equation: 

𝑄𝐴𝐶𝑇𝑈𝐴𝐿 =
𝑊𝐴𝐶𝑇𝑈𝐴𝐿 ∙ 𝐶𝑂𝑃𝑅𝐴𝑇𝐸𝐷 𝐹𝑈𝐿𝐿 ∙ 𝑃𝐿𝑅

(𝐴 + 𝐵 ∙ 𝑃𝐿𝑅 + 𝐶 ∙ 𝑃𝐿𝑅2)
 

Two other aspects should be highlighted before showing the results: chillers KA101 and KA102 

never operate together and the cooling power provided by the chiller KA201 takes into account also 

cooling loads associated with zones not belonging to the Sweco building (i.e. the stores at the ground 

floor), but it has been impossible to deduct that share. Appendix F collects data gathered from the 
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AHUs, while Appendinx G. reports data measured and computed in order to define the total cooling 

power.  

 

Figure 7.2-1 Validation of the first IDA ICE model: total cooling power. 

 

Figure 7.2-2 Validation of the first IDA ICE model: AHU total supply airflow. 
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Figure 7.2-1 and Figure 7.2-2 show the results of the first simulation and both the simulated 

parameters appear to be quite distant from the real trend. This was partially expected because of the 

simplifying assumptions applied. The differences shown in the graph related to the supply airflow 

parameter are mainly caused by the use of a CAV system which can’t reproduce the real behaviour 

of a VAV system that can vary the amount of the supplied air in response to signals sent by occupancy 

sensors.  

As for the cooling power parameter, even though limited portions of the curves seem to have a 

similar tendency, the distance between the two trends is still too significant. It should be noted that 

the provided cooling power is strictly connected to the cooling load to be covered. Therefore, since 

the compared curves show a difference in terms of magnitude, the problem has been searched among 

the factors affecting the cooling loads: the envelope, the climate conditions and the heat gains. The 

envelope has been excluded because the model provided by Sweco is very detailed from that point 

of view. The same has been done with climate conditions because the weather file is referred to the 

city of Stockholm and is based on the Swedish Meteorological and Hydrological Institute database. 

As a consequence, the cause of the gap between real and simulated data has been identified with the 

internal heat gains since the thermal loads of office buildings are strongly affected by that term. 

To reduce the emerged differences and adjust the simulated outcomes, the internal heat gains and 

the ventilation requirement have been changed according to the standard ISO/DIS 18523-1, ANNEX 

D. However, as shown in Figure 7.2-3, the adjustments have not produced improvements and this is 

probably due to the fact that, in the both the models, internal heat gains have been configured by 

resorting to standards’ guidelines. These ones, in fact, provide specifications suitable for a wide range 

of cases belonging to a certain category. As a consequence, while these data are necessary reference 

points during the design phase, they lose the effectiveness when applied to describe or tune specific 

cases. Moreover, it is worthwhile to point out that heat gains undergo significant variations during 

the day which can’t be taken into account by using standards’ recommendations and this results in 

an overprediction of cooling loads. For this reason, a possible solution to this problem could be 

provided by the following procedure: 

 collect information about how many and which type of appliances and lights are installed in 

each zone in order to estimate the related peak heat gains; 

 measure electrical consumptions of appliances and lights and convert them into signals by 

normalizing gathered data with respect with the maximum value. With a considerable 

number of hourly measurements, it is possible to define a schedule per each zone; 

 collect data from occupancy sensors in order to define an occupancy schedule per each zone. 
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Figure 7.2-3 Validation of the second IDA ICE model: total cooling power. 

 

Figure 7.2-4 Validation of the second IDA ICE model: AHU total supply airflow. 
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8 Conclusions 

This project provides an example of the energy performance analysis applied to the cooling system 

of a real case study, the Swecohuset. Although the analysis has been focused on a portion of the 

whole system, the amount of collected and processed data has been considerable. Nevertheless, they 

have not been enough to avoid simplifying assumptions that inevitably affect the accuracy of the 

assessment. This proves that an energy performance analyses not only require a synergetic 

collaboration between the auditor and the company asking for the audit, but also make it necessary 

the use of a specific equipment to carry out measurements whenever provided data are not able to 

define a comprehensive framework of the problem.  

Moreover, it has been demonstrated that even projects, whose high quality level is confirmed by 

a recognized certification, should be tested under real operating conditions. In fact, it is usually 

observed a certain gap between expected and real behaviour of the designed system. As for the 

assessment, a preliminary analysis has been proved to be an important intermediate phase to identify 

what can be further improved. In fact, the strong point of the aforementioned step basically lies in 

the following aspects: it permits to detect the potential problem and provides a comprehensive 

overview of the causes without requiring as much work as a detailed analysis. In effect, in the studied 

case, the comparison between the performance curves, computed according to a model that takes into 

account the cooling load variations, and the mean actual COP at part-load, obtained by processing 

measured data, has been enough to reveal that chillers’ operation is not optimized.  

The detection of the problem has legitimized a more detailed analysis, performed with a dynamic 

multi-zone simulation software, such as IDA ICE. This is a powerful tool to simulate the whole 

building behaviour but the reliability of the outcomes depends on the model accuracy. This has been 

confirmed by the results obtained: even though many details have been added to the provided model, 

the results of the validation show a room for improvement. The main issue is represented by the 

shortage of provided data and the lack of specific equipment to gather needed information. In fact, it 

has been shown that the creation of a fairly representative model, besides requiring an advanced 

knowledge of the utilized software, implies the configuration of many variables: every approximation 

results in a drop of the final accuracy.  

However, nevertheless the emerged limits, the detailed analysis should not be considered a mere 

attempt to create a model able to describe the whole building behaviour, but an important step for 

future works aiming at providing potential solutions to enhance the cooling system performances. 
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Appendix A 

Date  Time 
Measured 

WKA102 
[kW] 

Measured 
PLRKA102  

[%] 

Measured 
PLRKA102  

[-] 

Computed 
QCOOL,KA102 

[kW] 

Computed 
COPPLR,KA102 

[-] 

01/06/2015 00:00 0,31 0,00 0,00 0,00   

02/06/2015 00:00 0,31 0,00 0,00 0,00   

03/06/2015 00:00 0,31 0,00 0,00 0,00   

04/06/2015 00:00 0,31 0,00 0,00 0,00   

05/06/2015 00:00 0,31 0,00 0,00 0,00   

06/06/2015 00:00 2,35 1,85 0,00 0,00   

07/06/2015 00:00 1,04 0,67 0,00 0,00   

08/06/2015 00:00 0,57 0,24 0,00 0,00   

09/06/2015 00:00 0,40 0,09 0,00 0,00   

10/06/2015 00:00 0,34 0,03 0,00 0,00   

11/06/2015 00:00 0,32 0,01 0,00 0,00   

12/06/2015 00:00 0,31 0,00 0,00 0,00   

13/06/2015 00:00 0,31 0,00 0,00 0,00   

14/06/2015 00:00 0,31 0,00 0,00 0,00   

15/06/2015 00:00 0,31 0,00 0,00 0,00   

16/06/2015 00:00 0,31 0,00 0,00 0,00   

17/06/2015 00:00 0,31 0,00 0,00 0,00   

18/06/2015 00:00 0,31 0,00 0,00 0,00   

19/06/2015 00:00 0,31 0,00 0,00 0,00   

20/06/2015 00:00 0,31 0,00 0,00 0,00   

21/06/2015 00:00 0,31 0,00 0,00 0,00   

22/06/2015 00:00 0,31 0,00 0,00 0,00   

23/06/2015 00:00 2,87 2,28 0,00 0,00   

24/06/2015 00:00 2,81 2,23 0,00 0,00   

25/06/2015 00:00 1,94 1,47 0,00 0,00   

26/06/2015 00:00 2,72 2,15 0,00 0,00   

27/06/2015 00:00 1,99 1,55 0,00 0,00   

28/06/2015 00:00 0,91 0,56 0,00 0,00   

29/06/2015 00:00 2,35 1,85 0,00 0,00   

30/06/2015 00:00 18,32 15,82 0,16 59,79 3,26 

01/07/2015 00:00 15,89 13,85 0,14 47,37 2,98 

02/07/2015 00:00 24,32 21,24 0,21 94,84 3,90 

03/07/2015 00:00 32,09 26,54 0,27 139,71 4,35 
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04/07/2015 00:00 31,44 24,48 0,24 131,88 4,19 

05/07/2015 00:00 17,90 13,71 0,14 52,98 2,96 

06/07/2015 00:00 12,72 9,95 0,00 0,00 0,00 

07/07/2015 00:00 22,57 18,28 0,18 80,72 3,58 

08/07/2015 00:00 17,06 13,82 0,14 50,78 2,98 

09/07/2015 00:00 10,19 8,19 0,00 0,00   

10/07/2015 00:00 6,86 5,43 0,00 0,00   

11/07/2015 00:00 2,67 1,95 0,00 0,00   

12/07/2015 00:00 1,16 0,70 0,00 0,00   

13/07/2015 00:00 0,61 0,25 0,00 0,00   

14/07/2015 00:00 4,31 3,32 0,00 0,00   

15/07/2015 00:00 1,75 1,19 0,00 0,00   

16/07/2015 00:00 0,82 0,43 0,00 0,00   

17/07/2015 00:00 6,91 5,55 0,00 0,00   

18/07/2015 00:00 2,69 2,00 0,00 0,00   

19/07/2015 00:00 1,16 0,72 0,00 0,00   

20/07/2015 00:00 0,62 0,26 0,00 0,00   

21/07/2015 00:00 0,42 0,09 0,00 0,00   

22/07/2015 00:00 1,71 1,23 0,00 0,00   

23/07/2015 00:00 2,91 2,14 0,00 0,00   

24/07/2015 00:00 1,24 0,77 0,00 0,00   

25/07/2015 00:00 0,64 0,28 0,00 0,00   

26/07/2015 00:00 0,43 0,10 0,00 0,00   

27/07/2015 00:00 0,35 0,04 0,00 0,00   

28/07/2015 00:00 0,32 0,01 0,00 0,00   

29/07/2015 00:00 0,31 0,00 0,00 0,00   

30/07/2015 00:00 0,31 0,00 0,00 0,00   

31/07/2015 00:00 0,31 0,00 0,00 0,00   

01/08/2015 00:00 1,54 1,09 0,00 0,00   

02/08/2015 00:00 0,95 0,59 0,00 0,00   

03/08/2015 00:00 0,54 0,21 0,00 0,00   

04/08/2015 00:00 8,95 6,89 0,00 0,00   

05/08/2015 00:00 16,73 13,25 0,13 48,33 2,89 

06/08/2015 00:00 18,59 14,69 0,15 57,72 3,11 

07/08/2015 00:00 6,93 5,32 0,00 0,00   

08/08/2015 00:00 2,69 1,92 0,00 0,00   

09/08/2015 00:00 1,17 0,69 0,00 0,00   

10/08/2015 00:00 0,62 0,25 0,00 0,00   

11/08/2015 00:00 0,42 0,09 0,00 0,00   

12/08/2015 00:00 0,35 0,03 0,00 0,00   

13/08/2015 00:00 0,32 0,01 0,00 0,00   

14/08/2015 00:00 13,40 10,71 0,11 33,04 2,47 

15/08/2015 00:00 20,93 16,54 0,17 70,32 3,36 

16/08/2015 00:00 11,27 8,80 0,00 0,00   

17/08/2015 00:00 7,43 5,74 0,00 0,00   
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18/08/2015 00:00 20,84 16,89 0,17 70,96 3,40 

19/08/2015 00:00 28,89 23,22 0,23 118,07 4,09 

20/08/2015 00:00 30,88 24,65 0,25 129,96 4,21 

21/08/2015 00:00 14,00 11,02 0,11 35,29 2,52 

22/08/2015 00:00 5,24 3,97 0,00 0,00   

23/08/2015 00:00 2,08 1,43 0,00 0,00   

24/08/2015 00:00 0,95 0,51 0,00 0,00   

25/08/2015 00:00 0,53 0,19 0,00 0,00   

26/08/2015 00:00 0,39 0,07 0,00 0,00   

27/08/2015 00:00 0,34 0,02 0,00 0,00   

28/08/2015 00:00 16,70 12,48 0,12 46,20 2,77 

29/08/2015 00:00 20,45 16,19 0,16 67,76 3,31 

30/08/2015 00:00 9,96 7,85 0,00 0,00   

31/08/2015 00:00 6,00 4,65 0,00 0,00   

 

Date  Time 
Measured 

WKA101 

[kW] 

Measured 
PLRKA101  

[%] 

Measured 
PLRKA101 

[-] 

Computed 
QCOOL,KA101 

[kW] 

Computed 
COP 

PLR,KA101 
[-] 

01/06/2015 00:00 0,31 0,00 0,00 0,00   

02/06/2015 00:00 0,42 0,10 0,00 0,00   

03/06/2015 00:00 0,35 0,04 0,00 0,00   

04/06/2015 00:00 0,32 0,01 0,00 0,00   

05/06/2015 00:00 0,31 0,00 0,00 0,00   

06/06/2015 00:00 0,67 0,17 0,00 0,00   

07/06/2015 00:00 0,44 0,06 0,00 0,00   

08/06/2015 00:00 0,35 0,02 0,00 0,00   

09/06/2015 00:00 0,32 0,01 0,00 0,00   

10/06/2015 00:00 0,31 0,00 0,00 0,00   

11/06/2015 00:00 1,90 1,16 0,00 0,00   

12/06/2015 00:00 12,13 8,62 0,00 0,00   

13/06/2015 00:00 22,53 15,66 0,16 73,04 3,24 

14/06/2015 00:00 11,47 7,95 0,00 0,00   

15/06/2015 00:00 4,33 2,86 0,00 0,00   

16/06/2015 00:00 1,88 1,21 0,00 0,00   

17/06/2015 00:00 0,90 0,46 0,00 0,00   

18/06/2015 00:00 0,52 0,16 0,00 0,00   

19/06/2015 00:00 0,38 0,06 0,00 0,00   

20/06/2015 00:00 0,33 0,02 0,00 0,00   

21/06/2015 00:00 0,31 0,00 0,00 0,00   

22/06/2015 00:00 0,31 0,00 0,00 0,00   

23/06/2015 00:00 0,31 0,00 0,00 0,00   

24/06/2015 00:00 0,31 0,00 0,00 0,00   

25/06/2015 00:00 0,31 0,00 0,00 0,00   
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26/06/2015 00:00 0,31 0,00 0,00 0,00   

27/06/2015 00:00 0,31 0,00 0,00 0,00   

28/06/2015 00:00 0,31 0,00 0,00 0,00   

29/06/2015 00:00 0,31 0,00 0,00 0,00   

30/06/2015 00:00 0,31 0,00 0,00 0,00   

01/07/2015 00:00 0,31 0,00 0,00 0,00   

02/07/2015 00:00 0,49 0,08 0,00 0,00   

03/07/2015 00:00 0,37 0,03 0,00 0,00   

04/07/2015 00:00 5,63 3,34 0,00 0,00   

05/07/2015 00:00 2,22 1,20 0,00 0,00   

06/07/2015 00:00 1,00 0,43 0,00 0,00   

07/07/2015 00:00 0,56 0,16 0,00 0,00   

08/07/2015 00:00 0,40 0,06 0,00 0,00   

09/07/2015 00:00 0,34 0,02 0,00 0,00   

10/07/2015 00:00 0,32 0,01 0,00 0,00   

11/07/2015 00:00 0,31 0,00 0,00 0,00   

12/07/2015 00:00 0,31 0,00 0,00 0,00   

13/07/2015 00:00 0,30 0,00 0,00 0,00   

14/07/2015 00:00 0,48 0,09 0,00 0,00   

15/07/2015 00:00 10,76 6,69 0,00 0,00   

16/07/2015 00:00 19,89 12,40 0,12 54,76 2,75 

17/07/2015 00:00 7,36 4,47 0,00 0,00   

18/07/2015 00:00 2,85 1,61 0,00 0,00   

19/07/2015 00:00 1,22 0,58 0,00 0,00   

20/07/2015 00:00 0,64 0,21 0,00 0,00   

21/07/2015 00:00 0,42 0,08 0,00 0,00   

22/07/2015 00:00 0,35 0,03 0,00 0,00   

23/07/2015 00:00 0,32 0,01 0,00 0,00   

24/07/2015 00:00 0,91 0,49 0,00 0,00   

25/07/2015 00:00 4,43 2,92 0,00 0,00   

26/07/2015 00:00 1,79 1,05 0,00 0,00   

27/07/2015 00:00 0,84 0,38 0,00 0,00   

28/07/2015 00:00 1,25 0,70 0,00 0,00   

29/07/2015 00:00 0,95 0,51 0,00 0,00   

30/07/2015 00:00 0,54 0,18 0,00 0,00   

31/07/2015 00:00 0,39 0,07 0,00 0,00   

01/08/2015 00:00 0,34 0,02 0,00 0,00   

02/08/2015 00:00 0,32 0,00 0,00 0,00   

03/08/2015 00:00 0,31 0,00 0,00 0,00   

04/08/2015 00:00 0,31 0,00 0,00 0,00   

05/08/2015 00:00 0,31 0,00 0,00 0,00   

06/08/2015 00:00 0,31 0,00 0,00 0,00   

07/08/2015 00:00 18,74 11,70 0,12 49,42 2,64 

08/08/2015 00:00 30,02 18,41 0,18 107,83 3,59 

09/08/2015 00:00 13,97 8,58 0,00 0,00   
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10/08/2015 00:00 10,48 6,51 0,00 0,00   

11/08/2015 00:00 38,99 22,81 0,23 157,91 4,05 

12/08/2015 00:00 42,26 25,92 0,26 182,05 4,31 

13/08/2015 00:00 40,11 24,79 0,25 169,26 4,22 

14/08/2015 00:00 17,04 10,54 0,11 41,50 2,44 

15/08/2015 00:00 6,33 3,80 0,00 0,00   

16/08/2015 00:00 2,48 1,37 0,00 0,00   

17/08/2015 00:00 1,09 0,49 0,00 0,00   

18/08/2015 00:00 0,59 0,18 0,00 0,00   

19/08/2015 00:00 0,41 0,06 0,00 0,00   

20/08/2015 00:00 0,31 0,00 0,00 0,00   

21/08/2015 00:00 22,90 14,23 0,14 69,57 3,04 

22/08/2015 00:00 29,55 18,52 0,19 106,52 3,60 

23/08/2015 00:00 13,25 8,25 0,00 0,00   

24/08/2015 00:00 9,92 6,38 0,00 0,00   

25/08/2015 00:00 38,42 22,44 0,22 154,29 4,02 

26/08/2015 00:00 56,47 32,00 0,32 264,50 4,68 

27/08/2015 00:00 35,92 21,59 0,22 141,33 3,93 

28/08/2015 00:00 20,16 11,99 0,12 54,15 2,69 

29/08/2015 00:00 7,59 4,41 0,00 0,00   

30/08/2015 00:00 2,93 1,59 0,00 0,00   

31/08/2015 00:00 1,25 0,57 0,00 0,00   

 

Date  Time 
Measured 

WKA201 
[kW] 

Measured 
PLRKA201  

[%] 

Measured 
PLRKA201 

[-] 

Computed 
QCOOL,KA201 

[kW] 

Computed 
COPPLR,KA201 

[-] 

01/06/2015 00:00 5,32 3,33 0,00 0,00 0,00 

02/06/2015 00:00 4,94 3,27 0,00 0,00 0,00 

03/06/2015 00:00 6,52 4,30 0,00 0,00 0,00 

04/06/2015 00:00 7,47 4,81 0,00 0,00 0,00 

05/06/2015 00:00 9,05 6,07 0,00 0,00 0,00 

06/06/2015 00:00 10,48 7,05 0,00 0,00 0,00 

07/06/2015 00:00 8,99 5,86 0,00 0,00 0,00 

08/06/2015 00:00 7,60 4,92 0,00 0,00 0,00 

09/06/2015 00:00 7,77 5,07 0,00 0,00 0,00 

10/06/2015 00:00 9,30 6,17 0,00 0,00 0,00 

11/06/2015 00:00 10,59 7,04 0,00 0,00 0,00 

12/06/2015 00:00 11,09 7,03 0,00 0,00 0,00 

13/06/2015 00:00 14,91 10,39 0,10 28,73 1,93 

14/06/2015 00:00 14,28 9,85 0,00 0,00 0,00 

15/06/2015 00:00 10,39 6,91 0,00 0,00 0,00 

16/06/2015 00:00 9,79 6,21 0,00 0,00 0,00 

17/06/2015 00:00 10,02 6,83 0,00 0,00 0,00 
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18/06/2015 00:00 7,64 5,83 0,00 0,00 0,00 

19/06/2015 00:00 7,87 5,48 0,00 0,00 0,00 

20/06/2015 00:00 8,12 5,46 0,00 0,00 0,00 

21/06/2015 00:00 7,69 4,98 0,00 0,00 0,00 

22/06/2015 00:00 7,37 4,79 0,00 0,00 0,00 

23/06/2015 00:00 9,49 6,43 0,00 0,00 0,00 

24/06/2015 00:00 10,23 7,02 0,00 0,00 0,00 

25/06/2015 00:00 10,38 7,02 0,00 0,00 0,00 

26/06/2015 00:00 10,95 7,34 0,00 0,00 0,00 

27/06/2015 00:00 10,40 6,98 0,00 0,00 0,00 

28/06/2015 00:00 10,13 6,70 0,00 0,00 0,00 

29/06/2015 00:00 9,58 6,21 0,00 0,00 0,00 

30/06/2015 00:00 14,92 9,82 0,00 0,00 0,00 

01/07/2015 00:00 15,35 10,19 0,10 29,13 1,90 

02/07/2015 00:00 19,44 12,82 0,13 43,87 2,26 

03/07/2015 00:00 25,29 16,16 0,16 66,96 2,65 

04/07/2015 00:00 27,14 17,53 0,18 75,68 2,79 

05/07/2015 00:00 18,20 11,83 0,12 38,72 2,13 

06/07/2015 00:00 14,02 9,16 0,00 0,00 0,00 

07/07/2015 00:00 16,36 10,72 0,11 32,30 1,97 

08/07/2015 00:00 16,35 10,73 0,11 32,30 1,98 

09/07/2015 00:00 14,02 9,36 0,00 0,00 0,00 

10/07/2015 00:00 13,21 8,92 0,00 0,00 0,00 

11/07/2015 00:00 10,52 7,07 0,00 0,00 0,00 

12/07/2015 00:00 9,85 6,46 0,00 0,00 0,00 

13/07/2015 00:00 9,03 5,84 0,00 0,00 0,00 

14/07/2015 00:00 11,12 7,14 0,00 0,00 0,00 

15/07/2015 00:00 14,05 9,27 0,00 0,00 0,00 

16/07/2015 00:00 16,23 10,60 0,11 31,76 1,96 

17/07/2015 00:00 15,64 10,34 0,10 30,02 1,92 

18/07/2015 00:00 11,87 7,92 0,00 0,00 0,00 

19/07/2015 00:00 10,25 6,80 0,00 0,00 0,00 

20/07/2015 00:00 9,05 5,91 0,00 0,00 0,00 

21/07/2015 00:00 11,03 7,19 0,00 0,00 0,00 

22/07/2015 00:00 11,71 7,67 0,00 0,00 0,00 

23/07/2015 00:00 12,54 8,31 0,00 0,00 0,00 

24/07/2015 00:00 12,06 7,96 0,00 0,00 0,00 

25/07/2015 00:00 12,29 7,88 0,00 0,00 0,00 

26/07/2015 00:00 9,53 6,10 0,00 0,00 0,00 

27/07/2015 00:00 8,41 5,50 0,00 0,00 0,00 

28/07/2015 00:00 8,83 5,75 0,00 0,00 0,00 

29/07/2015 00:00 10,04 6,51 0,00 0,00 0,00 

30/07/2015 00:00 9,38 6,20 0,00 0,00 0,00 

31/07/2015 00:00 9,47 6,18 0,00 0,00 0,00 

01/08/2015 00:00 9,02 5,91 0,00 0,00 0,00 
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02/08/2015 00:00 8,45 5,54 0,00 0,00 0,00 

03/08/2015 00:00 8,36 5,46 0,00 0,00 0,00 

04/08/2015 00:00 11,89 7,81 0,00 0,00 0,00 

05/08/2015 00:00 12,43 8,29 0,00 0,00 0,00 

06/08/2015 00:00 14,47 9,57 0,00 0,00 0,00 

07/08/2015 00:00 17,02 11,14 0,11 34,60 2,03 

08/08/2015 00:00 18,77 12,37 0,12 41,27 2,20 

09/08/2015 00:00 13,70 8,88 0,00 0,00 0,00 

10/08/2015 00:00 11,76 7,67 0,00 0,00 0,00 

11/08/2015 00:00 19,56 12,78 0,13 44,04 2,25 

12/08/2015 00:00 21,99 14,62 0,15 54,45 2,48 

13/08/2015 00:00 21,21 14,19 0,14 51,45 2,43 

14/08/2015 00:00 19,76 13,10 0,13 45,30 2,29 

15/08/2015 00:00 20,52 13,61 0,14 48,34 2,36 

16/08/2015 00:00 15,69 10,35 0,10 30,14 1,92 

17/08/2015 00:00 12,98 8,56 0,00 0,00 0,00 

18/08/2015 00:00 17,01 11,26 0,11 34,87 2,05 

19/08/2015 00:00 19,34 12,76 0,13 43,50 2,25 

20/08/2015 00:00 20,37 13,33 0,13 47,28 2,32 

21/08/2015 00:00 20,73 13,60 0,14 48,81 2,35 

22/08/2015 00:00 20,71 13,68 0,14 48,96 2,36 

23/08/2015 00:00 15,81 10,45 0,10 30,60 1,94 

24/08/2015 00:00 13,33 8,80 0,00 0,00 0,00 

25/08/2015 00:00 21,35 14,03 0,14 51,38 2,41 

26/08/2015 00:00 24,55 16,04 0,16 64,68 2,63 

27/08/2015 00:00 21,34 13,94 0,14 51,12 2,40 

28/08/2015 00:00 22,03 14,52 0,15 54,29 2,46 

29/08/2015 00:00 20,45 13,51 0,14 47,92 2,34 

30/08/2015 00:00 14,96 9,84 0,00 0,00 0,00 

31/08/2015 00:00 12,01 7,87 0,00 0,00 0,00 
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Appendix B 

MANUFACTURER DATA 

PLR [-] WRATED,PL [kW] QRATED,PL [kW] WFULL,MAN [kW] QFULL,MAN [kW] 

0,1 23,7 70,7 128 707 

0,2 41 141 

  

0,3 58,4 212 

0,4 67,1 283 

0,5 72,8 353 

0,6 82,5 424 

0,7 95 495 

0,8 107 565 

0,9 118 636 

1 128 707 
 

REGRESSION INPUT 

Y X X^2 

0,18515625 0,1 0,01 

0,3203125 0,2 0,04 

0,45625 0,3 0,09 

0,52421875 0,4 0,16 

0,56875 0,5 0,25 

0,64453125 0,6 0,36 

0,7421875 0,7 0,49 

0,8359375 0,8 0,64 

0,921875 0,9 0,81 

1 1 1 
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Appendix C 

  

Office room 

Occupancy 
[pers/m2] 

Lighting 
[W/m2] 

Occupants 
[W/m2] 

Appliances 
[W/m2] 

Ventilation 
[m3/(hm2)] 

0,1 12 11,9 12 5 

Time 
Simultaneous 

usage ratio 

Lighting 
heat gain  
schedule 

Occupants 
heat gain 
schedule 

Appliances 
heat gain 
schedule 

W
ee

kd
ay

s 

0 0 0 0 25 

1 0 0 0 25 

2 0 0 0 25 

3 0 0 0 25 

4 0 0 0 25 

5 0 0 0 25 

6 0 0 0 25 

7 100 0 0 25 

8 100 100 100 100 

9 100 100 100 100 

10 100 100 100 100 

11 100 100 100 100 

12 100 50 60 80 

13 100 100 100 100 

14 100 100 100 100 

15 100 100 100 100 

16 100 100 100 100 

17 100 100 100 100 

18 100 100 50 100 

19 100 100 30 50 

20 100 80 20 50 

21 0 0 0 25 

22 0 0 0 25 

23 0 0 0 25 

Sa
tu

rd

ay
 0 0 0 0 25 

1 0 0 0 25 
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2 0 0 0 25 

3 0 0 0 25 

4 0 0 0 25 

5 0 0 0 25 

6 0 0 0 25 

7 0 0 0 25 

8 0 0 0 25 

9 0 0 0 25 

10 0 0 0 25 

11 0 0 0 25 

12 0 0 0 25 

13 0 0 0 25 

14 0 0 0 25 

15 0 0 0 25 

16 0 0 0 25 

17 0 0 0 25 

18 0 0 0 25 

19 0 0 0 25 

20 0 0 0 25 

21 0 0 0 25 

22 0 0 0 25 

23 0 0 0 25 

Su
n

d
ay

 a
n

d
 h

o
ly

d
ay

s 

0 0 0 0 25 

1 0 0 0 25 

2 0 0 0 25 

3 0 0 0 25 

4 0 0 0 25 

5 0 0 0 25 

6 0 0 0 25 

7 0 0 0 25 

8 0 0 0 25 

9 0 0 0 25 

10 0 0 0 25 

11 0 0 0 25 

12 0 0 0 25 

13 0 0 0 25 

14 0 0 0 25 

15 0 0 0 25 

16 0 0 0 25 

17 0 0 0 25 

18 0 0 0 25 

19 0 0 0 25 

20 0 0 0 25 
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21 0 0 0 25 

22 0 0 0 25 

23 0 0 0 25 
 

  

Meeting room 

Occupancy 
[pers/m2] 

Lighting 
[W/m2] 

Occupants 
[W/m2] 

Appliances 
[W/m2] 

Ventilation 
[m3/(hm2)] 

0,3 10 29,8 2 12 

Time 
Simultaneous 

usage ratio 

Lighting 
heat gain  
schedule 

Occupants 
heat gain 
schedule 

Appliances 
heat gain 
schedule 

W
e

ek
d

ay
s 

0 0 0 0 0 

1 0 0 0 0 

2 0 0 0 0 

3 0 0 0 0 

4 0 0 0 0 

5 0 0 0 0 

6 0 0 0 0 

7 0 0 0 0 

8 50 100 100 100 

9 50 100 100 100 

10 50 100 100 100 

11 50 100 100 100 

12 50 100 100 100 

13 50 100 100 100 

14 50 100 100 100 

15 50 100 100 100 

16 50 100 100 100 

17 50 100 100 100 

18 0 0 0 0 

19 0 0 0 0 

20 0 0 0 0 

21 0 0 0 0 

22 0 0 0 0 

23 0 0 0 0 

Sa
tu

rd
ay

 

0 0 0 0 0 

1 0 0 0 0 

2 0 0 0 0 

3 0 0 0 0 

4 0 0 0 0 

5 0 0 0 0 
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6 0 0 0 0 

7 0 0 0 0 

8 0 0 0 0 

9 0 0 0 0 

10 0 0 0 0 

11 0 0 0 0 

12 0 0 0 0 

13 0 0 0 0 

14 0 0 0 0 

15 0 0 0 0 

16 0 0 0 0 

17 0 0 0 0 

18 0 0 0 0 

19 0 0 0 0 

20 0 0 0 0 

21 0 0 0 0 

22 0 0 0 0 

23 0 0 0 0 

Su
n

d
ay

 a
n

d
 h

o
ly

d
ay

s 

0 0 0 0 0 

1 0 0 0 0 

2 0 0 0 0 

3 0 0 0 0 

4 0 0 0 0 

5 0 0 0 0 

6 0 0 0 0 

7 0 0 0 0 

8 0 0 0 0 

9 0 0 0 0 

10 0 0 0 0 

11 0 0 0 0 

12 0 0 0 0 

13 0 0 0 0 

14 0 0 0 0 

15 0 0 0 0 

16 0 0 0 0 

17 0 0 0 0 

18 0 0 0 0 

19 0 0 0 0 

20 0 0 0 0 

21 0 0 0 0 

22 0 0 0 0 

23 0 0 0 0 
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Lavatory 

Occupancy 
[pers/m2] 

Lighting 
[W/m2] 

Occupants 
[W/m2] 

Appliances 
[W/m2] 

Ventilation 
[m3/(hm2)] 

0 15 3,6 0 2,5 

Time 
Simultaneous 

usage ratio 

Lighting 
heat gain  
schedule 

Occupants 
heat gain 
schedule 

Appliances 
heat gain 
schedule 

W
e

ek
d

ay
s 

0 0 0 0 0 

1 0 0 0 0 

2 0 0 0 0 

3 0 0 0 0 

4 0 0 0 0 

5 0 0 0 0 

6 0 0 0 0 

7 0 0 0 0 

8 100 100 100 0 

9 100 100 100 0 

10 100 100 100 0 

11 100 100 100 0 

12 100 100 100 0 

13 100 100 100 0 

14 100 100 100 0 

15 100 100 100 0 

16 100 100 100 0 

17 100 100 100 0 

18 100 100 100 0 

19 100 100 100 0 

20 100 100 100 0 

21 0 0 0 0 

22 0 0 0 0 

23 0 0 0 0 

Sa
tu

rd
ay

 

0 0 0 0 0 

1 0 0 0 0 

2 0 0 0 0 

3 0 0 0 0 

4 0 0 0 0 

5 0 0 0 0 

6 0 0 0 0 

7 0 0 0 0 

8 0 0 0 0 

9 0 0 0 0 
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10 0 0 0 0 

11 0 0 0 0 

12 0 0 0 0 

13 0 0 0 0 

14 0 0 0 0 

15 0 0 0 0 

16 0 0 0 0 

17 0 0 0 0 

18 0 0 0 0 

19 0 0 0 0 

20 0 0 0 0 

21 0 0 0 0 

22 0 0 0 0 

23 0 0 0 0 

Su
n

d
ay

 a
n

d
 h

o
ly

d
ay

s 

0 0 0 0 0 

1 0 0 0 0 

2 0 0 0 0 

3 0 0 0 0 

4 0 0 0 0 

5 0 0 0 0 

6 0 0 0 0 

7 0 0 0 0 

8 0 0 0 0 

9 0 0 0 0 

10 0 0 0 0 

11 0 0 0 0 

12 0 0 0 0 

13 0 0 0 0 

14 0 0 0 0 

15 0 0 0 0 

16 0 0 0 0 

17 0 0 0 0 

18 0 0 0 0 

19 0 0 0 0 

20 0 0 0 0 

21 0 0 0 0 

22 0 0 0 0 

23 0 0 0 0 
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Tea room 

Occupancy 
[pers/m2] 

Lighting 
[W/m2] 

Occupants 
[W/m2] 

Appliances 
[W/m2] 

Ventilation 
[m3/(hm2)] 

0,3 10 29,8 2 12 

Time 
Simultaneous 

usage ratio 

Lighting 
heat gain  
schedule 

Occupants 
heat gain 
schedule 

Appliances 
heat gain 
schedule 

W
e

ek
d

ay
s 

0 0 0 0 0 

1 0 0 0 0 

2 0 0 0 0 

3 0 0 0 0 

4 0 0 0 0 

5 0 0 0 0 

6 0 0 0 0 

7 0 0 0 0 

8 50 0 0 0 

9 50 100 100 100 

10 50 100 100 100 

11 50 100 100 100 

12 50 100 100 100 

13 50 100 100 100 

14 50 100 100 100 

15 50 100 100 100 

16 50 100 100 100 

17 50 100 100 100 

18 0 0 0 0 

19 0 0 0 0 

20 0 0 0 0 

21 0 0 0 0 

22 0 0 0 0 

23 0 0 0 0 

Sa
tu

rd
ay

 

0 0 0 0 0 

1 0 0 0 0 

2 0 0 0 0 

3 0 0 0 0 

4 0 0 0 0 

5 0 0 0 0 

6 0 0 0 0 

7 0 0 0 0 

8 0 0 0 0 

9 0 0 0 0 
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10 0 0 0 0 

11 0 0 0 0 

12 0 0 0 0 

13 0 0 0 0 

14 0 0 0 0 

15 0 0 0 0 

16 0 0 0 0 

17 0 0 0 0 

18 0 0 0 0 

19 0 0 0 0 

20 0 0 0 0 

21 0 0 0 0 

22 0 0 0 0 

23 0 0 0 0 

Su
n

d
ay

 a
n

d
 h

o
ly

d
ay

s 

0 0 0 0 0 

1 0 0 0 0 

2 0 0 0 0 

3 0 0 0 0 

4 0 0 0 0 

5 0 0 0 0 

6 0 0 0 0 

7 0 0 0 0 

8 0 0 0 0 

9 0 0 0 0 

10 0 0 0 0 

11 0 0 0 0 

12 0 0 0 0 

13 0 0 0 0 

14 0 0 0 0 

15 0 0 0 0 

16 0 0 0 0 

17 0 0 0 0 

18 0 0 0 0 

19 0 0 0 0 

20 0 0 0 0 

21 0 0 0 0 

22 0 0 0 0 

23 0 0 0 0 
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Corridor 

Occupancy 
[pers/m2] 

Lighting 
[W/m2] 

Occupants 
[W/m2] 

Appliances 
[W/m2] 

Ventilation 
[m3/(hm2)] 

0,03 15 3,6 0 2,5 

Time 
Simultaneous 

usage ratio 

Lighting 
heat gain  
schedule 

Occupants 
heat gain 
schedule 

Appliances 
heat gain 
schedule 

W
e

ek
d

ay
s 

0 0 0 0 0 

1 0 0 0 0 

2 0 0 0 0 

3 0 0 0 0 

4 0 0 0 0 

5 0 0 0 0 

6 0 0 0 0 

7 0 0 0 0 

8 100 100 100 0 

9 100 100 100 0 

10 100 100 100 0 

11 100 100 100 0 

12 100 100 100 0 

13 100 100 100 0 

14 100 100 100 0 

15 100 100 100 0 

16 100 100 100 0 

17 100 100 100 0 

18 100 100 100 0 

19 100 100 100 0 

20 100 100 100 0 

21 0 0 0 0 

22 0 0 0 0 

23 0 0 0 0 

Sa
tu

rd
ay

 

0 0 0 0 0 

1 0 0 0 0 

2 0 0 0 0 

3 0 0 0 0 

4 0 0 0 0 

5 0 0 0 0 

6 0 0 0 0 

7 0 0 0 0 

8 0 0 0 0 

9 0 0 0 0 
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10 0 0 0 0 

11 0 0 0 0 

12 0 0 0 0 

13 0 0 0 0 

14 0 0 0 0 

15 0 0 0 0 

16 0 0 0 0 

17 0 0 0 0 

18 0 0 0 0 

19 0 0 0 0 

20 0 0 0 0 

21 0 0 0 0 

22 0 0 0 0 

23 0 0 0 0 

Su
n

d
ay

 a
n

d
 h

o
ly

d
ay

s 

0 0 0 0 0 

1 0 0 0 0 

2 0 0 0 0 

3 0 0 0 0 

4 0 0 0 0 

5 0 0 0 0 

6 0 0 0 0 

7 0 0 0 0 

8 0 0 0 0 

9 0 0 0 0 

10 0 0 0 0 

11 0 0 0 0 

12 0 0 0 0 

13 0 0 0 0 

14 0 0 0 0 

15 0 0 0 0 

16 0 0 0 0 

17 0 0 0 0 

18 0 0 0 0 

19 0 0 0 0 

20 0 0 0 0 

21 0 0 0 0 

22 0 0 0 0 

23 0 0 0 0 
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Lobby 

Occupancy 
[pers/m2] 

Lighting 
[W/m2] 

Occupants 
[W/m2] 

Appliances 
[W/m2] 

Ventilation 
[m3/(hm2)] 

0,03 15 3,6 0 2,5 

Time 
Simultaneous 

usage ratio 

Lighting 
heat gain  
schedule 

Occupants 
heat gain 
schedule 

Appliances 
heat gain 
schedule 

W
e

ek
d

ay
s 

0 0 0 0 0 

1 0 0 0 0 

2 0 0 0 0 

3 0 0 0 0 

4 0 0 0 0 

5 0 0 0 0 

6 0 0 0 0 

7 0 0 0 0 

8 100 100 100 0 

9 100 100 100 0 

10 100 100 100 0 

11 100 100 100 0 

12 100 100 100 0 

13 100 100 100 0 

14 100 100 100 0 

15 100 100 100 0 

16 100 100 100 0 

17 100 100 100 0 

18 100 100 100 0 

19 100 100 100 0 

20 100 100 100 0 

21 0 0 0 0 

22 0 0 0 0 

23 0 0 0 0 

Sa
tu

rd
ay

 

0 0 0 0 0 

1 0 0 0 0 

2 0 0 0 0 

3 0 0 0 0 

4 0 0 0 0 

5 0 0 0 0 

6 0 0 0 0 

7 0 0 0 0 

8 0 0 0 0 

9 0 0 0 0 
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10 0 0 0 0 

11 0 0 0 0 

12 0 0 0 0 

13 0 0 0 0 

14 0 0 0 0 

15 0 0 0 0 

16 0 0 0 0 

17 0 0 0 0 

18 0 0 0 0 

19 0 0 0 0 

20 0 0 0 0 

21 0 0 0 0 

22 0 0 0 0 

23 0 0 0 0 

Su
n

d
ay

 a
n

d
 h

o
ly

d
ay

s 

0 0 0 0 0 

1 0 0 0 0 

2 0 0 0 0 

3 0 0 0 0 

4 0 0 0 0 

5 0 0 0 0 

6 0 0 0 0 

7 0 0 0 0 

8 0 0 0 0 

9 0 0 0 0 

10 0 0 0 0 

11 0 0 0 0 

12 0 0 0 0 

13 0 0 0 0 

14 0 0 0 0 

15 0 0 0 0 

16 0 0 0 0 

17 0 0 0 0 

18 0 0 0 0 

19 0 0 0 0 

20 0 0 0 0 

21 0 0 0 0 

22 0 0 0 0 

23 0 0 0 0 
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Appendix D 

FLOOR ID  
ATOT FLOOR 

[m2] 

Office room Meeting room 

LÅGHUSDEL/ 
HÖGHUSDEL 

VÅNING DEL A [m2] Lighting [W] 
Activity lev 

[met] 
Appliances 

[W] 
Ventilation 

[m3/h] 
A [m2] Lighting [W] 

Activity lev 
[met] 

Appliances 
[W] 

Ventilation 
[m3/h] 

Höghusdel 14 - 234,3 0,0000 0 1,136 0 0 55,0800 551 0,948 110 661 

Låghusdel 0 - 144,9 0,0000 0 1,136 0 0 0,0000 0 0,948 0 0 

Höghusdel - - 1038 452,3927 5429 1,136 5429 2262 75,1323 751 0,948 150 902 

Låghusdel 1 1 1025 148,2324 1779 1,136 1779 741 312,7850 3128 0,948 626 3753 

Låghusdel 1 2 2114 960,8658 11530 1,136 11530 4804 378,9617 3790 0,948 758 4548 

Låghusdel 1 3 477 0,0000 0 1,136 0 0 0,0000 0 0,948 0 0 

Låghusdel 2 1 1025 513,9445 6167 1,136 6167 2570 83,5561 836 0,948 167 1003 

Låghusdel 2 2 1393 627,5023 7530 1,136 7530 3138 211,5487 2115 0,948 423 2539 

Låghusdel 2 4 496 88,0772 1057 1,136 1057 440 85,1501 852 0,948 170 1022 

Låghusdel 2 5 227,7 177,8535 2134 1,136 2134 889 0,0000 0 0,948 0 0 

Låghusdel 3 1 1025 487,8641 5854 1,136 5854 2439 78,6234 786 0,948 157 943 

Låghusdel 3 4 496 173,1237 2077 1,136 2077 866 24,9663 250 0,948 50 300 

Låghusdel 4 1 1025 511,6098 6139 1,136 6139 2558 63,6993 637 0,948 127 764 

Låghusdel 4 2 1393 659,0515 7909 1,136 7909 3295 156,1105 1561 0,948 312 1873 

Låghusdel 4 4 496 152,7779 1833 1,136 1833 764 57,7880 578 0,948 116 693 

FLOOR ID  
ATOT FLOOR 

[m2] 

Lavatory Tea room 

LÅGHUSDEL/ 
HÖGHUSDEL 

VÅNING DEL A [m2] 
Lighting* 

[W] 
Activity lev 

[met] 
Appliances 

[W] 
Ventilation 

[m3/h] 
A [m2] Lighting [W] 

Activity lev 
[met] 

Appliances 
[W] 

Ventilation 
[m3/h] 

Höghusdel 14 - 234,3 4,2684 79 0,000 0 11 0,0000 0 0,948 0 0 

Låghusdel 0 - 144,9 0,0000 0 0,000 0 0 0,0000 0 0,948 0 0 

Höghusdel - - 1038 18,5736 345 0,000 0 46 55,4401 554 0,948 111 665 

Låghusdel 1 1 1025 0,0000 0 0,000 0 0 325,7028 3257 0,948 651 3908 

Låghusdel 1 2 2114 43,0427 801 0,000 0 108 0,0000 0 0,948 0 0 

Låghusdel 1 3 477 0,0000 0 0,000 0 0 0,0000 0 0,948 0 0 

Låghusdel 2 1 1025 7,8689 146 0,000 0 20 20,1986 202 0,948 40 242 

Låghusdel 2 2 1393 31,0211 577 0,000 0 78 46,9187 469 0,948 94 563 

Låghusdel 2 4 496 0,0000 0 0,000 0 0 72,6830 727 0,948 145 872 

Låghusdel 2 5 227,7 0,0000 0 0,000 0 0 0,0000 0 0,948 0 0 

Låghusdel 3 1 1025 7,5684 141 0,000 0 19 20,0160 200 0,948 40 240 

Låghusdel 3 4 496 0,0000 0 0,000 0 0 54,1641 542 0,948 108 650 

Låghusdel 4 1 1025 20,7223 385 0,000 0 52 21,0494 210 0,948 42 253 

Låghusdel 4 2 1393 29,4985 549 0,000 0 74 64,7807 648 0,948 130 777 

Låghusdel 4 4 496 0,0000 0 0,000 0 0 19,8943 199 0,948 40 239 
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FLOOR ID  
ATOT FLOOR 

[m2] 

Corridor Lobby 

LÅGHUSDEL/ 
HÖGHUSDEL 

VÅNING DEL A [m2] Lighting [W] 
Activity lev 

[met] 
Appliances 

[W] 
Ventilation 

[m3/h] 
A [m2] Lighting [W] 

Activity lev 
[met] 

Appliances 
[W] 

Ventilation 
[m3/h] 

Höghusdel 14 - 234,3 78,6200 1179 1,145 0 197 96,3316 1445 1,145 0 241 

Låghusdel 0 - 144,9 0,0000 0 1,145 0 0 144,9000 2174 1,145 0 362 

Höghusdel - - 1038 436,4613 6547 1,145 0 1091 0,0000 0 1,145 0 0 

Låghusdel 1 1 1025 238,2798 3574 1,145 0 596 0,0000 0 1,145 0 0 

Låghusdel 1 2 2114 731,1298 10967 1,145 0 1828 0,0000 0 1,145 0 0 

Låghusdel 1 3 477 0,0000 0 1,145 0 0 477,0000 7155 1,145 0 1193 

Låghusdel 2 1 1025 399,4319 5991 1,145 0 999 0,0000 0 1,145 0 0 

Låghusdel 2 2 1393 476,0092 7140 1,145 0 1190 0,0000 0 1,145 0 0 

Låghusdel 2 4 496 250,0897 3751 1,145 0 625 0,0000 0 1,145 0 0 

Låghusdel 2 5 227,7 49,8465 748 1,145 0 125 0,0000 0 1,145 0 0 

Låghusdel 3 1 1025 430,9281 6464 1,145 0 1077 0,0000 0 1,145 0 0 

Låghusdel 3 4 496 243,7459 3656 1,145 0 609 0,0000 0 1,145 0 0 

Låghusdel 4 1 1025 407,9192 6119 1,145 0 1020 0,0000 0 1,145 0 0 

Låghusdel 4 2 1393 483,5588 7253 1,145 0 1209 0,0000 0 1,145 0 0 

Låghusdel 4 4 496 265,5398 3983 1,145 0 664 0,0000 0 1,145 0 0 

 

FLOOR ID  
ATOT FLOOR 

[m2] 

IDA ICE input values 

LÅGHUSDEL/ 
HÖGHUSDEL 

VÅNING DEL Lighting [W] 
Activity lev 

[met] 
Appliances 

[W] 
Ventilation 

[m3/h] 
Ventilation 

[L/(m2s] 
Occupants 

[pers] 

Höghusdel 14 - 234,3 2715 1,078 2 1109 1,315 6 

Låghusdel 0 - 144,9 2174 1,145 0 362 0,694 4 

Höghusdel - - 1038 12347 1,096 5434 4966 1,329 59 

Låghusdel 1 1 1025 5481 1,021 1804 8999 2,439 26 

Låghusdel 1 2 2114 23374 1,082 11546 11287 1,483 120 

Låghusdel 1 3 477 7155 1,145 0 1193 0,694 14 

Låghusdel 2 1 1025 12326 1,112 6171 4833 1,310 64 

Låghusdel 2 2 1393 15299 1,079 7540 7507 1,497 79 

Låghusdel 2 4 496 4840 1,081 1063 2960 1,657 17 

Låghusdel 2 5 227,7 2882 1,138 2134 1014 1,237 19 

Låghusdel 3 1 1025 12479 1,113 5858 4719 1,279 62 

Låghusdel 3 4 496 5749 1,111 2081 2425 1,358 25 

Låghusdel 4 1 1025 12660 1,101 6143 4647 1,259 64 

Låghusdel 4 2 1393 15755 1,085 7917 7229 1,441 82 

Låghusdel 4 4 496 5832 1,112 1836 2360 1,322 24 
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Höghusdel  Höghusdel Vån 14  

Time 

Lighting 
heat 
gain  

schedul
e 

Occupant
s heat 
gain 

schedule 

Appliance
s heat gain 
schedule 

Time 

Lighting 
heat 
gain  

schedul
e 

Occupant
s heat 
gain 

schedule 

Appliance
s heat gain 
schedule 

W
e

ek
d

ay
s 

0 0 0 11 0 0 0 0 

1 0 0 11 1 0 0 0 

2 0 0 11 2 0 0 0 

3 0 0 11 3 0 0 0 

4 0 0 11 4 0 0 0 

5 0 0 11 5 0 0 0 

6 0 0 11 6 0 0 0 

7 0 0 11 7 0 0 0 

8 95 95 51 8 100 100 24 

9 100 100 56 9 100 100 24 

10 100 100 56 10 100 100 24 

11 100 100 56 11 100 100 24 

12 78 83 47 12 100 100 24 

13 100 100 56 13 100 100 24 

14 100 100 56 14 100 100 24 

15 100 100 56 15 100 100 24 

16 100 100 56 16 100 100 24 

17 100 100 56 17 100 100 24 

18 87 66 44 18 76 76 0 

19 87 57 22 19 76 76 0 

20 79 53 22 20 76 76 0 

21 0 0 11 21 0 0 0 

22 0 0 11 22 0 0 0 

23 0 0 11 23 0 0 0 

Sa
tu

rd
ay

 

0 0 0 11 0 0 0 0 

1 0 0 11 1 0 0 0 

2 0 0 11 2 0 0 0 

3 0 0 11 3 0 0 0 

4 0 0 11 4 0 0 0 

5 0 0 11 5 0 0 0 

6 0 0 11 6 0 0 0 

7 0 0 11 7 0 0 0 

8 0 0 11 8 0 0 0 

9 0 0 11 9 0 0 0 

10 0 0 11 10 0 0 0 

11 0 0 11 11 0 0 0 

12 0 0 11 12 0 0 0 
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13 0 0 11 13 0 0 0 

14 0 0 11 14 0 0 0 

15 0 0 11 15 0 0 0 

16 0 0 11 16 0 0 0 

17 0 0 11 17 0 0 0 

18 0 0 11 18 0 0 0 

19 0 0 11 19 0 0 0 

20 0 0 11 20 0 0 0 

21 0 0 11 21 0 0 0 

22 0 0 11 22 0 0 0 

23 0 0 11 23 0 0 0 

Su
n

d
ay

 a
n

d
 h

o
ly

d
ay

s 

0 0 0 11 0 0 0 0 

1 0 0 11 1 0 0 0 

2 0 0 11 2 0 0 0 

3 0 0 11 3 0 0 0 

4 0 0 11 4 0 0 0 

5 0 0 11 5 0 0 0 

6 0 0 11 6 0 0 0 

7 0 0 11 7 0 0 0 

8 0 0 11 8 0 0 0 

9 0 0 11 9 0 0 0 

10 0 0 11 10 0 0 0 

11 0 0 11 11 0 0 0 

12 0 0 11 12 0 0 0 

13 0 0 11 13 0 0 0 

14 0 0 11 14 0 0 0 

15 0 0 11 15 0 0 0 

16 0 0 11 16 0 0 0 

17 0 0 11 17 0 0 0 

18 0 0 11 18 0 0 0 

19 0 0 11 19 0 0 0 

20 0 0 11 20 0 0 0 

21 0 0 11 21 0 0 0 

22 0 0 11 22 0 0 0 

23 0 0 11 23 0 0 0 
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Låghusdel Vån 0 Låghusdel Vån 1 Del 1 

Time 

Lighting 
heat 
gain  

schedul
e 

Occupant
s heat 
gain 

schedule 

Appliance
s heat 
gain 

schedule 

Time 

Lighting 
heat 
gain  

schedul
e 

Occupant
s heat 
gain 

schedule 

Appliance
s heat 
gain 

schedule 

W
e

ek
d

ay
s 

0 0 0 0 0 0 0 4 

1 0 0 0 1 0 0 4 

2 0 0 0 2 0 0 4 

3 0 0 0 3 0 0 4 

4 0 0 0 4 0 0 4 

5 0 0 0 5 0 0 4 

6 0 0 0 6 0 0 4 

7 0 0 0 7 0 0 4 

8 100 100 0 8 68 68 45 

9 100 100 0 9 100 100 77 

10 100 100 0 10 100 100 77 

11 100 100 0 11 100 100 77 

12 100 100 0 12 93 94 74 

13 100 100 0 13 100 100 77 

14 100 100 0 14 100 100 77 

15 100 100 0 15 100 100 77 

16 100 100 0 16 100 100 77 

17 100 100 0 17 100 100 77 

18 100 100 0 18 38 30 14 

19 100 100 0 19 38 28 7 

20 100 100 0 20 35 26 7 

21 0 0 0 21 0 0 4 

22 0 0 0 22 0 0 4 

23 0 0 0 23 0 0 4 

Sa
tu

rd
ay

 

0 0 0 0 0 0 0 4 

1 0 0 0 1 0 0 4 

2 0 0 0 2 0 0 4 

3 0 0 0 3 0 0 4 

4 0 0 0 4 0 0 4 

5 0 0 0 5 0 0 4 

6 0 0 0 6 0 0 4 

7 0 0 0 7 0 0 4 

8 0 0 0 8 0 0 4 

9 0 0 0 9 0 0 4 

10 0 0 0 10 0 0 4 

11 0 0 0 11 0 0 4 

12 0 0 0 12 0 0 4 
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13 0 0 0 13 0 0 4 

14 0 0 0 14 0 0 4 

15 0 0 0 15 0 0 4 

16 0 0 0 16 0 0 4 

17 0 0 0 17 0 0 4 

18 0 0 0 18 0 0 4 

19 0 0 0 19 0 0 4 

20 0 0 0 20 0 0 4 

21 0 0 0 21 0 0 4 

22 0 0 0 22 0 0 4 

23 0 0 0 23 0 0 4 

Su
n

d
ay

 a
n

d
 h

o
ly

d
ay

s 

0 0 0 0 0 0 0 4 

1 0 0 0 1 0 0 4 

2 0 0 0 2 0 0 4 

3 0 0 0 3 0 0 4 

4 0 0 0 4 0 0 4 

5 0 0 0 5 0 0 4 

6 0 0 0 6 0 0 4 

7 0 0 0 7 0 0 4 

8 0 0 0 8 0 0 4 

9 0 0 0 9 0 0 4 

10 0 0 0 10 0 0 4 

11 0 0 0 11 0 0 4 

12 0 0 0 12 0 0 4 

13 0 0 0 13 0 0 4 

14 0 0 0 14 0 0 4 

15 0 0 0 15 0 0 4 

16 0 0 0 16 0 0 4 

17 0 0 0 17 0 0 4 

18 0 0 0 18 0 0 4 

19 0 0 0 19 0 0 4 

20 0 0 0 20 0 0 4 

21 0 0 0 21 0 0 4 

22 0 0 0 22 0 0 4 

23 0 0 0 23 0 0 4 
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Låghusdel Vån 1 Del 2 Låghusdel Vån 1 Del 3 

Time 

Lighting 
heat 
gain  

schedul
e 

Occupant
s heat 
gain 

schedule 

Appliance
s heat 
gain 

schedule 

Time 

Lighting 
heat 
gain  

schedul
e 

Occupant
s heat 
gain 

schedule 

Appliance
s heat 
gain 

schedule 

W
e

ek
d

ay
s 

0 0 0 11 0 0 0 0 

1 0 0 11 1 0 0 0 

2 0 0 11 2 0 0 0 

3 0 0 11 3 0 0 0 

4 0 0 11 4 0 0 0 

5 0 0 11 5 0 0 0 

6 0 0 11 6 0 0 0 

7 0 0 11 7 0 0 0 

8 100 100 63 8 100 100 0 

9 100 100 63 9 100 100 0 

10 100 100 63 10 100 100 0 

11 100 100 63 11 100 100 0 

12 77 82 54 12 100 100 0 

13 100 100 63 13 100 100 0 

14 100 100 63 14 100 100 0 

15 100 100 63 15 100 100 0 

16 100 100 63 16 100 100 0 

17 100 100 63 17 100 100 0 

18 82 59 45 18 100 100 0 

19 82 50 23 19 100 100 0 

20 73 46 23 20 100 100 0 

21 0 0 11 21 0 0 0 

22 0 0 11 22 0 0 0 

23 0 0 11 23 0 0 0 

Sa
tu

rd
ay

 

0 0 0 11 0 0 0 0 

1 0 0 11 1 0 0 0 

2 0 0 11 2 0 0 0 

3 0 0 11 3 0 0 0 

4 0 0 11 4 0 0 0 

5 0 0 11 5 0 0 0 

6 0 0 11 6 0 0 0 

7 0 0 11 7 0 0 0 

8 0 0 11 8 0 0 0 

9 0 0 11 9 0 0 0 

10 0 0 11 10 0 0 0 

11 0 0 11 11 0 0 0 

12 0 0 11 12 0 0 0 
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13 0 0 11 13 0 0 0 

14 0 0 11 14 0 0 0 

15 0 0 11 15 0 0 0 

16 0 0 11 16 0 0 0 

17 0 0 11 17 0 0 0 

18 0 0 11 18 0 0 0 

19 0 0 11 19 0 0 0 

20 0 0 11 20 0 0 0 

21 0 0 11 21 0 0 0 

22 0 0 11 22 0 0 0 

23 0 0 11 23 0 0 0 

Su
n

d
ay

 a
n

d
 h

o
ly

d
ay

s 

0 0 0 11 0 0 0 0 

1 0 0 11 1 0 0 0 

2 0 0 11 2 0 0 0 

3 0 0 11 3 0 0 0 

4 0 0 11 4 0 0 0 

5 0 0 11 5 0 0 0 

6 0 0 11 6 0 0 0 

7 0 0 11 7 0 0 0 

8 0 0 11 8 0 0 0 

9 0 0 11 9 0 0 0 

10 0 0 11 10 0 0 0 

11 0 0 11 11 0 0 0 

12 0 0 11 12 0 0 0 

13 0 0 11 13 0 0 0 

14 0 0 11 14 0 0 0 

15 0 0 11 15 0 0 0 

16 0 0 11 16 0 0 0 

17 0 0 11 17 0 0 0 

18 0 0 11 18 0 0 0 

19 0 0 11 19 0 0 0 

20 0 0 11 20 0 0 0 

21 0 0 11 21 0 0 0 

22 0 0 11 22 0 0 0 

23 0 0 11 23 0 0 0 
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Låghusdel Vån 2 Del 1 Låghusdel Vån 2 Del 2 

Time 

Lighting 
heat 
gain  

schedul
e 

Occupant
s heat 
gain 

schedule 

Appliance
s heat 
gain 

schedule 

Time 

Lighting 
heat 
gain  

schedul
e 

Occupant
s heat 
gain 

schedule 

Appliance
s heat 
gain 

schedule 

W
e

ek
d

ay
s 

0 0 0 13 0 0 0 11 

1 0 0 13 1 0 0 11 

2 0 0 13 2 0 0 11 

3 0 0 13 3 0 0 11 

4 0 0 13 4 0 0 11 

5 0 0 13 5 0 0 11 

6 0 0 13 6 0 0 11 

7 0 0 13 7 0 0 11 

8 98 98 58 8 97 97 60 

9 100 100 60 9 100 100 64 

10 100 100 60 10 100 100 64 

11 100 100 60 11 100 100 64 

12 75 80 50 12 77 82 55 

13 100 100 60 13 100 100 64 

14 100 100 60 14 100 100 64 

15 100 100 60 15 100 100 64 

16 100 100 60 16 100 100 64 

17 100 100 60 17 100 100 64 

18 90 65 50 18 81 59 45 

19 90 55 25 19 81 50 23 

20 80 50 25 20 72 45 23 

21 0 0 13 21 0 0 11 

22 0 0 13 22 0 0 11 

23 0 0 13 23 0 0 11 

Sa
tu

rd
ay

 

0 0 0 13 0 0 0 11 

1 0 0 13 1 0 0 11 

2 0 0 13 2 0 0 11 

3 0 0 13 3 0 0 11 

4 0 0 13 4 0 0 11 

5 0 0 13 5 0 0 11 

6 0 0 13 6 0 0 11 

7 0 0 13 7 0 0 11 

8 0 0 13 8 0 0 11 

9 0 0 13 9 0 0 11 

10 0 0 13 10 0 0 11 

11 0 0 13 11 0 0 11 

12 0 0 13 12 0 0 11 
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13 0 0 13 13 0 0 11 

14 0 0 13 14 0 0 11 

15 0 0 13 15 0 0 11 

16 0 0 13 16 0 0 11 

17 0 0 13 17 0 0 11 

18 0 0 13 18 0 0 11 

19 0 0 13 19 0 0 11 

20 0 0 13 20 0 0 11 

21 0 0 13 21 0 0 11 

22 0 0 13 22 0 0 11 

23 0 0 13 23 0 0 11 

Su
n

d
ay

 a
n

d
 h

o
ly

d
ay

s 

0 0 0 13 0 0 0 11 

1 0 0 13 1 0 0 11 

2 0 0 13 2 0 0 11 

3 0 0 13 3 0 0 11 

4 0 0 13 4 0 0 11 

5 0 0 13 5 0 0 11 

6 0 0 13 6 0 0 11 

7 0 0 13 7 0 0 11 

8 0 0 13 8 0 0 11 

9 0 0 13 9 0 0 11 

10 0 0 13 10 0 0 11 

11 0 0 13 11 0 0 11 

12 0 0 13 12 0 0 11 

13 0 0 13 13 0 0 11 

14 0 0 13 14 0 0 11 

15 0 0 13 15 0 0 11 

16 0 0 13 16 0 0 11 

17 0 0 13 17 0 0 11 

18 0 0 13 18 0 0 11 

19 0 0 13 19 0 0 11 

20 0 0 13 20 0 0 11 

21 0 0 13 21 0 0 11 

22 0 0 13 22 0 0 11 

23 0 0 13 23 0 0 11 
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Låghusdel Vån 2 Del 4 Låghusdel Vån 2 Del 5 

Time 

Lighting 
heat 
gain  

schedul
e 

Occupant
s heat 
gain 

schedule 

Appliance
s heat 
gain 

schedule 

Time 

Lighting 
heat 
gain  

schedul
e 

Occupant
s heat 
gain 

schedule 

Appliance
s heat 
gain 

schedule 

W
e

ek
d

ay
s 

0 0 0 4 0 0 0 20 

1 0 0 4 1 0 0 20 

2 0 0 4 2 0 0 20 

3 0 0 4 3 0 0 20 

4 0 0 4 4 0 0 20 

5 0 0 4 5 0 0 20 

6 0 0 4 6 0 0 20 

7 0 0 4 7 0 0 20 

8 85 85 35 8 100 100 78 

9 100 100 50 9 100 100 78 

10 100 100 50 10 100 100 78 

11 100 100 50 11 100 100 78 

12 91 93 46 12 61 69 62 

13 100 100 50 13 100 100 78 

14 100 100 50 14 100 100 78 

15 100 100 50 15 100 100 78 

16 100 100 50 16 100 100 78 

17 100 100 50 17 100 100 78 

18 68 59 18 18 100 61 78 

19 68 56 9 19 100 45 39 

20 65 54 9 20 84 38 39 

21 0 0 4 21 0 0 20 

22 0 0 4 22 0 0 20 

23 0 0 4 23 0 0 20 

Sa
tu

rd
ay

 

0 0 0 4 0 0 0 20 

1 0 0 4 1 0 0 20 

2 0 0 4 2 0 0 20 

3 0 0 4 3 0 0 20 

4 0 0 4 4 0 0 20 

5 0 0 4 5 0 0 20 

6 0 0 4 6 0 0 20 

7 0 0 4 7 0 0 20 

8 0 0 4 8 0 0 20 

9 0 0 4 9 0 0 20 

10 0 0 4 10 0 0 20 

11 0 0 4 11 0 0 20 

12 0 0 4 12 0 0 20 
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13 0 0 4 13 0 0 20 

14 0 0 4 14 0 0 20 

15 0 0 4 15 0 0 20 

16 0 0 4 16 0 0 20 

17 0 0 4 17 0 0 20 

18 0 0 4 18 0 0 20 

19 0 0 4 19 0 0 20 

20 0 0 4 20 0 0 20 

21 0 0 4 21 0 0 20 

22 0 0 4 22 0 0 20 

23 0 0 4 23 0 0 20 

Su
n

d
ay

 a
n

d
 h

o
ly

d
ay

s 

0 0 0 4 0 0 0 20 

1 0 0 4 1 0 0 20 

2 0 0 4 2 0 0 20 

3 0 0 4 3 0 0 20 

4 0 0 4 4 0 0 20 

5 0 0 4 5 0 0 20 

6 0 0 4 6 0 0 20 

7 0 0 4 7 0 0 20 

8 0 0 4 8 0 0 20 

9 0 0 4 9 0 0 20 

10 0 0 4 10 0 0 20 

11 0 0 4 11 0 0 20 

12 0 0 4 12 0 0 20 

13 0 0 4 13 0 0 20 

14 0 0 4 14 0 0 20 

15 0 0 4 15 0 0 20 

16 0 0 4 16 0 0 20 

17 0 0 4 17 0 0 20 

18 0 0 4 18 0 0 20 

19 0 0 4 19 0 0 20 

20 0 0 4 20 0 0 20 

21 0 0 4 21 0 0 20 

22 0 0 4 22 0 0 20 

23 0 0 4 23 0 0 20 
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Låghusdel Vån 3 Del 1 Låghusdel Vån 3 Del 4 

Time 

Lighting 
heat 
gain  

schedul
e 

Occupant
s heat 
gain 

schedule 

Appliance
s heat 
gain 

schedule 

Time 

Lighting 
heat 
gain  

schedul
e 

Occupant
s heat 
gain 

schedule 

Appliance
s heat 
gain 

schedule 

W
e

ek
d

ay
s 

0 0 0 12 0 0 0 9 

1 0 0 12 1 0 0 9 

2 0 0 12 2 0 0 9 

3 0 0 12 3 0 0 9 

4 0 0 12 4 0 0 9 

5 0 0 12 5 0 0 9 

6 0 0 12 6 0 0 9 

7 0 0 12 7 0 0 9 

8 98 98 55 8 89 89 40 

9 100 100 57 9 100 100 51 

10 100 100 57 10 100 100 51 

11 100 100 57 11 100 100 51 

12 76 81 48 12 83 86 44 

13 100 100 57 13 100 100 51 

14 100 100 57 14 100 100 51 

15 100 100 57 15 100 100 51 

16 100 100 57 16 100 100 51 

17 100 100 57 17 100 100 51 

18 90 67 48 18 84 67 35 

19 90 57 24 19 84 60 17 

20 81 52 24 20 77 56 17 

21 0 0 12 21 0 0 9 

22 0 0 12 22 0 0 9 

23 0 0 12 23 0 0 9 

Sa
tu

rd
ay

 

0 0 0 12 0 0 0 9 

1 0 0 12 1 0 0 9 

2 0 0 12 2 0 0 9 

3 0 0 12 3 0 0 9 

4 0 0 12 4 0 0 9 

5 0 0 12 5 0 0 9 

6 0 0 12 6 0 0 9 

7 0 0 12 7 0 0 9 

8 0 0 12 8 0 0 9 

9 0 0 12 9 0 0 9 

10 0 0 12 10 0 0 9 

11 0 0 12 11 0 0 9 

12 0 0 12 12 0 0 9 
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13 0 0 12 13 0 0 9 

14 0 0 12 14 0 0 9 

15 0 0 12 15 0 0 9 

16 0 0 12 16 0 0 9 

17 0 0 12 17 0 0 9 

18 0 0 12 18 0 0 9 

19 0 0 12 19 0 0 9 

20 0 0 12 20 0 0 9 

21 0 0 12 21 0 0 9 

22 0 0 12 22 0 0 9 

23 0 0 12 23 0 0 9 

Su
n

d
ay

 a
n

d
 h

o
ly

d
ay

s 

0 0 0 12 0 0 0 9 

1 0 0 12 1 0 0 9 

2 0 0 12 2 0 0 9 

3 0 0 12 3 0 0 9 

4 0 0 12 4 0 0 9 

5 0 0 12 5 0 0 9 

6 0 0 12 6 0 0 9 

7 0 0 12 7 0 0 9 

8 0 0 12 8 0 0 9 

9 0 0 12 9 0 0 9 

10 0 0 12 10 0 0 9 

11 0 0 12 11 0 0 9 

12 0 0 12 12 0 0 9 

13 0 0 12 13 0 0 9 

14 0 0 12 14 0 0 9 

15 0 0 12 15 0 0 9 

16 0 0 12 16 0 0 9 

17 0 0 12 17 0 0 9 

18 0 0 12 18 0 0 9 

19 0 0 12 19 0 0 9 

20 0 0 12 20 0 0 9 

21 0 0 12 21 0 0 9 

22 0 0 12 22 0 0 9 

23 0 0 12 23 0 0 9 
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Låghusdel Vån 4 Del 1 Låghusdel Vån 4 Del 2 

Time 

Lighting 
heat 
gain  

schedul
e 

Occupant
s heat 
gain 

schedule 

Appliance
s heat 
gain 

schedule 

Time 

Lighting 
heat 
gain  

schedul
e 

Occupant
s heat 
gain 

schedule 

Appliance
s heat 
gain 

schedule 

W
e

ek
d

ay
s 

0 0 0 12 0 0 0 12 

1 0 0 12 1 0 0 12 

2 0 0 12 2 0 0 12 

3 0 0 12 3 0 0 12 

4 0 0 12 4 0 0 12 

5 0 0 12 5 0 0 12 

6 0 0 12 6 0 0 12 

7 0 0 12 7 0 0 12 

8 98 98 56 8 95 95 59 

9 100 100 58 9 100 100 63 

10 100 100 58 10 100 100 63 

11 100 100 58 11 100 100 63 

12 75 80 48 12 76 81 54 

13 100 100 58 13 100 100 63 

14 100 100 58 14 100 100 63 

15 100 100 58 15 100 100 63 

16 100 100 58 16 100 100 63 

17 100 100 58 17 100 100 63 

18 92 67 50 18 84 60 47 

19 92 57 25 19 84 51 24 

20 82 52 25 20 75 46 24 

21 0 0 12 21 0 0 12 

22 0 0 12 22 0 0 12 

23 0 0 12 23 0 0 12 

Sa
tu

rd
ay

 

0 0 0 12 0 0 0 12 

1 0 0 12 1 0 0 12 

2 0 0 12 2 0 0 12 

3 0 0 12 3 0 0 12 

4 0 0 12 4 0 0 12 

5 0 0 12 5 0 0 12 

6 0 0 12 6 0 0 12 

7 0 0 12 7 0 0 12 

8 0 0 12 8 0 0 12 

9 0 0 12 9 0 0 12 

10 0 0 12 10 0 0 12 

11 0 0 12 11 0 0 12 

12 0 0 12 12 0 0 12 
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13 0 0 12 13 0 0 12 

14 0 0 12 14 0 0 12 

15 0 0 12 15 0 0 12 

16 0 0 12 16 0 0 12 

17 0 0 12 17 0 0 12 

18 0 0 12 18 0 0 12 

19 0 0 12 19 0 0 12 

20 0 0 12 20 0 0 12 

21 0 0 12 21 0 0 12 

22 0 0 12 22 0 0 12 

23 0 0 12 23 0 0 12 

Su
n

d
ay

 a
n

d
 h

o
ly

d
ay

s 

0 0 0 12 0 0 0 12 

1 0 0 12 1 0 0 12 

2 0 0 12 2 0 0 12 

3 0 0 12 3 0 0 12 

4 0 0 12 4 0 0 12 

5 0 0 12 5 0 0 12 

6 0 0 12 6 0 0 12 

7 0 0 12 7 0 0 12 

8 0 0 12 8 0 0 12 

9 0 0 12 9 0 0 12 

10 0 0 12 10 0 0 12 

11 0 0 12 11 0 0 12 

12 0 0 12 12 0 0 12 

13 0 0 12 13 0 0 12 

14 0 0 12 14 0 0 12 

15 0 0 12 15 0 0 12 

16 0 0 12 16 0 0 12 

17 0 0 12 17 0 0 12 

18 0 0 12 18 0 0 12 

19 0 0 12 19 0 0 12 

20 0 0 12 20 0 0 12 

21 0 0 12 21 0 0 12 

22 0 0 12 22 0 0 12 

23 0 0 12 23 0 0 12 
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Låghusdel Vån 4 Del 4 

Time 

Lighting 
heat 
gain  

schedule 

Occupants 
heat gain 
schedule 

Appliances 
heat gain 
schedule 

W
e

ek
d

ay
s 

0 0 0 8 

1 0 0 8 

2 0 0 8 

3 0 0 8 

4 0 0 8 

5 0 0 8 

6 0 0 8 

7 0 0 8 

8 96 96 42 

9 100 100 46 

10 100 100 46 

11 100 100 46 

12 85 88 40 

13 100 100 46 

14 100 100 46 

15 100 100 46 

16 100 100 46 

17 100 100 46 

18 84 69 31 

19 84 63 15 

20 78 60 15 

21 0 0 8 

22 0 0 8 

23 0 0 8 

Sa
tu

rd
ay

 

0 0 0 8 

1 0 0 8 

2 0 0 8 

3 0 0 8 

4 0 0 8 

5 0 0 8 

6 0 0 8 

7 0 0 8 

8 0 0 8 

9 0 0 8 

10 0 0 8 

11 0 0 8 

12 0 0 8 
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13 0 0 8 

14 0 0 8 

15 0 0 8 

16 0 0 8 

17 0 0 8 

18 0 0 8 

19 0 0 8 

20 0 0 8 

21 0 0 8 

22 0 0 8 

23 0 0 8 

Su
n

d
ay

 a
n

d
 h

o
ly

d
ay

s 

0 0 0 8 

1 0 0 8 

2 0 0 8 

3 0 0 8 

4 0 0 8 

5 0 0 8 

6 0 0 8 

7 0 0 8 

8 0 0 8 

9 0 0 8 

10 0 0 8 

11 0 0 8 

12 0 0 8 

13 0 0 8 

14 0 0 8 

15 0 0 8 

16 0 0 8 

17 0 0 8 

18 0 0 8 

19 0 0 8 

20 0 0 8 

21 0 0 8 

22 0 0 8 

23 0 0 8 
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Appendix E 

MEASURED DATA 

Date 
[dd/mm/yyyy] 

Time 
[hh:mm] 

Out temp 
[°C] 

Actual supply airflow [m3/h] 

LB001 LB002 LB003 LB004 LB005 LB101 LB201A LB201B LB301A LB301B LB006 

23/05/2016 

00:00 12,96 16502 18200 17335 18259 2700 0 13953 10456 17340 16361 2700 

01:00 12,23 16402 18273 17329 18248 2700 0 14063 10456 17230 16517 2700 

02:00 11,77 16408 18204 17367 18269 2700 0 13925 10407 17338 16559 2700 

03:00 11,41 16443 18220 17327 18273 2700 0 13913 10392 17397 16440 2700 

04:00 11,40 16403 18245 17170 18248 2700 0 13908 10476 17302 16347 2700 

05:00 11,98 16315 18223 17146 18283 2700 0 13946 10319 17144 16500 2700 

06:00 13,25 16420 18189 17138 18199 0 0 13968 10438 17498 16472 2700 

07:00 15,64 15888 17661 16704 17694 0 0 13909 10412 17417 16197 2700 

08:00 16,60 10547 12539 12416 12772 2700 7181 10050 7605 8530 7891 2700 

09:00 18,09 12019 14285 13650 14345 2700 7363 10450 7869 9583 8855 2700 

10:00 19,42 13727 16060 15162 16081 2700 7859 11095 8314 10917 10099 2700 

11:00 20,72 14443 17141 15646 16925 2700 8609 11186 8476 11607 11041 2700 

12:00 21,71 14555 17127 15786 17062 2700 9326 11508 8721 12246 11539 2700 

13:00 22,86 14463 17022 15692 16906 2700 9626 11347 8588 12359 11601 2700 

14:00 23,86 14783 17476 15973 17199 2700 10135 11499 8677 12980 12139 2700 

15:00 24,30 14921 17642 16098 17321 2700 9591 11709 8857 13015 12185 2700 

16:00 24,71 14797 17536 16172 17319 2700 9310 11744 8905 12761 12143 2700 

17:00 23,04 14628 17228 15894 17069 2700 8901 11759 8788 12512 11515 2700 

18:00 20,74 14010 16738 15150 16341 2700 8706 11306 8554 11691 10805 2700 

19:00 19,67 16377 17935 16968 18146 0 0 0 0 0 0 2700 

20:00 19,22 16837 18174 17508 18165 0 0 0 0 0 0 2700 

21:00 19,69 16775 18121 17646 18126 0 0 1614 1144 0 0 2700 

22:00 15,82 16534 18045 17493 18080 0 0 13547 10842 17472 16392 2700 

23:00 14,45 16270 18016 17345 18037 2682 0 13431 10698 17580 15950 2700 
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FI
R

ST
 M

O
D

EL
 

LB001, LB002, LB003, LB004,LB005 

CAV system type_Supply air for CAV [m3/h] 

Höghusdel 
våning 01 

(plan4) 

Höghusdel 
våning 02 

(plan5) 

Höghusdel 
våning 03 

(plan6) 

Höghusdel 
våning 04 

(plan7) 

Höghusdel 
våning 05 

(plan8) 

Höghusdel 
våning 06 

(plan9) 

Höghusdel 
våning 07 
(plan10) 

Höghusdel 
våning 08 
(plan11) 

Höghusdel 
våning 09 
(plan12) 

Höghusdel 
våning 10 
(plan13) 

Höghusdel 
våning 11 
(plan14) 

Höghusdel 
våning 12 
(plan15) 

Höghusdel 
våning 13 
(plan16) 

Höghusdel 
våning 14 
(plan17) 

Reference 
value 

6861 7672 5758 5142 4962 6689 6652 7302 6113 6652 6977 6977 5075 1265 84097 

LB201A, LB201B NO AHU LB101, LB301A, LB301B, LB302, LB006 

  

CAV system type_Supply air for CAV [m3/h] 

Låghusdel 
våning 01 

del 1  

Låghusdel 
våning 02 

del 1 

Låghusdel 
våning 03 

del 1 

Låghusdel 
våning 04 

del 1 

Reference 
value 

Låghusdel 
våning 01 

del 3  

Låghusdel 
våning 01 

del 2  

Låghusdel 
våning 02 

del 2  

Låghusdel 
våning 02 

del 4  

Låghusdel 
våning 02 

del 5 

Låghusdel 
våning 03 

del 4  

Låghusdel 
våning 04 

del 2 

Låghusdel 
våning 04 

del 4 

Reference 
value 

17040 5668 5668 5483 33859 0 21820 5852 4319 1281 1512 6459 3582 44825 

SE
C

O
N

D
 M

O
D

EL
 

LB001, LB002, LB003, LB004, LB005 

CAV system type_Supply air for CAV [m3/h] 

Höghusdel 
våning 01 

(plan4) 

Höghusdel 
våning 02 

(plan5) 

Höghusdel 
våning 03 

(plan6) 

Höghusdel 
våning 04 

(plan7) 

Höghusdel 
våning 05 

(plan8) 

Höghusdel 
våning 06 

(plan9) 

Höghusdel 
våning 07 
(plan10) 

Höghusdel 
våning 08 
(plan11) 

Höghusdel 
våning 09 
(plan12) 

Höghusdel 
våning 10 
(plan13) 

Höghusdel 
våning 11 
(plan14) 

Höghusdel 
våning 12 
(plan15) 

Höghusdel 
våning 13 
(plan16) 

Höghusdel 
våning 14 
(plan17) 

Reference 
value 

4966 4966 4966 4966 4966 4966 4966 4966 4966 4966 4966 4966 4966 1109 65667 

LB201A, LB201B NO AHU LB101, LB301A, LB301B, LB302, LB006 

  

CAV system type_Supply air for CAV [m3/h] 

Låghusdel 
våning 01 

del 1  

Låghusdel 
våning 02 

del 1 

Låghusdel 
våning 03 

del 1 

Låghusdel 
våning 04 

del 1 

Reference 
value 

Låghusdel 
våning 01 

del 3  

Låghusdel 
våning 01 

del 2  

Låghusdel 
våning 02 

del 2  

Låghusdel 
våning 02 

del 4  

Låghusdel 
våning 02 

del 5 

Låghusdel 
våning 03 

del 4  

Låghusdel 
våning 04 

del 2 

Låghusdel 
våning 04 

del 4 

Reference 
value 

9642 5476 5362 5288 25768 0 11290 7507 2959 1014 2425 7226 2361 34782 
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Appendix F 

MEASURED SUPPLY AIRFLOW 

Date 
LB001 
[m3/h] 

LB002 
[m3/h] 

LB003 
[m3/h] 

LB004 
[m3/h] 

LB201A 
[m3/h] 

LB201B 
[m3/h] 

LB101 
[m3/h] 

LB301A 
[m3/h] 

LB301B 
[m3/h] 

LB302 
[m3/h] 

LB006 
[L/s] 

LB006 
[m3/h] 

LB005 
[L/s] 

LB005 
[m3/h] 

01/06/2015 3574,34 3742,50 1855,87 1225,99 3560,58 2592,21 700,33 550,86 522,76 NO DATA 65,03 234,11 119,39 429,80 

02/06/2015 15257,60 15869,70 5723,73 6011,01 11844,30 8519,23 2568,08 3014,62 2849,16  584,09 2102,72 486,77 1752,37 

03/06/2015 11853,10 12940,20 8711,11 7612,42 9321,48 6939,94 3448,43 4021,33 3796,95  417,27 1502,17 451,12 1624,03 

04/06/2015 11359,60 12378,20 8988,25 4265,17 8395,82 6259,49 3730,71 4264,56 4111,69  258,52 930,67 468,70 1687,32 

05/06/2015 13576,80 14581,20 7812,66 5627,26 9803,14 7399,60 4012,29 6456,90 6168,94  390,00 1404,00 475,55 1711,98 

06/06/2015 12027,70 13086,40 7579,46 7171,03 8746,27 6499,35 3992,26 7062,19 6694,65  298,86 1075,90 477,56 1719,22 

07/06/2015 4331,53 4712,86 2729,90 2582,88 6221,04 4649,79 2008,66 2543,13 2410,77  197,62 711,43 280,55 1009,98 

08/06/2015 3434,43 3773,99 2878,27 2982,15 2240,24 1674,42 723,38 915,73 868,07  151,70 546,12 209,60 754,56 

09/06/2015 14264,00 15793,50 14708,20 15475,90 5161,16 3804,41 2564,59 2937,79 2764,58  267,21 961,96 497,33 1790,39 

10/06/2015 13328,30 15104,80 13939,50 15015,60 8449,33 6326,46 3599,94 5746,59 5348,38  337,60 1215,36 445,23 1602,83 

11/06/2015 12966,10 14729,40 13679,00 14782,00 9734,01 7320,43 3999,47 6791,48 6291,89  211,30 760,68 466,91 1680,88 

12/06/2015 12643,50 14268,90 13337,20 14453,80 9825,54 7387,41 4397,91 7320,06 6786,60  226,92 816,91 474,51 1708,24 

13/06/2015 11659,50 12881,80 12088,30 13107,10 8306,67 6277,69 5044,54 7004,45 6595,12  167,24 602,06 477,31 1718,32 

14/06/2015 4783,53 5244,41 4737,85 5318,89 5258,49 4032,11 2442,56 2522,34 2374,95  145,95 525,42 280,56 1010,02 

15/06/2015 3811,27 3981,72 1706,00 4017,66 3474,65 2640,61 2198,66 2641,96 2485,67  126,30 454,68 209,96 755,86 

16/06/2015 10629,00 11408,70 6881,45 11550,90 8092,46 6062,14 4879,16 7558,62 7012,58  158,63 571,07 365,33 1315,19 

17/06/2015 12475,50 13809,20 11503,30 13970,80 9849,49 7367,80 4569,86 9107,25 8559,31  324,56 1168,42 437,98 1576,73 

18/06/2015 13516,80 15139,40 12804,20 15177,50 10703,40 7912,55 4848,73 8344,98 7787,02  271,72 978,19 459,96 1655,86 

19/06/2015 11059,10 12446,10 11189,70 12573,00 8762,80 6520,06 4306,27 5997,18 5653,61  188,00 676,80 446,44 1607,18 

20/06/2015 7275,44 8168,04 7611,70 8330,88 5655,96 4225,49 3525,68 4243,50 3995,55  157,42 566,71 363,63 1309,07 

21/06/2015 2620,22 2941,69 2741,34 3000,34 3854,56 2826,88 1810,79 1528,11 1438,83  146,32 526,75 160,07 576,25 

22/06/2015 2857,33 3126,38 2882,77 3141,47 3027,36 2252,96 652,13 2532,58 2327,95  142,30 512,28 166,72 600,19 

23/06/2015 9824,64 10876,20 10078,30 10878,50 7743,94 5817,04 2919,94 5963,08 5492,31  300,06 1080,22 366,69 1320,08 

24/06/2015 12144,80 13516,00 12629,70 13622,50 9372,00 7054,04 3924,96 5868,16 5418,06  358,85 1291,86 414,10 1490,76 

25/06/2015 12725,20 14297,80 13339,90 14343,30 8975,72 6723,29 4118,40 7786,36 7172,08  264,06 950,62 376,17 1354,21 

26/06/2015 12939,90 14548,70 13580,20 14639,60 9829,10 7389,48 4206,94 7795,30 7190,25  222,30 800,28 417,81 1504,12 

27/06/2015 10908,20 12419,40 11625,80 12561,90 8450,25 6373,14 4210,73 6144,40 5720,25  296,12 1066,03 377,27 1358,17 

28/06/2015 3928,45 4472,70 4186,89 4524,02 6526,19 4908,46 2770,85 2212,65 2059,91  196,34 706,82 244,95 881,82 

29/06/2015 4602,68 4958,02 4622,70 5002,66 4024,16 3017,93 2402,41 2794,72 2573,73  160,36 577,30 197,14 709,70 

30/06/2015 10720,40 11930,40 11053,10 11976,70 7638,05 5736,59 5199,96 7774,42 7155,50   147,54 531,14 377,54 1359,14 

01/07/2015 12641,20 14214,00 13147,80 14262,30 9529,11 7169,91 6372,00 9973,48 9172,72   142,94 514,58 442,53 1593,11 

02/07/2015 12576,50 14230,70 13220,60 14309,80 9368,01 7089,79 7354,67 9842,45 9231,81   141,11 508,00 465,74 1676,66 

03/07/2015 12596,50 14180,50 12102,60 14325,60 8612,01 6481,63 7200,57 8955,36 8546,73   122,63 441,47 450,07 1620,25 
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04/07/2015 13287,70 14676,40 10827,30 14777,60 7734,80 5828,17 6564,46 8030,45 7676,56   110,85 399,06 444,03 1598,51 

05/07/2015 8136,70 8643,70 4233,59 8703,86 4589,95 3451,29 3424,16 2891,81 2764,37   60,66 218,38 269,97 971,89 

06/07/2015 7671,18 7766,94 1524,43 7813,44 4643,52 3496,57 2080,77 2261,29 2159,11   111,76 402,34 206,07 741,85 

07/07/2015 12143,40 12761,30 7225,39 12831,10 8293,15 6205,19 5011,86 8261,10 7700,86   130,16 468,58 380,98 1371,53 

08/07/2015 12917,50 13871,40 11155,70 13930,40 9319,78 6992,50 4539,11 9790,91 9064,72   137,08 493,49 443,67 1597,21 

09/07/2015 13227,70 14344,30 12781,50 14519,70 9958,71 7501,22 4277,48 10656,90 9835,00   139,19 501,08 466,37 1678,93 

10/07/2015 12999,50 14467,50 13337,70 14677,90 10047,30 7579,58 4102,51 8888,83 8191,84   139,75 503,10 474,57 1708,45 

11/07/2015 10434,40 11859,70 11083,20 11991,40 8268,68 6254,34 3785,52 6015,54 5579,13   140,73 506,63 453,25 1631,70 

12/07/2015 3757,75 4271,07 3991,44 4318,49 4009,46 3029,01 1942,47 2166,24 2009,08   140,71 506,56 192,74 693,86 

13/07/2015 3300,30 3596,12 3349,32 3627,50 3092,93 2326,68 2060,70 2819,64 2587,67   140,46 505,66 178,34 642,02 

14/07/2015 8860,64 10002,50 9447,83 10073,80 7335,97 5518,06 4578,31 5748,49 5345,13   140,49 505,76 370,87 1335,13 

15/07/2015 10713,90 12194,50 11511,10 12340,80 8896,37 6689,22 3990,17 5679,44 5332,37   140,28 505,01 440,39 1585,40 

16/07/2015 11542,20 13121,70 12447,20 13226,10 9600,08 7223,24 3998,17 6728,42 6291,83   140,19 504,68 465,28 1675,01 

17/07/2015 12089,90 13561,20 10587,80 13642,20 9514,23 7171,41 3939,52 7043,02 6552,28   140,30 505,08 474,26 1707,34 

18/07/2015 9799,25 11121,60 9765,90 11153,30 7799,14 5892,65 3553,61 6732,35 6266,40   140,37 505,33 477,71 1719,76 

19/07/2015 3529,01 4005,25 3517,07 4016,68 3524,26 2652,41 1826,00 2424,33 2256,54   140,98 507,53 280,85 1011,06 

20/07/2015 3222,73 3483,60 3179,35 3475,62 2876,61 2156,11 657,61 872,95 812,53   141,11 508,00 210,25 756,90 

21/07/2015 9071,39 9731,12 6988,62 9794,87 7084,02 5328,74 2428,03 4202,20 3891,42   140,84 507,02 382,14 1375,70 

22/07/2015 8825,09 9801,83 8494,19 9826,60 6974,94 5253,44 3038,80 5014,59 4641,89   140,78 506,81 419,68 1510,85 

23/07/2015 6778,61 7718,67 7103,04 7703,57 6780,30 5112,12 3249,09 4408,84 4101,89   140,79 506,84 378,25 1361,70 

24/07/2015 6003,70 10662,20 6358,20 6833,69 7932,88 5957,10 2366,50 5408,19 4785,76   148,84 535,82 298,42 1074,31 

25/07/2015 7581,02 10088,90 8266,69 8776,13 7242,54 5446,41 3066,28 7095,73 6590,90   179,37 645,73 414,30 1491,48 

26/07/2015 2730,26 3633,39 2977,23 3160,69 3495,33 2629,67 1656,91 2555,21 2373,42   85,21 306,76 258,18 929,45 

27/07/2015 2859,79 3346,72 2955,45 3198,79 2807,66 2193,00 596,73 2852,42 2617,87   121,16 436,18 202,08 727,49 

28/07/2015 6560,29 7497,05 7005,71 7437,19 5381,66 4294,06 2376,04 6174,07 5692,11   134,16 482,98 379,58 1366,49 

29/07/2015 5937,96 6691,20 6392,73 6717,08 6800,61 5172,68 3007,33 4754,12 4422,52   209,54 754,34 418,76 1507,54 

30/07/2015 5550,82 6499,43 6225,45 6458,52 6914,94 5229,83 3180,77 4207,68 3923,12   233,01 838,84 353,75 1273,50 

31/07/2015 5357,54 6296,32 6138,48 6299,61 7238,39 5461,32 3269,14 3898,70 3655,34   173,94 626,18 330,25 1188,90 

01/08/2015 5470,92 6364,27 6183,87 6402,97 7010,29 5290,04 3298,17 3631,30 3412,85  152,59 549,32 346,13 1246,07 

02/08/2015 1970,46 2292,21 2227,24 2306,15 3571,30 2723,11 2406,14 1307,68 1229,01  144,84 521,42 233,86 841,90 

03/08/2015 2572,64 2874,83 2679,49 2881,17 2861,82 2148,90 866,52 2020,28 2044,82  142,13 511,67 193,63 697,07 

04/08/2015 9331,08 10446,50 9757,59 10544,50 5713,94 4305,10 2790,97 4893,27 4850,99  141,92 510,91 376,38 1354,97 

05/08/2015 11761,90 13221,70 12390,60 13349,70 6884,05 5200,87 3685,80 4595,64 4512,64  141,18 508,25 442,20 1591,92 

06/08/2015 12414,40 14072,00 13254,50 14209,40 8699,89 6548,17 4238,85 6369,90 6062,69  192,87 694,33 465,93 1677,35 

07/08/2015 12487,60 14185,30 13370,90 14350,40 9200,09 6925,02 4557,60 6841,86 6437,41  159,41 573,88 474,44 1707,98 

08/08/2015 10802,50 12366,60 11647,60 12469,70 8057,17 6120,73 4732,11 5987,67 5703,71  147,47 530,89 477,80 1720,08 

09/08/2015 3890,30 4453,59 4194,64 4490,71 4868,11 3629,80 2292,10 2156,19 2053,94  143,19 515,48 281,19 1012,28 

10/08/2015 4483,10 4723,59 1881,47 4784,93 3057,34 2283,45 1933,53 2065,28 1988,22  141,56 509,62 210,66 758,38 

11/08/2015 10696,40 11682,10 7344,16 11850,90 7315,07 5523,51 6220,61 6944,25 6590,21  141,72 510,19 382,56 1377,22 

12/08/2015 12751,60 14291,00 12071,90 14369,30 9227,16 6946,72 6660,92 9030,28 8422,37  140,16 504,58 444,82 1601,35 

13/08/2015 13249,60 14956,00 13582,70 15037,10 9531,86 7232,93 5769,94 9144,27 8581,32  140,95 507,42 467,42 1682,71 

14/08/2015 13325,70 15181,30 13952,30 15155,60 8223,37 6232,23 5178,90 9316,88 8654,57  140,98 507,53 475,43 1711,55 

15/08/2015 11523,20 13074,00 12160,10 13144,00 6105,33 4616,46 5042,96 7806,09 7306,11  140,98 507,53 478,42 1722,31 

16/08/2015 4149,86 4708,41 4379,26 4733,58 5159,51 3748,77 2417,33 2810,98 2630,94  140,72 506,59 281,66 1013,98 
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17/08/2015 4961,06 4388,18 4025,02 4350,71 3527,89 2456,09 2284,58 2662,10 2321,76  140,57 506,05 210,78 758,81 

18/08/2015 11178,00 10796,20 9969,12 10795,30 7826,63 5587,96 5111,72 8369,69 7365,33  140,46 505,66 383,11 1379,20 

19/08/2015 14886,70 14837,70 13716,50 14804,40 10646,80 7708,60 6365,43 12350,50 11076,90  257,62 927,43 489,04 1760,54 

20/08/2015 13826,10 14788,30 13698,60 14841,90 10000,10 7420,21 6864,86 11881,40 10846,10  236,89 852,80 458,02 1648,87 

21/08/2015 13986,90 15335,90 14179,80 15383,60 10067,70 7548,37 6653,67 11963,00 11054,30  316,57 1139,65 472,04 1699,34 

22/08/2015 no value no value no value no value no value no value no value no value no value  no value no value no value no value 

23/08/2015 no value no value no value no value no value no value no value no value no value  no value no value no value no value 

24/08/2015 no value no value no value no value no value no value no value no value no value  no value no value no value no value 

25/08/2015 no value no value no value no value no value no value no value no value no value  no value no value no value no value 

26/08/2015 no value no value no value no value no value no value no value no value no value  no value no value no value no value 

27/08/2015 11337,60 12543,90 11583,50 12629,10 8013,28 6021,58 4192,93 9542,81 8765,08  385,15 1386,54 440,26 1584,94 

28/08/2015 11051,70 12242,60 11121,50 12214,00 8590,10 5876,01 5955,33 9034,56 8362,92  308,69 1111,28 465,84 1677,02 

29/08/2015 10775,20 12227,80 11263,70 12208,70 8275,57 6011,65 6514,80 8556,71 7878,01  344,20 1239,12 475,09 1710,32 

30/08/2015 4819,32 5395,65 4976,96 5386,60 6132,38 4499,29 3122,04 3081,27 2836,87  214,56 772,42 280,69 1010,48 

31/08/2015 6682,44 7107,22 6688,00 7195,11 3891,79 2878,49 2537,83 3044,64 2776,50   167,53 603,11 210,69 758,48 
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Appendix G 

Date  Time 
Computed 

QTOT CHILL,COMP 

[kW] 

Computed 
WTOT,COMP 

[kW] 

Measured 
QCOOL, BOREH, MEAS 

[kW] 

Computed 
QTOT COOL,COMP 

[kW] 

01/06/2015 00:00 0,00 5,94 99,11 99,11 

02/06/2015 00:00 0,00 5,67 122,66 122,66 

03/06/2015 00:00 0,00 7,18 116,59 116,59 

04/06/2015 00:00 0,00 8,10 125,97 125,97 

05/06/2015 00:00 0,00 9,67 157,26 157,26 

06/06/2015 00:00 0,00 13,50 161,48 161,48 

07/06/2015 00:00 0,00 10,47 112,36 112,36 

08/06/2015 00:00 0,00 8,52 91,58 91,58 

09/06/2015 00:00 0,00 8,49 120,44 120,44 

10/06/2015 00:00 0,00 9,95 157,25 157,25 

11/06/2015 00:00 0,00 12,81 173,69 173,69 

12/06/2015 00:00 0,00 23,53 173,88 173,88 

13/06/2015 00:00 101,77 37,75 179,30 281,07 

14/06/2015 00:00 0,00 26,06 143,14 143,14 

15/06/2015 00:00 0,00 15,03 135,65 135,65 

16/06/2015 00:00 0,00 11,98 203,44 203,44 

17/06/2015 00:00 0,00 11,23 196,54 196,54 

18/06/2015 00:00 0,00 8,47 196,95 196,95 

19/06/2015 00:00 0,00 8,56 155,84 155,84 

20/06/2015 00:00 0,00 8,76 117,15 117,15 

21/06/2015 00:00 0,00 8,31 90,72 90,72 

22/06/2015 00:00 0,00 7,99 85,60 85,60 

23/06/2015 00:00 0,00 12,67 135,51 135,51 

24/06/2015 00:00 0,00 13,35 162,16 162,16 

25/06/2015 00:00 0,00 12,63 162,91 162,91 

26/06/2015 00:00 0,00 13,98 160,41 160,41 

27/06/2015 00:00 0,00 12,70 148,47 148,47 

28/06/2015 00:00 0,00 11,35 115,72 115,72 

29/06/2015 00:00 0,00 12,24 127,27 127,27 

30/06/2015 00:00 59,79 33,55 148,35 208,14 

01/07/2015 00:00 76,50 31,55 175,57 252,07 

02/07/2015 00:00 138,72 44,25 176,20 314,92 
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03/07/2015 00:00 206,66 57,75 195,20 401,86 

04/07/2015 00:00 207,56 64,21 221,31 428,87 

05/07/2015 00:00 91,70 38,32 182,92 274,62 

06/07/2015 00:00 0,00 27,74 174,02 174,02 

07/07/2015 00:00 113,02 39,49 183,28 296,30 

08/07/2015 00:00 83,08 33,81 189,88 272,96 

09/07/2015 00:00 0,00 24,55 186,52 186,52 

10/07/2015 00:00 0,00 20,39 174,41 174,41 

11/07/2015 00:00 0,00 13,50 149,66 149,66 

12/07/2015 00:00 0,00 11,32 115,22 115,22 

13/07/2015 00:00 0,00 9,94 102,51 102,51 

14/07/2015 00:00 0,00 15,91 124,87 124,87 

15/07/2015 00:00 0,00 26,56 147,61 147,61 

16/07/2015 00:00 86,53 36,94 149,62 236,15 

17/07/2015 00:00 30,02 29,91 152,87 182,89 

18/07/2015 00:00 0,00 17,41 132,02 132,02 

19/07/2015 00:00 0,00 12,63 106,19 106,19 

20/07/2015 00:00 0,00 10,31 96,36 96,36 

21/07/2015 00:00 0,00 11,87 135,47 135,47 

22/07/2015 00:00 0,00 13,77 137,69 137,69 

23/07/2015 00:00 0,00 15,77 141,41 141,41 

24/07/2015 00:00 0,00 14,21 141,15 141,15 

25/07/2015 00:00 0,00 17,36 141,74 141,74 

26/07/2015 00:00 0,00 11,75 110,37 110,37 

27/07/2015 00:00 0,00 9,60 97,00 97,00 

28/07/2015 00:00 0,00 10,40 122,80 122,80 

29/07/2015 00:00 0,00 11,30 137,08 137,08 

30/07/2015 00:00 0,00 10,23 137,18 137,18 

31/07/2015 00:00 0,00 10,17 133,37 133,37 

01/08/2015 00:00 0,00 10,90 137,90 137,90 

02/08/2015 00:00 0,00 9,72 113,52 113,52 

03/08/2015 00:00 0,00 9,21 104,54 104,54 

04/08/2015 00:00 0,00 21,15 139,60 139,60 

05/08/2015 00:00 48,33 29,47 158,72 207,05 

06/08/2015 00:00 57,72 33,37 169,40 227,12 

07/08/2015 00:00 84,02 42,69 170,77 254,79 

08/08/2015 00:00 149,10 51,48 159,63 308,73 

09/08/2015 00:00 0,00 28,84 130,37 130,37 

10/08/2015 00:00 0,00 22,86 136,21 136,21 

11/08/2015 00:00 201,95 58,97 172,56 374,51 

12/08/2015 00:00 236,50 64,60 178,50 415,00 

13/08/2015 00:00 220,70 61,64 183,16 403,86 

14/08/2015 00:00 119,84 50,20 171,37 291,21 

15/08/2015 00:00 118,65 47,78 164,60 283,25 

16/08/2015 00:00 30,14 29,44 136,35 166,49 
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17/08/2015 00:00 0,00 21,50 139,62 139,62 

18/08/2015 00:00 105,82 38,44 159,86 265,68 

19/08/2015 00:00 161,57 48,64 168,60 330,17 

20/08/2015 00:00 177,24 51,56 171,59 348,83 

21/08/2015 00:00 153,66 57,63 176,26 329,92 

22/08/2015 00:00 155,49 55,50 171,54 327,03 

23/08/2015 00:00 30,60 31,14 138,87 169,47 

24/08/2015 00:00 0,00 24,20 142,20 142,20 

25/08/2015 00:00 205,66 60,30 174,99 380,65 

26/08/2015 00:00 329,18 81,41 179,97 509,15 

27/08/2015 00:00 192,45 57,60 158,36 350,81 

28/08/2015 00:00 154,64 58,89 164,75 319,39 

29/08/2015 00:00 115,68 48,49 161,38 277,06 

30/08/2015 00:00 0,00 27,85 135,33 135,33 

31/08/2015 00:00 0,00 19,26 134,21 134,21 
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