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Abstract

Building Archetype Development for Urban-Scale
Energy Simulation of Existing City Districts

Lukas Dahlström

In this master thesis, a methodology is proposed for building stock classification and
archetype building development based on deterministic information available in Energy
Performance Certificates (EPCs) of existing buildings in the city of Uppsala.
This study aims to answer if the EPC database can be used as a reliable data source
for archetype development and further UBEM models.
The EPC data is cleaned and organised using Matlab. The building stock is then
categorised into archetypes by energy performance and building characteristics and a
model of each archetype building is created in the software EnergyPlus.
The South-West part of Uppsala is used as a case study and to represent the building
stock of that area 20 archetypes is developed. Simulations in EnergyPlus shows that
the defined archetypes is a reliable estimation of buildings in Sweden with the same
characteristics and construction period.
By using GIS data the results can be aggregated to city level with the resulting total
energy demand for heating calculated to 1455,7 GWh, compared to the actual value
of 1397,0 GWh.
The lack of validation data on a smaller scale is a large issue for this study, as well as
some issues with data reliability in the EPCs. Despite this, the results of this study
points to that the gathered values are a decent enough estimate to make a reliable
assumption of the total energy demand for heating. The EPCs thus provide a useful
source of data for energy demand purposes and building characteristics.
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Populärvetenskaplig sammanfattning

För att tackla de p̊ag̊aende klimatförändringarna finns det numera en växande
global rörelse för att minska utsläppen av växthusgaser och minska v̊art totala kli-
matavtryck. Energianvändning i byggnader st̊ar för ungefär 27 % av den årliga
energianvändningen i EU. Energianvändning är i höggrad kopplat till utsläpp av
växthusgaser och Sveriges städer har en stor roll i detta eftersom städer globalt sett
är ansvariga för 75 % av de totala växthusgasutsläppen.

Vikten av energieffektivisering ökar i världen eftersom det första steget i att min-
ska klimatavtrycket helt enkelt är att använda mindre energi. Eftersom nästan
alla energieffektiviserings̊atgärder idag är inriktade p̊a enskilda byggnader, är det
nödvändigt att utveckla nya tekniker och strategier för mått och planering i städer.
Strategier i stadsskala kan vara mycket användbara för att fatta beslut om stad-
splanering och för att uppn̊a h̊allbarhetsmål. Omfattande modeller av energiflöden
i stadbebyggelse inkluderas i den nya ingenjörsvetenskapliga termen Urban Build-
ing Energy Modelling (UBEM). En s̊adan modell kräver stora mängder data för
att kunna räkna p̊a alla byggnader individuellt och varje simulering kan ha en my-
cket l̊ang beräkningstid. För att komma runt detta problem är det vanligt att det
används s̊a kallade arketypbyggnader. Konceptet är att minska antalet byggnader
i det aktuella byggnadsbest̊andet genom att kunna representera en stor mängd av
dem med endast en arketyp. En arketyp kan ses som ett medelvärde av de inräknade
byggnadernas egenskaper och proportioner, där olika arketyper representerar de
mest utmärkande dragen hos olika typer av byggnader i best̊andet. Exempel p̊a
utmärkande egenskaper är byggnads̊ar, användningsomr̊ade eller byggnadens stor-
lek. Idén är d̊a att hela byggnadsbest̊andet övertygande skall kunna representeras av
ett f̊atal arketyper. Trots detta måste stora mängder information insamlas om byg-
gnadsbest̊andet, vilket i Sverige kan f̊as ifr̊an databasen över Energideklarationer
(Energy Performance Certificates). Energideklarationer utfärdas av Boverket och
är ett dokument som bland annat beskriver hur en individuell byggnad presterar i
termer av energianvändning. Energideklarationer är utfärdade för majoriteten av
byggnader i Sveriges städer och inneh̊aller stora mängder relevant information för
energirelaterade beräkningar.

Syftet med detta examensarbete är att svara p̊a om energideklarationer kan användas
som en trovärdig datakälla för utvecklandet av byggnadsarketyper och om de är
användbara för framtida UBEM-modeller. Det huvudsakliga målet är att utveckla
en databas av arketypbyggnader för Uppsala stad. Efterföljande mål är att up-
pskatta Uppsalas totala årliga energibehov genom att skala upp resultaten fr̊an
arketypberäkningarna till stadsniv̊a.

Arbetet har utförs genom att organisera data fr̊an energideklarationer i Matlab och
utveckla arketyper genom att kategorisera alla byggnader efter deras egenskaper.
Byggnaderna har kategoriserats med energiprestanda som huvudsaklig faktor och
delats upp i distinkta kategorier med hjälp av statistiska metoder. Sydvästra Up-
psala användes för en mindre fallstudie för att minska arbetsbördan, i och med
att arbetet och metoden g̊ar lätt att utöka till ett större byggnadsbest̊and. En
modell för varje arketyp har skapats i energisimuleringsprogramvaran EnergyPlus.
Simuleringar gjordes p̊a modellerna för att kunna säkerställa att de framtagna ar-
ketyperna överensstämmer med liknande verkliga byggnader. Genom att använda
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data fr̊an Geografiska Informationssystem kan resultaten sedan bli uppskalade till
stadsniv̊a.

För att representera sydvästra Uppsala utvecklades 20 arketyper. De mest avgörande
egenskaperna var byggnads̊ar och användningsomr̊ade. Simuleringar för modellerna
visade att arketyperna p̊a ett övertygande sätt motsvarar riktiga byggnader med
motsvarande egenskaper. Det simulerade energibehovet varje timme över ett år
motsvarar ocks̊a verkliga energibehovsprofiler. När resultaten skalades upp till stad-
sniv̊a beräknades Uppsalas totala energibehov för uppvärmning till 1455,7 GWh.
Det kan jämföras med det verkliga värdet p̊a 1397,0 GWh som gavs av Vattenfall.

Sammantaget visar denna studie p̊a att energideklarationer kan utgöra en användbar
källa till data för energirelaterade projekt. De framtagna arketypbyggnaderna kan
ge en bra bild av sydvästra Uppsalas byggnadsbest̊and och energibehov. Metoderna
i denna studie kan ocks̊a användas för att ta fram motsvarande arketyper för hela
Uppsala vilket kan ge en användbar bild av stadens totala energibehov. Dock s̊a
finns det flertalet problem med p̊alitlighet och validering av resultaten. Data för
validering p̊a en lägre niv̊a än för hela staden visade sig vara sv̊art att f̊a tag p̊a, samt
att det flinns flera fr̊agor gällande kvaliteten p̊a data i energideklarationsdatabasen.
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Executive summary

In this master thesis, a methodology is proposed for building stock classification
and archetype building development based on deterministic information available in
Swedish Energy Performance Certificates (EPCs) of existing buildings in the city of
Uppsala. The study aims to answer if and how the EPC database can be used as a
reliable data source for archetype development and further UBEM models.

The Uppsala building stock is categorised with statistical methods into archetypes
and classified by energy performance and building characteristics. To represent the
South-West part of Uppsala, as a case study, 20 archetypes were developed. The
most crucial properties were deemed the year of construction and main use of the
building. A model of each archetype building is created and simulated in the software
EnergyPlus. Simulations of the models showed that the archetypes convincingly
correspond to real buildings with similar properties. The simulated hourly energy
demand profile over the cause of a year also corresponds to real energy demand
profiles. When the results were scaled up to city level, the total energy demand for
heating was estimated at 1455,7 GWh. This can be compared with the real value
of 1397,0 GWh given by Vattenfall.

The defined archetype buildings give a good picture of the building stock of South-
West Uppsala. The methodology in this study can also be used to produce cor-
responding archetypes for the entire city of Uppsala, which can provide a useful
picture of the city’s total energy demands. However, there are several issues with
reliability and validation of the results. Data for validation at a lower level than for
the entire city proved to be difficult to obtain, and there are some issues regarding
the quality of data in the energy declaration database. As a conclusion this study
shows that Swedish Energy Performance Certificates still can be a useful source of
data for energy-related projects.
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1 Introduction

To mitigate the ongoing climate change, there is a growing worldwide movement
to cut greenhouse gas emissions and reduce our overall environmental footprint.
Energy use in buildings account for a large share of the annual total energy use
and therefore greenhouse gas emissions in the world, with households consuming
27% of end-use energy in the European Union (EU) (Ahern and Norton 2020). The
energy demand is also closely connected to the overall greenhouse gas emissions.
The importance of energy efficiency is increasing as the first step in reducing the
energy footprint is simply to use less energy. With government policies to reduce
the energy use in buildings and increasing importance of measures taken for energy
efficiency there is a rising need to accurately evaluate energy demands. Urban areas
are the most significant areas in that regard as cities are responsible for 75 % of
greenhouse gas emissions worldwide and our cities continue to grow every day.

As nearly all energy efficiency procedures today are focused on individual buildings,
it is necessary to develop new techniques and strategies for urban scale measures and
planning. Urban scale strategies can be very useful for decision-making regarding
urban planning and goals towards sustainability. Modelling building energy flows to
optimise building performance has been important in engineering sciences for a long
time. Recently more research has been focused on larger scale energy flows such as
entire neighbourhoods or cities. Climate impact factors, total energy capacity and
peak power loads grows as the new important research questions and to know the
total energy or power demand such increase in importance.

Urban Building Energy Modelling is a rather new term in engineering sciences,
introduced as a concept by F. Reinhart and Cerezo Davila (2015). The concept
involves modelling the heat and mass flows by taking into account the geometrical
properties, position, weather/climate conditions, construction materials, energy sys-
tems and occupancy for groups of buildings and to run simulations of all buildings
simultaneously (Johari et al. 2019). Common practice today is to combine several
calculation or simulation software for a comprehensive study, with common energy-
specific software being EnergyPlus, VIP Energy or TRNSYS. UBEMs are often very
extensive models and for a large city, the simulation computational time can be up
to 60 hours (Cerezo Davila, C. Reinhart, and Bemis 2016).

A common concept in UBEM is to use building archetypes to simplify the modelling
procedure and considerably reduce the simulation computation time. The procedure
is to abstract the building stock into a number of archetypes that most closely
resembles the characteristics of similar buildings. Signifying parameters can be
type of use, building age, shape, floor area or energy use. Once the representative
archetypes is generated the aggregated energy demand values can be generated by
upscaling or extrapolating the archetype results. This concept is used as a means
to incorporate a large building stock in the model without the need for detailed
data regarding every building in the original data set, however large amounts of
information is still required for the archetype development process. The archetypes
are developed to match the building stock of the target city but can be applied to
other cities that have similar building types and climate zone. Different archetype
development processes has to be applied to different cites if that city has another
climate zone or other significant differences.
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The energy data input for this project is gathered solely from Energy Performance
Certificates (EPCs). EPCs are documents with information about the building
in question with the goal of comparing buildings in terms of energy use and help
with the identification of possible energy efficiency improvements (Boverket 2019d).
EPCs exists for most buildings as it is nowadays mandatory by law in the EU and
is public domain, making it easily available data. An EPC includes, among other
things, the heated floor area, energy consumption for heating and cooling, hot tap
water use, electricity use, heating ventilation and HVAC, number of stories and
construction year. They are made by an independent certified energy expert and
have been issued by Boverket in Sweden since 2006.

1.1 Objective and research questions

In this master thesis, the aim is to answer if the Energy Performance Certificate
(EPC) database can be used as a reliable data source for archetype development and
to see if it is useful for further UBEM models. EPCs provide a lot of information on
the buildings and should so be enough to gather most necessary data for a simple
but thorough model.

The primary goal is to develop building archetypes of the existing buildings in
the city of Uppsala and to set up a useful archetype database. By having a simple
deterministic model with just a few archetypes and only EPC data the computational
time for such a city-scale simulation is reduced considerably. A sufficient database of
building archetypes is also relevant for future modelling of other systems and cities.
The immediate goal is to accurately estimate the energy demand for the whole city
of Uppsala by modelling and simulating the archetype buildings in the software
EnergyPlus and by upscaling the results to urban level. A dynamic model for future
planning is desirable but the main focus of this project is a sufficient estimation of
the existing buildings in the city.

The research questions is described as follows:

• How reliable is the EPC data for use in this kind of energy-related research
and is it possible to use EPC as a source of data in UBEM?

• How accurate can the existing building stock in Uppsala be described by just
a few well-defined archetype buildings based on EPC data?

• How accurate can the energy demand for a whole city be estimated by com-
puter modelling just the archetypes and by calibrating and scale up the results?

1.2 Report overview and disposition

The report is introduced with chapter 2 where theory and fundamental information
is presented. The information presented in this chapter is intended to be used as a
basis in the subsequent parts of the report. The first part of the chapter describes
the key concepts about energy use and energy balance in buildings. The following
part explains Energy Performance Certificates as well as the energy modelling and
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mathematical theory used in the study. The chapter also includes a brief literary
review.

Chapter 3 provides a review of the methodology used in the study. The first main
part of this chapter is about data cleaning. The next main part describes the
classification and archetype development process and the following part describes
the aspects and parameters of the energy modelling process. Last part of the chapter
goes through the aggregation of results.

The results of this study is presented in chapter 4. First a draft for archetypes in
Uppsala municipality is presented. Later, the results from evaluating the building
parameters are described and the developed archetypes for the South-West part of
Uppsala are introduced. The next part of the chapter provides the results from
the energy modelling, simulation and calibration of the archetypes. Last in the
chapter, the aggregated results are presented along with energy demand numbers
for South-West Uppsala and for the city level.

Chapter 5 provides a discussion and analysis of the results. The first main subject
of the discussion is the EPC data quality and later the archetypes and modelling
procedures are analysed along with some notes about possible further research. The
study and report is then concluded in chapter 6.
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2 Theory

In this chapter the theory and fundamental information is presented. The first part
of the chapter describes the key concepts about energy use and energy balance in
buildings. The following part explains Energy Performance Certificates as well as
the energy modelling and mathematical theory used in the study, followed by a brief
literary review.

2.1 Key concepts

UBEMs can be divided into top-down and bottom-up models. Top-down modelling
refers to a methodology that relies on aggregated historical energy data and macro-
economic energy trends and uses already existing technological descriptions (Johari
et al. 2019). These models are insensitive to details and changes in the actual
technical parameters and makes them less suitable to study changes for future sce-
narios. Bottom-up models instead rely on extensive data on a smaller scale level and
reaches aggregated results by calculations and extrapolation. As this methodology
is based on all building characteristics it is more suitable to construct models for
more flexible systems and simulations for changing systems, but the amount of em-
pirical data needed can be too extensive and specific parameters can be uncertain,
making the whole model less reliable. Bottom-up models are in turn divided into
physical (engineering), statistics and hybrid models (ibid.). Engineering models are
deterministic and uses calculations by technological characteristics. Statistic models
uses statistical methods and focus on whole building characteristics and relations.
Hybrid models uses any of these approaches where it is most practical to do so; this
method can account for data uncertainties with statistics and extrapolations but
still acquire a high level of detail.

For larger urban areas, collecting data and running simulations for all buildings
in a comprehensive study is extensive and difficult. Therefore, the use of build-
ing archetypes is a common concept in many UBEM:s. The building stock is then
instead abstracted into a number of archetypes that most closely resembles the
characteristics of similar buildings. The first classification of the building stock into
different groups is performed by identifying and categorising similar characteristics.
A deterministic approach for classification with a theoretical energy demand is com-
mon when studying specific parameters, such as type of use, building age, shape
or floor area. A probabilistic approach can also classify the buildings based on the
statistical real energy demand calculated from historical energy demand data. The
division into archetypes is of high importance for the reliability of the resulting
UBEM but the process itself is often unclear or relying on generic assumptions (F.
Reinhart and Cerezo Davila 2015). The main reason for this issue is the availability
of useful data and having access to data on several different characteristics of the
relevant buildings.

To gather information about the real building stock in an area, in terms of quantity,
position or geometric features, it is common to use Geographic Information System
(GIS) tools. GIS is a digital framwork for gathering, analysing and visualising
information tied to geographical locations (ESRI n.d.). GIS data applies serveral
layers of information merged together, including satellite maps and statistical data.
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It is used in everyday applications ranging from smartphone apps to government
services and can such be used to get information about individual buildings in a
city.

2.2 Energy Performance Certificates

Energy Performance Certificates (EPCs) are public domain documents issued by
Boverket since 2006 with the goal of comparing buildings in terms of energy use
and to provide help with the identification of possible energy efficiency improve-
ments (Boverket 2019d). EPCs are mandatory for newly constructed buildings, if
the building is larger than 250 m2 or if it is made available for sale (Boverket 2020b).
An EPC provide a lot of information and is issued individually for each building
as a easily read document and for the entirety of Sweden as a large datasheet with
columns for each parameter. The parameters relevant for this study contain infor-
mation about location, adress, property adress, zip code, type of use (tax based type
code), building category, building complexity, construction adjacency with neighbor-
ing buildings, construction year, Atemp area (and which area it is derived from),
area type share and energy performance. The heating system that is used is also
presented, as well as numbers for normal corrected energy use for each heating sys-
tem, hot tap water, building electricity use and household electricity use. Reference
values for energy performance, station for normal correction and building energy
class are also given.

The main parameter of this study is the energy performance of a building (also
called specific energy in more general terms). This is a measure of how much energy
is used per area [kWh/m2, yr] of the specific building. In building energy calcu-
lations, the total energy is regarded as the energy used for heating or cooling of
the building, hot tap water and building electricity (Boverket 2019a). The term
building electricity refers to fans, outdoor/stairwell lights et cetera and such do not
include the household electricity or external loads. The area used for normalisation
is always the heated area of the building, defined as the area purposely heated to
more than 10◦ C (ibid.) and is referenced as Atemp (as in temperated area). The
type code of the buildings refers to pre-defined type codes to differentiate the main
use of a building. The type codes are based on community taxes and the five main
categories are Single-family homes, Multi-family housing, Industry, “Special” units
(healthcare, schools et cetera) and Miscellaneous. Multi-family housing refers to
buildings with more than one apartment, but row houses and connected villas are
generally included in the Single-family homes type. Building complexity refers to if
the geometry of the building is simple (more os less a rectangle) or complex (lots of
angles and corners or rounded shapes). Building construction adjacency describes if
the listed building is detached, attached or semi-attached compared to neighbour-
ing buildings. Detached in this context means free standing, attached means the
building is connected (by the external wall) with other buildings and semi-attached
means connected or partly connected with only one side.

The energy demand data presented in the EPCs is normal year corrected. Normal
year correction is used for obtaining values that is not affected by abnormal or
extreme temperatures, sun, wind and climate conditions both on daily and annual
scale. This is done by calculating correction factors in an location-specific Energy-
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Index and applying to gathered data (SMHI 2020a) and performed by the energy
expert issuing the EPC. The Energy Class is a measure developed by Boverket to get
a easily visualised overview of the energy performance of a individual. The measure
is based on the energy requirements of a newly constructed building and the version
in use for the EPC database issued 2015 is defined as shown in Table 1 (Boverket
2019c).

Table 1: EPC Energy classes as defined by Boverket 2011

Energy Class
Energy Performance
(as percentage of the

requirements of a new building)
A ≤ 50%
B > 50% - ≤ 75%
C > 75% - ≤ 100%
D > 100% - ≤ 135%
E > 135% - ≤ 180%
F > 180% - ≤ 235%
G > 235%

Most energy for heating in urban areas is by district heating. Any district heat-
ing network has distribution losses which could be relevant for the energy demand
output, especially for the multi-family and non-residential buildings. The district
heating distribution losses in Sweden are mostly between 8%-15% (Åberg et al.
2017). The EPC data set does not provide any information on where the meter
measurements were taken, so any calculation of the losses are impossible without
further investigation. Therefore the distribution losses will not be taken into account
in the calculations. The energy performance and demand values are then regarded
as equal to what would be the net outflow from the district heating plants and are
such comparable with validation values from Vattenfall.

2.3 Energy balance and heat transfer mechanisms

The need for heating in a building comes from the heat balance of the system, which
in turn is based on the energy balance and thermodynamic relations. The heat
balance is defined as the difference between the total heat entering and leaving the
system (Çengel and Boles 2015) and is expressed as

Ein − Eout = ∆Esystem (1)

where Ein are input parameters such as solar insulation, internal loads (people and
appliances etc.) or hot water and Eout are energy losses. To maintain a set indoor
temperature, ∆Esystem must be kept at zero. If Eout is larger than Ein, energy in
the form of heat must be added to the system, and cooling if vice versa. Energy
losses in a building are heat transfers through the building envelope, ventilation and
leakage area and thermal bridges.

Generally, the three mechanisms of heat transfer are conduction, convection and
radiation. Heat conduction follows Fourier’s law (ibid.):
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Q̇cond = −ktA
dT

dx
(2)

Where Q̇cond is the rate of heat conduction, kt is the thermal conductivity of the
material, A is the surface area normal to the direction of heat transfer and dT

dx
is the

temperature gradient over the thickness of the material. The rate of heat transfer
by convection is determined from Newton’s law of cooling (Çengel and Boles 2015),
expressed as

Q̇conv = hA(Ts − Tf ) (3)

Where Q̇conv is the rate of heat transfer by convection, h is the convection heat
transfer coefficient, A is the surface area, Ts is the surface temperature and Tf
is the bulk fluid temperature. Finally the thermal radiation is derived from the
Stefan–Boltzmann law (ibid.) and is expressed as

Q̇rad = εσA(Ts
4 − Tsurr4) (4)

Where Q̇rad is the rate of heat transfer by radiation, ε is the emissivity of the
surface, σ is the Stefan–Boltzmann constant, A is the surface area, Ts is the absolute
temperature of the surface and Tsurr is the absolute temperature of the surroundings
(in this case air).

2.4 Modelling in EnergyPlus

EnergyPlus (2020) is a whole building energy simulation program used by engineers
and researchers worldwide. It is an open-source software developed by National
Renewable Energy Laboratory in the United States. EnergyPlus can model complex
buildings with all the possible aspects of energy modelling and simulation. The
software is console-based and reads input and writes output to text files which
makes it possible to alter multiple models at the same time and therefore it is a
suitable choice of software for this project.

The energy calculations in EnergyPlus are based on the energy balance. It defines
the standard inputs and outputs such as solar insulation, wind speed and building
envelope losses (more on this in section 3.7). The software then calculates the heat
demand based on the amount of energy input that is needed to maintain the energy
balance in the system. EnergyPlus combines the three mechanisms of heat transfer
and uses a heat balance algorithm for modelling.
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Figure 1: Simple visual representation of EnergyPlus heat transfer algorithm

Figure 1 shows a simplified visual representation of the algorithm for a wall-room
surface, adapted from Big Ladder Software (2014). It applies to all surfaces of the
building models. The heat transfers in the system is calculated via surfaces and
internal loads and includes both conductivity and thermal inertia so therefore the
exact material is very important. The internal loads give rise to radiant heat but also
latent heat, which is the energy absorbed or released during a phase change process
(Çengel and Boles 2015). All household operations involving water have latent
heat involved, including the occupants. The thermal inertia is a measure that tells
how fast a system will reach the thermal equilibrium and is related to the thermal
conductivity and volumetric heat capacity, which in turn is a product of the materials
density and specific heat (J/kg,K). Thus conductivity, density, specific heat and the
material thickness are the parameters needed to define for the construction materials.

Leakage losses are due to infiltration which is the flow of outdoor air into a building
through unintentional openings (such as leaky materials or cracks) and through the
opening of exterior doors or windows (ASHRAE 2001). Regardless of definition the
infiltration can be measured in Air change per hour (ACH) to be easily compared
with the ventilation.

2.5 Previous research

Several studies has compared building EPC data and/or archetype definition. A
recent Irish study (Ahern and Norton 2020) devised a bottom-up methodology for
defining Reference Dwellings (i.e. archetypes) from EPC databases, defining 35
archetypes for the entire Ireland building stock. The study uses a definition of
segmentation through building type, construction year and heating systems and the
main parameter is the mean U-value of the buildings. The validation process is
advanced with many additional data sets involved.

Cerezo Davila, C. Reinhart, and Bemis (2016) developed an UBEM with 52 archetypes
for the city of Boston based on GIS datasets, CAD modelling and EnergyPlus simu-
lations. This advanced model had a simulation time of approximately 60 hours, not
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including the work done prior to running the simulation. The study still points out
several uncertainties, such as it uses energy data from surveys and the archetype
characterisation requires local building expertise, as well as enough expertise or bud-
get to independently develop these libraries. If the Swedish EPC energy and building
data can be considered trustworthy, a similar study with Swedish data maybe can
eliminate some of these uncertainties.

Hjortling et al. (2017) did an energy mapping of existing building stock in Sweden
by looking at the EPCs, although SFH are not included. According to this study the
factor that has the most impact on energy consumption is the construction year, as
newer buildings are proven to have a significantly better energy performance. The
study concluded that the EPCs a good data source to use to set a good energy
consumption baseline for the Swedish building stock.

Boverket (2020c) has conducted an own study of the average energy performance
of the building stock in Sweden by construction year after the year 2000. It also
shows that the energy performance decreases progressivly with every year and that
the values are lower for SFH. According to the study the mean EP value for MFH
is 140 kWh/m2 and 108 kWh/m2 for SFH.
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3 Methodology

In this chapter a review of the methodology used in this study is presented. The
main parts of the chapter describes the data cleaning process, the classification
and archetype development process and the aspects and parameters of the energy
modelling process. The last part of the chapter goes through the aggregation of
results.

3.1 Definitions and limitations

The EPC data that is used in this study are from the 2015 database issue, even
though other versions exist. The updated database was issued in 2020 but after
the start of this project so it was decided to not switch to the updated data set
mid-project. The definition of Uppsala City in this study is the combined area of
all postal zip codes that are listed for the city of Uppsala and not the surrounding
settlements, regardless of proximity to the city center. For the actual archetype
definition in this study a smaller part of the city was used as a case study, see
section 3.5. The definition of this area was also made by defining which zip codes
that contains the selected area.

The input data for defining and classifying the archetypes will be gathered solely
from the EPCs. GIS data are often used in UBEM to import useful geometric
parameters for building classification (Johari et al. 2019) but in this study GIS data
will rather be used as a means to accurately scale up the already defined archetypes.

It was decided not to include industries in the project. The percentage of industry
buildings that have an EPC is lower than for other building groups as they generally
are not required by law to have an EPC (Boverket 2019b). Also for energy calcula-
tions, the energy performance does not tell that much for an industry building as the
actual consumption depends on the energy intensity of the actual industry process.
A general confidence interval for statistical calculations was set to the commonly
used 95% confidence level for all such calculations in this study.

3.2 Data cleaning

3.2.1 EPC data

The EPC data was given as one text file from Boverket, the Swedish National Board
of Housing, Building and Planning (Boverket 2020a). It contained EPCs gathered
in the whole country of Sweden prior to 2015 and had over 1,6 million entries.
The data file was imported and separated so as the working file only contained
data for buildings within Uppsala city, using Microsoft Excel and EmEditor (2020).
To choose only the buildings within Uppsala city, all buildings listed in Uppsala
municipality was selected and the postal zip codes not considered to be a part of
the actual city (outside the main urban area) was excluded.

In Excel data entries in the chosen data set that was empty or contained faulty entries
were removed. Here faulty entries are defined by entries where there is data missing
in fields supposed to be filled or text present where there should be only numbers or
vice versa. The data was then divided into five sub-groups based on the EPC pre-
defined building type codes: Single-family homes, Multi-family housing, Industry,
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Special units and Miscellaneous. Not all data that the EPCs contain is necessary
for an energy study perspective so a smaller file was also made in Excel, which
contained only 70 columns as compared to the original file’s 130 columns. Most
of the removed columns concerns the proposed improvements that is mandatory to
include in an EPC. Each sub-group was then imported to Matlab where great part
of the data cleaning work was to find efficient ways to select the EPC datapoints
corresponding to a certain parameter or characteristic, as the data set is too large
to look at data points individually. This was done by coding in Matlab scripts, see
Appendix [REF].

The data quality of the Swedish EPCs has been criticised on several occasions (Man-
gold, Österbring, and Wallbaum 2015). Uncertainties in measurements, faulty data
points or calculation errors are some of the stated issues. Several papers researching
EPCs to some degree has defined thresholds for outliers in the data or discussed the
uncertainties. More about this is discussed in section 5.1. For the comparisons in
this chapter the main parameter of interest is the energy performance. Indicators
for a outlying energy performance value can be both too high or too low values.
The requirement for newly built SFH and MFH is 90 kWh/m2 and 110 kWh/m2

respectively (Boverket 2019c) which gives the “worst” energy class in Boverket’s
rating for energy performance (see Table 1) a value of ≤212 kWh/m2 for SFH and
≤259 kWh/m2 for MFH. As this is not an upper limit some worst case-building
types likely have a worse energy performance without representing a fault in the
data. Newly built or renovated houses generally perform much better and there is
likely some Passive Houses in the city. A Passive House is a standard for modern
ultra-low energy buildings. The energy performance must not exceed a limit of 15
kWh/m2 (Passive House Institute 2015) which places them considerably lower than
the vast majority of buildings, even compared to the lowest energy class. A deci-
sion was made not to remove outliers based on these definitions. Instead, outliers
were defined based on a 5% confidence level percentile of the normal distribution of
each construction year group. That is, the lowest and highest 5th percentile of the
buildings were removed from each group.

3.2.2 Renovations and Effective Year

The EPC data does not contain any information on whether renovations or im-
provements has been made or not. Many older buildings are renovated with energy
consumption as one of the primary goals. Small improvements (like changing the
windows to ones with a lower/better U-value) can drastically decrease the energy
consumption and with that also the cost. There are more buildings in Sweden be-
ing renovated than constructed each year (Sveriges Allmännytta n.d.[b]) and there
is a high demand for renovations for a large number of older buildings in Sweden
(Research Institutes of Sweden 2019), especially, in the million homes districts.

Effective year is a terminology to describe the construction period that most ac-
curately describes its characteristics rather than the actual year it was built. The
effective year of a building is the same as the construction year but is changed when
the building has undergone a renovation of some sort (Riksrevisionen 2019). As an
example, a house built in 1920 but renovated with modern materials and methods
2010 will theoretically behave like a house built in 2010.
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The assumption for the effective year of the building stock in this study is that
buildings built prior to 1965 but with an energy performance below the reference
value for newly constructed houses (110 kWh/m2 for residential MFH, 90 kWh/m2

for SFH (Boverket 2019c)) is considered as if they had undergone renovation at some
point recently. As it is not actually known when or if the renovations has been made,
the procedure was just to move those buildings to the latest group by defining the
construction year as the latest possible which would be 2015. Many of the lower
EP values in the older buildings could have been sorted out in the data cleaning, so
therefore the effective year sorting is carried out before removing the 5th percentile.

3.3 Classification using EPC parameters

Matlab was used to make scripts to compare the EPC data in various ways. A
main script for each building type was designed, using external functions to extract,
compare or visualise certain data. As a work procedure, the plotted results of
individual parts of the script were analysed one at the time and compared with the
original data to notice any faults or patterns.

Building type and construction year can be considered a baseline for dividing the
building stock into archetypes, as shown by several research papers on archetype-
based UBEM:s (Cerezo Davila, C. Reinhart, and Bemis 2016) (Monteiro et al. 2017).
The first division, defined as tier 1, is the pre-defined building main types. To
classify the second division (tier 2) the individual tax-based type codes within the
main group of the EPCs were analysed. For example, MFH is divided as shown in
table 2:

Table 2: EPC type codes for multi family residential housing

Type codes Description New types
320 Primarily residential Residential (320)

321A Residential ≤50% Non-residential (325-326)
321B Residential and facilities ≤50% Mixed Use (321A-B)
322 Hotel and restaurant buildings Miscellaneous (322-324)
323 Kiosk
324 Parking and Garage
325 Primarily facilities
326 Offices and similar

The next tier is to divide after construction year. Some construction periods that
is of more relevance in Sweden, for example the Million Homes Programme which
represents a period where approximately one million new homes were built during
the years 1965-1974 (Sveriges Allmännytta n.d.[a]). Other relevant periods could be
when significant changes in rules regarding newly built houses took effect (Boverket
2019a) or that buildings built prior to 1965 is much more likely to have undergone
renovations (see section 3.2.2). As a starting point a division of the buildings by con-
struction year is devised as 5-year bins from before 1940 to 2015. An example of this
is given in Figure 2, representing the multi-family houses of different construction
year:
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Figure 2: Multi-family housing main groups by energy performance and divided by
construction year

Figure 2 shows the average energy performance of the four main types of MFH by
construction year and number of buildings per bin, prior to any data cleaning. The
top x-axis displays the construction year bins, starting with buildings built before
1940 and up to 2015.

As a one year bin can be considered a sample, based on the small sample sizes of
the miscellaneous group it is merged with the facilities group. The small sample
sizes of the mixed use and facilities groups also make it hard to evaluate them
in the same way as for primarily residential buildings. Other parameters in the
EPC data was also examined to see if there was any significant dependence with
energy performance. They included building complexity and building construction
adjacency with neighbouring buildings (see section 2.2).

The fourth and last tier was chosen to be the heating system of the building. The
different methods of heating can be grouped as district heating, biofuel/oil burners,
electric heating or heat pumps and are listed in the EPC data as total energy demand
in kWh per heating system and building. The buildings were divided into groups
representing if they are only heated by any of these systems or into a mixed systems
group if energy use is listed for more than one of the heating systems.

3.4 Comparing samples

By deterministically dividing the building stock in Uppsala based on the already
mentioned parameters, the building stock is divided into 80 classes per each main
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type (building use), resulting in 400 classes in total. Considering the large number
of classes and similarities in their characteristics, it is deemed essential to merge
some of these groups. The classes are merged based on their energy performance,
as it one of the influential indicators (Monteiro et al. 2017).

To examine which parameters - construction periods or heating system groups - that
are similar enough in energy performance to be merged together one method is to
examine the groups or classes statistically. Two independent samples may or may
not differ from each other even if they have the same mean, as equal mean values can
be the result of just chance or that they have significant differences in the probability
of the sample having that mean value (Lane n.d.). Using Hypothesis testing it can
be proved if the means really are comparable with a statistical significance, i.e. does
the difference between two sample means imply that the two samples really are
statistically different (ibid.). The main goal of Hypothesis testing is to estimate the
probability of obtaining the observed results if the hypothesis statement were true
(McDonald 2015a). The statement that you want to test is generally called the null
hypothesis. Most often the null hypothesis is that things are the same as each other.
If the observed results are unlikely, the null hypothesis is instead rejected.

The most commonly used hypothesis testing method is the Student’s t-test (Mc-
Donald 2015b). It is used to compare the means of two samples with equal size and
different variances but as this is not the case with the samples in this study, an adap-
tation of this test known as Welch’s t-test has to be used (ibid.). It is closely related
to the so called Z-score test for two samples (NCSS n.d.) but considering samples
while the Z-score test considers populations. The construction year samples anal-
ysed here cannot be regarded as samples of one population if different construction
periods are defined as having significantly different traits or attributes. Therefore
the Z-score test will be used in this project. It is defined as

Z =
x̄1 − x̄2 −∆√

σ2
1

n1
+

σ2
2

n2

(5)

where x̄ is the sample means, ∆ is the hypothesised difference between the means
(zero if expecting equal distributions), σ is the population standard deviation and
n is the sample size (ibid.) (CliffsNotes 2020). The Z-score of an observation tells
us the number of standard deviations from the population mean the observation is.
For the normal distribution, a Z-score of 2.0 means that 97.72% of the population
scores lies below 2σ from the mean value, which corresponds to a confidence interval
of 5%. Therefore, if the comparison between two groups show a Z-score of |Z| < 2.0
the null hypothesis cannot be rejected at the 5% confidence level and the means of
the samples are considered equal.

However, the Z-score test requires that the population is normal distributed, of
which we cannot be certain for all data samples, especially when some groups have
very small sample sizes. To compare two samples when normality cannot be proved,
Wilcoxons rank-sum test (or equivalent, Mann–Whitney U test (MathWorks 2020))
can be used. It is designed to test the null hypothesis that two independent samples
have an equal distribution (Ford 2017).

14



For almost all comparisons in this experiment, both the Z-score test and the rank-
sum test showed the same result for the null hypothesis i.e. the Z-score was over 2.0
when the rank-sum test also showed that the null hypothesis can be rejected at the
5% confidence level.

3.5 Narrowing the data set

For the scope of this thesis project, it was decided to only focus on a part of the
whole city of Uppsala and examine it more thoroughly. For this purpose, to narrow
the data set used for the bulk of the project to have a better flow in the process and
to refine the methodology, an area in the South-West of Uppsala was chosen rather
than all data used for the first study.

For further studies this part of Uppsala was chosen as it is thoroughly mapped in
the EPC data, was easily divided and contained a significant number of both multi-
and single family houses as well as some other groups or facilities. The South-West
Uppsala area was defined as the districts (with the corresponding postal zip codes in
parenthesis) Gottsunda (756 49-50, 756 54), Valsätra (756 46-48), Norby (756 45),
Uller̊aker (756 43) and Ultuna (756 51). The defined area of Uppsala can be seen
in Figure 3 which is a GIS data map for all buildings in the area. Note that not
all buildings visible in the map have EPCs, this area contains in total 985 buildings
with EPCs.
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Figure 3: City map of South-West Uppsala highlighting all buildings in the GIS
data set

For residential multi-family housing in urban areas, district heating has by far the
largest share of heating systems in the buildings and should cover around 90%
(Rydegran 2020). For the case study of south-west Uppsala, the share is 86% of
the residential MFH. The other buildings not heated by DH are also quite varied in
heating methods. Therefore it is reasonable to only focus on this group as it already
covers nearly 90% and to examine it more thoroughly. Another aspect is that for
large multi-family block buildings within the urban area, nearly all of them should
be connected to the district heating grid. That is, many of the buildings listed as
not having district heating in a DH-connected area is therefore most likely a faulty
report in the EPC data.
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3.6 Final definition

The targeted building stock is divided by groups as defined in 3.3 and for each tier the
similar groups are merged together as described in 3.4. To have a comprehensive but
yet reliable database one can settle for developing archetypes that includes 90% of
all buildings in the selected area or data set. This can be seen as a confidence level as
there will always be a number of stand-out buildings that do not fit into any category
but are not numerous enough to form an archetype of their own. This process was
carried out by counting the number of buildings in each defined archetype, sorting
by size and adding them up until the total number of buildings equals 90 % of the
original number of buildings, not including the archetypes remaining.

3.7 Energy Modelling

3.7.1 Modelling aspects

To construct a model over the archetype buildings the software EnergyPlus was used
(see section 2.3). The aim in UBEM is to model buildings or building archetypes
based on their geometrical (e.g. shape, geometry and spatial location) and non-
geometrical (e.g. construction materials, HVAC or heating systems and occupancy)
characteristics. In this study, the non-geometrical characteristics are collected from
literature and previous studies on specific building types and construction materials
from certain eras.

Swedish literature on the topic (Björk, Kallstenius, and Reppen 2013) (Björk, Nordling,
and Reppen 2009) contains valuable information and specific data about both the
techniques and the construction materials used that is common for Swedish buildings
from relevant eras. The surfaces is modelled as described in the books in regards to
material and their properties (conductivity, density and specific heat) and thickness.

The energy modelling follows the process of so called Shoebox modelling. A shoebox
model is a model that focuses on a simple building construction rather than detailed
building, window or roof shapes (Dogan and C. Reinhart 2013). It does not give
any information about internal construction or heat transfers so only the main heat
transfers of the building envelope is of relevance. The buildings is seen as a square
box with one window per side instead of the shapes, angles and individual windows
and doors seen in more detailed modelling but the Atemp, number of floors, WWR
and construction materials are still depicted accurately. A shoebox model is a useful
way to approximate energy modelling when a detailed model is not possible or
necessary.
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Figure 4: Shoebox model of a Million Project building

Figure 4 shows a Shoebox model typical Million Project building drawn in the
3D-modelling software SketchUp (2020). To obtain the basic geometry for the
archetypes, the buildings can be first drawn in SketchUp to easily obtain the geome-
tries and vertices. The open-source plug-in software Euclid (Big Ladder Software
2020) was used for creating 3D thermal zones and to export the model to a text file
readable by EnergyPlus. To later define each archetype differently or simulate any
changes only the text files need to be altered.

3.7.2 Modelling parameters

The energy modelling of the buildings in EnergyPlus requires many parameters and
detailed simulations. The main aspects of modelling in EnergyPlus is the geome-
tries, construction materials, occupancy, HVAC and energy systems and simulation
parameters.

The simulation runs with normal year weather data that is available for Stockholm
Arlanda Airport. As Uppsala is located only 28 km from Arlanda (OpenStreetMap
2020) the model is defined as having the same weather profile as if located in Arlanda.
If a specific year has to be simulated, another weather data file that year can be
created. Weather data was collected from SMHI (2020b) and made into a file that
is readable by EnergyPlus using Excel and EmEditor. However this file does not
contain as many parameters as the other normal year weather data file. The indoor
temperature was set to 22◦ C as it is recommended by Boverket (2016).

Another definition that has to be made is the window-to-wall ratio (WWR). The
WWR is defined as how much of the outdoor-facing wall area is covered by windows,
which in turn affects the affects the transmission losses and solar energy gain of the
building. A 100 m2 wall with a WWR of 40% then has a total window area of
40 m2. The WWR for all buildings was set to a default value of 0.2 (20%) as an
optimum value. The WWR is dependent upon the construction year, building type
and geometric placement of the wall but can be assumed to have a mean optimum
value of 20% based on previous studies (Didwania, Garg, and Mathur 2011).
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The heating system for each building that is connected by district heating was
modelled as a template baseboard heating system with template hot water loop and
boiler. In this project only a generic heating system is modeled, so the full details
of the baseboards, pipes and similar is unnecessary as this level of detailing is only
needed if modelling an existing building.

As for the buildings with mixed heating systems, the systems had to be examined
more closely for more accurate description. The houses that had a fuel boiler of
some kind was found to mostly use district heating and biofuel or oil only as a
complement heating system. The majority of the houses that did not use district
heating as a primary system had direct electricity heating or a ground heat pump.
Therefore these houses were simulated with each of these three heating systems;
district heating as in the other archetypes, electric heating with template electric
baseboards and heat pumps with template water-to-air heat pump with a mixed
water loop and electric boiler. The energy performance was later calculated as the
share of each heating system corresponding to the same share of the equivalent
system in the EPCs:

EPMixed = SDH ∗ EPDH,Sim + SEl ∗ EPEl,Sim + SHP ∗ EPHP,Sim (6)

Where S is the share of each heating system within the EPC archetype stock, 0 <
S < 1.

Ventilation and infiltration rates are two important parameters but hard to estimate
without any reference building. The mechanical ventilation in the buildings is as-
sumed to follow a design flowrate of 0,5 ACH in all buildings (Boverket 2019a) except
the older buildings (<1960) which most certainly has natural ventilation (ASHRAE
2001). Natural ventilation is ventilation via air ducts without fans or openings and
driven by pressure differentials and therefore the air change rate is 0. Classrooms
in schools are required to have much higher rates (closer to 2.0 ACH (ibid.)). But
since not the full area of a school building is made up of classrooms and the exact
distribution of classrooms/other areas is unknown and varied, the calculation of an
exact overall ventilation rate in schools is hard. The ventilation rates are therefore
assumed to be the same as other non-residential buildings.

To calculate the real infiltration rate the basic model is to use

Qinf =
AL

1000

√
Cs∆t+ CwU2 (7)

to get the air flow rate in ACH (ibid.). Here AL is the effective leakage area, Cs is
the stack coefficient and Cw is the wind coefficient. Stack refers to the movement
of air due to differences in air density. These values are however building specific
and not easy to estimate for an average building and the estimations calculations
for each archetype would take a considerable amount of time. Therefore estimations
of the air exchange rate directly was used. In the American Society of Heating,
Refrigerating and Air-Conditioning Engineers (ASHRAE) manual the rates from
several studies is mentioned.
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Figure 5: Histogram over infiltration values for low-income houses (left) and newer
construction (right) for buildings in the US, adopted from ASHRAE (2001)

In the United States, the median value for low-income housing is 0.9 ACH and for
newer buildings 0.5 ACH, as given in Figure 5. Newer buildings also can be noted to
have less distributed values, more centered around the median. Other studies have
shown values for older or low-income buildings from 0.4-0.9 ACH and for newer
buildings an average of 0.25. In this project the default infiltration rate was then
set to 0.5 ACH. For calibration it was also defined that, for plausible and reliable
results, the values must not be outside of the range 0.2-1.0 ACH.

To accurately model and simulate any building energy demand the internal loads
are important. Electric equipment, hot water use and heating and heat gain from
residents are the most common to consider as internal loads. Not only the energy
load by itself contributes to the total demand of the system as any indoor use
of electric equipment or hot water will contribute to radiant or sensible heat that
adds to the system. The internal loads of residential buildings does not follow any
deterministic pattern as the residents that give rise to the loads do not behave in
that way but rather in a stochastic way (Widén and Wäckelg̊ard 2009). Detailed
simulations done in the past has proved the need for more detailed models of the
internal loads so that they are able to reproduce important real features and better
capture the variations (Widén, Nilsson, and Wäckelg̊ard 2009).

This project uses the same approach in generating occupancy profile developed by
Widén, Lundh, et al. (2009). This method focuses on stochastic models of domestic
occupant behaviour and energy use and is made specifically for bottom-up models
of energy demand simulations. The profiles includes high resolution occupant’s
activity and presence (in this case, only absence or presence of the occupant) as
well as electricity use for appliances and hot tap water use in the building. For this
project the profiles will be generated on minute basis but compressed to hourly basis
as EnergyPlus simulations are done on hourly basis.

3.8 Aggregating the results

The theorised total annual energy use for all buildings in the archetype database
can be calculated as
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E =
20∑
i=1

ni ∗ EPi ∗ Atempi (8)

where n is the number of buildings in each archetype and i is the archetypes 1-20.
This will give a measure of the total energy demand in kWh of an area given that
all buildings in the used data set are assigned to one of the archetypes. This method
does only account for the buildings that are represented in the EPC database. This
data set is not related to how many actual buildings are there in the area as the
fraction of buildings that has an EPC varies with building type. To gain knowledge
of how many there actually are one can use GIS data. In this project GIS data
for Uppsala was given by Lantmäteriet, the Swedish mapping, cadastral and land
registration authority (Lantmäteriet 2020).

For upscaling with GIS data when only the building types and not archetypes are
known, this is solved by

Etype =
N∑
i=1

ni,up ∗ EPi ∗ Atempi (9)

where N is the number of archetypes in each type, e.g. 5 for MFH, and the upscaled
number of buildings ni,u is

ni,up =
ni∑N
i=1 ni

∗ ntype (10)

where ntype is the number of buildings in the assigned type in the data set. This
calculation is then performed for all main types and then summarised for all types.
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4 Results

In this chapter the results of this study is presented. A first draft for building
archetypes in Uppsala municipality is presented, followed by the results from eval-
uating the building parameters. The developed archetypes for the South-West part
of Uppsala are introduced here, as well as the results from the energy modelling,
simulation and calibration of those archetypes. The chapter concludes with the ag-
gregated results, presented along with energy demand numbers for both South-West
Uppsala and city level.

4.1 Building archetypes in Uppsala municipality

The methodology described in section 3 was performed on the entire Uppsala city
building stock. The construction year groups was merged with the Z-score method,
creating eight groups instead of 16. Afterwards the heating systems per group was
also merged with the same method.

With this first methodology test, 70 archetypes were defined and 54 were left after
a first revision. Tables 3 and 4 lists the archetypes along with their types, heating
systems and construction periods. However, since the focus in this report is on the
South-West Uppsala case study due to the time schedule, the archetypes for Uppsala
city are not examined further in this report.

22



Table 3: First draft archetypes for Uppsala city, 1-33

Archetype Type Heating system Years
1 MFH Residential District Heating ≤1955
2 1956-1975
3 1976-1985
4 1986-2005
5 2006-2010
6 2011-2015
7 Burners ≤1975
8 1976-2005
9 Electric heating ≤1975
10 1976-1985
11 1986-2005
12 2006-2010
13 Mixed systems, heat pumps <=1975
14 1976-1985
15 1986-2005
16 2006-2010
17 2011-2015
18 MFH Non-Residential District Heating ≤1965
19 1966-1995
20 1996-2015
21 Electric and mixed systems ≤1965
22 1966-1995
23 1996-2015
24 MFH Mixed Use District Heating ≤1965
25 1966-1995
26 1996-2015
27 SFH Detached District Heating ≤1965
28 1966-2005
29 2006-2015
30 Burners All years
31 Electric and mixed systems ≤1965
32 1966-2005
33 2006-2015
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Table 4: First draft archetypes for Uppsala city, 34-54

Archetype Type Heating system Years

34
SFH Attached and

Semi-Attached
District Heating ≤1965

35 1966-1975
36 1975-1985
37 1985-2005
38 2005-2015
39 Electric and mixed systems ≤1965
40 1966-2005
41 2005-2015
42 Mixed systems All years
43 Healthcare District Heating ≤1940
44 1941-1990
45 1991-2015
46 Schools District Heating ≤1940
47 1941-1995
48 1996-2015
49 Electric Heating ≤1940
50 1941-1995
51 1996-2015
52 Miscellaneous District Heating ≤1940
53 1941-1995
54 1996-2015

4.2 Evaluation of indicating parameters and building clas-
sification

4.2.1 Multi-family residential housing

Multi-family residential buildings is the most common form of housing in the Swedish
major cities (SCB 2020a) and in South-West Uppsala they cover 46% of the buildings
with EPCs. By just looking at the energy performance of these buildings it is clear
that the values are very varied, with a large standard deviation. To understand
why that is, the energy performance of each building can be mapped against other
parameters found in the EPC data.
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Figure 6: Multi-family housing energy performance against heated area and con-
struction year; A: 0-8000 m2, B: Zoom-in, 0-2000 m2

Figure 6 shows energy performance against Atemp, sorted by construction year
groups and with two different scales. By using scatter plots the data can be analysed
by a simple classification approach; grouping data points from the same set to see
if any clusters can be found which would indicate some correlation or pattern and
thereby different classes or groups. In Figure 6 it is hard to see any significant
clusters as the values are scattered. This is interesting as most MFH are built in
large projects, with many homogenous areas and similar building techniques; similar
buildings connected to the same district heating network should behave more similar
in account of their energy performance.

However, for houses built after 1986 nearly no building has an energy performance
higher than 170-180 kWh/m2 and that for larger buildings (> 2000m2) the EP
values are lower.
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Figure 7: Multi-family housing energy performance against number of floors and A:
construction year, B: Atemp [m2]

This pattern is also visible in Figure 7 which shows energy performance against
number of floors by construction year and heated area. Buildings with four or more
floors have a lower mean energy performance and less deviation in the distribution
with increasing number of floors. This could justify dividing the residential building
stock into small and large buildings as an additional method of assigning building
archetypes.

This simple clustering approach was implemented for nearly all parameters found
in the EPC data for each building. Other than construction year and Atemp this
included number of apartments, average apartment size, electricity consumption, en-
ergy consumption for tap water heating and measured or distributed values (Atemp
or energy consumption). None of these parameters were found to show any partic-
ular patterns of interest.
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Figure 8: Multi-family housing energy performance against location zip code and
A: construction year, B: Atemp [m2]

To divide by location the easiest approach is to categorise by the postal zip codes.
Figure 8 shows the energy performance by location categorised by the area zip codes.
Here a more clear structure can be noted in that location, construction year and
building size correlates; this is expected as many city areas (especially suburb and
million homes areas) often contain buildings of similar appearance and are built all
at once or within a short time period.

Figure 9: Box plot of multi-family housing energy performance by location (zip
code)

Figure 9 shows the same data as a box plot, where the medians and distributions are
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more clearly visible. The value distribution for each area is represented by the boxes
and dashed vertical line, with median values as the red horizontal lines. The red
plus-signs represent outlier values. Differences between the areas can be noted, and
for comparison with the construction year plot in Figure 8 one pattern is that the
areas with newer buildings has lower medians as well as more narrow distributions.
Gottsunda (756 49-50, 756 54) has the highest medians while Ultuna (756 51) has
the lowest and Norby (756 45) is the most scattered or dispersed. That Ultuna
has so low values is more suprising as the stock there consists of nearly only older
buildings, see Figure 8.

4.2.2 Single family housing

For single family houses the differences between the assigned archetypes are clearer.
Detached and attached houses differ, heating systems are more varied as district
heating does not dominate and the difference due to construction year is more ob-
vious.

Figure 10: Single family housing energy performance by location and construction
year
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Figure 11: Boxplot of single family housing energy performance by location

As seen in figure 10 and 11 the differences in energy performance for SFH is greater
than for the MFH. Also here Gottsunda has by far the highest mean value and
Norby has the most dispersed. It is also clearly visible that the newer houses have
a much better energy performance than the oldest.

4.3 Archetypes for South-West Uppsala

After the processes described in section 3 the archetype buildings for south-west
Uppsala could be defined. 20 archetypes is defined to be able to cover 90% of the
buildings in the area and the only main type to not be included is the mixed use
residential buildings.

The choice of city district naturally affects which archetypes that are represented,
as the methodology in this project only identifies the most characteristic aspects or
archetypes of the building stock that is currently investigated. This particular city
district is mostly residential and mainly contains housing built during the Million
Programme with little or no older or modern buildings.
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Table 5: Building archetypes for South West Uppsala

Archetype Type Heating system Years
Average EP
[kWh/m2]

Standard
Deviation
[kWh/m2]

1
Multi Family
Residential

District Heating ≤1950 161 37.8

2 1961-1965 149 18.4
3 1966-1975 157 21.9
4 1976-1985 167 27.1
5 1986-2005 146 24.4
6 Non-Residential District Heating All years 153 31.0

7
Single Family

Detached
District Heating ≤1965 151 30.2

8 1966-1980 117 28.8
9 1981-1990 159 31.9

10 1991-2015 105 24.0

11
Burners, Pumps,
Mixed systems

≤1965 136 33.5

12 1966-1990 96 30.0
13 1991-2015 76 17.9

14
Single Family

Attached
District Heating ≤1965 134 23.1

15 1966-2000 100 25.6
16 Healthcare District Heating ≤1955 141 28.2
17 >1955 147 33.0
18 Schools District Heating All years 163 26.8
19 Miscellaneous District Heating ≤1940 145 34.0
20 >1940 155 27.4

Table 5 lists the final archetypes along with the average value and the standard
deviation of the energy performance.

The standard deviation of the energy performance has an average value of 27,6 which
is rather large. The archetype with the lowest standard deviation is also the one
with the lowest EP which again suggests that the difference between newly built
and older houses in terms of EP is significant. Archetype 1 has the highest standard
deviation which is not surprising either, as it is the smallest in terms of sample
size and contains older buildings. The fact that the values are mostly in the same
range could indicate that this is the standard deviation that can be expected for any
building stock energy performance measurement within the scope of this project.
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4.4 Energy modelling

4.4.1 3D models

Figure 12: Shoebox model over a large multi family building (Archetype 3) drawn
in SketchUp

Figure 13: Shoebox model over a single family home (Archetype 7) drawn in
SketchUp

All 20 archetypes were 3D-modelled in Sketchup as simple Shoebox models of similar
geometry with the default WWR of 0,2 and one door per stairwell. The number of
stairwells is also an EPC parameter. Figures 14 and 13 shows two of the buildings
as 3D-models in the drawing software.

4.4.2 Occupancy

Occupancy profiles for the residential buildings are calculated following the method
described in section 3.7.2. The number of occupants in each archetype is based on
the standard value of 33 m2/person (Peuportier, Leurent, and Roger-Estrade 2019).
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For the non-residential archetypes the generated occupancy profiles could not be
used. Instead, a generic schedule was constructed for the internal building loads
where the fraction of the full capacity follows an established pattern for all weekdays
and another for weekends and holidays over the course of the year. See Appendix
A for detailed schedule.

The full capacity for the internal loads for offices and schools is 14 W/m2 (Peuportier,
Leurent, and Roger-Estrade 2019) and the occupancy is 0,07 occupants per m2 in
offices and 0,1 in schools. It is assumed that all non-residential building archetypes
in the model follow the office occupancy schedule. As an example, the healthcare
building archetypes that are present in the South-West Uppsala region are not full-
size hospitals but rather smaller facilities and clinics which then can be assumed to
be following typical office schedules.

4.4.3 Model calibration and sensitivity analysis

A small sensitivity analysis was made for archetype 3. This is the largest residential
archetype and a representative for a large Million Programme building.

Table 6: Sensitivity analysis for modelling parameters

Parameter
Difference [%]

for + 20%
Difference [%]

for - 20%
Ground temperature - 1.5 + 1.5
Wall thickness - 22.0 + 7.0
Indoor heating temperature + 16.0 - 14.0
Occupancy - 8.6 + 8.2
Occupancy iterations + 1.2 + 1.7

The ground temperature, for calculating heat flux through the ground, was another
parameter that had to be estimated. Sensitivity analysis of the ground temperature
with ± 2◦ C resulted in a difference of only ± 1,5% which proves that it has less
impact on the total energy use. however this is for a high rise MFH and for low rise
SFH it may have higher effect.

The construction and materials of the modelled buildings are well-defined for each
archetype. Still, the construction materials is the most defining factor for each model
(since no specific geometry is modelled) and is such what affects the difference in
energy performance the most. To prove this, a number of simulations were run
on the exterior wall of archetype 3 (consists of concrete and light weight concrete)
since the exterior wall has got the largest surface. Reducing the total wall thickness
increases the total energy demand by 7%. Adding a layer of insulation with the
width of 20% of the wall thickness results in a decrease of the total energy demand
by 22%.

The indoor temperature is important for energy calculations as it defines the target
for the net heat demand. Decreasing the indoor heating temperature from 22◦ C
to 20◦ C lowered the energy performance by 14%. Increasing instead to 24◦ C
increased the EP by almost 16%. These could possibly be unrealistic default indoor
temperatures but are set for the purpose of analysis.
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As the used occupancy model is a stochastic model over an uncertain phenomenon,
the parameters and profile will be altered somewhat between iterations. Just to
see how much this will affect the models in this project three iterations of the
profiles were tested for the sample building and also one with a higher number
of occupants with corresponding peak power consumption and tap water use. The
profile iterations generated a result that differed only around 1-2% and the increased
occupancy lowered the energy demand by 8,6%. This value could still be significant
and since the occupancy is a parameter that is highly variable, in reality it could be
an important parameter for the archetype calibration.

As the mechanical ventilation was decided to keep at a fixed value (see section 3)
the calibration parameter for the air exchange of the building is the infiltration rate.
The infiltration rate was found to have a big impact on the total energy demand and
it is a parameter that is highly variable between specific buildings, even where the
building stock is quite homogeneous (ASHRAE 2001). Therefore it was considered
to be the key parameter in calibration of the archetype simulations as the infiltration
values greatly affected the energy performance result.

4.4.4 Modelling results after calibration

Table 7 shows the simulation results in comparison to the energy performance values
given from the EPC study. The rightmost column shows the difference between the
results prior to calibration. The values shown with bold numbers represents the
seven simulated archetypes which did not get within the range of the standard de-
viation of the EPC result. All those values were too low in the simulation compared
to the EPC values. Most of the other simulations did however perform similar to
the EPC values, seven of them having a difference of less than 10%.

33



Table 7: EnergyPlus Simulation results

Archetype
Average EP
from EPC
[kWh/m2]

Standard
deviation
[kWh/m2]

Simulated EP
[kWh/m2]

Infiltration rates
for calibrated

simulation [ACH]

Difference
simulation/

EPC [%]
1 161 37.8 170 0.45 5.6
2 149 18.4 166 0.35 11.4
3 157 21.9 152 0.55 -3.2
4 167 24.1 125 0.85 -25.1
5 146 24.4 115 0.80 -21.2
6 153 31.0 98 1.00 -35.9
7 151 30.2 142 0.60 -6.0
8 117 28.8 134 0.35 14.5
9 159 31.9 116 0.85 -27.0
10 105 24.0 118 0.40 12.4
11 136 33.5 141 0.45 3.7
12 96 29.7 125 0.20 30.2
13 76 17.9 91 0.10 19.7
14 134 23.1 147 0.40 9.7
15 100 25.6 115 0.35 15.0
16 141 28.2 140 0.50 -0.7
17 147 33.0 101 0.90 -31.3
18 163 26.7 163 0.50 0.0
19 145 33.9 101 0.90 -30.3
20 155 27.4 102 0.95 -34.2

The calibration is performed so that the simulation EP results is equal to the values
from the EPCs which was possible to achieve for all archetypes. The parameters that
are changed are the infiltration rates and/or occupancy parameters. The occupancy
parameters are changed with reasonable amounts (± 20% occupants or electricity
use) and only if the infiltration rate of the building is significantly higher or lower
than the default rate. The infiltration rates for the calibrated simulation is shown
in column 5. The infiltration rates listed in bold is considered probably not realistic
as they are too low for a building of the associated construction period.
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Figure 14: 2018 District heating energy demand (archetype 3) against normalised
real energy demand profile

Figure 14 shows the simulated total heat demand for archetype 3 in comparison
to real values given by Vattenfall. The values are from the year 2018 given for
actual MFH buildings - in this case one built around 1980 - normalised against area
and scale, thus scaled by total heat demand of the specific archetype. Since the
normalised profile is given for the year 2018, the archetype has to be simulated for
the same year, see section 3.7.2. The simulated values follow the normalised profile
closely, except for the summer months. This is probably because of the unusually
hot summer in Sweden 2018 and that the hot water use profile in the model does
not take that into account.

Figure 15: Annual district heating energy demand (archetype 3), week 1

Figure 15 pictures a zoom-in of the heating demand of archetype 3 the first week
of the year. Here we can see the effects of the occupancy more clearly, as nearly all
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of the higher spikes occur around 6-8 hours in on each day. This is usually seen as
the peak time period for internal loads as it is the time where most residents make
breakfast and take morning showers.

4.5 Aggregated results

4.5.1 South-West Uppsala

For aggregating the results the methodology described in 3.8 is used to calculate the
annual energy demand for the 880 buildings in South-West Uppsala to 122,3 GWh.
The buildings included in this data set are the same as shown in Figure 3 in section
3.5.

The GIS data available for the area includes data for 6873 buildings. The data
contains information about the main use and/or type and 3584 of the buildings
are labeled as unspecified leaving 3289 that are easily analysed. For MFH the GIS
data includes 627 buildings compared to 386 in the EPC data set. Although most
MFH should have an EPC, the GIS data probably has a higher amount due to that
many new MFH has been built in the area the last five years after the data was
gathered. For SFH the division into detached and attached does not seem to follow
the same division as in the EPCs just by checking a number of the addresses. Some
of them are also labeled as SFH even though they are labeled as MFH in the EPCs.
Therefore all of them are categorised as SFH anyway and divided as they are in the
archetype database. The GIS data includes 2479 houses compared to 381 in the
EPCs. That only roughly 1/6 of the SFH are represented is expected as SFH are
not nearly as included in EPCs generally as it is not required to have a EPC for a
villa if it is not up for sale (Boverket 2020b) and also here newly built houses are
probably present.
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Figure 16: Number of buildings per archetype present in GIS data for South-West
Uppsala

Figure 16 shows the number of buildings per archetype in the GIS data set. The
non-residential (archetype 6) and healthcare (nr 16-17) buildings are practically
non-existent and the school buildings (nr 18) are somewhat overrepresented. This
is mostly because of the fact that the type division differ between the EPCs and the
geodata.

Due to restrictions in access to the area-specific energy use and hourly demand data,
it was not possible to validate the results for any level other than city level.
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4.5.2 City level

Figure 17: City map of Uppsala highlighting all buildings in the GIS data set

Figure 17 shows all the real buildings in the entire city of Uppsala in red. This
data set contains 44007 buildings where 22338 is labeled as unspecified and 1394 are
industry buildings - which were left out - leaving 20275 buildings for analysis. The
total annual heating energy demand for Uppsala is calculated with the same method
to 1455,7 GWh. This is of course based on the archetype distribution of South-West
Uppsala which is not the same for the entire city. In particular, the older buildings
are many more and both newly built and non-residential buildings is more present
in the Uppsala archetypes.

Aggregated energy demand value from Vattenfall concerning the DH heating load
for Uppsala is 1397,0 GWh. The difference from the calculated aggregated value is
then 4,2%.
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5 Analysis and discussion

In this chapter the results are analysed and discussed. The first main subject of
the discussion is the EPC data quality and issues with using EPC data. The build-
ing archetypes, modelling procedures and modelling results are discussed later and
followed by notes about possible further research.

5.1 EPC data quality

One clear problem that arises when analysing the EPCs in terms of energy is the
reported numbers for total energy use. One example house in Norby has an Atemp
of 567 m2 and an EP of 131 kWh/m2 which should result in an energy use close
to 74277 kWh. Instead, the reported value is 755697 kWh which is ten times the
expected number. This is probably due to that the district heating use data is
collected and reported for the DH substations and not the individual buildings. Ten
similar buildings in an area with the same distribution point may have individual
EPCs (or just some of them) but the energy use is reported as identical for all of
them. Analysing the column for energy use in the EPCs it is also clear that many
of the values are identical, which is unlikely if the values are reported individually.
These problems makes it impossible to use EPCs to analyse the buildings in a
more specific area in terms of actual energy use. However, when summing up all
the unique values - removing all the identical/duplicate values - for the buildings
included in the database the sum is 124,5 GWh. Compared to the calculated value
from the archetypes this is a difference of less than 2%. This may prove that the
total energy demand, and thereby the energy performance, is correctly measured
but not reported in the EPCs in a correct way.

Hjortling et al. (2017) remarks that the Swedish EPCs are based on data from energy
bills which they consider to be a good idea because they tell much about the real
case. Using data from the energy software will underestimate energy consumption as
all deviations from the ideal case in the model will probably result in higher values.

A number of other studies has addressed the data quality of Swedish EPCs. Man-
gold, Österbring, and Wallbaum (2015) did a study of Gothenburg EPCs and it
was found that the construction year and registered building main types had less
error in the EPCs than other studied data sets. They did however also conclude
that there is issues with the Atemp calculations. The study suggest that the Atemp
is calculated differently depending on the methods used by the Energy Expert and
that it could be underrestimated by 10%-20%. It was also found that, as in this
study, the distributed energy use data means that the ability to distinguish data for
specific buildings is lost.

The EPCs comes in versions, depending on the issuing year. The later versions
(after 2010) does include the energy class (see Section 2.2) of the building and
after 2014 the definitions of the energy classes changed, only to be changed again
2019 (Boverket 2019c). The versions after 2010 seems to come with a lot of other
improvements. The energy performance in the EPCs is calculated by the means of
normal corrected data via Energy Index which is a measure how the energy demand
differ from the normal values for a specific place (SMHI 2020c). The column for
this data also includes the name of the station for the Energy Index. In the older
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versions these stations are many different cities in Sweden ranging from Malmö to
Kiruna but in the newer it is only Uppsala. It is unclear how this affects the outcome
of the normal correction. The other reported faults in the data also seems to be less
frequent in the newer versions although this is not proved as of yet.

5.2 Archetypes and modelling

For the aggregated city level the resulting total energy demand for heating, calcu-
lated from the defined archetypes in this project, was 1455,7 GWh compared to the
actual value of 1397,0 GWh, a difference of 4%. This actual value does only con-
tain the district heating and the archetypes also consider buildings heated by other
means. But this value does not consider the primary distribution losses, which
should account for 8%-10% of the total value. The heating demand from the houses
not heated by district heating corresponds to 7% of the total heat demand. The
difference between the calculated and the real value with this in mind is about 7%
which still is within the usual 10% margin of error.

The defined archetype buildings have an energy performance value that is reasonable
for average Swedish urban buildings. Archetypes for SFH in this study are much
in line with the average values for Swedish SFH from Boverket, see section 2.5.
Archetype 5 (MFH built 1986-2005) has an average EP of 146 kWh/m2 which is
close to the average values for MFH between 2000-2005 from the same study.

Many of the archetypes are also quite similar in terms of energy performance and lie
mostly in the same range. This indicates, along with the large standard deviation,
that even with defined archetypes the issue of the buildings being very scattered
in terms of energy performance is only dealt with to some degree. As pointed out,
there is no information about building renovations or specific performance-altering
characteristics in the EPCs. Another issue that adds to the same problem is that
there is no information in the EPCs whether a building is a Passive House (see section
3.2.1) or similar ultra-low energy building. A building with almost no reported
energy use would be considered a faulty entry or outlier data in the methodology
presented in this study if we do not specifically know that it is a Passive House.

The energy modelling and simulation of the buildings in EnergyPlus proved a re-
liable method to visualise and conceptualise the archetypes. By modelling default
parameters for the relevant archetypes, not connected to the EPCs, many of the
models showed very similar results without the need for calibration. For the simu-
lations that did not show as satisfying results, all of them was possible to calibrate
to match the EPC values with exception of two archetypes where the infiltration
rates were probably too low for the associated age group. The archetypes with
generally lower EP and infiltration rates could have an elevated number of houses
having undergone renovations of some sort. All of these simulations had an energy
performance that was too low compared to the EPCs. This can be interpreted as a
positive sign as it is in line with the fact that simulation software often underesti-
mate energy consumption, as pointed out by Hjortling et al. (see section 5.1). Many
of these buildings could have unforeseen faults, such as higher leakage, or that they
were somehow constructed in a way that is less energy efficient than the standard
for similar buildings.
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The decision to only work with a part of the Uppsala building stock was justified in
terms of work load and the amount of altering of the archetypes that was necessary
to obtain a number that was reasonable for the energy modelling. 20 archetypes is
reasonable for a project of this scale. These archetypes are developed to match a
part of the Uppsala building stock and the entire city has the same climate zone
and contains similar buildings. Therefore the archetypes should be, in theory, a
reasonable estimation of the Uppsala building stock as long as the main construction
periods are somewhat comparable. As the definition process is done statistically,
a larger data set would mean a more accurate archetype database as the sample
sizes would be larger. Using the entire city for development would then result in
a more accurate database, probably even for the buildings in South-West Uppsala.
In terms of useful results and validation it would also have been better to have an
archetype database for the entire city. It might have been possible to validate some
archetypes with energy modelling and then proceed with developing more archetypes
to get more reliable results for city level scale. The methodology for developing
more archetypes would not change so all of them may not need energy simulations.
Although the lack of validation data for smaller data sets or areas make it hard to
justify the archetype development process; if the studies of a smaller area proved to
be correct it would mean it could be possible to claim that the methodology works
for the entire city (or any city) without having to prove it on the aggregated scale.

It can be questioned whether 20 archetypes are still needed or if the level of detail
in the study is excessive. One major point is that the SW Uppsala data set has
a much less differentiated building stock than Uppsala as a whole. Also, even if
several archetypes have similar EP other parameters still differ, such as Atemp and
number of floors. These parameters will affect how the building behaves and what
the total heat demand in kWh is. The size of the building (Atemp) proved to be
a factor that could possibly have more impact, so further studies with the the this
methodology could include the building size to a greater degree in the archetype
development process.

5.3 For further research

Further studies on this topic will include using the presented methodology to develop
archetypes for the entire city of Uppsala. The EPC database has since the start of
this project been updated and has more and new buildings included. Since the
number of archetypes for Uppsala municipality is quite large, it could be interesting
to examine if it is possible to reduce the number of archetypes without sacrificing
too much on the representation of the building stock.

One major aspect for troubleshooting is the number of actual buildings not covered
in the data sets, the “blind spots” of the building stock. Not all buildings have
an EPC registered and the fraction of buildings having one is different for different
types. Uppsala is a quickly expanding city and is constructing the most number of
new dwellings per capita in Sweden (SCB 2020b). A large number of new dwellings
has been built the last 5-6 years since the issuing of the used EPC data set and are
therefore not included in the studied data set. Recreating the database and model
with a newer dataset would solve this issue. The GIS data can be used to calculate
the actual size of the targeted building stock for aggregation of results, but a higher
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level of detail is desirable. The GIS data has a large portion of data points that are
unspecified. These can include buildings that should be a part of one of the main
types. The main types represented in the GIS data are also less detailed than in the
EPCs and for this study one important aspect is that the non-residential buildings
do not have a type of their own.

One other hypothesis is also that the form of ownership of the buildings could
matter in terms of energy use. Depending on whether the residents themselves pay
for electricity and/or heating may impact how much energy is consumed. Different
housing ownership organisations maybe have different views of energy use in the
apartments, for example how the indoor temperature is defined and controlled. Area
demographics can also play a role, if residents with different socio-economic status
use energy in different ways or amounts. Any causality between form of ownership
or demographics and energy performance is however hard to prove in this study as
it would need otherwise similar buildings but with different ownership to be able to
draw any conclusion.
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6 Conclusions

To represent the building stock of the South-West part of Uppsala 20 building
archetypes were created. Energy simulations in EnergyPlus showed that the the
defined archetypes were a good estimation of how buildings in Sweden with the
same characteristics and construction period would behave. By using GIS geodata
the results can be aggregated to district or city level. For city level the resulting
total energy demand for heating was 1455,7 GWh compared to the actual value of
1397,0 GWh.

A main advantage of the methodology in this study is the simplicity of develop-
ing the archetypes and the model. It may not be as detailed as most established
models but depending on the desired use, a simpler model could be well justified.
If the data gathered from the EPCs could be considered trustworthy - and com-
bining with any good source of actual number of buildings in the targeted area -
the process of information gathering for defining the database and model could be
easily performed. Combined with reliable validation data this methodology has the
possibility to perform city level energy demand estimation with an error estimation
that can compete with more detailed models that require significantly more time to
construct and simulate. Since the only input data for the archetype development
process is the EPC data and the merging/definition is devised via Z score tests, an
automated definition process is also possible.

The main issue with the study can be pointed out as being the data reliability. The
EPC energy performance values are very scattered and there is no information about
building renovations, Passive houses, specific performance-boosting characteristics
or similar that can explain the wide range of energy performance in areas that should
exhibit more similar behaviour. If distribution losses are included or not and the
lack of registered EPCs in single-family housing are two other important flaws. For
a reliable study of any city the data for actual number of buildings also has to be
more accurate, whether it is GIS data or any other means of information gathering.

The results of this study points to that the average energy performance values are
a decent enough estimate to make a reliable assumption of the total energy demand
for heating. The EPCs thus provide a useful source of data for energy demand
purposes and building characteristics. The lack of validation data on a smaller scale
is still a large issue as there is no way to prove if the accuracy on city scale is correct,
or the results of several unnoticed errors adding up to the correct numbers.
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A Occupancy Tables

Table 8: EnergyPlus default office occupancy and appliances schedules (EnergyPlus
2020)

Office occupancy
Period Time Occupancy fraction

Weekend, Holidays 00:00 0
06:00 0.1
08:00 0.3
12:00 0.1
17:00 0.05
19:00 0

All other days 00:00 0
06:00 0.1
07:00 0.2
08:00 0.95
12:00 0.5
13:00 0.95
17:00 0.3
18:00 0.1
22:00 0.05

Office HVAC
Weekdays, Holidays 00:00 0
All other days 00:00 0

06:00 1
18:00 0

Office Lighting/appliances
Saturday 00:00 0,05

06:00 0.1
08:00 0.3
12:00 0.15
17:00 0.05

Sunday, Holidays 00:00 0.05
All other days 00:00 0.05

05:00 0.1
07:00 0.3
08:00 1
17:00 0.3
20:00 0.2
22:00 0.1
23:00 0.05
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