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a b s t r a c t

Energy simulations of buildings complement or replace the static calculations used so far and provide
detailed answers to questions such as: what is the energy demand for individual purposes in a building
and how does it change over the course of a day, a month, a year and also enable a comparison of several
design variants and the selection of the optimal one in terms of energy consumption. Therefore, energy
simulations of buildings help make decisions to optimise architectural and installation solutions, leading
to a reduction in electricity, gas and water demand for the designed building. They indicate to what
extent individual factors affect the demand for heating, cooling and electricity. The results of the analyses
can be used as a basis for design and system decisions, and also provide interesting feedback to the
investor.

This paper focuses on the year-round analysis of a three-zone building in TRNSYS. Attention is given to
the values of the heat transfer coefficients through the envelope, heating and cooling demand, the effect
of heat gains/losses on the energy demand of the building and thermal comfort. The article points out
that the correct determination of the energy needs of a building influences the correct choice of
renewable energy source and the lowest cost of installation.
© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

The demand for electricity is high and is increasing year by year.
At the same time its production still relies heavily on fossil fuels,
which has a negative impact on the environment.

The increase in greenhouse gas production has prompted the
world community to set ambitious targets to prevent global
warming [1e4]. In the third quarter of 2021 total UK total energy
production was 25.1 million tonnes of oil equivalent [5]. Compared
to the third quarter of 2020, total final energy consumption was
6.4% higher. It is significant that the share of renewable energy
sources in electricity generation is increasing, as can be seen in
Fig. 1. The temporary decline in summer 2021 was due to mainte-
nancework on the North Sea limiting renewable energy production
as well as lower wind speeds. The share of photovoltaic (PV) sys-
tems recorded an increase to 6.2% in 2021, as illustrated in Fig. 2.

In the UK, the domestic electricity consumption is one of the
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largest consumers [5] thus solar PV systems for residential users are
among the most preferred installations. PV systems allow elec-
tricity to be generated from 100% renewable solar energy [6]. The
energy obtained can be used for the operation of household ap-
pliances, and/or for heating and domestic hot water [7]. Over the
last 20 years, there has been a significant increase in the number of
PV installations [8]. Ahmad L. et all [9]. extensively discussed the
latest technological developments in the different types of solar
collectors. UK Solar deployment by capacity and accreditation is
shown in Fig. 3. According to the data presented, there is a total of
13,654 MW of installed solar capacity in the UK sited at 1,121,819
installations at the end of December 2021 [8].

The cost of the installation is a key issue for the individual
consumer. Since 2013, detailed costs for small installations in the
0e4 kW, 4e10 kWand 10e50 kW ranges from the Microgeneration
Certificate Scheme (MSC) have been posted on government web-
sites [10] The MCS Installations Database contains information on
certified small scale, low carbon installation in the UK since 2010
[11]. It should be noted that the data available [10] does not
represent the cost to the householder. It is the cost per kW resulting
from dividing the total cost (which include the cost of the photo-
voltaic generation equipment, the cost of installation and
e under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Fig. 1. Electricity generated, by fuel type in UK [5].

Fig. 2. Renewables' share of electricity generation e Q3 2020 and Q3 2021 [5].
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connection to the electricity grid and VAT) by the installed capacity.
28,638 installations were included in the analysis between April
2019 and March 2020. According to the statistics, the average cost
of solar PV installations in 2020/21, despite an increase on the
previous year 2019/2020, for 0e4 kW installations was 10% lower
than in 2018/19 and 28% lower than in 2013/14 and was £1628 per
kW installed. The average cost of a 4e10 kW installation was £1685
per kW installed in 2021/2022 and for 10e50 kW £1088.

Currently, photovoltaic systems can be grid-connected (On-
grid) or stand-alone (Off-grid) [12]. However, the cost of the
installation is significantly influenced by the building structure, its
location and occupancy [13]. In order to select a PV system, it is
necessary to find out what the annual energy demand of the
Fig. 3. UK Solar deployment by ca
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buildingwill be. Energy simulation programs that take these factors
into account can help to find the most energy-optimal building
design and thus contribute to minimizing the PV installation costs.

This article focuses on the building and the factors that have the
greatest impact on energy demand. Therefore, a step-by-step
construction of the building model in TRNSYS is presented. The
phase of defining building geometry, wall structures, heating and
cooling loads, infiltration, gains and schedules is described in detail.
For each of these stages, the energy demand was investigated. In
addition, the PMV and PPD values for the analysed building were
examined.
2. Building energy simulation

Modelling the behaviour of a building under changing operating
conditions enables detailed analyses to be carried out, which will
contribute to key decisions being made both at the stage of
designing a building and retrofitting an existing one. The energy
simulations software's provide the ability to predict the perfor-
mance of the designed building, the selected systems or both at the
same time. They allow for a more complete description of those
phenomena that cannot be characterised by simple static calcula-
tions such as the way a building reacts to solar heat gains or the
accumulation in partitions.

There are a number of software packages that can analyse either
buildings, systems or both at the same time such as TRNSYS,
EnergyPlus or IDA ICE. Each has its advantages and limitations. Each
of these has been described many times in the literature [14e17].

In addition, M. Magni et al. [18] compared themwith respect to
modelling approaches and computational costs. The authors
highlighted that it required many iterations to achieve good
agreement in the representation of the building across the different
programs. To assess compliance, statistical indicators were used
among others. A. Chong et all [19]. addressed the issue of model
calibration to improve the reliability of simulations. The article
provides definitions of calibration, validation and verification ac-
cording to the American Institute of Aeronautics and Astronautics
(AIAA) guide and the article by T.G. Trucano et al. [20].

TRNSYS software allows the simulation of different types of
solar collector, photovoltaics as well as photovoltaic-thermal (PV/T)
collector [21,22], heat pipe heat exchangers [23,24], PVT-collector
model and horizontal ground heat exchanger [25], solar-assisted
ground-source heat pumps [26] as well as the building [27] or
pacity and accreditation [8].
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multiple radiative inter-reflections exchanges [28]. Both the system
and the building can be configured and analysed separately.

Researchers are interested in the potential of waste heat re-
covery in residential buildings [29], reducing the risk of disease
transmission by analysing ventilation strategies [30] or using useful
ambient energy [31]. However, a basic analysis of the energy needs
of the building itself to maintain thermal comfort has not been
widely investigated.

After reviewing the various functionalities of each package,
TRNSYS was selected for the building analysis. This article focuses
on the building and the factors that have the greatest impact on
energy demand. TRNSYS enables multi-zone building modelling
with Type56 and TRNBuild. The user can map the thermal behav-
iour of a building divided into different zones and then assign
heating, cooling, humidification, operating schedules, gains and
much more to the model.

2.1. Building geometry

The modelling process begins by defining the geometry. The
more complex the shape, the more difficult it is to represent it in
the programme. For this purpose, the Trnsys3d plug-in for Google
Sketchup may be used. This solution allows the elements of self-
shading of the building to be taken into account or for radiation
exchange internal view factors [32]. Correct definition of individual
zones, windows, external and internal partitions in SketchUp
speeds up the design process, and due to the visualisation the
whole process is user-friendly. The generated file with a.IDF
(Indermeidate Data File) extention can be imported into TRNSYS by
creating a new 3D project (multizone). At this stage the following
can be assigned: weather data file, building orientation, boundary
temperatures of surfaces, static distribution factor of solar direct
radiation or shading control. To modify a building in the TRNSYS
project window, the building needs to be edited in TRNBuild.

For the purposes of this article, a three-zone building was pre-
pared in Google Sketchup and then imported into TRNSYS accord-
ing to the above guidelines (Fig. 4A). The implemented geometry
can be seen in TrnViewBUI as shown in Fig. 4B. In order to calculate
the correct azimuthal angles of the surface orientation, the north-
ern hemisphere was defined. London weather data has been
assigned. The building is divided into three zones: on the ground
floor North (SunZone) and South (BackZone) zones with a surface
area of 20 m2 each. Above them there is an unheated attic of 40 m2.
2.4 m2 of windows have been placed in the northern and southern
walls.

2.2. Heat transfer coefficient

For the next stage of the building modelling process, an
appropriate structure must be assigned to the individual building
envelopes, taking into account the heat transfer coefficient U. This
is one of the most important steps as it determines the amount of
energy that needs to be supplied to the building in order to
maintain the air temperature in each zone at the desired level.
Maintaining thermal comfort indoors is crucial. Thermal comfort
depends on the indoor air temperature and the surface tempera-
ture of the building envelope (preferably a difference of less than
3 K) as well as air speed (above 0.15 m/s giving sensations of
draught) and humidity (the comfort range is 40e70%). Suitable
insulation slows down the flow of heat through surfaces such as
walls, attic and roof. The house stays warm in winter and at the
same time in summer the insulation will keep the building pleas-
antly cool.

Optimisation efforts start with the choice of envelope materials,
glazing type or the entire façade, as these factors have a
3

fundamental impact on the energy efficiency of the building
[33e35]. Using simulation tools, the energy requirements for any
configuration can be predicted. Every building, whether newly
constructed, sold or rented out, should have an Energy Performance
Certificate (EPC) indicating the energy efficiency of the building.
Energy efficiency refers to the cost of the fuel that has to be sup-
plied and the carbon dioxide emissions. The scores associated with
each energy efficiency band are as follows [36]: band A e 92 plus
(most efficient); band B e 81 to 91; band C e 69 to 80; band D e 55
to 68; band E � 39 to 54; band F e 21 to 38; band G e 1 to 20 (least
efficient).

According to Office for National Statistic [36], byMarch 2021 the
median energy efficiency score for residential dwellings in England
was 66 which corresponds to band D. Median energy efficiency
score by tenure and property type in England is shown in Fig. 5.

In the simplified calculation method U value according to the
standard [38] is described as:

U¼ 1
Rtot

(1)

where: U, Rtot is the thermal transmittance (W/(m2K)) and the total
thermal resistance (m2K/W) respectively. The total thermal resis-
tance of a flat building element for which the heat flow is
perpendicular to the stacked, thermally homogeneous layers can be
defined as:

Rtot ¼Rsi þ R1 þ R2 þ Rn þ Rse (2)

where Rtot, Rsi, Rse is the total thermal resistance (m2K/W), the in-
ternal surface resistance (m2K/W) and the external surface resis-
tance (m2K/W) respectively. R1; R2,Rn are the design thermal
resistances of each layer (m2K/W); The thermal resistance of the
layer can be described as a function of thermal conductivity (W/
(mK)) and material layer thickness d (m):

R¼d
l

(3)

For the purposes of this article, the requirements for external
walls in terms of heat transfer coefficient for wall, floor, window
and roof construction have been assigned as follows: external wall
0.16 W/(m2K), floor 0.11 W/(m2K), roof 0.11 W/(m2K), window
1.1 W/(m2K). The order of layers is precisely defined. For each wall
construction material used the following is given: layer thickness
[m], thermal conductivity [kJ/hm K], specific heat capacity [kJ/kg K]
and density [kg/m3]. Each wall can consist of up to 20 layers. In
addition, for each partition it is possible to specify solar absorp-
tance, longwave emission coefficient, convective heat transfer co-
efficient for both sides of the walls: front and back. In TRNSYS both
the front and back of every wall are assumed to be black for internal
radiative gains and for long-wave radiation exchange between the
internal surfaces [39]. Type 56 also gives the option of defining to a
specific wall area a specific energy flux.

The results of the simulation with the defined partition struc-
ture taking into account the variation of ambient, ground, air and
operative temperature in each zone are illustrated in Fig. 6.

The results clearly show that the lack of a heat source, when
appropriate values of heat transfer coefficients for London are used,
does not allow the room temperature to be maintained at 20 �C in
any of the zones. The variation of the internal temperature follows
the ambient temperature. Maintaining the required temperature in
a room requires the supply of heat. The amount of heat to be
supplied to each zone is precisely defined and independent of the
type of heat source.



Fig. 4. View of A)Simulation Studio: TRNSYS project b)TRNBuild: 3 zone building in trnViewBUI.

Fig. 5. Median energy efficiency score by tenure and property type in England [36].
Maintaining proper thermal and humidity conditions will be achieved by meeting the
legal requirements for the energy performance of the building. In England the current
standard is: The Building Regulations 2010 Conservation of fuel and power APPROVED
DOCUMENT L Volume 1: Dwellings 2021 edition e for use in England [37]. Limiting U-
values are presented in Table 1.
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2.3. Heating and cooling load

The default setting for the heating and cooling control in TYPE56
is OFF. This means that in order to determine the energy required
for heating or cooling in each zone the ideal control option must be
activated. However, it must be remembered that in this situation
4

the heating and cooling devices are not modelled outside the
TYPE56 component. Otherwise this function should not be used. In
heating mode, the room setpoint temperature, the heating power
with its radiative part, and the humidification of the air within the
air-node can be determined.

In cooling mode, the room setpoint temperature, cooling ca-
pacity and zone dehumidification can be specified. All variables can
be defined as a constant, an input, or a schedule. Schedules are
periodic functions [39]. Depending on the time of day and/or week,
the output may change. In addition, TRNSYS allows the user to
simulate heating devices that provide part of their power through
convection and part via radiation. At these settings, a defined
fraction of the radiating power of the heater is supplied as internal
radiation gains and distributed to the walls of the zone. The soft-
ware allows surface heating to be modelled, but this must be taken
into account when defining floor, wall or ceiling constructions.

For this article, the constant temperature is set to 20 �C degrees
in winter and 25 �C degrees in summer. In more detailed simula-
tions, the heating can be set according to a schedule, for example,
the room temperature can be reduced at night. Figs. 7 and 8 show
the simulation results for a building with unlimited heating and
cooling. The Fig. 8 indicates that the northern zone does not reach
the minimum temperature of 25

�
C in summer when the cooling

system has to be activated. The cooling demand in the southern
zone, where solar gains are higher than in the northern zone, is a
maximum of 13.6 W/m2. According to the simulation, the heat
demand does not exceed 9.24 W/m2

floor area. By using the TYPE
65c component in Simulation Studio, which allows data to be
printed to a file, the exact values of the heating and cooling demand
were investigated.



Fig. 6. The variability in ambient, ground, operative and air temperature in each zone.

Fig. 7. The variability in ambient, ground, operative and air temperature in each zone with defined space heating and cooling.
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2.4. Infiltration, gains and schedules

For a house, the total steady state design heat loss coefficient is
determined by the sum of fabric (envelop) losses, infiltration and
any ventilation loss, and is calculated in accordance with Heating
CIBSE Guide B1: 2016 [40]. According to the guidelines, infiltration
(Air infiltration allowance air changes/h) for houses depends on the
type of room and should be adequate with the following values:
living rooms 1, bedrooms 0.5, bathrooms 2, staircases and corridors
1.5.

Steady state heat loss due to infiltration is described by the
following formulae:

Finf ¼ qinf rcpðqai � qaoÞ (4)

where qinf is the infiltration rate (m3/s), r is the air density (kg/m3),
cp is the specific heat capacity of air at constant pressure (J/kg$K),
5

qai and qao is the inside and outside air temperature (�C).
Steady state ventilation heat loss is given by the:

Fv ¼ qvrcpðqai � qvsÞ (5)

where qv is the ventilation rate (m3/s) and qvs is the temperature at
which the air enters the room (�C).

The standard approach neglects any heat gains in the room that
result from occupants, lighting and equipment. For rooms that are
permanently occupied and used this is inappropriate.

TRNBuild allows all these factors to be taken into account for the
building under consideration and much more. As an example, the
energy balance for zones (NTYPE 904) is described below [39]:

QBAL ¼ - DQAIRdt þ QHEAT - QCOOL þ QINF þ QVENT þ QCOUP

þ QTRANS þ QGINT þ QWGAIN þ QSOL þ QSOLAIR [kJ/hr] (6)



Fig. 8. Heating and cooling demand in each zone.
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Where:

DQAIRdt - change of internal energy of zone (calculated with
capacitance of air þ additional capacitance which might be
added in TRNBuild)
QHEAT - power of ideal heating (convective þ radiative)
QCOOL-power of ideal cooling
QINF- infiltration gains
QVENT - ventilation gains
QCOUP - coupling gains
QTRANS - transmission into the surface from inner surface node
(might be stored in the wall, going to a slab cooling or directly
transmitted)
QGINT - internal gains (convective þ radiative)
QWGAIN - wall gains
QSOL - absorbed solar gains on all inside surfaces of zones
Fig. 9. Electricity dema

6

QSOLAIR - convective energy gain of zone due transmitted solar
radiation through external windows which is transformed
immediately into a convective heat flow to internal air.

For the concerned building, internal gains (including persons),
electrical equipment and lighting, have been defined on the basis of
a very extensive library which, for example, allows the determi-
nation of internal gains based on ASHRAE guidelines, EN13779,
VDI2078 or SIA 2024. In addition, a separate time schedule has been
assigned for each of the gains. It is assumed that the residents work
between 9 a.m. and 5 p.m. and therefore use the lighting between 6
a.m. and 8 p.m. and 6 p.m. and 11 p.m.

At weekends the household spend most of their time at home,
leading a mostly sedentary lifestyle (according to ASHRAE Degree
of Activity III e seated, very light work). No thermal comfort
analysis was included in the considered building configuration.
However, the software does allow for thermal comfort calculations
nd in both zones.



Fig. 10. Heating and cooling demand in each zone including internal gains and infiltration 0.6.
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based on EN ISO 7730. Electricity demand is the same in both zones.
Its level is shown in Fig. 9. For lighting is 0.135 W/m2, for domestic
appliances 0.4 W/m2. Fig. 10 illustrates the heating and cooling
demand taking into account the above-mentioned factors. In the
next step of the analysis, it was investigated how the heat demand
of a building would change when an infiltration of 0.6 AC/H (Air
Change per Hour) was assigned in the model and then increased to
1. The results of the analysis carried out are presented in Fig. 11.

As can be seen from Figs. 10 and 11 the amount of heat delivered
to the rooms increases significantly as the infiltration rate increases.
2.5. Thermal COMFORT

The final step of the analysis focused on thermal comfort.
Thermal comfort is a state of heat balance in which a person is
neither too cold nor too hot [41]. Themain factors that influence the
feeling of thermal comfort are: air temperature, air velocity, radiant
Fig. 11. Heating and cooling demand in each zon
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temperature, relative humidity as well as clothing, metabolic heat
or level of activity, wellbeing and occupant health status. Thermal
comfort is a subjective feeling and therefore a standard had to be
created to which one can refer. Two thermal comfort indices based
on EN ISO 7730 [20] are commonly used: the predicted mean vote
(PMV) and the predicted percentage dissatisfied (PPD). PPD de-
termines the estimated number of people who are dissatisfied with
the thermal conditions and can be determined from the following
formula [42]:

PPD¼100� 95�
�
�0:03353� PMV4 �0:2179� PMV2

�
(7)

PMV is an index which determines the average value of the
votes of a group of users on a seven-point scale of thermal sensa-
tions (Table 2). According to the standard [43], it may be deter-
mined as follows:
e including internal gains and infiltration 1.



Table 1
Limiting U-values according to Ref. [37].

Element type Limiting U-values for new fabric elements and air
permeability in new dwellings

Limiting U-values for new fabric elements
in existing dwellings

Limiting U-values for existing elements in
existing dwellings (Improved)

Maximum U-value W/(m2$K) Maximum U-value W/(m2$K) Maximum U-value W/(m2$K)

All roof types 0.16 0.15 0.16
Wall 0.26 0.18 Wall e cavity insulation:

0.55
Wall e internal or external insulation
0.3

Floor 0.18 0.18 0.25
Party wall 0.20
Window 1.6 1.4 or Window Energy Rating Band B

minimum
e

Rooflight 2.2 e e

Doors (including
glazed doors)

1.6 Doors with >60% of internal face glazed:
1.4 or Door-set Energy Rating Band C
minimum
Other doors:
1.4 or Door-set Energy Rating Band B
minimum

e

Air permeability 8.0m3/(h$m2) @ 50Pa
1.57m3/(h$m2) @ 4Pa
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PMV ¼
�
0:303e�0:036M þ 0:028

�
�
n
ðM�WÞ�3:05�10�3

� ½5733�6:99ðM�WÞ� Pa� �0:42

�ðM�WÞ�58:15
i
�1:7�10�5Mð5867� PaÞ

�0:0014Mð34� taÞ�3:96�10�8fcl

�
h
ðtcl þ 273Þ4 �ðtr þ 273Þ4

i
� fclhcðtcl � taÞ

o

(8)

Where:

tcl ¼ 35:7�0:028ðM�WÞ � Icl
n
3:96�10�8fcl

�
h
ðtcl þ 273Þ4 �ðtr þ 273Þ4

i
� fclhcðtcl � taÞ

o (9)

hc ¼
(
2:38ðtcl � taÞ0:25 for 2:38� jtcl � taj0:25 >12:1

ffiffiffiffiffiffiffi
Var

p
12:1

ffiffiffiffiffiffiffi
Var

p
for 2:38� jtcl � taj0:25 <12:1

ffiffiffiffiffiffiffi
Var

p
(10)

fcl ¼
�1:00þ 1:290Icl for Icl � 0:078m2K

.
W

1:05þ 0:645Icl for Icl >0:078m2K
.
W

(11)

where:
M is the metabolic rate [W/m2]
W is the effective mechanical power [W/m2] equal to zero for
most activities
Icl is the thermal resistance of clothing, [m2 K/W]
fcl is the ratio of surface area of the body with clothes to the
surface area of the body without clothes
ta is the air temperature, [�C]
tr is the mean radiant temperature, [�C]
Table 2
Level of PMV and PPD [44].

PMV [�3, �2.5] [�2.5, �1.5] [�1.5, �0.5] [

PPD 95e100% 50e95% 10e50% 0
Thermal perception Cold Cool Slightly cool N

8

Var is the relative air velocity, [m/s]
Pa is the water vapor partial pressure, [Pa]
hc is the convective heat transfer coefficient, [W/m2�C]
tcl is the clothing surface temperature, [�C]

Based on EN ISO 7730 [20], the values for the building under
consideration were assumed:

- the clothing factor of 0.6 was chosen: Light working ensemble
(Athletic shorts, woollen socks, cotton work shirt, work
trousers).

- metabolic rate: 1.2 seated, light work (office, home, school,
laboratory).

- external work: 0
- relative air velocity: 1

An internal calculation - simplemodel was selected inwhich the
calculation is based on an area weightedmean surface temperature
of all surfaces of a zone [39]. Moreover, the calculation of PMV and
PPD does not take into account the effects of diffuse or direct solar
radiation on room occupants. In the developed model, in order to
verify the PMV and PPD values, additional outputs were defined for
TYPE56. The variability of PMV and PPD over the year is shown in
Fig. 12. The results of the conducted simulations are summarized in
Table 3. As can be seen, there is no difference in the amount of
power needed to heat the rooms after the implementation of the
heat comfort module.

However, at the same time, Fig. 12 indicates that the indoor
conditions in the analysed rooms are not within the expected range
of e 0.5 to þ 0.5 for comfortable (ideal) conditions. Hence, the
percentage of people dissatisfied (PPD) in the least favourable
period of time is 15.2% and 15.14% for the Sun-Zone and Back-Zone,
respectively. PMV values range from �0.7 to 0.7.
�0.5, þ0.5] [þ0.5, þ1.5] [þ1.5, þ2.5] [þ2.5, þ3]

e10% 10e50% 50e95% 95e100%
eutral (Comfortable) Slightly warm Warm Hot



Fig. 12. Variability of PMV and PPD.

Table 3
Energy maximum peak value.

Scenario analysed Heat demand Sun-Zone
W/m2

Heat demand Back-Zone
W/m2

Cooling demand Sun-Zone
W/m2

Cooling demand Back-Zone W/m2

2 9.24 8.98 0 13.6
3 5.42 5.09 8.28 18.39
4 8.43 7.90 5.40 15.35
5 19.32 18.74 0 11.39
6 26.75 26.12 0 6.08
7 26.75 26.12 0 6.08

Table 4
Annual heating and cooling demand.

Scenario analysed Heat demand Sun-Zone
W/m2

Heat demand Back-Zone
W/m2

Cooling demand SunZ-one
W/m2

Cooling demand Back-Zone W/m2

2 24565.70 14884.11 0 1262.42
3 6713.16 2831.78 6997.02 13128.95
4 13320.83 7405.64 2469.57 6781.20
5 49129.12 37434.65 0 219.73
6 74698.11 61699.71 0 31.20
7 74698.11 61699.71 0 31.20
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3. Conclusions

Constantly rising energy prices, and additionally the desire to
reduce environmental impact by reducing pollutants emitted into
the atmosphere, encourage the search for solutions to optimise
building structures and installations while maintaining comfort for
users. It is well known that depending on the thermal insulation of
the building envelope (and its value of heat transfer coefficient) the
amount of energy supplied to the building will vary. In extreme
cases it can happen that the internal heat gains may be sufficient to
cover all heating needs. However, including infiltration in the
calculation indicates that heating of the fresh air supplied from
outside is required and significantly affects the total energy
demand.

This paper analyses the energy demand of a detached single-
family building with an unheated attic. The definition of the
building model in TRNSYS software is presented step by step. Then,
9

7 scenarios of heating and cooling demand in the northern and
southern zones were analysed:

1. Building geometry with assigned construction of partitions
2. Scenario 1 þ assignment of ideal heating and cooling,
3. Scenario 2 þ heat gains from people, lighting, and equipment,
4. Scenario 3 þ schedules,
5. Scenario 4 þ infiltration 0.6,
6. Scenario 4 þ infiltration 1,
7. Scenario 4 þ the impact of defining thermal comfort.

The maximum peak value are presented in Table 3. In contrast,
the annual heating and cooling demand is presented in Table 4.

The differences in total annual energy demand that occur be-
tween the different scenarios confirm how important it is to
accurately determine the building's construction and occupancy.
This has a huge impact on the choice of energy source for the
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building. Between the first and last scenario analysed, the differ-
ence in total annual energy demand for heating and cooling is
70.16%. The results presented did not take into account the energy
needs for hot water preparation, which in a real building should be
taken into account when selecting the heat source. In addition,
consideration should be given to how to improve thermal comfort
so that as few people as possible feel discomfort within the room.
Since photovoltaic systems for domestic users are among the most
preferred installations further research will focus on the selection
of a PV and PV/T systems for the building under consideration. In
addition, it will be verified that the selected PV and PV/T installa-
tion is capable of making the building energy self-sufficient under
London's climatic conditions.
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