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1. Introduction

1.1. Motivation

In times of global warming, the energy efficiency of buildings has become more and
more important. Modern concepts allow to reduce the required amount of energy to
heat up a building and to minimize all kinds of losses. The aim of having energy efficient
buildings is not only to reduce COs-emissions but also to save money which does not
have to be spent on gas or oil. The energetic balancing of a building however depends
on many of a building’s features such as heating, cooling, ventilating, moistening, tap
water, lighting and the building’s geographic location, as well as its components such
as windows and doors. Many components of a building affect each other. For example
the incoming thermal energy through insolation and the outgoing thermal energy by
ventilation have an influence on a heating system’s workload. Taking account of all
these different factors comes along with a noticeable computational effort, especially
as there are different environmental conditions during different seasons. While the
required physical know-how is well-known and documented, its extend leads to wish for
a lucid and uncomplicated possibility to automatically calculate the energetic balancing
of a building. Therefore, the aim of this work is to implement a program which takes all
required information of a building as input and calculates the energy balance according
to the DIN V 18599 standard !. The goal is to provide the possibility to calculate a
building’s energy balance to everyone, therefore the implemented program is planned
to be part of a web app that everyone may use.

1.2. Related work

As the standard to be used to calculate energy balances is defined by law, several
software manufacturers have already developed their own program for evaluating en-
ergetic balances according to DIN V 18599. A list of the software manufacturers and
the calculations they provide is shown in Table 1. Each of the tools are accurate and
have the seal of quality established by the 18599 Giitegemeinschaft’ 2, therefore these
tools fulfill all requirements for calculating the energy balance of buildings.

Apart from the DIN V 18599 standard’s application in software tools, it has as well
been used for various researches. For example, it was used in [25] for a model which
forecasts the energy demand for heating of a whole district. A similar idea has been
approached in [23] for calculating the energy demand of a city by using a 3D-model
of the considered areas. In other studies, the influence of specific modifications on a
building has been analyzed. For instance, [24] describes the influence of photovoltaic
systems on the primary energy demand. In [2], the final energy of a historic building
has been calculated before and after refurbishing the building’s windows and potential
energy savings have been analyzed. The possible costs and savings which may come

IDIN V 18599: https://www.din.de/de/mitwirken/normenausschuesse/nabau/auslegungendinv18599-
68632
218599 Giitegemeinschaft: http://www.18599guetegemeinschaft.de/index.html



along one day when supplying buildings with hydrogen are evaluated in [17]. While
most works consider the energy demand for heating, in [20] an approach is described
and evaluated to reduce the energy demand for cooling by opening windows at night.
The effects of for what purpose a building is used and what components it consists
of are studied in [1] based on concrete examples. In [18] a model is presented which
allows to estimate the available exergy in low-temperature district heating systems.
Several works propose adaptations in the DIN V 18599 standard. For example a
simplified but reliable process for capturing and managing the surfaces of the building
shell for improving calculation run times is shown in [22]. In [21] it is described how
the air change of a building is affected by leaks in the building shell and suggestions
for alternative calculations are made. Another alternative calculation model for non-
residential buildings is presented in [19] with the aim to simplify the calculation process.
In [26], a further project is presented where the energy balance of a building has been
calculated and eventually the DIN V 18599 standard itself and the results it provides
have been evaluated.
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Energy balance for residential
buidings DIN V 18599 DIN'V 18599 VIV Y
Energy balance for non-
residential buidings DIN V 18599 DIN'V 18599 VIV Y
Energy pass / VIVIV VIV
Renovation strategy / VIV VIV IVIVIVY
Thermal bridges DIN 4108 VIV IIVIVIVI VY
Hydraulic balance DIN 4108 VIV VvV v
Heat protection DIN 18599 VIV I VIV
Heating load DIN EN 12831 VIV VIV VY
Ventilation and air conditioning DIN 1946 Jlvlvlvlvly
systems
Photovoltaic DIN 15316 v vV VY
DIN 4108
Soundproofing DIN 4109 v v v
Test version available / VIV VY v IV

Table 1: Established software tools and calculation methods they provide.

3https://www.ibp.fraunhofer.de/de/projekte-referenzen /ibp-18599-produktfamilie.html

“https://www.leuchter.de

Shttps://www.zub-systems.de/de/produkte/helena
Shttps:/ /www.solar-computer.de/index.php?seite=produkte&sub=produktansicht

Thttps://www.hottgenroth.de/M/SOFTWARE/EnergieNachweise/Energieberater-18599-

3D/Seite.html,73274,80422
8https://bki.de/energieplaner.html

9https://www.envisys.de/index.php?id=1451

Ohttps:/ /rowa-soft.shop/c/rowa-soft-waerme-und-dampf




1.3. Contribution

Some of the shown tools may provide a free test version, however, in order to have
full access to each of the tools, a license must be purchased. Additionally, each of the
tools has to be installed, which requires storage capacity and which only works on the
most popular operating systems. In this work, an algorithm will be implemented which
allows to calculated the energy balance of residential buildings according to the DIN V
18599 standard. However, the tool to be implemented is planned to be part of a web
app which does not depend on any operating system. The main aim of this work is to
develop a reliable software tool which correctly applies the DIN V 18599 standard in
order to get reliable results but also to have decent run times for calculation processes.
The presented implementation has therefore been tested by comparing the results of
its calculation and its run times to those of the professional software tools. As the
established tools are not meant to be used by laymen, an additional goal of this work
is to offer the possibility for normal users to calculated the energy balance of their own
houses by using simplified input. A challenge coming along with this feature is that
several inputs values have to be reasonably estimated. Fortunately, the DIN V 18599,
as well as other standards, provide many standard values which can be used for this
purpose. Whenever possible, the newest version of the DIN V 18599 standard has been
applied for this work’s implementation. However, in order to be able to compare the
results of this work with verified results, an implementation according to the DIN V
18599 standard of the year 2011 had to be made, where a few calculations are done
with different equations.

1.4. Outline

This thesis is structured as follows: Section 2 provides an overview of the calculation
steps for the balancing and the required input data for processing them. The calcu-
lation steps are summarized in the following sections. In Section 3, the calculation of
heat sinks and heat sources in the building shell, such as transmission and different
ventilation methods, are explained. Section 4 states the equations for the first ap-
proximate balancing. Then Section 5 summarizes the remaining heat sources within a
building. The corresponding equations are presented in Section 6, which covers heat-
ing systems, and Section 7, which covers tap water systems. The calculation steps for
considering solar systems which support heat generation are presented in Section 8.
Then the calculations for determining the final energy demand are shown in Section
9, followed by the calculations for the primary energy demand in Section 10. Section
11 shows and discusses the results of the implemented program, while in Section 12 a
conclusion is stated.



2. Calculation model

This thesis describes how to calculate the energetic balancing of buildings according
to the DIN V 18599 standard. The aim of this work is to implement a program in
Python, which does the necessary calculations and generates a JSON-file containing
the required results from other JSON-files, which serve as the program’s input. To
provide an idea of the problem, Figure 1 shows a sketch of a building with many
conditioning systems which affect the energy balancing.

Cooling L Solar system for
system Ventllatlon Heat generation
X% andar  (section 8)
PA Conditioning
Electricity (Section 3)
generating
devices
Heating
§ystem
i (Section 6)
- 1
Lighting
Heated
Buildin — x ‘I'ap water
autome?tioﬁ \__/| (Section 7)

Figure 1: An illustration of the different systems a building may have, inspired by [6].

While many buildings are probably not equipped with all of these systems, the final
program should ideally be able to handle an input with any of the most established
systems. Therefore the equations in this work are based on these in the individual parts
of the DIN V 18599 standard, which state the required physical Equations. Apart from



the conditioning systems, many other factors affect a building’s energy balance. For
instance:

the zones of the building, if they are heated or not and how they are conditioned,
the exterior walls and walls and ceilings between heated and unheated zones,
if the exterior walls border to the outer air or to the ground,

the thermal transmission properties of walls, base plates, windows, doors and
roofs and

the tilt of roofs and roof windows.

Within the context of this work, a zone describes a part of the building with similar
conditions. Additionally, the results of the balancing depend on the location of the
building and the climatic conditions, as well as specific parameters which the people
in charge desire, such as the internal temperatures and if the heating activity should
be reduced during nights, for example. These and many other factors are considered
in this work.

2.1.

Steps of calculation

The following sections present the required equations and parameters for the steps of
calculations of the balancing process:

1.

Determining the boundary conditions for the set of a building’s zones according
to [7].

Summarizing the required related data for each zone, such as geometric data and
characteristic physical values as well as parameters of build-in systems (such as
the heating system) according to [9] and [7].

Calculating the net energy demand and the final energy demand for lighting
according to [10].

Calculating heat sinks and heat sources through mechanical ventilation according
to [13].

Calculating heat sinks and heat sources of the building shell [8].

. First approximate calculation of the building’s net energy demand for heating

and cooling according to [8].

Allocating of the building net energy demand according to [9], [11], [12] and [13]
depending on the available systems.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

Calculating heat sources through the heating system in each zone according to
[11].

Calculating heat sinks and heat sources through the cooling system in each zone
according to [13].

Calculating heat sources through the preparation of the tap water in each zone
according to [11].

Calculating the net energy demand for heating and cooling for each zone of the
building according to [8]. The steps 7 to 11 have to be repeated until the received
results for the net energy demand for heating and cooling do not diverge by more
than 0.1 % in comparison to the previous iteration. However, the mentioned steps
must be repeated at most 10 times.

Calculating the net energy demand for air conditioning and, if necessary, the net
energy demand for cooling according to [9].

Final allocation of the net energy demand to the care systems according to [9],
[11], [12] and [13] depending on the available systems.

Calculating the energy losses through transfer, distribution and storage through
the heating system according to [11].

Calculating the energy losses through transfer and distribution through the ven-
tilation system according to [12] and [13].

Calculating the energy losses through transfer, distribution and storage through
the air conditioning system according to [13].

Calculating the energy losses through transfer, distribution and storage through
the cooling system according to [13].

Calculating the energy losses through transfer, distribution and storage for con-
ditioning tap water according to [13].

Allocating the required energy dissipation for heating of every energy generator
to the available generating systems according to [11].

Allocating the required energy dissipation for heating of every energy generator
to the available generating systems according to [13].

Calculating the energy losses for generating coldness according to [13].
Calculating the energy losses for generating steam according to [13].

Calculating the energy losses for generating heat according to [11], [12], [13], [14]
and [15] depending on the available systems.



24. Assembling the auxiliary energy amounts according to [9] and [12].
25. Assembling the final energy for each energy source according to [6].

26. Calculating the primary energy according to [6].

The steps 3, 9, 12. 16, 17, 20. 21 and 22 are only required for calculating the energy
balance of non-residential buildings according to [6]. The program to be implemented
will only cover residential buildings and will be tested with the test cases provided in
[16]. For visualization purposes, the work schedule of for processing the calculation
steps is shown in Figure 2.

Figure 2: A work schedule of the program presented in this work.



2.2. Boundary conditions

The boundary conditions for all kinds of buildings are presented in [7]. The conditions
for residential buildings do not differ considerably among each other and the most
important standard values are given in Table 2. The boundary conditions are part of
the input for the presented project and they are given as JSON-files, which allows to
easily adapt them. For non-residential buildings, other values are provided for specific
parameters as they are not the same for schools, sports halls and supermarkets for
example. Additionally, other parameters have to be taken into account, such as the
utilization time. To ensure consistent results many values which are defined in the
boundary conditions are even prescribed by law.

Parameter Standard value

Desired internal tempera- | For heating: 6; 4on = 20°C
ture For cooling: 6; son = 25°C
Temperature difference for | Afina = 4K

reduced heating activity
Minimal temperature while | ;1 yin = 20°C

heating

Maximal temperature while | 6; ¢ max = 26°C

cooling

Internal heat sources Single family house: gy = 45 Wh/m2q
Apartment house: gy = 90 Wh/m24

Operating times Ventilation system: 24 h

Heating system: 17h

Ventilation system: 24 h per day

Ventilation system: 24 h per day

Operating days: dyutza = 365 days per year
Ventilation system mode: heating period

net energy demand demand | Qb = max [16.5 - (Axgr wEm - 0.05) , 8.5 kWh/2.4
for tap water
Usage related minimal air | not demand-based: npu, = 0.5h~!

change from outside demand-based: 1y, = 0.45h~!
Electricity demand Jerp = 63 Wh/m2q
Factor for reduction | F, =1

through dirtiness
Addend for considering | Afgys € {—1,—0.5,0}
building automation
Factor for considering adap- | A fadqapt € {1,1.35}
tive temperature control

Table 2: Boundary conditions for residential buildings according to Table 5 in [3].



2.3. Building related data

Of course the building’s metes and the specifications of the components it is made of
have to be available for the calculations. Table 3 shows the required input parameters
of the building’s shell.

Description Symbol | Unit
Net volume of the building | V/ m?
Use area An m?
Net area Anar m?
Thermal bridge supplement | AUr wg | ¥W/m2K
Storey height hg m
Amount of storeys ng

Characteristic length Lehar m
Characteristic width Behar m

Table 3: A list of the required building related data for the input including their sym-
bols which are used in this thesis and their units.

Analogously to Table 3, in this work, lengths, areas and volumes are considered to
be in m, m? or m? respectively, if not further specified. Additionally, temperatures are
considered to be in °C and energy amounts are considered to be in kWh. ¢ described
the time period of a calculation step, which generally is one month for the calculations
in this work.

Additionally, information about the building components must be part of the input.
These components include windows, doors, walls, baseplates, ceilings and the roof. For
each part, the parameters shown in Table 4

Description Symbol | Unit
Area A m?
Pitch / deg
Heat transfer coefficient | U kW/m2K
Correction factor F /
Energy transmittance g /

Table 4: A list of the required component related data for the input including their
symbols which are used in this thesis and their units. The pitch of a com-
ponent does not occur in any of the equations. The insolation from different
angles is taken into account instead.

If the heat transfer coefficient and the temperature correction factor are not given
in the input, they can be estimated according to section 6.1.4 in [8]. The possible
values for F, are shown in Tables 30 and 31. The type of use allows to determine
whether a component delimits the zone to outside, to an unheated zone or to the

10



earth, which affects the calculations. For the components which delimit the zone to
outside, their orientation to which it’s faced must be included for considering insolation.
Tilted components, such as roofs and roof windows also require their angle as part
of their input. For windows and other transparent components, their total energy
transmittance g can be stated. However, the values for ¢ can also be estimated by
Tables 33, 34 and 35, as well as values for U, and 7.. The different glass types and the
corresponding number are shown in Table 32. In order to reasonably estimate values
if no measurements or plans are available, the year of manufacture can be considered.
The final input file also contains information about all available conditioning systems
of a building.

2.4. Climate data

For the energetic balancing of a building, specific climate-related data is required.
These data of course depend on the location of a building and are given in [7] for
different climate zones in Germany. The data include the monthly average temperature
and the average insolation from different angles and directions.

2.5. Calculation of missing parameters

There are many input values which are required for calculating the energy balance of
a building and for getting precise results, the input values should be as accurate as
possible, of course. For new buildings, especially if building plans are still available,
this does usually not cause a problem. However, especially for older buildings, plans
might not be available and some required parameters might be difficult to measure.
Some input values can then be estimated as described in this section.

The net floor area Anxgr can generally be calculated by Equation (27) in [6]:

Axcr = 1.1+ Awonn, (1)
For a single-family house with a heated basement it is given by Equation (28) in [6]:

1.1

T% 'ANa (2)

ANGF =

For single-family house without a heated basement and multi-family houses it is given
by Equation (29) in [6]:
1.1
A =—" A
NGF 1.9 N> (3)

where:
e Awonn is the living area and

e Ay is usable area.

11



Ay can be calculated by Equation (30) in [6]:
1
Ay =0.32— -V, (4)
m

where V, is the building’s volume (external dimension).
If the storey height hg < 2.5m or hg > 3m, Ay can be calculated by Equation (31)
in [6]:
A —(i—oml).v (5)
N hG . m e
For an apartment, the median net floor area ANGF,WE,m can be calculated by
Equation (32) in [6]:
Axcrwim = 2, (6
nWE
where nwg is the amount of apartment units in the building.
If no measuring of a building’s internal metes are available the net volume V' can be
calculated by Equation (33) in [6]:

V=076V,
If the buildings consists of 4 or more entire floors, it is given by Equation (34) in [6]:
V=08-V..

The characteristic length L., and height B, can be calculated with Equations
(38) and (39) in [6] respectively:

ANGF
Lc ar — 7
" ng - fgeo ( )
and
Bchar = Lchar : fB/L7 (8)

where fgeo and fp;1, are constant factors given in Table 5. The building groups are
shown in Table 6.

Network type | Building group | fg/1 | feeo
1 0.31 | 0.392
2 0.27 | 0.325
Heating system 3 0.37 | 0.407
4 0.41 | 0.439
5 0.24 | 0.275
1 0.22 | 0.277
Tap water 2 0.33 | 0.391
3 0.43 | 0.484
4 0.22 | 0.235

Table 5: Values for fg1, and fge, according to Table 9 in [6].

12



Building Application

group

1 Residential buildings, offices, surgeries, hotels, hostels, seminar
buildings, dormitories, kindergardens, foster homes

2 Schools, convention halls, concourses, laboratories, libraries, muse-
ums, theaters, auditoriums, data centers

3 Sales buildings, kitchens, restaurants, canteens, butcher’s shops,
bakeries, hair dressers

4 Natatoriums, sports halls, dressing rooms

5 Factory halls, workshops, production facilities

Table 6: Building groups according to Table 9 in [6].

13




3. Determining heat losses and heat sources in the
building shell

In order to detect how much energy is required to heat up a building to a specific
temperature, it is necessary to calculate the heat gains and losses of the building shell
itself without considering any heat generation devices such as heating systems. These
energy amounts depend on the building’s environment and therefore take different
values for every month of the year.

The considered energy amounts for this calculation step cover heat gains and losses
through heat transmission across the building shell, ventilation and insolation. The
required equations are given in [8]. Figure 3 shows an illustration of the different heat
losses and gains which may occur.

The total energy amount of the heat losses is combined as described in Equation
(11) in [8]:

Qsink = Q1 + Qv + Qs + Qreink + AQC sink, 9)

and the total energy amount of the heat sources is combined as described in Equation
(16) in [8]:
Qsource - QT + QV + QS + QI,sourcea (10)

where:

Q7 is the transmission heat sink or heat source,

Qv is the ventilation heat sink or heat source,

Qs is the irradiation heat sink or heat source and

Q1.sink OF Qrsource 1 the heat sink or heat source through internal factors and

AQcsink 1s the heat stored on normal days which the components of a building
give off during reduced heating periods.

@7, Qv and (s may represent either a heat sink or a heat source.

14
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Figure 3: Visualization of the different heat losses and gains which may occur. In
red: Transmission heat loss though the building shell and between different
zones. In yellow: Heat gains through insolation through windows and opaque
components. In green: Ventilation through windows, mechanical ventilation
and infiltration.

3.1. Transmission

Heat transmission is an unavoidable process which must be considered for the energy
balancing. As the building’s shell takes down available thermal energy from its inside
and loses the energy to its environment or vice-versa, transmission always occurs if the
outside temperature differs from the building’s inside temperature. Heat may be trans-
ferred from heated or unheated zones to outside or to the earth and between different
building zones and must be considered for the balancing, too, if their temperature
difference is more than 4 K.
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3.1.1. Heat transmission from heated and cooled zones to the outside

Heat sinks and heat sources of a whole zone through transmission to the outside can
generally be calculated by Equations (45) and (46) in [8] respectively:

Qre= (Hrp + Hrws) |0 — 0| t, (11)
where:

e My is the heat transfer coeflicient between the considered zone and the outside,
e Htwg is the heat transfer coefficient for two dimensional heat bridges,

e 0, is the reference internal temperature,

e 0. is the average outside temperature and

e ¢ is the considered period for the calculation step.

0; depends on several factors and has to be calculated for each month. Its calculation
is described in subsection 3.8.

3.1.2. Heat transmission through unheated and uncooled zones to the outside

Heat sinks and sources through transmission through unheated and uncooled zones to
the outside can be evaluated as heat sinks and sources through transmission to the
outside if the component’s heat transfer coefficient already consider these rooms. If
not, Equations (48) and (49) in [8] can be applied for heat sinks and heat sources
respectively:

Qru = Hruw |60 — 04| ¢, (12)
where:

e My, is the heat transfer coefficient between the considered zone and the outside
and

e 0, is the median temperature of the adjacent area.

3.1.3. Heat transmission between heated and cooled zones

Heat sinks and heat sources to heated or refrigerated zones only have to be considered
if the temperature difference between the zones is more than 4 K. They are given by
Equations (52) and (53) in [8] respectively:

QT,Z = HT,iz ‘61 - ezl t; (13)
where:

e Mt ;. is the heat transfer coefficient between the considered zone and the adjacent
area and

e 0, is the median temperature of the adjacent area.
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3.1.4. Heat transmission to the earth

If a zone is connected to the heating system but no other conditioning system, then
its heat sinks and heat sources are considered as in subsection 3.1.1. If not, heat sinks
and heat sources to the earth can be calculated by Equations (55) and (56) in [8]
respectively:

QT,S = HT,S |‘91 - 96‘ t, (14)

where:
e My, is the heat transfer coefficient to the earth and and

e 0. is the average outside temperature.

3.1.5. Heat transfer coefficient for two dimensional heat bridges

Hrwe is given by Equation (58) in [8]:

Hywp = AUrws Z Aj, (15)
where AUy wg is the thermal bridge surcharge, which may take one of several values:
o AUrwg = 0.1 if no verification is available or
o AUpwp = 0.15 if external components have an internal insulation layer.
However, AUr wp can alternatively be specified according to DIN 4108, as stated in

8].

3.2. Ventilation

There are several types of ventilation which have to be considered. These include infil-
tration, ventilation through windows, mechanical ventilation and ventilation between
unheated and uncooled zones.

3.2.1. Infiltration

Especially in older buildings joints may not be completely sealed, which results in an
air flow between outside and inside. Heat sinks or heat sources through infiltration can
be calculated by Equations (61) and (62) in [8] respectively:

Qv int = Hy jnt [0 — 0] - 2, (16)
where:

o [y iy is the ventilation heat transfer coefficient for ventilation from the outside,
from another zone or through a ventilation system and

e 0. is the average monthly outside temperature.
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3.2.2. Windows

Heat sinks or heat sources through windows can be calculated by Equations (71) and
(72) in [8] respectively:

QV.win = Hy win [0; — 6c| - 1, (17)
where Hvy win is the heat transfer coefficient for ventilation through windows. For
residential building without mechanical ventilation, different monthly values for the
heat transfer coefficient Hy yin mtn can be calculated.

3.2.3. Mechanical ventilation

Heat sinks or heat sources through mechanical ventilation can be calculated by Equa-
tions (90) and (91) in [8] respectively:

QV,mech - HV,mech ‘61 - HV,mech‘ : t; (18)
where:

® [y mech is the heat transfer coefficient for mechanical ventilation and

® 0y mech is the median temperature of the supply air.

3.2.4. Ventilation between zones

Heat sinks or heat sources through ventilation among two zones can be calculated by
Equations (104) and (105) in [8] respectively:

QV,Z = HV,Z |91 - 9V,z| . t; (]_9)
where:

e My, is the heat transfer coefficient for ventilation among two zones and

e Oy, is the reference internal temperature of the considered adjacent zone.

3.3. Emitted radiation and insolation

Transparent components, such as windows, allow solar energy to heat up the building’s
interior. Therefore this always represents a heat source. In contrast, depending on an
opaque component’s structure, its emitted radiation of heat may exceed the ingoing
insolation energy. Then heat losses may occur.

Heat gains and losses through insolation and emitted radiation (s are given by
Equation (17) in [8]:

QS = Z QS,tr + Z QS,Opak; (20)

where:

® (s is the sum of all heat sources through transparent components and

® (Jsopak is the sum of all heat sources through opaque components.
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3.3.1. Insolation through transparent components

Qs+ can only represent a heat source and is given by Equation (112) in [8]:

Qs = FrAgerlst, (21)
where:

e [} is the reduction factor of the frame share which corresponds to the amount
of transparent surface in contrast to the whole component,

A is the total surface area of the component,

Jeft is the total energy transmittance,

Is the median monthly insolation and

t is the period of the calculation step.

Fy can be set to its standard values Fp = 0.7 or Fg = 0.9 for roof light windows and
winter gardens. geg is given by Equations (113), (114) or (115) in [8] respectively:

get = FsFwkyg, (22)
Geft = FsFwFy grot (23)

or
Joff = FWFV min {agmt + (1 - a)gv Fsg} (24)

respectively, where:

e Fy is the reduction factor for possible shadows from objects around, such as other
buildings, mountains or overhanging components,

Fy is the reduction factor for considering non perpendicular entry of insolation,

Fy is the reduction factor for dirt,

g is the total energy transmittance,

Jiot 1s the total energy transmittance including the sun protection device and

e ¢ is a numerical parameter for the activation of adjustable sun protection devices.
These equations apply if there is:

e 10 sun protection device (Equation 28),

e a fixed sun protection device (Equation 29) or

e an adjustable sun protection device (Equation 30).
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Fw can be set to its standard value Fyw = 0.9. Fy = 1 for residential buildings and
Fy = 0.9 for non-residential buildings according to the boundary conditions presented
in [7]. ¢g and gior can be determined by Table (8) in [8] shown in Table 33, 34 and
35. Fs can be set to Fs = 0.9 as a default value. However, it can be determined by
Equation (116) in [8]:

FS = min (Fh,FO,Ff) s (25)

where:
e Fj, is the reduction factor for horizon shading,
e [, is the reduction factor for considering overhangs and

e [} is the reduction factor for considering lateral component protrusion.

3.3.2. Emitted or taken radiation

()s.opak Can be a heat source or a heat sink and is given by Equations (117) and (118)
in [8] respectively:
QS,opak = RseUA |Oé]s - thrAger| ta (26)

where:
e R, is the outer heat transfer resistance,
e [U is the heat transmission coefficient of the component,
e A is the surface area of a component in a specific direction,

e [} is the radiation-effective form factor between element and sky, or partial shad-
ing correction factor for fins,

e h, is the external radiative heat transfer coefficient,

o Ad,, is the difference between the external air temperature and sky temperature,
e « is the solar absorption coefficient of a component and

e [g is the average monthly solar irradiance.

a can be determined by Table 7 shown in Figure (8). F} can be set to Fy = 1 if the
component has a slope of 45° or less, in other cases F;y = 0.5 according to [8]. Af,
can be assumed to be Af,, = 10K according to [8]. h, can be calculated by Equation
(119) in [8]:

he = 5e, (27)

where:

e c is the emissivity for heat radiation of the outer surface.
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€ can eb assumed to be € = 0.9 according to [8].
Heat sources through transparent thermal insulation can be calculated by Equation
(120) in [8]:
Qs opak, 11 = RUAFRFsFywgrialst (28)

e IR, is the outer heat transfer resistance and
e gr1 is the total energy transmittance of the component.

g1 can be set to gty = 0.35 if no measurement is available according to [8].

3.4. Heat sources through irradiation and insolation in unheated
and uncooled sun porches

Heat sources through irradiation and insolation in unheated and uncooled sun porches
are calculated as in Equation (29) but an additional energy amount has to be added
which is given by Equation (121) in [8]:

QS,tr — FF,iuAiugeH,quF,ueTe,ue[St7 (29)
where:

e [%;, is the reduction factor depending on the ratio of the window fringe in com-
parison to the transparent part of the inner glass,

e A, is the surface area of the component,

® [pye is the reduction factor depending on the ratio of the window fringe in
comparison to the transparent part of the outer glass and

® T.yue is the transmission degree of the outer glass.

Surface type «

Bright paint 0.4

Muted paint 0.6
Walls | Dark paint 0.8

Clinker brick masonry | 0.8
Fairfaced brickwork 0.6

Brick red 0.6
Dark 0.8
Roofs Metal 0.2
Tarred roofing felt 0.6

Table 7: Values for a according to Table 9 in [8].
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3.5. Internal factors

There are some more types of heat transfer which have to be considered for the energy
balancing. These include heat losses of devices and machines, people and animals
inside, hot or cold materials and lightning.

3.5.1. Heat sinks through internal factors
The total heat loss through internal factors Qgmk is given by Equation (15) in [8]:
Q1sink = Qrsink,c T Qlsink fac T @1 sink,goodss (30)
where:
® Qrsinkc 1s the heat sink through refrigerating systems,
® Qrsinkfac is the heat sink through devices and machines and

® (1sinkgoods 18 the heat sink through brought in materials which a colder than the
inside temperature.

Note that Qrginkec = 0 for the approximate balancing (calculation step 6) and their
calculation will be added later.

3.5.2. Heat sources through internal factors
The total heat gain through internal factors Qrsouce is given by Equation (20) in [8]:
Q1 s0urce = Qsource,p + Q1 source,l T Qlsource,fac + Q1 source,goods T Q1 source;hs (31)
where:
® (lsourcep 18 the heat source through people,
® (Isource] 1s the heat source through lighting,
® Qi source fac 1S the heat source through devices and machines,

® lsourcegoods 15 the heat source through brought in materials which are colder
than the inside temperature and

® lsourcen 18 the heat source through cooling systems.

Also Q1 sourcen = 0 for the approximate balancing (calculation step 6) and their calcula-
tion will be added later. For residential buildings a standard value gy allows to calculate
the heat sinks through people, devices, machines and lightning with Equation (124) in

[3]:
QI, source, WG — C]II4NGF (32)

q1 = 45 Wh/a.m? for single family houses and ¢; = 90 Wh/a.m? for apartments according
to the boundary conditions for residential buildings in [7].
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3.5.3. Devices and machines

Q1 sink fac ANA QF source fac can be calculated by Equations (126) and (127) in [8] respec-
tively:
Ql,source,fac = QI,facANGF (33)

and
Ql,source,fac = q1,sink,facANGF7 (34)

where:
® (i fac is the heat source through devices and machines and

® (iginkfac 1S the heat source through lighting.

3.5.4. Materials

Q1 sink goods ANd Q1 source,goods €all be calculated by Equations (126) and (127) in [§]
respectively:

Ql,source,goods = Cm(eout - ein)ty (35)

and
Ql,source,goods = Cm(‘gin - eout)t (36)

where:
e c is the specific heat capacity of the material,
e 0 is the daily mass flow,
e O, is the material’s temperature when it leaves the zone and

e (;, is the material’s temperature when it enters the zone.
3.5.5. People
(1 source,p can be calculated by Equation (125) in [8]:

Ql,source,p = QI,pANGFa (37)

where ¢, is the average heat emission of a human. ¢, is given in Table 2.
As the energy for lightning is not considered for residential building, Qrgsource; Will
not be covered here.
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3.6. Energy difference between normal and reduced usage

The calculation of AQc gink is only required for periods during which heating is neces-
sary. It is given by Equation (134) in [§]:

Alchve - e

dnutz

AQ)C,Sink = AQ(}‘,sink,nutz = (38)

where:
® AQC sinknutz 15 the heat which gets stored on usage days,
e d. is the amount of days per month without or with restricted usage,
® d,, is the amount of days per month with normal usage and

® (Qcbwe is the stored heat which is available on days without or with restricted
usage.

Qc,bwe is given by Equation (133) in [8]:

.2 Cuink(Oinsoll — Oin) Cuirk A na .
QC,b,We = mln( - ( e - >7 e - 7Qsink - anource) if ei,h,soll < Qi,h

a’we a’We
(39)

where:

o ik is the effective heat capacity of a building zone,

Oinson is the internal set-point temperature for heating during periods of use
(usage periods),

0;n is the reference internal temperature for restricted activity,

awe 18 the average amount of non-use days per week,

AB; na is the permissible lowering of the internal temperature for reduced usage,

Qsink represents the heat sinks,

Qsource Tepresents the heat sources and

n is the monthly performance ratio, efficiency, utilization factor of the heat
sources for periods with restricted usage.

If 0y son > Oin, then Qcpwe =0
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3.7. Heat transfer coefficients
3.7.1. Transmission

The heat transfer coefficients for transmission to outside, unheated zones and heated
zones can all be calculated by Equations (47), (50) and (54) in [8] respectively:

Hyp =Y (U;A;), (40)

HTJu = Z(UjAj) (41)
and

Hry =Y (UjA)) (42)

where:
e U; is the heat transfer coefficient of component j and
e A, is the surface area of component j.

A; must be specified for each component in the input of the program. U; can be
calculated as described in other DIN standards or it can be part of the input as well.

3.7.2. Ventilation
Infiltration Hy y is given by Equation (63) in [§]:
Hy jng = NintV Cp apa, (43)

where:

e 1, is the daily median infiltration air change,

e V/ is the net volume,

® ¢, is the specific heat capacity of the air and

e p, is the density of the air.

CpaPa can be set to 0.34 Wh/mek according to [8].
Ning 1s given by Equation (64) in [8] if no mechanical ventilation system is available:

Ninf = N50€fATF, (44)
where:
® 15 is the air change at a pressure difference of 50 Pa,
e c is the air flow coefficient and

e farr is a factor for considering the outside air passage.
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If a mechanical ventilation system is available, n;, s is given by Equation (65) in [§]

t mec.
Nint = Nsoefarr(l + (fe — 1)%); (45)

where:
e ¢ is the daily operating time of the ventilation system and
e f.is a factor for determining the system’s influence on infiltration.

faTr is given by Equation (67) or (66) in [8] respectively, depending on whether an
outside air passage is available or not:

, Nsg + 1.5h~1
farr = min(16, 5()”—50) (46)

or
farr = 1. (47)

The information if an outside air passage is available has to be part of the input. For
e, the standard value 0.07 will be assumed. The values of nsy are shown in Table 8.
Values for nsp are chosen directly from the table if the net volume V' of the building
is less or equal to 1500 m3. If the volume exceeds 1500 m® the air permeability g5 is
determined. g5y depends on the enveloping surface Ax. Then nsg can be calculated
with Equation (68) in [8]:

g50AE

N0 = % . (48)

fe can generally be calculated by Equation (70) in [8]:

1
1+ i(nETA—HSUP>2

e\ n50fATF

fe = (49)

where:
e ¢ is the volume flow coefficient,
e f is the win exposure coefficient,
e ngra is the sum of all supply air exchanges and
e ngyp is the sum of all exhaust air exchanges.

For now, e can be set to the standard value e = 0.07 and f can be set to the standard
value f = 15.
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Windows Hy win and Hy yinmen are given by Equations (73) and (74) in [8]:
HV,Win = nwinvcp,apa (50)

or:
HV,win,mth = nwin,mthvcp,apaa (51)

where:
® Ny, is the median daily air change through windows and

® Nywinmth 18 the median daily air change through windows with an adaptation
depending on a specific month.

Nywinmth 1S given by Equation (75) in [8]:
Nwin,mth = nwinf win,seasonal (52)
where:
® fuinseasonal 1 the the factor for adapting the air flow to a specific season.
fwin,seasonal 18 given by Equation (76) in [8]:
Jwin seasonal = 0.040, + 0.8 (53)
where:
e 0. is the average monthly outside temperature.
Nwin 18 given by Equations (78), (81) or (82), depending on different conditions:

e If no mechanical ventilation system is available, or if it is disabled:

tnutz
win — Tlwin,min A win'y 1 s 54
n Newin,min + AN 1L (54)

e if a mechanical ventilation system is available and the use time does not exceed
the system’s operating time (ty meeh = tnutz):

tV,mech
24h "’

(55)

Nwin = MNwin,min + Anwin,mech

e if a mechanical ventilation system is available and the use time exceeds the sys-
tem’s operating time (tv meeh < tnutz):

2(:n z 2(:V,m h 7(/-V,In h
Nwin = Nwin,min + Anwinw + Anvvin,mech 24;: ) (56)
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where:
® Nyinmin 15 the minimal air change through windows,

o Ang;, is the additional air change through windows without operating a mechan-
ical ventilation system,

® AnNyinmech 1S the additional air change through windows while operating a me-
chanical ventilation system,

® {4, 1S the daily use time in hours and
® 1y mech 1S the daily operating time of the mechanical ventilation system in hours.

If not specified in the input data, nyinmin can be set to its minimal value 7yin min = 0.1.
For zones without a passage to outside, nyinmin can be neglected. t,u, and ty meen are
part of the input data. Any, can be calculated by Equations (79) or (80) in [§]
respectively:

(nnutz - (nnutz - O2h_1))
hfl

Angin = maz(0, ing — 0.1071) i ngye, < 12070 (57)
or

Angin = maz(0.nyyt, — Ning — 0.1 h’l) if Mg, > 12071 (58)

where ¢, i the usage dependent minimal air change. For now, it is considered as
input, as in the test cases.

Mechanical Ventilation Hvy e is given by Equation (92) in [8]:
HV,rnech = nmechvcp,apay (59)

where 1,0 18 the median daily air change by mechanical ventilation.

Table 8: Values for nsy and g5 according to Table in [8].
buildings without mechanical ventilation and b) indicates the value for build-

Category for estimat-
ing the building tight-
ness

Buildings with a net
volume < 1500 m3

Buildings with a net
volume > 1500 m?

150 d50
I a)2;b) 1 a) 3; b) 2
II 4 6
111 6 9
v 10 15

ings with mechanical ventilation.
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Ventilation among zones
HV,Z = VV,ch,apaa (60)

where Vy , is the median daily air volume coming from the considered adjacent zone.
W 2 is given by Equation (107) in [8]:

y tV,mech

‘/;,d:‘/z 24h’

(61)

where:

e V is the median daily air volume coming from the considered adjacent zone
during the operating time of the ventilation system and

® 1y meen 1S the daily operating time of the ventilation system.

3.8. Reference internal temperature

For calculating the required energy amounts of a zone, its reference internal tempera-
ture 0;, must be determined. If a building is heated permanently, Equation (27) in [8]
can be applied:

i = O nsolls (62)

where 0,1, o1 is the desired temperature while heating. It is part of the boundary
conditions.

However, it must be considered that heating systems might be disabled during sched-
uled periods for saving energy. Instead of shutting down the heating system, its activity
could also be reduced. These aspects and the duration of the decreased heating activity
affect the monthly reference internal temperature.

3.8.1. Reduced heating activity during nights

If the heating activity is reduced during nights, Equation (28) in [8] has to be applied:

INA
i n = max (ei,h,soll + Abums — fna (Ginson — Be) , Oinson — AQi,NAm) ; (63)
where:
e Afg\s is the addend for considering building automation,
e fxa is the correction factor for the reduced heating activity during nights,

o Af;na is the acceptable setback of the temperature and

e ina is the daily duration of the reduced activity.
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Abgms depends on the degree of automation and is given by Table 9. Af; ya is given
in the boundary conditions. ftxa can be calculated by using the heating system’s daily
operating time ¢y op q:

tNaA = 24h — th,op,d (64)

fxa is given by Equation (29) in [8] if the heating system’s activity is reduced during
nights or by Equation (30) in [8] if the heating system is shut down during nights:

t T .
fna = 0.13% exp (—m> fadapt, if reduced (65)
or ,
T . .
fna = 0.26% exp <—m) fadapt, if disabled (66)
where:

e 7 is the considered zone’s thermal time constant and
® fadapt the factor for adaptive temperature control.

fadapt 18 given by Table 9. The required calculations for 7 are presented in section 3.10

D/C[B A
Abpas 010 -05|—-1
; D|/C|B A
adapt 1717 35 (71,35

Table 9: Values for Afpyvs and faqapt according to Table 4 in [7]. A, B, C and D
indicate the building’s level of automation.

3.8.2. Reduced heating activity during weekends or holidays

If the heating activity is reduced during weekend or holidays, Equation (31) in [8] has
to be applied:

91,h = max (ei,h,soll — fwe (ei,h,soll - 9e) 79i,h,soll - Aei,NA) ) (67)

where fy. is the correction factor for the reduced heating activity during several days.
fwe is given by Equation (32) in [8] if the heating system’s activity is reduced or by
Equation (33) in [8] if the heating system is shut down:

T .
foe=02- (1 —04- 250h) . if reduced (68)
or T
fue = 0.3 (1 ~0.2- 250h> . if disabled (69)
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3.8.3. Spatially restricted heating activity

For buildings without cooling systems which can be balanced within a single zone, 6;
can be calculated by Equation (34) in [8]:

Oin = Oinson — fib (Ginson — Oe), (70)

where fi, is the correction factor for the spatially reduced heating activity. It is given
by Equation (35) in [8]:

(bh,max 2
Jin =108 (1 — exp (_ANGF : 35W/m2)) ag,. (71)

where:
® ®y nax is the maximum heating load of the considered zone and
® qy, is the ratio of the co-heated surface area.

The required calculations for ®y, ,ax are presented in section 3.9. ay, may be given in
the input data. If not, it can be calculated by Equation (36) in [8]:
A . .
Qi = NGZmltbehelzt : (72)
NGF
where ANGF mitbeheizt 15 the co-heated surface area, which corresponds to the total area
which is cooler than 6;y, . Alternatively, a? can be estimated by Equation (37) in

8]:
(73)

A m — 100
ayp, = 0.25 4+ 0.2 arctan < NGF,WE, ) 7
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where Axgr,we,m 1S the median net area of an apartment.

3.8.4. Combination of spatially and temporarily restricted heating activity

Buildings which can be balanced within a single zone and which have spatially and
temporarily restricted heating activity, #;5, can be calculated by Equation (38) in [8]:

Oin = Oina — foo (Bina — 0e), (74)

where 6; na is the reference internal temperature according to Equation (82).

3.8.5. Unheated and uncooled glass porches
In unheated or uncooled glass porches, 65, can be calculated by Equation (41) in [8]:

o (Du + 91 (HT,iu + HV,u) + ee (HT,ue + HV,ue)

Ou
HT,iu + HV,iu + HT,ue + HV,ue

: (75)
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where:
e &, is incoming the heat flow,

o My is the heat transfer coefficient of the components which delimit the sun
porch to outside,

e Hy;, is the heat transfer coefficient for ventilation among the heated zone and
the sun porch and

® [y e is the heat transfer coefficient for ventilation among the sun porch and the
outside.

Hr e corresponds to Hrp or Hyg. @, is given by Equation (41) in [§]

Oy = Dy, — % +) P, (76)

where:
e ®g,, is the insolation into the son porch through transparent components,

® (st is the insolation into the heated or cooled zone through the sun porch’s
transparent components and

e ®p, is the internal heat source of the sun porch.
dg ,, is given by Equation (123) in [§]
Dy = FrueAuelett uels, (77)
where A, is the surface area of all components which delimit the sun porch to the

outside.

3.9. Maximal heating load

The maximal heating load indicates how much power would be required to heat up
a zone of a building at the most unfavourable conditions. Therefore it is calculated
regarding the lowest occurring external temperature while all heat generation systems
are ignored. It is calculated by Equation (B.1) in [§]:

(I)h,max = QT,maX + QV,max (78)
where:
° QTmaX is the maximal heat loss through transmission and

° Qv,max is the maximal heat loss through ventilation .
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QTmaX is given by Equation (B.2) in [8]:

QT,maX = Z HT,j <ei,h,min - Gj,h,min) Fz (79)
J

where:
e Hr ; is the heat transfer coefficient for transmission to zone j.
® 0i 1 min is the desired internal temperature.

® 0;1 min 1S the minimal temperature of the considered adjacent zone or the outer
temperature and

e [, is the temperature correction factor.
Qv .max is given by Equation (B.3) in [8]:

QV,max =0.5 Z HV,j (ei,h,min - ek,h,min) (80)

J

where:

e Hy jis the heat transfer coefficient for the ventilation type j. These are presented
in Section 3.2.

® Oy b min 1s the temperature of the ventilation air flow.

3.10. Thermal time constant

The thermal time constant indicates how fast a building zone heats up or cools down.
It is given by Equation (138) in [8]:

C1wirk

_ , 81
Zj Hry - Fy+ Y, Hy g + Hy mechyo (81)

T

where:

. Zj Hr j is the sum of each component’s heat transfer coefficient for transmission,

Cuwirk 18 the effective heat capacity,

F, is the temperature correction factor,

> i Hv j is the sum of all heat transfer coefficient for ventilation and

HY mech,p 15 the temperature related heat transfer coefficient for the mechanical
ventilation
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For light zones, Cyirx is given by Equation (135) in [8]:

Cyirk = 50 Wh/m?k - Angr (82)
For moderately heavy zones, Cy;x is given by Equation (136) in [8]:

Cuuinte = 90 Wh/im?K - Angr (83)
For heavy zones, Cyx is given by Equation (137) in [§]:

Cuink = 130 Wh/n?k - Axgr (84)
Zones are moderately heavy if:

e their ceiling is made of reinforced concrete,

e they have massive inner and outer components with a bulk density of 600 ke&/m3
or more,

e there are no drop ceilings or thermally covered ceilings,
e there are no inlying thermal isolation on the outer components and
e there are no rooms higher than 4.5 m

Zones are heavy if additionally:

e they have massive inner and outer components with a bulk density of 1600 k&/ms
or more and

e a hall building containing furnishings with high thermal storage capacity is con-
sidered, such as logistics halls.

If a ventilation and air-conditioning system with a cooling feature is available,
Hv meen o 18 given by Equation (139) in [8]:

ei,soll - QV,mech (85)

HV,mech,G = HV,mech 6 K ;

where:
® [y mech is heat transfer coefficient for mechanical ventilation and
® Ovmeen is the minimal temperature of the supply air.

If no cooling feature is available Equation (140) in [8] applies:

HV,mech,H - HV,mech (86)

If 0; sou < Ovmeen or if no ventilation system is available Equation (141) applies:

HV,mech,O =0 (87)
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4. First approximate balancing of the net energy
demand

With the parameters which have been calculated to this point, the monthly net energy
demand demand for heating @y, and for cooling ()., can now be determined. Qy, is
given by Equation (1) in [8]:

Qh,b = Qsink —-n- Qsource - AQc,ba (88)
where:
e 1) is the degree of utilization for heat sources and

o AQ.p is the emitted heat energy while reduced heating activity which has been
stored in the building’s components (such as walls) during normal heating activ-

ity.

Qe is given by Equation (2) in [8]:

Qe = (1 = 1) - Qsource; (89)
n is given by Equation (24) or (25) respectively:
?7—11__—7311, if v #1, (90)
or: a
n:a+1, if y=1, (91)
where:

e v is the ratio between Qgource and Qginx and
e a is a parameter for considering the thermal time constant.

7 is given by Equation (145) in [8]:

QSOUTCQ
= —, 92
7 Qsink ( )
a is given by Equation (26) in [8]:
-
= — 93
a ag + 7_0, ( )

where ay and 7y are constants, namely ag = 1 and 79 = 16 according to [8].
If Qsink = 0, then 7 = 0 according to [§].
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For this calculation step, additional conditions may apply:

e If 1 — () <0.01, then n = % for the calculation of @y, according to Equation
(146) in [8],

e if (1 —7n)vy < 0.01, then n = 1 for the calculation of Q). according to Equation
(147) in [8] and

e if a high basic air change applies for the ventilation system, namely

Vinech = %, then n = 1 according to Equation (148) in [8].

In the first step, the net energy demands for heating and cooling do not consider
heating or tap water systems. However they strongly depend one heat losses of these
systems, as well as these system’s workloads depend on the net energy demands. There-
fore the heating and tap water systems’ heat losses have to be calculated and the
approximation procedure presented in this section is repeated, as the heat losses of
the heating and tap water system change the total heat sources and heat sinks. This
happens up to 10 times or until the results two consecutive repetitions do not deviate
by more than 0.1 %.
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5. Remaining heat sources and heat sinks

As stated in section 3, the heat source through the heating system Qisourcen 1S DOt
considered for the approximate balancing. It partially depends on the net energy
demand, therefore all of the related energy amounts have to be adapted to each other.
This is done by calculating Q1 source,n and Qrsink,n and adding them to the total heat
sources and heat sinks, as in Equations 9 and 10. Then the net energy demand can be
recalculated with the updated values for the total heat sources and heat sinks. This
again may change the required net energy for heating and cooling and the calculations
have to be repeated again. These calculation steps are repeated up to 10 times, unless
the net energy demand does not vary by more than 0.1 % in two consecutive repetitions.

5.1. Heat sources through heat generation systems

Q1 sourcen 18 given by Equation (131) in [8]:

Q1 source,n = Q1 + Qrw + Qrvh + Qrchs (94)

where:
e (11 is the unregulated heat source through the heating system,
® (1w is the unregulated heat source through the tap water system,
® (J1.n is the unregulated heat source through mechanical ventilation,

® (J1cn is the unregulated heat source through the cooling system.

5.1.1. Unregulated heat losses through heating systems

There are several processes which affect a heating system’s heat losses. Heat must
first be generated by a heat generator, such as a boiler. Depending on the type of
the heat generator, a reservoir for already heated heating medium may be available.
Then the heating medium has to be distributed among a building’s rooms. Finally
the heating medium arrives in radiators or other heat transfer devices, such as floor
heating systems, where it also flows back again from. At each point, a specific energy
amount is emitted to the building’s interior, which contributes to the total energy
balance. As these energy losses may contribute to heating the building, they are also
called recoverable. However, if the losses occur in a non-heated zone of the building,
they are not recovered, as only heated zones are considered for the energy balance.
Figure 4 shows a simple Illustration of these aspects.
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Distribution of the
heating medium

Heat -
transfer --..L..... h,ce
Ql,h,d
Q1b,gen
Heat generator < *Storage for the

heating medium

Figure 4: Illustration of a tap water system in a building and the different aspects
which affect the tap water system’s heat loss. The arrows indicate the heat
loss.

The sum of the recoverable energy losses of the heating system Qpy is given by
Equation (7) in [11]:

Qrh = Qinee + Qrna + Qrns + Qrngens (95)
where:
® Qince is the unregulated heat source through transfer,
® (Q1n4 is the unregulated heat source through distribution,
® (11 is the unregulated heat source through storing and
® (J1hgen is the unregulated heat source through heat generation.

Q1hce 1s only considered for non-residential buildings. The equations for required
addends are presented in Section 6.
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5.1.2. Unregulated heat sources through tap water systems

Similar to the heating system, there are several aspects which affect the tap water
system’s heat losses as well. Again, heat must be generated first. Usually, this is done
by the same heat generation device as for the heating system. The hot tap water can
also be stored and must then be distributed. At each point, heat is emitted and may
be recovered. Figure 5 shows an illustration of a tap water system inside a building.

Tap water
distribution

-
»

Ql,w,gen

.

Heat generator < * Heated
for tap water tap water
storage

Figure 5: ITllustration of a tap water system in a building and the different aspects
which affect the tap water system’s heat loss. The arrows indicate the heat
loss.
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The sum of the recoverable energy losses of the tap water system is given by Equation
(7) in [14]
QI,W = QI,w,d + Ql,w,s + Ql,w,gem (96)

where:
® (1w, is the unregulated heat source through distribution,
® (145 is the unregulated heat source through storing and
® (J1sgen i1s the unregulated heat source through heat generation.

The required addends are presented in Section 7.
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6. Heat sources of the heating system

The internal heat sinks and heat sources through heating and cooling systems have
not been considered in the approximate balancing because they depend on the net
energy demand demand for cooling and heating. As these have been determined in
the last step, the remaining he internal heat sinks and heat sources can be calculated.
Heat losses over the heating system cover the heat sources through heat transfer, heat
distribution and heat storage.
The energy emitted by the heat generator Q) oute can then be calculated by Equation
(1) in [11]:
Qhoutg = Qnp + Qe + Qna + Qng, (97)

where:
® (np is the net energy demand demand,
® (e is the heat loss of the heating system through heat transfer,
® (nq is the heat loss of the heating system through distribution and

® (ns is the heat loss of the heating system through storage.

6.1. Heat losses through heat transfer

The heat loss through heat transfer @y, .. is given by Equation (34) in [11]:

Afe
@nce = Qnp - (98)

ih — 6)e’
where Af. is the sum of all temperature variations given in Equation (35) in [11]:
Aece = Aestr + AQctr + Aeemb + Agrad + AHim + Aehydr + Aerooma‘ut: (99)

where:
o Ady, is the temperature variation caused by stratification,
o Ad, is the temperature variation caused by the usual temperature variation,

® Ay is the temperature variation caused by the additional heat loss through
radiators which are inside the enveloping components of the zone,

o Al..q is the temperature variation caused by the radiation depending on the
heating method,

e Ad;, is the temperature variation caused by intermittent heating activity,

® Abyyar is the temperature variation caused by the stay out of a hydraulic adjust-
ment and
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® Al comaut is the temperature variation caused by automation.

Abpyqa, depends on the setup of the heating system and the number of storeys in the
building. It is given by 36.
For A6, it is:
Abim = Abimemt + Abimyetr, (100)

where:

® Abimemt is the temperature variation caused by the regulation during the reduced
heating activity and

® Abimctr is the temperature variation caused by the heat transfer system during
the reduced heating activity.

The temperature variations depend on several different factors, such as the height
of the considered zone and the heating method. However, for zones with a height of
more than 4 m, some exceptions apply:

Aby, is given by Equation (39) in [11]:

Aestr

a

A@Str = 10 .

(0.5 hg —b), (101)

where:
o Aby,
e hg is the height of the zone,
e ¢ is a constant, a = 16 and
e ) is a constant, b = 1.1.

Af,.q is given by Equation (40) in [11]:

0.36 70\ "% /10\"*
Ab,aq = 10 - +0.354-<—) ( ) —09], (102)

RF +0.2 h hr

where:
e RF is the radiation factor given in Table 18 in [11] and

e p, is the heating system’s specific performance.
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6.1.1. Free heating surface

In zones which have a height of 4m or less and common radiators, representing a free
heating surface, the values for Af,, Ab., and Abqy,, are shown in Table 37.
Afg, is then given by Equation (42) in [11]:

Aestr;l + AQstr;Q
2 )

Al = (103)
If certified products are used, then Afq, is set to Abfcyo. If no information is
available, then it is set to Afgy.1.
If the heating activity is temporarily reduced, then:

Abimetr = 0K (104)
and
Abimiemt = —0.3 K. (105)
apply.
For Af,,4 it is:
Ab..q = 0K. (106)

With automation systems for heating, then:

e for autonomous systems:

Aeroomaut = _O5K7

e for autonomous systems with an independent start-stop-mechanism:
Aelroomaut =-1 K7

e Networking with autonomous adjustments and interaction:
A@roomaut - —12 K
6.1.2. Embedded radiators

In zones which have a height of 4m or less and embedded radiators, the values for

Abgir, Abeir and Ay, are shown in Table 38.
Ay, is then given by Equation (43) in [11]:

AHemb;l + Aeemb;Q

Aberp, = 5 , (107)
If the heating activity is temporarily reduced, then
Abimemt = —0.3K (108)

applies. The other parameters take the same value as in 6.1.1.
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6.1.3. Unregulated heat losses

In residential buildings, the unregulated heat losses through heat transfer are not
considered:

Ql,h,ce = 0. (109)

6.1.4. Auxiliary power

The auxiliary energy for the heat transfer is given by Equation (44) in [11]:
Wh,ce = WC + Wfan,Pm (110)
where:

e W is the auxiliary energy for the control system and

® Wian py is the auxiliary energy for ventilators, blowers and pumps.
We is given by Equation (45) in [11]:
PC aux ° dmth <24
Wg = —
¢ 1000 ’
where P aux is the nominal power for the control system. It depends on the available
actuators according to Table (20) in [11]:

(111)

® Pcaux = 0.1 W for each electromotive actuators,
® FPcaux = 1 W for each electrothermal actuators and

® Pcaux = 15 W for each actuators with an expansion valve.
Wan pu is given by Equation (46) in [11]:

(Pfan,aux * Nfan + PPu,aux : nPu) : th,rL

Wan u = 5
fon, P 1000

(112)

where:

® Pian aux is the nominal power of ventilators and blowers,
® N, is the amount of ventilators and blowers,
® Ppy aux is the nominal power of pumps and

e np, is the amount of pumps.
According to Table (21) in [11], the values for Pry aux are:
® Pianaunx = 10 W for convectors electromotive actuators and
® Pianaunx = 12W for thermal storage heating.
Ppy aux 18 given by Equation (47) in [11]:
Pouane = 50 - [Praan] ™, (113)

where Ppy aux is the nominal power of the air heater.
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6.2. Heat losses through heat distribution

The heat losses through heat distribution (), 4 are calculated separately for different
parts of the pipes and then added up. The different pipe sections include horizontal
pipes, vertical pipes and the connections to the radiators, if available. )y, 4 is given by
Equation (52) in [11]:

Qna = Z Qn,d;is (114)

where @y, 4; heat loss through heat distribution at the heating pipe section ¢, which is
given by Equation (53) in [11]:

1
Oha,i = —— Ui (Oukav — 1) - L - thor, (115)

where:
e U; is the length related heat transfer coefficient,
® Ouk av the median temperature of the heating medium,
e 0; is the reference internal temperature, previously noted as 6; ,
e [ is the length of the heating pipe section and
e {p,1, is the monthly mathematical operating time of the heating system.

U; depends on the heating system’s pipes’ insulation, their age and and the zone’s net
area. It can be determined by Table 40. L can be determined by Table 39.
The equations for calculating Ok oy and ¢y ,1, are given in 6.5 and 6.6 respectively.

6.2.1. Unregulated heat losses

The unregulated heat losses through heat distribution is only considered in hall build-
ing. For any other building type including residential buildings Equation (54) in [11]
applies:

Qrndi = Qna,i- (116)

6.2.2. Auxiliary power
The auxiliary energy for heat distribution is given by Equation (55) in [11]:
Wh,d = Wh,d,hydr * €h,d,aux; (117)
where:
® Wi dhydr is the required energy for hydraulics and

® ¢}, q.aux 15 the effort of the heating pump.
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Wh dnyar is given by Equation (56) in [11]:

Biyar
Wh.d hydr = #yo% “ Buga - (tn - fapm) + fschs (118)

where:
® Piyar is the hydraulic power of the pump,
® (4 is the median workload for distribution given in 6.5,

e fqpu is the correction factor for heat generators with internal pump management
and

e fsa, is the correction factor for a hydraulic switching.
fapm can take one of the following values:
o fapm = 1 without internal pump management,

e fapm = 0.75 with internal pump management and the boiler temperature is
adjusted with respect to the outer temperatures or

o fapm = 0.45 with internal pump management and the boiler temperature is
adjusted with respect to the inner temperatures.

According to [11], for two-pipe-systems:
Jsen =1 (119)

for single-pipe-systems and:
Jsen = 8.6 -7+ 0.7, (120)

where v is the mass flow through the radiators. If not specified, v = 0.35.
Phyar is given by Equation (57) in [11]:

Payar = 0.2778 - Ap - V, (121)
where:
e Ap is the pressure difference at the design point and
e V is the volume flow at the design point.
Equation (58) in [11]:

(I)h max
V= _ —hmax 122
115 AOyr’ (122)

where Afyk is the temperature difference at the design point.
Ap is given by Equation (59) in [11]:

Ap =0.13- Lmax +2+ ApFBH + Apgen + ApVVMZ + ApStmnga ’ (123)

where:
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Lpax is the maximal pipe length,

Aprpy is the pressure difference of the flow heating system,
® Apge, is the pressure difference of the heat generator,
e Apwwuz is the pressure difference of the heat meter and
® Apgiranga 18 the pressure difference of the line fittings.

Linax is given by Equation (60) in [11]:

Behar

Lmax =2 (Lchar + + ng - hG + ld) ) (124)

where l4 is the supplement for the connection of two-pipe-systems. It is [ = 10
€h.daux 1S given by Equation (61) in [11]:

EET

€h,d,aux = fe ' (CPl + CPQ . Bh,d_l) . ﬁ’

(125)

where:
e f. is the efficiency factor,
e (p; and Cps are constants and
e EET energy efficiency index after act (EG) Nr. 641/2009.

If not specified, EET = 0.25.
If the pump is not known, f, is given by Equation (62) in [11]:

200 \*°
Jo= (1.25+ (Phydr) ) - b. (126)

where b is the over sizing factor which is 1 for pumps which are dimensioned for the
demand or b = 2 for any other pump.

If the pump is not known, but no value for EEI is given, then Equation (63) in [11]
applies:

PPu
fe = 2 .
hydr

(127)

If the pump is known, and a value for EEI is given, then Equation (63) in [11]

applies:
Pref

= )
B hydr

where P, is the electrical reference power after act (EG) Nr. 641/2009. It is given by
Equation (65) in [11]:

fe

(128)

P =17 Phydr +17- (1 _ 670.3-Phydr) , (129)
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The values for Cp; and Cpy are given in Table 10.

Pump control system | C,; | Cpo
uncontrolled 0.25 | 0.75
ADconst 0.75 ] 0.25
ADyariabel 0.90 | 0.10

Table 10: Values for Cp; and Cpy according to Table 28 in [11].

6.3. Heat losses through heat storage
The heat loss through heat storage Qs is given by Equation (68) in [11]:

Ons — Oin
Qhs = feon LS LA

45 : dop,mth : QPO,s,daw (130)

where:

e f.on is a factor for considering the setup of the heat generator and the heat
storage,

o 0}, the median temperature of the heat storage,
® dopmen 1s the monthly operating time in days and
® (Qposday is the daily heat loss during standby mode.

feon can be set to feon = 1.2 if the heat generator and the heat storage are in the
same room. If not, heat losses through distribution have to be considered, as in 6.2.
Qpo.s.day 1S given by Equation (70) in [11]:

QPO,s,day =04+0.14 - VSO’S, (131)

where Vj is the storage’s nominal volume. The equations for calculating 6}, s and dop men
are given in Section 6.5 and 6.6 respectively.

6.3.1. Unregulated heat losses

If the storage is within a zone which is considered for the energy balancing, Equation
(69) in [11] applies for the unregulated heat losses through distribution:

QI,h,s - Qh,s~ (132)
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6.3.2. Auxiliary energy

If a buffer tank is available, the auxiliary energy for heat distribution is given by
Equation (71) in [11]:
- PPu ' tPu

s ) 1
W, 1000 (133)

where:
e Pp, is the nominal power required by the pump and
e tp, is the operating time of the circulation pump
Pp, is given by Equation (72) in [11]:
Ppy = 40 + 0.03 - Axgr. (134)
According to [11], tp, is given by:
tpu = Bhs - 24 - dimen, (135)

where (3, 5 is the workload for storage.

6.4. Heat sources through heat generation

The heat sources through heat generation are given by Equation (178) in [11]:

Qh,gen = Z (C2h,gen,ls7 day ,i * dh,rB) ) (136)

where Qh gen,ls, day i 15 the daily heat loss of the boiler.
Qh.gen,ls, day i 15 given by Equation (179) in [11]:

P, gen, |
Qh,gen,ls,day,i = (B& : (Pgen,Pint - Pgen, PO) + Pgen, PO ) - (th,rL,day - tw}’n,day) ;
h,gen,Pint
(137)

if 0 < ﬁh7 gen, i < Bh,gen,Pint-
If Bh,gen,Pint < Bh, gen, i < 17 lt iS given by Equation (180) iIl [11]

Dh, geni — Phgen, Pint
Qh, gen,ls,day,i — ( ien . ﬁ g (Pgen,Pn - Pgen,Pint ) + Pgen,Pint '(th,rL, day — tw,Pn, day ) )
— Mh, gen,Pint
(138)
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where:
® [, gen, i is the workload of the boiler,
® [h gen,pint 15 the workload of the boiler at part load,
® Pyenpn 1s the dissipation power at nominal power,
® Dyenpint is the dissipation power at part load and

® Dyen, po is the dissipation power at downtime.

The equations for By, gen, i and By gen,pint are given in Section 6.7.

Piyen,pn is given by Equation (183) in [11]

P,

gen,P0 = qP0.9

P,
Hs

Nkpn M
Pyen,pint 18 given by Equation (187) in [11]:

Hs — i
fﬁ Tlgen,Pint

Pgen,Pint - * Mh, gen,Pint *

ngen,Pint

and Pyen, po is given by Equation (188) in [11]:

f% — Tgen,Pn

_ i

Pgen,Pn - "4
Tgen,Pn

where:

® (poy is the standby loss at median boiler temperature,

7k pn is the boiler’s level of efficiency,

f% is the ratio of fuel and calorific value,

® Ngen,pint 15 the boiler’s level of efficiency at part load and

® Ngenpint 15 the boiler’s level of efficiency at part load.

Values for fus are shown in Table 41. gpo¢ is given by Equation (184) in [11]:

QHK,aV - Qi,h

qro.0 = 4pro.70 ° 70—920

where:

® Ouk av is the median temperature of the boiler and

® gpo.70 is the standby loss at median boiler temperature of 70 °C.

20
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If no measurements are available, as for new builds, gpg 7o is given by Equation (219)
in [11]:

qro.70 = (E - (PH)F) /100. (143)

where the factors F and F are given in Table 44.
Ngen,pn 15 given by Equation (185) in [11]:

Neen,pn = M,pn + K (Ogen, Test,pn — OHK av) (144)
and 7)gen pint 1S given by Equation (186) in [11]:
Ngen,Pint = Mk, Pint + L * (Ogen Test,Pint — FHK av) 5 (145)
where:
® Ogen Test,Pn 1S the test temperature of the boiler at nominal power,
® Ogen Test,Pint 18 the test temperature of the boiler at part load,
e K and L are factors given in Table 45.
Tkpn i given by Equation (217) in [11]:
Mpn = (A+ B -logy, (F,)) /100 (146)
and 7y pint 1S given by Equation (217) in [11]:
M, Pt = (C' + D - logy, (F)) /100. (147)

where A, B, C' and D are factors shown in Table 42 and Table 43.

6.4.1. Unregulated heat losses
The internal heat sources through heat generation are given by Equation (191) in [11]:

I

T,Pn

Ql,h,gen =d(gs6 - : (th,rL7 day — tw,Pn,day) : dh,rB7 (148)

where g5 ¢ is the unregulated heat loss through the boiler’s outer shell. For special gas
boilers it is given by Equation (189) in [11]:

gs,0 = 0.9 - gro.g- (149)
For other all other boiler types it is given by Equation (190) in [11]:

gs,0 = 0.75 - qro.p- (150)
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6.4.2. Auxiliary power
The required auxiliary energy for heat generation is given by Equation (192) in [11]:

Wh,gen = Z Ph, gen,aux,i ° (th,rL - tW,Pn,day . dmth : dop,a/365) +PauX,PO : (24 : dmth - th,rL) 3
(151)

where:
® [ genaux,i 1S the electrical power consumption while the boiler is operating and
® Puxpo is the electrical power consumption in standby mode
Pp. genauxi 18 given by Equation (193) in [11]:
P genauxi = (B, gensi /Bn, gen,Pint ) * (Paux,Pint,i — Paux,p0) + Paux,Po (152)

if 0 < Bh, gen, i < Bh,gen,Pint-
If Bhgenpint < B, gen,i < 1, it is given by Equation (194) in [11]:

Ph, gen,aux ,i — (ﬁh, gen i — ﬁh, gen,Pint ) / (1 - 5h, gen,Pint ) : (Paux,Pn - Paux, Pint )+Paux, Pint
(153)
Values for Puux, pint ; Pauxpo a0d Py pn are given by Equation (220) in [11]:

Pawex = (G + H - (P,)") /1000. (154)

where GG, H and n are factor given in Table 46.

6.5. Temperatures

The temperature of the heating medium fyk .y is given by Equation (12) in [11]:
Ouk av (Bn,i) = 0.5 - (Oviav (Bni) + Oreav (Bni)) (155)
where:
® [ is the median workload of the process 7,
® Oy, av is the median supply temperature and
® Oy, av is the median return temperature.

Bn,; can be calculated individually for heat transfer, distribution, storing and generat-
ing.
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Oviav is given by Equation (14) in [11]:

1
OvL,av (Bni) = (Bva — Oinson) - By + binsol, (156)
where:
e Oy is the supply temperature for the heating medium and

e n is the heating surface exponent, which can be set to n = 1.3 for radiators and
n = 1.1 for floor heating systems.

For distributions systems with two pipes, gy, v is given by Equation (16) in [11]:

1
Oviav (Bni) = (Ora — Oinson) - Bﬁi + 0; 1 o, (157)

where Oga is the return temperature of the heating medium.
For distributions systems with one pipe, Ogy, oy is given by Equation (15) in [11]:

1
OvL,av (Bui) = [(Ora — Oinson) - By + Ginson | 7 + Oviay (Bni) - (1 —7), (158)

where 7 is the ratio of the radiators in comparison to the whole heating circle volume.

6.6. Operating times
The monthly mathematical operating time ¢y,,1, is given by Equation (30) in [11]:
thyl, = thal day * hB, (159)
where:
® 1,1, day 1S the daily mathematical operating time and

e dy,p is the number of active days of the heating system per month.

23



dn s is given by Equation (28) in [11]:

365 — fiwe - (365 — dopa)  tn
365 ooy - 24

B = dmth - (160)

where:
® d., is the number of days per month,

® fiwe the factor for considering reduced heating activity at weekends or during
holidays,

® d,p, . is the number of days per year with active heating system,which is part of
the input and

e {1, the monthly heating time.
fiwe is given by Equation (29) in [11]:
fiwe =0 if the heating activity stays the same during nights, (161)

fiwe =1 if the heating systems is shut down during nights or (162)

ewe renz 9e . . .. . . .
fiwe =1— 7 .G 7 if the heating activity is reduced during nights. (163)
we,Grenz — Ye,min

where:

® Oye Grenz 15 minimal temperature during reduced heating activity at weekends or
during holidays,

e O, the average outside temperature and

® O min is the number of days per year with active heating system, which is part of
the input.

For heating periods e mn = —12°C according to Table 9 [7]. According to [11],
ewe,Grenz = 15°C.
ty is given by Equation (D.1) in [§]:

ty = Zfh,nutz + th,we (164)
where:
® thnut i the heating time with normal usage and

® i we is the heating time with restricted usage.
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thnutz and ty, we are given by Equation (D.2) in [§]:

{tmth,i : Bos if ﬁh,i S ﬁh,grenz

Bh,grenz

tmth,i if ﬂh,i > Bh,grenz

thi = (165)

where:

® {mn; represents the heating time for normal usage ¢yhnut, Or the heating time
for restricted usage tmn we,

e [(n; is the median monthly workload during normal usage By nut, Or restricted
usage [nwe and

® [ grens 1s the minimal workload of the heating system, which is By gren, = 0.05
tmtn,i 1S given by Equation (D.3) in [8]:
tmth,i = dz . 24h7 (166)

where d; is the number of days with normal usage dy,, or the number of days with
restricted usage dye.
P, is given by Equation (D.2) in [§]:

Qnp,i
Bui = :

= 1
CI)h,max,res -24h ( 67)
where:

® (nb, represents the net energy demand demand for normal usage Q1 b nut. Or for
restricted usage Gn,pb we

thiLday 1S given by Equation (24) in [11]:
thrLday = 24 — fina - (24 — thop.day) (168)
where:
e fina is the factor for considering reduced heating activity during nights and
® thopday is the daily mathematical operating time which is part of the input.
fina is given by Equation (25), (26) or (27) in [11] respectively:
fina = 0 if the heating activity stays the same during nights, (169)

fina =1 if the heating systems is shut down during nights, (170)

HNA,Grenz - ee

fina =1 if the heating activity is reduced during nights, (171)

GNA,Grenz - ee,min
where Oxa Grens 15 minimal temperature during reduced heating activity during nights.
According to [11], Oxa Grenz = 10°C.
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6.7. Workloads
The median workload for heat transfer is given by Equation (8) in [11]:

@b
ce — —7; 172
6}1, (I)h,max : th ( )
where ¢}, is the monthly heating time.
The median workload for heat distribution is given by Equation (9) in [11]:

Qn,p + Qhce

(I)h,max : 2fh

Pra = * fhydrs (173)

where fiyqar is the factor for the hydraulic balance.
The median workload for heat storage is given by Equation (10) in [11]:

(Qnp + Onee) * fryar + thd‘ (174)
CI)h,max “ly

Bh,s =

The median workload for heat generation is given by Equation (11) in [11]:

(Qnp + Onyee) * fryar + Qna + Qh,s'

en — 175

Bh@ CI>h,max : Zfh ( )
Joyar may take different values according to 11.

Condition fhydr

No hydraulic balance 1.06

Single pipe systems with flow regulator or only static adjusted systems and
for two-pipe systems with more than 8 radiators per automatic controller for | 1.02
differential pressure

Single pipe systems with flow regulator or only static adjusted systems and
for two-pipe systems with more than 8 radiators per automatic controller for | 1
differential pressure

Table 11: Values for fiyq, depending on specific conditions according to [11].
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7. Heat sources through tap water

Similar to the heating system, the pipes for the tap water affect a building’s energy
balance. For this step of calculation, the heat losses of the tap water by distribution,
storing and heating is considered.

The heat losses of the tap water Qy outg are given by Equation (3) in [11]:

Qw,outg = Qw,b + Qw,ce + Qw,d + QW,S? (176)

where:
® (Qwp is the net energy demand demand for the tap water,
® (Qw.ce is the loss through heat transfer of the tap water,
® (Jw.a is the heat loss through distribution of the tap water and

® (v is the heat loss of storing tap water.

7.1. Net energy demand

For residential buildings, the net energy demand demand for tap water is given in the
boundary conditions in [3]:

wa = Imax [165 — (005 . ANGF,WE,m); 85] kVVh/mQa, (177)

where Angr we,m is the median net area of the building or of an apartment respectively.
If the required water volume of a building is known, Equation (10) in [14] may be

applied:
Qw,b = 0.001 - p-C- VW . <9w,av — (9}() s (178)

where:
e p is the density of water in k&/ms,

c is the specific heat capacity of water, which is 1.163 - 1073 kWh/y.x,

Vi is the average monthly required water volume,

Oy av is the median temperature of the pipe section and

Ok is the median temperature of the cold water supply, given in Table 48.
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7.2. Transfer

According to [14], the heat loss through the transfer of tap water Qyc. is already
included in the net energy demand demand @)y 1, therefore Qy e = 0. However, Qyw
may have to be adapted with using the factor fz.¢ if:

e the temperature of the tapped water can automatically be controlled
(fzapt = 0.98) or

e hydraulic controlled flow heater is available (fz,pr = 1.05).
Then @5, , is given by equation (12) in [14]:
Q:v7b = fZapf : Qw,b- (179)

7.2.1. Unregulated heat losses

The heat losses through transfer are already included in Q) , therefore:

Qi,w,ce = 07 (180)

according to [14].

7.2.2. Auxiliary power

For the same reason, the auxiliary power is given by:

Wice = 0. (181)

7.3. Distribution

The heat losses through heat distribution ), 4 consist of the heat losses of the different
pipe section, similar to the heating system. Qw4 is given by Equation (12) in [14]:

Quwa = Quai (182)

where )y q,; heat loss through heat distribution at the tap water pipe section 7, which
is given by Equation (13) in [14]:

PrYYS Uz : Lz : (ew,av - QI) : top,day’ (183)
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where:
e U; is the length related heat transfer coefficient,
e [ is the length of the heating pipe section,
e 0; is the reference internal temperature and
® {op.day is the daily operating time.

U; depends on the tap water pipes’ insulation, their age and and the zone’s net area.
It can be determined by Table 40, analogously to the U;-values for the heating system.
L can be determined by Table 47
If the required temperature values can not be specified, they can be estimated ac-
cording to 48. If the tap water circulation is not available or shut down, then Equation
(8) in [14] applies:
Oy = 25 - U2 (184)

If additionally, decentralized systems such as flow heater are utilized, then Equation
(9) in [14] applies:
Ow.ay = 20 - U2 (185)

7.3.1. Unregulated heat losses

For the unregulated heat source through distribution, Equation (15) in [14] applies:
Qrwd,i = Qw,di- (186)

7.3.2. Auxiliary power
The auxiliary energy for the distribution of tap water is given by Equation (16) in [14]:
Wya = Wy dhydr * €W,d,auxs (187)
where:
® Wy dhydr is the required energy for hydraulic systems and
® ew.daux i the effort of the circulation pump.
Wy dnydr 18 given by Equation (17) in [14]:

Phydr

m . dop,mth - 2, (188)

Ww,d,hydr =

where:
® Piyar is the hydraulic power of the pump at the design point and

e 2 is the daily operating time of the circulation pump.
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z is given by Equation (18) in [14]:

=10+ —————. 189
R g (189)

Piyar is given by Equation (19) in [14]:
Poyar = 0.2778 - Ap - V, (190)

where:
e Ap is the pressure difference at the design point and
e V is the volume flow at the design point.
V is given by Equation (20) in [14]:

_ Py .aa
1.15 - Aby 5 - 1000°

1% (191)
where:
® Py q.a is the power dissipation at the design point and

o Afy 4 is the temperature difference in the circulation circuit at the design point.

Py a.a is given by Equation (21) in [14]:

Pyaa =Y Uwai-Li- (575 = Oipeon) - (192)
Ap is given by Equation (22) in [14]:
Ap = 0.1 Lyax + Apry, 11 + Apapp, (193)
where:
® L. is the maximal pipe length,
e Apgry, T is the pressure difference of the non return valve and
e Apapp is the pressure difference in the tap water.

Apry,u can be set to Apry ta = 12kPa. If no values are available for Apa,p, it is
Apapp = 1kPa for a storage and Apa,, = 15kPa.
ew daux 18 given by Equation (24) in [14]:

€w,d,aux = fe : (Cpl + CpQ) ) (194)

where:
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e (1 and Cpy are constants given in Table 12 and
e f. is the efficiency factor.

For an unknown pump, f. is given by:

0.5
fe= (1.25+ <J§}?2 ) ) (195)

PPu
fe = P
hydr

or by:

(196)

for known pumps.

Pump control system | C,; | Cpo
unregulated 0.25 | 0.94
regulated 0.50 | 0.63

Table 12: Values for C},; and Cp according to Table 11 in [14].

7.4. Storage

The heat loss through an indirectly heated heat storage Qs is given by Equation (25)
in [14]:
2

03 av
QW,S = fcon : T . dop,mth : QPO@,daya (197)

where 0 ,, is the median temperature of the storage in °C
(s, po.day 1s generally given by Equation (26) and (27) in [14] respectively:

Qrosday = 0.8 4+0.02 - V7T if Vg < 1000. 198
" y S

or
Qs Po.day = 0.5+ 0.39 + Vg% if Vs > 1000. (199)

However, for older system other equations apply: If the system was applied before
1978, Equation (28) in [14] applies:

Qs.Po.day = 0.4 + 0.27 + Vg5 (200)
If the system was applied between 1978 and 1986, Equation (29) in [14] applies:

Qs po.day = 0.4 + 0.08 + V°. (201)
If the system was applied between 1987 and 1994, Equation (30) in [14] applies:

Qs Po.day = 0.4+ 0.1 + V. (202)
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If the storage’s volume is not known, it can be estimated by Equation (31) in [14]:

_ Qw,b,day : fN - 860

Ve ;
S (es,av - GK) - 7s

(203)

where:
® (Qwbday is the daily net energy demand demand for tap water,
e fx is the usage factor and
e 15 is the efficiency of the storage.

Qw,bday can be calculated through the yearly or monthly net energy demand demand
for tap water. fy is given by Equation (32) in [14]:

fn = 1.85- Nyt (204)

Wohnung’

where Nwohnung is the number of apartments in a building. If Nywohnung 18 not known
or for single family houses, it can be estimated by:

AncF
NWohnung - W (205)
For non-residential buildings, it is given by Equation (33) in [14]:
1
fn=——"7""— (206)

3
top,day s Ngp

where ng, is the number of daily peak tapping.

7.4.1. Other storage types

Tap water reservoirs which are heated electronically or by gas can also be considered.
In these cases, Equation (39) in [14] applies:

93 av + 5 — 9
Qw,s = ( : 45 I> : dOp,mth : Qs,PO,day' (207)

Additionally, Qs po.day and Vs are calculated differently.

7.4.2. Unregulated heat losses

If the tap water storage is placed within a heated zone, Qs is given by:

QI,W,S = QW,57 (208)

if not, it is:
Ql,w,s =0 (209)
according to [14].
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7.4.3. Auxiliary power
The required auxiliary energy for tap water storage is given by Equation (36) in [14]:

Wys =0.001 " Ppy - tpy, (210)
where:
e Pp, is the nominal power of the pump and
e ip, is the operating time of the pump.

tpy is given by Equation (37) in [14]:

w, outg ° 1.1
tpy = Lwrows 11 ]Zi (211)
and Pp, is given by Equation (38) in [14]:
Pp, = 44 +0.005 - V142, (212)

7.5. Generation

The heat source through heat generation for tap water is given by Equation (102) in
[14]:

Qw.gen = Qw, gen,Pn,day * tw,Pnday * Qop,mth + Qw,gen,Po.day * (dop.mth — dnrB) 5 (213)
where:
® (Qw, gen,Pnday 15 the daily dissipation power at nominal power,
® (Qw gen,Po.day 1S the daily dissipation power in standby mode and
® 1y Pnday i the daily operating time of the boiler for the heating of tap water.
Qw, gen,Pnday 18 given by Equation (103) in [14]:

f% ~ kPo,w QW,outg

QW,gen,Pn,day = (214)

' )
Tk, Pn,w 24 - dop,mth
where:

. f% is the ratio of the fuel value and the heat value and

® 7 pnw 1S the efficiency factor of the boiler for the heating of tap water.
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(w gen,P0.day 18 given by Equation (104) in [14]
P,

Tk, Pn,w

QW,gen,PO.day =4po.g - : (top,day - tw,Pn- day ) : f%a (215)

where gpg g is the heat loss during standby mode.
tw Pn,day 1S given by Equation (107) in [14]:
Qw,outg

twpPnday = 75— -
ey (Pn : dop,mth)

Mk.pw 18 given by Equation (105) in [14]:
T,Pn,w = Tlk,Pn + K- (50 - Hs,av) s (217)

where K is a correction factor whose values are shown in Table 13.
qpo.p 1s given by Equation (106) in [14]:

(216)

<9gen,av - ei,h)

(70 — 20) (218)

dpro.0 = 4pP0.70 *

where:

® (poro is the heat loss in standby mode at a median boiler temperature of 70°C
and

® Oyen av is the average temperature of the boiler.

Boiler type Factor K
Standard boiler (fossil and biogenic fuel) 0
Low-temperature boiler 0.0004
Condensing boiler, gaseous fuels 0.002
Condensing boiler, liquid fuels 0.0004

Table 13: Values for K according to Table 27 in [14].

7.5.1. Unregulated heat losses

The unregulated heat losses through heating of tap water is given by Equation (110)
in [14]:
Gs,0 * Pn
QI,W,gen = 77— : ((top,day - tw,Pn,day) . (dop,mth - dh,rB) + tW,Pn,day : dop,mth) ) (219)
k,Pn

where g5 is the unregulated heat loss through the boiler’s outer shell. If the heat
generator is placed inside a heated zone, ¢s is given by Equation (108) in [14]:

s,0 = 0.5 - gpo.o- (220)
If not, it is given by Equation (109) in [14]:
gs,0 = 0.75 - qpo.p- (221)
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7.5.2. Auxiliary power
The auxiliary energy for the heating of tap water is given by Equation (11) in [14]:

Ww,gen = Laux,Pn * tw,Pn,day : dop,mth + Paux,PO ' (24 - tw,Pn,day) ' (dop,mth - dh,rB) . (222)
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8. Energy coverage of solar systems for supporting
heat generation

If a solar system for supporting heat generation is available, the heat generation system
load is lightened. The solar system can either support the tap water system only or
the tap water and the heating system together. The total heat losses of the heating
system @Qpoutg and the final energy demand of the tap water system Qy outg can then
be lowered according to Equations (68) in [4] and (49) in [5] respectively:

Qﬁ,outg = Qh,outg - Qh,sol - Q:v,h,outg (223)
and

Q:V,outg = Qw,outg - Qw,sol - Q:v,w,outg (224)

where:
® (nsol is the heat gain of the heat loss for the heating system,

® ()fvnoutg 18 the total outgoing thermal energy of the ventilation system which is
recovered by the heating system,

® (Qwsol is the heat gain of the heat loss for the tap water system and

® ()}, woutg 18 the total outgoing thermal energy of the ventilation system which is
recovered by the tap water system.

In this section the calculations for the monthly values of Q1,501 and Qw01 are pre-
sented.
Qnsol 1s given by Equation (77) in [4]:

Qh,sol = min (fpart,h,mth . Qh,sol,a; Qh,outg) ) (225)
where:

® foart,hmeh 1S a factor considering the monthly amount of incoming solar energy
and

® (Jhsola is the available annual solar energy for the heating system.

Qwsol can be calculated analogously with Equation (51) in [5]:

Qw,sol = min (fpart,w,mth . Qw,sol,a; Qw,outg) ) (226)

where:

® foart,wmth 15 @ factor considering the monthly amount of incoming solar energy
and

® (Qwsola is the available annual solar energy for the tap water system.
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fpart,j,mtn for heating and tap water systems takes another value for each month and
is given by Equation (78) in [4] or Equation (52) in [14]:

Ig

IS Ret

fpart,j,mth = : fpart,j,mth,Refa (227)
where:
e [g is the average monthly insolation given in the climate data,

e IsRer is the average monthly insolation of the reference climate region (region 4
[7]) and

® foart,jmthRef are constants which depend on the month.

The monthly values for fparthmthRef are shown in Tables 14 and 15 respectively.

Jul Jan | Feb | Mar | Apr | May | Jun
frarthmthret i %0 | 5.7 | 5.5 | 11.7 | 13.4 | 10.9 | 8.1

Table 14: Values for fpatnmtn according to Table 25 in [4].

Month Jul | Aug | Sep | Oct | Nov | Dec
frarthmthRet i % | 87 | 7.3 198 [ 9.7 |69 |23

Table 15: Values for fpartnmtn according to Table 25 in [4].

The monthly values for fpa wmth et are given in Table 16 and 17 respectively.

Month Jan | Feb | Mar | Apr | May | Jun
frartwmthRet I %0 | 2.7 | 3.2 | 6.9 |13.7]12.3 | 134

Table 16: Values for fyartnmth according to Table 13 in [5].

Moth Jul | Aug | Sep | Oct | Nov | Dec
frart.wmthret 0 % | 14.2 | 11.8 | 10.7 | 7.0 | 3.3 | 0.8

Table 17: Values for fyart nmth according to Table 13 in [5].
Qnsola 1s given by Equation (70) in [4]

Qh,soLa = max (QK,sol,a - Qw,sol,a; 0) > (228)

where Qk so1.o 1s the available annual solar energy collected by the solar collector which
is given by Equation (79) in [4]

QK,sol,a = sts,a . fNGA : fslr : fs,ls : fh,HKT,A + QW,S,&U (229)
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where:
® (Qsys,a is the yearly energy yield of the reference solar system,
e fxaa is the correction factor for considering the solar panel’s orientation and
pitch,
e f,. is the solar system’s load factor,
e fs1s is the correction factor for considering the heat loss of the storage and
® fuukr.A is the correction factor for considering the temperature level of the heat-
ing system at the design point.
Qw sol,a 1 given by Equation (50) in [5]:
Qw,sol,a - sts,a : fNGA . fslr,w : fs,Vaux : fs,ls + Qw,s,ay (230)
where:
® furw is the solar system’s load factor which is different from fg, and
® fsvaux is the correction factor for considering the storage’s volume for standby
mode.
Qsys.a 18 given by Equation (80) in [4]:

Qsysa = (271 -mg — 18.8 - ky — 653 - ko + 172 - TAM (50°) — 0.792 - ¢ — 20.7) - A,
(231)
where:

e 1) is the conversion factor,

e k1 and ko are both heat loss coefficients,

e TAM (50°) is the correction factor for considering the angle of incidence,
e c is the effective heat capacity and

e Ac is the surface area of the solar collector in m.

Mo, k1, k2, IAM (50°) and ¢ are constants depending on the collector type and its
age. They are given by Table 18.

Symbol Unit Flat-plate collectors Tube collector
After | 1990 to | Before | After | 1990 to | Before
1998 | 1998 1990 1998 | 1998 1990
Mo 0.77 | 0.75 0.72 0.71 | 0.70 0.65
k1 W/m2k | 3.50 | 4.00 4.50 1.00 | 1.20 1.50
ko W/m2k | 0.02 | 0.02 0.02 0.01 | 0.01 0.01
TAM (50°) 0.90 | 0.90 0.90 0.99 | 0.99 0.99
c kl/m2k | 6.40 | 6.40 6.40 11.00 | 11.00 11.00

Table 18: Values for ng, k1, k2, IAM (50°) and ¢ according to Table 15 in [5].
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Ag depends on the the collector type as well. Additionally, it is twice as large for
solar systems which support the heating system and the tap water system as for the
systems which only support the tap water system. Ac is given by the equations shown
in Table 15 in [5]. For solar systems which support the tap water system it is:

Ac = 0.095 - (ANGF)O'S for flat-plate collectors and (232)

Ac = 0.07- (Axar)™®  for tube collectors. (233)

If the heating system is supported as well it is:

Ac =019 (Axgr)™®  for flat-plate collectors and (234)

Ac = 0.14 - (Anagr)™®  for tube collectors. (235)

fnaa depends on the solar collector’s pitch and orientation and is given by Table
26 in [4] for heating systems supporting solar systems and by Table 14 in [5] for solar
system which only support the heating of tap water. However, the values in the tables
have been adapted in [16] and are shown in 55 and 56.

farw s given by Equation (55) in [5]:

In (slry,) =~ 0.00629
_'_
slry slry

feir,w = 0.000697 - (236)

where slr,, is solar system’s load factor for tap water. It is given By Equation (54) in

[5]:
slry = L, (237)
Qw,outg,a
where Qw outg,a 1S the total annual heat losses of the tap water system.
In contrast, if the solar system also supports the heating system, fg, is given by

Table 57. In this case, slr is given by Equation (71) in [4]:
Ac

Qges,outg,a

slr = , (238)

where Qges,outg,a 15 the sum of the heating system’s and tap water system’s heat losses
which is given in [4]:
Qges,outg,a = Qh,outg,a + Qw,outg,aa (239)
where Qh outg,q 1s the annually heat loss of the heating system.
far is also depending on fk .. which is given by Equation (76) in [4]:
_ Qw,outg,a (240)

fK’ a T °
b Qges,outg,a
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If the solar system only supports the tap water system f; s is given by Equation (57)
in [5]:
fs,[s =122 —0.464 - \/m ’ QS{;O day ) (241)
S,aux
where V; aux is the volume of the standby storage which can be calculated analogously
to Vs in Equation 203 according to Table 15 in [4].
If the solar system supports the heating system as well, f;s is given by Equation
(82) in [4]:
fsgs = 1.07 = 0.07 - Ry s, (242)

where R s is the specific heat loss rate of the solar system. It is given by Equation
(81) in [4]:

UA)*
Ry = (TA); , (243)
’ 0~0447'\/Qw,outg,a+0-14\/vsol,rcf
0'10187'QW,OUEg,E+‘/sol,ref
where:
e (UA)! is the total specific heat loss rate of the storage and
® Voirer is the volume of the reference solar system’s buffer storage.
Violret 18 given by Equation 75 in [4]:
‘/s, sol,ref — AC - 70. (244)

(UA)% depends on the storage type of the heating system. If the is a combined
storage for tap water and heating Equation (74) in [4] applies:

(UA)s = %, (245)

where (UA)s is the heat loss rate of the storage. It is given by Equation (72) in [4]:

1000
A s = s,day * T o 24
(U ) QPO. ,day 45 . 24 ( 6)
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If the tap water storage is separate from the heating system’s storage (U A)* is given
by Equation (73) in [4]:

(UA)W,S + (UA)S,SOI

UA): =
( )S Vw,s + ‘/s,sol

: (247)

where:
e (UA)y s is the heat loss rate of the tap water storage,
e (UA)ssa is the heat loss rate of the solar system’s buffer storage,
o V. s is the volume of the tap water storage and
o Vo is the volume of the solar system’s buffer storage.

foukr,a depends on slr and the average temperature of the heating system 6. The
values for fy kT a are shown in Table 58.
fs.vaux 1s given by Equation (56) in [5]:

‘/s,aux

fo vaux = 1.12 — 2.36 -
s QW, outg ,a

(248)

If intermediate values are available for determining the values with Tables 55, 56, 57

and 58, the actual values can be estimated by interpolating them linearly according to
[4] and [5].
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9. Calculation of the final energy demand

With the calculated net energy amounts, the final energy amounts can now be deter-
mined. This is again done for each available conditioning system.

9.1. Heating system
The final energy for heating is given by Equation (4) in [11]:
Qh,f = (Qh,outg + Qh,gen) : fgen,PMa (249)

where fyen pv is the correction factor for considering a built-in pump management. It
can take one of several values:

® foenpm = 1 for no built-in pump management,

® feenpm = 1.03 for built-in pump management and the boiler is controlled con-
sidering the outside temperature or

® feenpm = 1.06 for built-in pump management and the boiler is controlled con-
sidering the internal temperature.

Qn is also composed of other energy amounts as Equation (5) in [11]:

Ons = Qurt,in + Qntprod — Qi out (250)
where:
® (nfin is the energy amount provided from outside,
® Qhfprod is the energy amount which has been generated or made available and
® Qutout i1s the final energy amount which has been dissipated to the outside.

The equations calculating Q. fin, @nfproda and Qnrouw depend on the technology
which is used for heat generation. The equations are shown in Table 49.
The auxiliary energy for heating is given by Equation (6) in [11]:

Wh = Wh,ce + Wh,d + Wh,s + Wh,gen~ (251)

9.2. Tap water system
The final energy for tap water is given by Equation (4) in [14]:

Qw,f - prutg + Qw,gen- (252)
Q¢ 1s also composed of other energy amounts as in Equation (5) in [14]:
Qw,f - Qw,f,in + Qw,f,prod - Qw,f,outu (253)

72



where:
® (Qw.tn is the energy amount provided from outside,
® (Qw.fprod 1S the energy amount which has been generated or made available and
® (Qw.iout 1s the final energy amount which has been dissipated to the outside.

The equations calculating Qw fin, Qw.fprod and Qyw foue depend on the technology
which is used for the heating of tap water. The equations are shown in Table 50.
The auxiliary energy for tap water is given by Equation (6) in [14]:

Ww = Ww,ce + Ww,d + Ww,s + Ww,gen~ (254)

9.3. Ventilation system

The final energy for ventilation systems is given by Equation (6) in [12]:

Qrv,f = Qrv, outg + Qrv,g = Z Qrv,f, in T Z Qrv,f,prod - Z Qrv,f,outu (255)

where:
® (Qyv.fn is the energy amount provided from outside,
® (v fprod 1s the energy amount which has been generated or made available and
® (v fout is the final energy amount which has been dissipated to the outside.

The equations calculating Qv fin, Qrv.fprod and Qry ot depend on the technology
which is used for mechanical ventilation. The equations are shown in Table 51.
The auxiliary energy for ventilation systems is given by Equation (7) in [12]:

er = er,ce + er,d + er,s + er,g- (256)

9.4. Total final energy amounts

For an energy source j the total final energy amount which has been provided from
outside is then given by Equation (19) in [6]:

Qtinj = (@nting + Qne finj + Qe fing + Qorfinj + Qst.rij T Qrv.fin,j (257)
+Qrefing + Qwiing + Queing + Wring + Qel,ing) - Qi
where:
o W;inj is the sum of all final auxiliary energy amounts and

® (xin; represents the different final energy amounts which have to be supplied
from the outside for each conditioning process in which the conditioning system
J is involved.
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ag;j represents the part of the total energy amounts for the fulfillment of demand
which is supplied to the considered zones for the balancing. It depends on the condi-
tioning systems and can take one of several values:

e «as;; = 1 for fuels,
e «ay;; = 1 for district heating,

e «ay;; = 0 for energy amounts which have been supplied to and absorption cooling
plant and

® Qfij = Oy;suwom fOr electricity. This is not considered for residential buildings.

Analogously, the total final energy amount which is required for processes outside of
the considered zones is given by Equation (21) in [6]:

Qf, out ,j — Qh,f, out ,j + Qh*,f, out ,j + Qc,f, out ,j + Qc*,f, out ,j + Qst,f, out ,j + QI‘V,f, out ,j

+Qrc,f, out ,j + Qw,f, out ,j + Qf, out,PV,j + Qf, out, WEA j + Qf, out,CHP,j »

(258)
where Qxfout,j represents the different final energy amounts which have to be sup-
plied from outside for each conditioning process in which the conditioning system 7j is
involved.

The sum of all auxiliary energy amounts is given by Equation (16) in [6]:

Wi in = Wi+ We+ Wy + Wae + Wer + W + Wiy + Wie + Woe + Wi+ Way,  (259)
The used abbreviations stand for:

e h: heating system,

e h*: heating of the ventilation and air conditioning system,

e c: cooling system,

e c*:

cooling of the ventilation and air conditioning system,
e st: humidifying system,

e rv: ventilation system (in residential buildings),

e rc: cooling system (in residential buildings),

e w: tap water,

e |: lightning,

e cl: electricity,

e PV: photovoltaic,

74



e WEA: wind power,

CHP: thermal power station,
e v: air transport and

aut: automation.

9.5. Determining the Energy efficiency class

For determining a residential building’s energy efficiency class, the annual final energy
demand relative to the building’s usable area Ay has to be considered. With Equation
(1) in [6] the yearly final energy can be calculated:

12
Qo= Quinj: (260)
j=1

where:
e (), is an annual energy demand and
® (mih,; is the corresponding monthly energy demand in month j.

For Q¢ it is:

12
Qra = Z Qf.mth 5 (261)
j=1
The final energy demand with respect to the building’s usable area ()} is then given
by:

* Qf,a
Qf,a - AN .

The energy efficiency classes are defined Appendix 10 of the corresponding law .
They are shown in Table 19.

(262)

" Gesetz zur Vereinheitlichung des Energieeinsparrechtsfur Gebdude und zur Anderung weiterer
Gesetze, Vom August 2020
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Energy efficiency class | Qf, in k¥Wb/a m2
At <30

<50

<75

<100

<130

<160

< 200

< 250

> 250

asiNeplicoNes|RwiN@]lvs] s

Table 19: Energy efficiency classes according to the corresponding law.
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10. Calculation of the primary energy demand

With the calculated final energy amounts, the primary energy amounts can now be
calculated. The primary energy with respect to the inferior heating value @), is given
by Equation (25) in [6]:

Qp = Qp,in - Qp,out- (263)

It can also be calculated with respect to the superior heating value as Q) us by
Equation (26) in [6]:
Qp,HS = Qp,in,Hs - Qp,out7 (264)

where:
® (Jpin is the primary energy regarding the inferior heating value,
® (Jpinms is the primary energy regarding the superior heating value and
® (Jpout is the primary energy required for processes outside of the considered zones.

Qp,in 1s given by Equation (22) in [6]:

Qpin = Z (Qf,in,j : M) , (265)

st/Hi,j

J

Qp,inus 18 given by Equation (23) in [6]:

Qp,inHs = Z (Qtinj - fpiinj) (266)

J

and Qpout 1s given by Equation (24) in [6]:

Qp,out = Z (Qf,out,j : fp,out,j) 5 (267)

J
where:

® (Jtin; is the supplied final energy with respect to the superior energy value of
energy source 7,

® (Jf out,j is the supplied final energy required for processes outside of the considered
zones for energy source j and

e f,;is the primary energy factor of energy source j.

fp,j depends on the building’s energy sources. Possible values are shown in Table , 53
and H4 respectively as well as the corresponding COs-equivalents xco,. These can be
used in the presented equations instead of f, ; for calculating the total mass of emitted

COa.
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11. Results

In order to evaluate the accuracy of this work’s implementation, the final results have
been compared to those of the most established software tools which have been men-
tioned in Table 1. This has been done for each exemplary building setups presented in
[16], except those with a heat pump as heat generation system. For each test case, the
final energy amounts of all technical systems within the building have been calculated
by each tool and have been summed up and compared to each other in the tables
in Section 3 in [16]. Analogously, the results and relative deviations of this work’s
implementation regarding the reference result in [16] are listed in Tables 22, 23, 24
and 25 respectively. The input for each of the considered test cases has precisely been
described in [16] and had to be used for the calculations by the other tools in order to
earn the seal of quality of the '18599 Giitegemeinschaft’ 2. By using these inputs for
this work’s implementation, the obtained results can indeed be used for a meaningful
comparison of the results’ precision.

Apart from the results’ accuracy, the program’s average run time is another impor-
tant quality criterion for software. Therefore the run time of this work’s implementation
has been tracked in order to compare it with those of the other tools. Before the actual
run time comparison, the run time of this work’s implementation has been profiled and
improved. For this, the most time consuming program parts were took into accounts
and their run time was lowered as much as possible. Similar to the comparison of the
final results, comparing the run times is only meaningful if the same input is used for
all of the tools whose run times should be compared. Unfortunately, [16] only provides
the results of the different calculations by each tool but not the run times. Therefore
it was necessary to download and install the available test versions of the considered
software tools and track their run times. However, these some of test versions are only
partially usable while others do not allow to accurately track their run time as it is
not possible to distinguish the programs’ loading times from their actual run times.
The only software tool which allowed a relatively meaningful run time comparison is
'EVA 18599 Wohnbau’ by Leuchter '* because an input file can be loaded and then
recalculated again, such that the program’s run time can be measured. Additionally,
the considered test cases in [16] are available within "EVA 18599 Wohnbau’ as example
projects. By using these, the run time comparison is meaningful as well.

11.1. Discussion of results

The final results of the different software tools including this work’s implementation
have been compared to each other. For single family houses, the test cases 5, 6, 7, 8, 9,
10, 14 and 15 in [16] have been considered while for apartment buildings, the test cases
5,6,7,8,9, 10, 11, 14 and 15 were took into account. These test cases cover many of
the most established technical systems which may be installed in residential buildings.
The maximal deviation of this work’s implementation is rounded up to about 0.1%.

1218599 Giitegemeinschaft: http://www.18599guetegemeinschaft.de/index.html
B3https://www.leuchter.de
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This deviation can be considered as acceptable, as the allowed maximal deviation for
sufficient accuracy is 1%, according to the 'DIN V 18599 Giitegemeinschaft’ 4. In most
of the test cases, the results do not differ from the reference results in [16] regarding
the given numerical precision. Although the implementation of this work does not yet
cover all of the test cases, it calculates most of them with little to no deviations with
respect to the reference results and, if at all, the deviations are about as considerable
as those of the established tools. Overall, this work’s implementation is an accurately
calculating tool and the tested features even fulfill some of the requirements for earning
the seal of quality of the '18599 Giitegemeinschaft’. For actually earning the quality
seal, the remaining test cases which cover heat pumps have to be tested successfully.
Note that in Tables 22, 23, 24 and 25, several relative deviations of other software tools
have been rounded down while a relative deviation of this work’s implementation has
been rounded up in each case.

11.1.1. Profiling

After the correct results have been obtained, the last step was to improve the imple-
mented program’s run time. For this, each test case has been run 1000 times before
and after making the improvements to the source code. The program has been profiled
with cProfile !5, which allow to track the different program parts’ run times. The total
run time and the run times of the 4 costliest functions have been taken into account.
In order to lower these run times, the specific program part has been analyzed and
any detected unnecessary operation have been removed. In most of the cases these
operations were redundant loop runs or recalculating constant values which only differ
for different building setups.

Overall, the average total run time could be lowered by about 22.13%, as shown
in Tables 20 and 21, which also show the relative run time improvements of the 4
costliest functions, as well as the average run time before and after improvements had
been made.

Note that several program parts may be sub programs to other program parts, for
example the program part "heat_generating’ is part of 'heating_system’. Therefore the
sum of the run times shown in Tables 20 and 21 exceed the total run time.

Total net_energy heating_system
before | after | before | after | before | after
Run time (ms) | 108 84.1 | 90.5 66.2 | 48.1 9.71
Improvement | -22.13 % -26.85 % -79.81 %

Table 20: Run times of the most costly program parts in seconds and the relative run
time improvements.

1418599 Giitegemeinschaft: http://www.18599guetegemeinschaft.de/index.html
5https://docs.python.org/3.8/library/profile.html#module-cProfile
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heat_generating | tap_water

before | after before | after
Run time (ms) | 35.6 31 18.1 6.09
Improvement | -12.92 % -66.35 %

Table 21: Run times of the most costly program parts in seconds and the relative run
time improvements, continued.

Analogously, the run times and relative improvements for each test case are shown
in in Tables 26 and 27. In order to obtain reliable results, each test case has been
recalculated 1000 times. However, the shown run times were divided by 1000 to obtain
the average run time for a single run. In one case, one of the functions’ run times
(the one for heat generation) was slightly increased. However, the total run time of
the same test case was still lowered and in each of the other cases, the run time of the
considered function was lowered. Overall, the total run time for calculating the energy
balance of one building amounts to about 4.95 ms.

The partitioning of the run times for 1000 runs before the improvements have been
illustrated in 6 and 7. In comparison, 8, 9 and 10 show the run times after the
improvements. The illustrations have been generated with SnakeViz 1°.

11.1.2. Run time comparison

In order to compare the program’s run time with the one of a commercial software
tools, 'TEVA 18599 Wohnbau’ by Leuchter 7 has been used. Its test version is suitable
for the comparison as it can be downloaded for free and all of the considered test
cases are available in the tool as example projects. These example projects have been
imported and the calculation has been repeated 5 times for each of the considered
test cases. The software tool itself does not provide the possibility to track its run
time, therefore a mobile device was used which allowed make a slow-motion shot of the
monitor of the computer on which the test cases were run. Along with the software
tool’s window and the mouse’s loading icon, a stop watch has been recorded which
later allowed to determine the start and the end of a program sun with the precision of
a hundredth second. After each test cases has been run 5 times, the differences of the
corresponding start and end times have been calculated which result in the program’s
run time. The average run times for each of the test cases are shown in Table 28 for
single family houses and in Table 29 for apartment buildings. Overall, the total average
run time is about 2.88s. In comparison to 'TEVA 18599 Wohnbau’, the run time of this
project’s implementation is about 581.8 times shorter.

https://jiffyclub.github.io/snakeviz/
1"https:/ /www.leuchter.de
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. 13013 13061 | 13067 | 13067 | 13069 | 13064 | 13035 | 13065 | 13065 | 13067 | 13065
. Heating 13065
Condensing 0.0%
boiler (CB) 4129 4134 4129 4129 4127 4129 4127 4129 4129 4129 4129
Tap water | 4129 0.0%
CB with solar Heating 13206 13153 13205 | 13208 | 13208 | 13206 | 13206 | 13155 | 13205 | 13206 | 13208 (1)3027(16
System for Tap 2012 | 2012 | 2012 | 2012 |2012 | 2012 | 2012 | 2012 | 2011 | 2012 | 2011
water Tap water | 2011 0.0%
CB with solar Heating 12381 12341 12381 | 12382 | 12382 | 12384 | 12381 | 12338 | 12380 | 12381 | 12382 (1)2(;3(;)1
System for Tap 2067 | 2068 | 2067 | 2067 | 2068 | 2068 | 2067 | 2068 | 2067 | 2067 | 2067
water and Tap water | 2067 0.0%
exhaust air -
Ventilation Ventilation | 102 102 102 102 102 102 102 102 102 102 102 (1)002%
Reference . 11237 11236 | 11237 | 11237 | 11238 | 11235 | 11221 | 11236 | 11236 | 11236 | 11236
1 qe . Heating 11236
building with 0.0%
pipe le.ngths Tap water | 2294 2295 2282 295 2295 2289 2296 295 2.295 | 2294 2295 2294
according to 0.0%
DIN V 4701 o . 89 &9 89 &9 89 89 89 89 89 89 89
Ventilation | 89 0.0%

Table 22: Final energy of single family houses in ¥Wh/, and deviations comparatively to similar tools.
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supply
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. 0
Heating 14004 14000 | 14014 | 14000 | 14000 | 14005 | 14013 | 14000 | 14001 | 14004 | 14000 (1)4(;)(%4
Biomass boiler B B e e e e i M
Tap water | 5519 5524 | 5527 | 5524 | 5524 | 5520 | 5523 | 5524 | 5519 | 5519 | 5524 8501(%
. 12356
District Heating | 12356 0.0%
Heating Tap water | 3732 3732

0.0%

Table 23: Final energy of single family houses in kWh/, and deviations comparatively to similar tools, continuation.
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water and Tap water | 10649 0.0%
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Reference Heating 99216 29218 | 29227 | 29218 | 29219 | 29218 | 29211 | 29218 | 29218 | 29216 | 29218 (2)902(;6
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Table 24: Final energy of apartment buildings in ¥Wh/a and deviations comparatively to similar tools.
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CB with solar . 33937 | 34026 | 33937 | 33937 | 34012 | 34169 | 33937 | 34022 | 34039 | 33937 | 33809
Heating 34039
System for Tap
;Z;ili'nz;nd Tap water | 9012|2010 [ 8999 [ 9010 | 9010 | 9017 [ 9010 | 9010 [ 9010 [ 9012 | 9010
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. 0
sl};:)l;;lyst and Tap water | 16087 | 1058 | 16079 | 16088 | 16088 | 16087 | 16088 | 16088 | 16087 | 16087 | 16088 | 16087
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. Heating | 40012 | 20011 | 40067 | 40011 | 40011 | 40035 | 40006 | 40011 | 39966 | 40012 | 40011 | 40012
heaters Tap water | 9265 0205 | 9265 9265 | 9265 | 9265 | 9265 | 9265 | 9265 | 9265 | 9265 | 9265
Heating ~0611 |2V612 | 50626 | 50612 | 50612 | 50619 | 50603 | 50612 | 50608 | 50611 | 50612 | 50612
Biomass boiler Tap water | 18536 | 15030 | 18923 | 18536 | 18536 | 18534 | 18535 | 18536 | 18536 | 18536 | 18536 | 18536
Heating | 35867 |22008 | 35821 | 35868 | 35868 | 35862 | 35842 | 3388 | 35867 | 35867 | 35868 | 35863
District
Heating Tap water | 15058 | 12098 | 15050 | 15058 | 15058 | 15058 | 15058 | 15058 | 15058 | 15058 | 15058 | 15058

0.0%

Table 25: Final energy of apartment buildings in ¥Wh/a and deviations comparatively to similar tools, continuation.




Setu Total net_energy heating_system | heat_generating | tap_water
P before | after | before | after | before | after before | after before | after
CB Run time 6.99 5.68 | 6.01 4.65 | 3.41 0.517 | 2.62 2.26 1.05 0.284
Improvement
CB it wlr syt o a watr | B0 6 0.517 0.475
CB with solar system for tap water | Run time 0.527 0.481
and exhaust air ventilation Improvement

ag

Reference building with pipe | Run fim

lengths according to DIN V 4701 Improvement

CB with solar system for tap water | Run fime

and heating Improvement
CB with exhaust and supply | Run tim
ventilation Improvement
Biomass bofler Bun e
Distriet heating Run fime

Improvement

Table 26: Run times in ms and relative improvements for each test case of the single family houses.



Setu Total net_energy heating_system | heat_generating | tap_water
P before | after | before | after | before | after before | after before | after
CB Run time 4.97 4.43 | 4.03 342 | 2.24 0.496 | 1.76 1.66 0.625 | 0.251
Improvement
CB with solar system for tap water g:;lrzl‘tzfn - -5.46 -4.68 -4.52 -3.66 -2.24 -0.501 -1.63 _1.68 -1.14 -0.445
CB with solar system for tap water | Run time 0.501 0.445
and exhaust air ventilation Improvement

Reference bulding with pipe | Run fime

lengths according to DIN V 4701 Improvement

98

B with solar system for fap water | Run fime

and heating Improvement
CB with cxbmust and supply | Run time
ventilation Improvement
OB and decentralized the heating | Roun time
of tap water (flow heater) Improvement
o o Ran iime__
District heating g:;r:;i‘t:fn - -3.84 -3.42 -2.93 -2.46 -1.47 -0.437 -1.15 _1.02 -0.474 -0.29

Table 27: Run times in ms and relative improvements for each test case of the apartment buildings.



heating_system.py:16(__init__)
48.1s

solar_system.py:45(calc_Q_w_sol)
4.13s

decoder.py:332(decode)

Figure 7: Visualization of the program parts’ run times before profiling, continuation.
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heat_generating.py:10(__init_)
310s

Figure 8: Visualization of the program parts’ run times after profiling.

heat_generating.py:10(__init_ ) heat_distribution.py:7(__init_)
31.0s 271s

__init__.py:274(load)  fuels.py:6(__init_)
16.7s 9.24s

Figure 9: Visualization of the program parts’ run times after profiling, continuation.
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fuels.py:6(__init_ )
9.24s

tap_water_generating.py:8(__init_)

__init__.py:274(load)
16.7 s

__init__.py:299(loads)
13.7s

decoder.py:343(raw_decode)
118s

f NGA_water.py:10(__init_ )
115s

Figure 10: Visualization of the program parts’ run times after profiling, another con-

tinuation.
Setup Run time (s)
Condensing boiler (CB) 2.806
CB with solar system for tap water 2.906

CB with solar system for tap water and exhaust air ventilation | 2.87
Reference building with pipe lengths according to DIN V 4701 | 2.91

CB with solar system for tap water and heating 2.864
CB with exhaust and supply ventilation 2.89

Biomass boiler 2.916
District heating 2.884

Table 28: Average run times of the software tool "TEVA 18599 Wohnbau’ for calculating
the considered test cases of the single family houses.

Setup Run time (s)
CB 2.848
CB with solar system for tap water 2.896

CB with solar system for tap water and exhaust air ventilation | 2.892
Reference building with pipe lengths according to DIN V 4701 | 2.88

CB with solar system for tap water and heating 2.918
CB with exhaust and supply ventilation 2.86
CB and decentralized the heating of tap water (flow heater) 2.796
Biomass boiler 2.922
District heating 2.89

Table 29: Average run times of the software tool "TEVA 18599 Wohnbau’ for calculating
the considered test cases of the apartment buildings.
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12. Conclusion and outlook

Overall, the implemented software provides a broad basis for the final web app which
users may use in future. The modular structure of the program code allows to effort-
lessly update or replace entire program parts if the corresponding standards have been
changed. The results of this work fulfill the requirement of deviating less than 1% from
the results of the 'DIN V 18599 Giitegemeinschaft’ *®. Hence, the software is accu-
rate and can even keep up with established professional software tools. Additionally,
with a run time of about 4.95ms to calculate the energy balance of one building, the
implemented program seems to be fast, at least in comparison to the test version of
the software tool "TEVA 18599 Wohnbau’ . Unfortunately, this was the only free tool
which allowed to reasonably retrace which calculations were made within a specific
time. Regarding this work’s application in a web app, the short run time allows to
keep the loading times for users low.

As this work is based on the calculation of the DIN V 18599 standard which is con-
tinuously evolving with the years, the implementation has to be appropriately adapted
and updated from time to time to ensure reliable results. Several program parts already
have an updated version of their functions, while some others still remain outdated at
this time. As the reference results provided by the 'DIN V 18599 Giitegemeinschaft’
are outdated, the future aim is to compare the updated function’s results to those of
the established software tools with the same DIN V 18599 standard version. In addi-
tion, the remaining conditioning systems (heat pumps) are going to be implemented
in order to reach the complete set of successfully tested test cases. As the current pro-
gram version only calculates the energy balance of residential buildings, it is also going
be extended to be able to calculate the energy balances of non-residential buildings
too, as well as buildings consisting of residential and non-residential areas.

1818599 Giitegemeinschaft: http://www.18599guetegemeinschaft.de/index.html
YIngenieurbiiro Leuchter, EVA Software: https://www.leuchter.de/
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A. Standard values

Symbol| Heat flow by Value
F, Outer walls, windows, ceilings above outer air or underground garages | 1.0
Iy Roofs which delimit the considered zone 1.0
p Ceilings to non thermal isolated attics 0.8
E, Dwarf walls 0.8
F, Walls and ceilings to unheated rooms (except basements) 0.5
F Walls and ceilings to unheated rooms with a temperature between | 0.35
12°C and 19°C
F, Walls and windows to unheated sunporches with:
Single-strength glass 1.0
Double glazing 1.0
Heat protection glass 1.0

Table 30: Temperature correction factors F, according to Table 5 in [8].
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G6

Fyx

B=A4g/(05-P)

Heat flow by < 5m ‘ 5m to 7.5m ‘ > 7.5m to 10m ‘ > 10m
With the heat transfer resistance R of the considered component
~ o — w ~ o — w ~ o — w ~ o - w
IA o A INA IA o A INA IA o A IA IA o A IA
s [N |wmwm o |V wm x| [N w x| e [N w
w uy) IA w oy IA w oy IA w oy IA
IN IN w IN INA w IN IN w IN IN w
— — — — — — — —
Components of
heated base-
ments
Floor fin | 0.2 45 | 55 07 102 |04 |05 |[065|0.15/035]045]0.6 |0.15/03 |04 |0.55
Wall fwp | 0.35 ] 0.55 | 0.65 | 0.75 | 0.35 | 0.55 | 0.65 | 0.75 | 0.35 | 0.55 | 0.65 | 0.75 | 0.35 | 0.55 | 0.65 | 0.75
Floor on top of | fr, | 0.3 [ 05507 |08 02505 |06 |075]02 |04 |055|0.65|0.15{0.35|0.45]0.6
the earth with-
out isolation
Floor on top of
the earth with
isolation
5m horizontally | fr, | - - - 0.15]035|045(06 |01 |03 |045|055]0.1 [0.25|04 |05
2m vertically fir 102 104 |05 [065(015|03505 |06 |[015]035]045|06 |01 |03 |04 |0.55
Ceiling and
inner walls
to unheated
basement
with perimeter | f¢ | 0.35]0.65|0.75 |08 |035[06 |07 |08 [03 |0.55]0.65|0.75]025|05 |0.65]0.7
isolation
without fo 1045]0.75108 |08 |04 |07 |08 |15 0.35]0.65 | 0.75 0.8 | 0.3 |60 0.7 ]0.75
raised floor 0.9

Table 31: Temperature correction factors F, according to Table 6 in [8].




Glass type | Description

Single-strength glass

Double glazing, filled with air

Triple glazing, filled with air

Heat insulating glass, double, filled with argon, one covering

Heat insulating glass, triple, filled with argon, two coverings

Sun protection glass, double, filled with argon, one covering

Sun protection glass, double, filled with argon, two coverings

Heat insulating glass, double, filled with argon, one covering, switchable

O 0| | O O = W DN+~

Heat insulating glass, triple, filled with argon, two coverings, switchable

Table 32: Glass types.
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External sun protection

Sun blind (10°) Sun blind (45°) Marquee Shutter full Shutter (3/4)
Glas type white dark white dark white gray white dark white dark
gray gray gray gray
Gtot Gtot Gtot Ftot Gtot Gtot Gtot Gtot Gtot Gtot
1 0.12 0.2 0.18 0.21 | 0.28 0.23 | 0.23 0.25 | 0.39 0.4
2 0.1 0.15 | 0.15 0.16 | 0.25 0.19 | 0.2 0.19 | 0.35 0.34
3 0.08 0.12 | 0.13 0.13 | 0.23 0.16 | 0.18 0.16 | 0.31 0.3
0.08 0.11 | 0.13 0.12 | 0.23 0.15 | 0.18 0.16 | 0.32 0.3
4 0.07 0.1 0.12 0.1 0.21 0.14 | 0.17 0.14 | 0.29 0.27
0.07 0.08 | 0.11 0.09 | 0.2 0.13 | 0.16 0.13 | 0.28 0.25
0.06 0.08 | 0.1 0.08 | 0.17 0.11 | 0.14 0.11 | 0.24 0.22
5 0.06 0.07 | 0.1 0.07 | 0.19 0.11 | 0.15 0.11 | 0.26 0.23
0.05 0.06 | 0.09 0.06 | 0.17 0.1 ]0.13 0.1 0.23 0.2
0.06 0.09 | 0.1 0.1 0.17 0.12 | 0.14 0.12 | 0.22 0.21
0.06 0.09 | 0.09 0.09 | 0.14 0.11 | 0.11 0.11 | 0.18 0.18
6 0.05 0.08 | 0.08 0.09 | 0.12 0.09 | 0.09 0.1 0.13 0.14
0.05 0.08 | 0.08 0.08 | 0.14 0.1 |0.11 0.11 | 0.17 0.17
0.05 0.08 | 0.07 0.08 | 0.12 0.09 | 0.09 0.1 0.14 0.14
0.04 0.06 | 0.07 0.06 | 0.12 0.08 | 0.1 0.08 | 0.16 0.15
7 0.04 0.06 | 0.06 0.06 | 0.1 0.07 | 0.08 0.07 | 0.12 0.12
0.03 0.06 | 0.05 0.06 | 0.08 0.06 | 0.06 0.07 | 0.09 0.09
8 0.2
9 0.17

Table 33: Value for g, according to Table 8 in [8].




Internal sun protection

Glass type Sun blind (10°) Sun blind (45°) | Window shade Foil
white | dark gray | white | dark gray | white | dark gray | white
Gtot Gtot Gtot Gtot Gtot Gtot Gtot
1 0.43 |0.64 0.45 | 0.65 0.42 | 0.46 0.38
2 0.44 | 0.63 0.46 | 0.64 042 | 047 0.4
3 0.43 |0.59 0.45 | 0.6 0.41 | 0.46 0.4
0.44 | 0.61 0.46 | 0.62 042 | 047 0.4
4 0.43 | 0.58 0.44 | 0.58 041 | 0.45 0.39
0.42 | 0.56 0.44 | 0.56 0.4 0.44 0.39
0.38 | 0.47 0.39 | 0.48 037 |04 0.36
5 0.41 | 0.53 0.42 | 0.54 0.39 |0.43 0.38
0.38 | 0.48 0.39 | 0.48 037 |04 0.36
0.35 | 0.43 0.36 | 0.43 0.34 | 0.37 0.34
029 |0.34 0.3 0.34 0.29 | 0.3 0.28
6 0.21 |0.23 0.22 |0.23 0.21 |0.22 0.21
0.29 |0.33 0.29 | 0.33 0.28 | 0.3 0.28
0.23 |0.25 0.23 | 0.25 0.23 |0.23 0.22
0.28 | 0.32 0.28 | 0.32 0.27 | 0.28 0.27
7 0.21 |0.23 0.21 |0.23 0.21 |0.21 0.2
0.15 | 0.15 0.15 | 0.15 0.14 | 0.15 0.14
8 0.2
9 0.17

Table 34: Value for g, according to Table 8 in [§].
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Glass type No sun protection

Ug | g Te
1 5.810.87 ] 0.85
2.910.78 [0.73
3 2 107 |063
171072106
1.4 10.67 [ 0.58
1.1]0.64 | 0.58
1 1053045
08106 |05
0.7]0.53]0.46
1.310.48 [ 0.44
1210371034
6 1.21025]0.21
1.110.36 [ 0.33
111027 ]0.24
0.7 1034 [0.29
7 0.7 1024 ]0.21
0.7]0.16 | 0.13

8 1.1 1041 | 0.36
9 0.7 1 0.36 | 0.31

Table 35: Value for Uy, g and 7. according to Table 8 in [§].
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. . . <10 > 10
Single-pipe-system Abnydr Two-pipe-system = n
Aehydr Aehydr
no no
hydraulic 0.7 hydraulic 0.6
comparison comparison
Comparison Comparison per
per heating 0.4 radiator, no 0.3 0.4
circuit collective comparison
Dynamic comparison Corpparlson pet
. radiator and

per heating 0.3 . . 0.2 0.3

. collective comparison,
circult .

static
Dynamic comparison
heati :
pet .eatmg Comparison per
circuit and radiator and
dynamically controlled 0.2 . . 0.1 0.2
. . collective comparison,

depending on its dvnamic
workload Y
(temperature dependent)
Dynamic comparison
per heating
circuit and 0.1 Dynamic comparison per

dynamically controlled
depending on its
workload

radiator

Table 36: Values for Afyq, according to Table 9 in [11].
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Parameter

Variation

Aestr

Aectr;l

A00‘51“;2

Aeemb

No controller, or
central flow temperature control

Operation room or
Single pipe heating system

Temperature controller

electronic temperature control

P-Controller (before 1988)

P-Controller

PI-Controller

PI-Controller with
optimization
function

2.5

2.5

1.8

1.8

1.6

1.4

1.4

1.2

0.7

1.2

0.7

0.9

0.5

Renewed single-pipe heating systems
and two-pipe heating systems

Astr. 1 Astr.2

60 K

1.2

425 K

0.7

Over temperature

30 K

0.5

relative to

20 K

0.4

Oy =20°C

Single-pipe heating system, not renewed

60 K

1.6

425 K

1.2

Heating systems combined
with mechanical ventilation

0.2

Radiators with blowers

Radiator on interior wall

Building shell

Radiator on glass surface

Radiator on glass surface with radiation shield

Radiator on exterior wall

1.3

1.7

1.2

0.3

[ew] Nenl N aw) Naw]

Table 37:

Values for Abg,, Abctr1, Abcty1 and Abey, according to Table 10 in [11].
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Parameter

Variation

AQSH‘

Aectr;l

Aectr;Q

Aeemb

Temperature controller

No controller, or
central flow temperature control

Operation room or
Single pipe heating system

Electronic
temperature control

P-Controller (before 1988)

P-Controller

PI-Controller

PI-Controller with
optimization
function

2.5

2.5

1.8

1.8

1.6

1.4

1.4

1.2

0.7

1.2

0.7

0.9

0.5

System type

Floor heating system

Astr.l Astr.2

Wet system

Dry system

0.7

Systems with low coverage

0.4

Wall heating

0.2

Overhead heating

0.7

Heating systems combined
with mechanical ventilation

0.7

Building shell

Without minimal insulation according to DIN EN 1264

1.4

With minimal insulation according to DIN EN 1264

0.5

With better insulation as in DIN EN 1264

0.1

Table 38: Values for A, Abeyr1, Abetr1 and Afey, according to Table 11 in [11].
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Distribution type | Building group Horizontal distribution Riser pipe Connection
C1 ‘ Co ‘ C3 Cyq ‘ Csy ‘ Cg C7 ‘ Cg
TypeI LV:CI+02'ACN3GF LS:C4'AIC\15GF+CG'ANGF'h'nG LA:C7'AIC\ISGF
1 3023 [0.79 256 [ 0.1 [0.0006 0.06 | 1.13
Ls=cy- Anar +¢5- (h-ng)®
2 30| 1.5 0.79 0.0050 | 1.5 1 0.05 |1
3 301 0.79 0.0033 1] 0.9 1.2 0.1 |1
4 30| 0.8 0.8 0.000 3 | 1.75 0.9 7.1 1042
5 301 0.79 0.0033 ] 0.9 1.2 7.1 1042
C3
Type Ila Ly=c+c- (AS—SF> Ls = ¢5 - ANgp Ly = cr- AQqr
1 30| 0.17 | 1.05 0.008 | 1.12 0.3 | 1.11
2 30045 |0.84 0.003 5 | 1.23 017 |1
3.4 30| 0.18 | 1.15 0.3 0.7 0.13 | 1.2
D 30045 |0.84 0.0035 | 1.23 02 |12
C3
Type IIb Ly =ity (i) Ls = c5 - Allgp Ly = o7 ASr
1 30| 0.17 | 1.05 0.008 | 1.12 0 1
2 301045 |0.84 0.003 5 | 1.23 0 1
3.4 30| 0.18 | 1.15 0.3 0.7 0 1
D 30045 |0.84 0.003 5 | 1.23 0 1
C3
Type III Lv=ci+o (A Ls = c5 - Ao Ly = cr- A
1 30 26 [0.72 [ 0.008 | 1.39 0.25 [ 1
Ly =cr Law+ o (B9) /Lo Ls = 3 Axar - h
2 2 10.022 | 2 0.026 0.02 | 1.18
3 2 1002 |2 0.042 023 |1
4,5 2 1002 |2 0.009 2.5 |0.65
Type IV LV =C9 " AIC\?GF LS =Cy - ANGF - h LA =C7- AIC\IBGF
1 0.35 | 0.9 0.000 7 0.1 | 1.13
2tob 0.24 {0.95 0.0004 1.12 | 0.56

Table 39: Values and equations for the pipe lengths according to Table 26 in [11].




Building class

Distribution

Pipes outside of
the thermal envelope

Pipes inside of

the thermal envelope

4 S [ A A ]S
Isolated pipes
After 1995 0.2 0.255 0.255 0.255 | 0.255
1980 to 1995 0.2 0.4 0.4 0.3 0.4
before 1980 0.4 0.4 0.4 0.4 0.4
Non-isolated pipes
Axar < 200m? 1 1 1 1 1
200m? < Angr < 500m? | 2 2 2 2
500m? < Angr 3 3 3 3 3
Inside walls
non-isolated 1.35/0.80
isolated
Usww > 0.4W/nex 1.00/0.90
isolated Upaw < 0.4 W/m2.x 0.75/0.55
Table 40: Values for U; according to Table 27 in [11].
Energy source JHs/mi
Fuel oil, bio oil 1.06
Natural gas, bio gas 1.11
Fuels Liquid gas 1.09
Hard coal 1.04
Brown coal 1.07
Wood 1.08
Electricity 1.00
District heating 1.00
Other energy sources | Environmental energy | 1.00
Waste heat 1.00

Table 41: Values for f%
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Boiler type Year A B C D
Dualfuel boiler before 1978 | 77.0 | 2.0 | 70.0 | 3.0
1978 to 1987 | 79.0 | 2.0 | 74.0 | 3.0

before 1978 | 78.0 | 2.0 | 72.0 | 3.0

Solid fuel boiler (fossil and biogenic fuel) 1978 to 1994 | 80.0 | 2.0 | 75.0 | 3.0
after 1994 | 81.0 [ 2.0 | 77.0 | 3.0

before 1978 | 79.5 | 2.0 | 76.0 | 3.0

Gas special boiler 1978 to 1994 | 82.5 | 2.0 | 78.0 | 3.0
after 1994 | 85.0 | 2.0 | 81.5 | 3.0

before 1978 | 80.0 | 2.0 | 75.0 | 3.0

. i : : 1978 to 1986 | 82.0 | 2.0 | 77.5 | 3.0

Forced draft boiler (fossil and biogenic fuel) 1957 1o 1994 1 220 150 T80.0 T30
after 1994 | 85.0 | 2.0 | 81.5 | 3.0

Pellet boiler, System with buffer storage after 1994 | 92.0 | 0.5 | 91.0 | 0.8
wood chips boiler, System with buffer storage after 1994 | 91.5 | 0.5 | 90.0 | 0.8
. . before 1978 | 82.5 | 2.0 | 78.0 | 3.0

Standard boiler, burner exchanged (only Forced draft boiler) 1073 to 1994 1340 120 180.0 3.0

Table 42: Values for A, B, C' and D according to Table (49) in [11].
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Boiler type Year A B C D
Gas special boiler 1978 to 1994 | 85.5 | 1.5 | 86.0 | 1.5
after 1994 | 88.5 | 1.5 | 89.0 | 1.5

Flow water heater before 1987 | 84.0 | 1.5 | 82.0 | 1.5
1987 to 1992 | 86.0 | 1.5 | 82.0 | 1.5

Flow water heater after 1994 | 86.0 | 1.5 | 82.0 | 1.5
Forced draft boiler after 1994 | 86.0 | 1.5 | 82.0 | 1.5
before 1987 | 84.0 | 1.5 | 82.0 | 1.5

Forced draft boiler 1987 to 1994 | 86.0 | 1.5 | 86.0 | 1.5
after 1994 | 88.5 | 1.5 | 89.0 | 1.5

. before 1987 | 86.0 | 1.5 | 85.0 | 1.5

Low-temperature, Burner exchanged (only Forced draft boiler) 1037 10 1994 1860 |15 136.0 |15

Condensing boiler before 1987 | 89.0 | 1.0 | 95.0 | 1.0

1987 to 1994 | 91.0 | 1.0 | 97.5 | 1.0

after 1994 | 92.0 | 1.0 | 98.0 | 1.0

Condensing boiler, improved ab 1999 94.0 | 1.0 | 103 | 1.0
Pellet-Condensing boiler, System with buffer storage after 1994 100 | 1 98 1

Table 43: Values for A, B, C' and D according to Table (49) in [11].




Boiler type Year \ E \ F
Standard boiler
Dual-fuel boiler before 1987 | 12.5 | —0.28
before 1978 | 12.5 | —0.28
. . ) ) : 1978 to 1994 | 10.5 | —0.28
Solid fuel boiler (fossil and biogenic fuel) Fer 1994 1 30 T—09%
before 1978 | 8.0 | —0.27
Gas special boiler 1978 to 1994 | 7.0 | —0.3
after 1994 85 | —0.4
before 1978 | 9.0 | —0.28
Forced draft boiler (fossil and biogenic fuel) 1978 to 1994 | 7.5 | —0.31
after 1994 85 | —0.4
Solid fuel boiler (fuel: Pellet) after 1994 | 3.0 | —0.2
Solid fuel boiler (fuel: wood chips) after 1994 | 4.0 | —0.2
Low-temperature boiler
. ) to 1994 6.0 | —0.32
Gas special boiler ~ftor 1991 15 =04
Flow water heater to 1994 2.2 1 0.00
Combi boiler (small storage) after 1994 | 2.2 | 0.00
Combi boiler (heat exchanger) after 1994 | 1.2 | 0.00
Condensing boiler
. to 1994 7.0 | —0.37
Forced draft boiler For 1994 495 T =04
. . to 1994 7.0 | —0.37
Condensing boiler ftor 1994 10 T =04
Pellet-Condensing boiler, System with buffer storage | after 1994 3.0 | —0.2

Table 44: Values for E and F according to Table (50) in [11].

Boiler type K L
Standard boiler (fossil and biologic fuel) 0 0.0004
Low-temperature boiler 0.0004 | 0.0004
Condensing boiler, gaseous fuels 0.002 | 0.002
Condensing boiler, liquid fuels 0.0004 | 0.001

Table 45: Values for L and K according to Table (37) in [11].
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Boiler type Phux.i G | H n
Pyxpn |0 |45 0.48
Boiler with forced-air burner Pyuxpine | 0 | 15 0.48
Paux,PO 1510 0
Poxpn | 4010351
Boiler with atmospheric burner (< 250 kW) Poxpine | 20 ] 0.1 |1
Pyxpo | 1510 0
Poxpn [ 80107 |1
Boiler with atmospheric burner (> 250 kW) Popine | 40 1 0.2 |1
Pasero | 150 |0
Paux,Pn 40 | 2 1
Pellet-boiler Pyxpinte |0 | 1.8 |1
Puxpo |5 02 |1
Pusern |40 [3 |1
Wood chips-boiler Pyux,pint | 20 | 2 1
Puxpo | 1501 |1
Puxpn |0 |45 0.48
Dual-fuel boiler Pyxpine | 0 | 15 0.48
Pawero | 200 [0
Paux,Pn 1510 0
Solid fuel boiler Pouxpint | 15 0 0
Pyxpo [ 15]0 0
Puxpn |40]035 |1
Gas special boiler Pyuxpint | 2001 |1
Pasro | 150 |0
Puxpn | 80107 |1
Gas special boiler Pyuxpine | 40 0.2 | 1
Paux,PO 1510 0
Pyxpn |0 |45 0.48
Flow water heater Pyuxpine | 0 | 15 0.48
Pawro | 150 |0
Puxpn |0 |45 0.48
Forced draft boiler Poxpint | 0 | 15 0.48
Pyxpo | 1510 0
Poxpn |0 |45 0.48
Condensation boiler, oil or gas Poxpint | 0 | 15 0.48
Pawro | 150 |0
Paux,Pn 40 | 2 1
Condensation boiler, pellets with buffer storage | Pouxpine | 0 | 1.8 |1
Puxpo |5 02 |1

Table 46: Values for G, H and n according to Table 51 in [11].
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Distribution type Building Horizontal distribution Riser pipes Connection
group C1 ‘ Co ‘ C3 . Cy ‘ Cs ‘ Cg ‘ Cr Cg ‘ C9
Type I Ly=cy- (%) . Ls = ¢5 - ANar La = cs- ANcr
) 1 0 0.11 | 1.24 0 0.005 | 1.38 0.09 |1
Single zone [ 0 [54 049 0 0.025 | 0.97 0.02]1
3 0 5.4 0.49 0 0.025 | 0.97 2.39 | 0.43
4 0 2.3 0.69 0 0.002 | 1.5 2.39 | 0.43
L, =cy- (Ajfigp) Lg = c5 - Angr - by La = cs - AQgr
1 0 2.7 0.97 0 0.05 |0 0.5 |1
Several zones |9 0 |109 |05 0 0.033 10 0.15 | 1
3 0 109 | 0.5 0 0.033 | 0 1.36 | 0.69
4 0 11.7 |1 0.5 0 0.03 |0 1.36 | 0.69
Type II Ly = ¢ (A;jgf“)“ Ls = c5 - A%y La = cs - A%y
) 1 0 0.035 | 1.5 0 0.36 | 0.58 0.09 |1
Single zone 7 0 |17 |067 0 0.72 | 0.44 0.02 |1
3 0 1.9 0.67 0 0.72 |0.44 2.39 | 0.69
4 0 32 0.19 0 2.9 0.1 2.39 | 0.69
L, =¢1 - Lepar + 2 - Angr - h | Ls = ca - ASqp + 6 * (hg - na)™ | La = cs - AQap
1 5.6 | 0.2 0 0.006 | 1 1.6 |1.09 0.5 |1
Several zones | 2 3.710.05 |0 0.003 | 1 1.3 | 1.12 0151
3 371005 |0 0.003 | 1 1.3 | 1.12 1.36 | 0.69
4 1.810.04 |0 1.8 0.2 6 -1.17 1.36 | 0.69

Table 47: Values and equations for the pipe lengths according to [14].




Description Symbol | Unit | Value
Median internal tempera- | 6; °C 20
ture in heated areas, if not
calculated in 3.8

Median internal tempera- | 6; °C 13
ture in unheated areas, if
not calculated in 3.8
Median temperature of the | Oy ay °C 25
water grid, without circula-
tion

Median temperature of the | 0y, ay °C 57.5
water grid, with circulation

Median temperature of the | 0; .y °C 55
water storage

Temperature of the supplied | Ok °C 10
cold water

Temperature spread in the | Ay K 5)
circuit

Table 48: Standard values for the tap water system related calculations according to
Table 6 in [14].

Technology Qng O tin O tprod | Onfout
Solar collector system 0 0 Qnsouwt | O
Heat pump, electricity powered 0 Qnt1 Qnin 0
Heat pump, heat powered 0 Qnt1 Qnin 0
Boiler Qn gen Qn,out + Qngen | O 0
Decentralized fuel heated systems Qnt— CQnp | Qns 0 0
Decentralized heating systems for halls @h,gen Qn,out + Qngen | O 0
Gas heat pump h gen O, 0 0
Electrically heated heat generation device | Qns — Qnout | @t 0 0
District heat supply Qh,gen Qnout + @hgen | 0 0

Table 49: Final energy amounts according to Table 5 in [11].
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Technology Qw,g Qw,f,in Qw,f,prod Qw,f,out
Solar collector system 0 0 Qws,out 0
Heat pump, electricity powered 0 Qw1 Qw,in 0
Heat pump, heat powered 0 Qw1 Qw,in 0
Flow heaters, electric Qw.f — Qwout Qwt 0 0
Flow heaters, gas Qwt — Qwout Quwt 0 0
Heat recovery through shower water 0 0 Qwpwnr | 0
Boiler Eq (104) in [14] | Qw.out + Qw.gen | O 0
Gas heat pump Qw.f — Qwout Quw s 0 0
Electrically heated drinking water reservoirs | Qw¢ — Qw,out Qw.t 0
Gas-fired drinking water reservoirs Eq (130) in [14] | Qwout + Qwgen | 0 0
District heat supply Eq (133) in [14] | Qwout + Qwgen | 0 0
Table 50: Final energy amounts according to Table 5 in [14].
TeChIlOlOgy Qrv,g Qrv,f,in Qrv,f,prod Qrv,f,out
Heat pump, outgoing air and water Quvenp | Eq (108) in [12] | Eq (149) in [12] | O
Heat pump, outgoing and supply air Qrvenp | Eq (108) in [12] | Eq (149) in [12] | O
Heat pump, outgoing and supply air and water Qrvenp | Eq (108) in [12] | Eq (149) in [12] | 0
Heat transfer medium for outgoing and supply air | 0 0 Eq (147)in [12] | 0
Reheating radiators Qrvgreh | Qrvbfinreh 0 0

Table 51: Final energy amounts according to Table 5 in [12].
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Energy source

f pyin

XCO,

Total | Non-sustainable part | Non-sustainable part
Fuel oil 1.1 1.1 310
Natural gas 1.1 1.1 240
Fossil fuels Liquid gas 1.1 1.1 270
Black coal 1.1 1.1 400
Brown coal 1.2 1.2 430
bio gas 1.4 0.4 120
Biogen fuels Bio-oil 1.4 0.4 190
Wood 1.2 0.2 40
Cogeneration (fossil fuel) 0.7 0.7 *
— . Cogeneration (sustainable fuel 0.7 0 *
District heating Coilbined hea(t and power plazlt (CHP) | 1.3 1.3 *
General case * * *
District cooling | General case * * *
Electricity General electricity mix 2.8 1.8 550

These values may be calculated individually.

Table 52: Values for f,;, and xco, according to Table A.1 in [6]. A * indicates that standard value can not be specified.
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f psout XCo,
Energy source Total | Non-sustainable part | Non-sustainable part
Geothermal energy (heating) 1 0 0
Sustainable energy | Geothermal energy (cooling) 1 0 0
Photovoltaic (PV) and wind power (WP) | 1 0 0
Dissipate waste heat | Several processes 1 0 40
Table 53: Values for f, oa and xco, according to Table A.1 in [6].
fp,prod XCO0,
Energy source Total | Non-sustainable part | Non-sustainable part
Electricit Displacement electricity mix, CHP 2.8 2.8 860
Y Displacement electricity mix, PV, WP | 2.8 1.8 550
Thermal ener Heat for other consumers * * *
&8y Cold for other consumers * * *
Dissipate waste heat | Several processes 1 0 40

Table 54: Values for f, ot and xco, according to Table A.1 in [6]. A * indicates that standard value cannot be specified.
These values may be calculated individually.




Pitch in ° Deviation in °

-90 -67.5 | -45 -225 | 0 22,5 | 45 67.5 | 90
0 0.66 | 0.66 | 0.66 | 0.66 | 0.660 | 0.660 | 0.66 | 0.66 | 0.66
15 0.66 | 0.713 | 0.753 | 0.786 | 8.1 0.798 | 0.773 | 0.733 | 0.68
25 0.653 | 0.736 | 0.806 | 0.858 | 0.89 | 0.876 | 0.834 | 0.771 | 0.693
30 0.65 | 0.748 | 0.833 | 0.894 | 0.930 | 0.915 | 0.865 | 0.79 | 0.7
40 0.643 | 0.761 | 0.863 | 0.939 | 0.977 | 0.955 | 0.902 | 0.81 | 0.7
45 0.64 |0.768 | 0.878 | 0.961 | 1 09751092 {082 | 0.7
50 0.633 | 0.763 | 0.879 | 0.968 | 1.007 | 0.984 | 0.923 | 0.818 | 0.693

Table 55: Values for fnga for solar system supporting tap water systems only, according
to the corresponding Table in [16]. Deviation describes the deviation of the
solar collector’s orientation with respect to south.

Pitch in ° Deviation in °
-90 -67.5 | -45 -225 | 0 22,5 | 45 67.5 | 90

0 0.81 | 081 |08 [0.8 |08l |08l |08 |0.81 |0.81
15 0.799 | 0.841 | 0.876 | 0.9 0.911 | 0.907 | 0.889 | 0.857 | 0.813
25 0.791 | 0.852 | 0.902 | 0.938 | 0.954 | 0.949 | 0,925 | 0.881 | 0.824
30 0.787 | 0.858 | 0.916 | 0.958 | 0.976 | 0.97 | 0,942 | 0.892 | 0.83
40 0.771 | 0.854 | 0.922 | 0.97 | 0.992 | 0.986 | 0.954 | 0.897 | 0.823
45 0.763 | 0.852 | 0.925 | 0.976 | 1 0.994 | 0.96 | 0.9 0.82
50 0.748 | 0.84 | 0.915 | 0.966 | 0.993 | 0.987 | 0.953 | 0.891 | 0.809

Table 56: Values for fnga for solar system supporting tap water systems only, according
to the corresponding Table in [16]. Deviation describes the deviation of the
solar collector’s orientation with respect to south.
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2 slr
st /kWh fK,w,a = 0.1 fK,w,a = 02f fK,w,a =0.3 fK,w,a = 0.5
0.00025 1.569 1.751 1.957 2.213
0.0005 1.312 1.466 1.634 1.852
0.00075 1.162 1.3 1.446 1.642
0.001 1.056 1.182 1.312 1.492
0.001 25 | 0.973 1.091 1.208 1.376
0.001 5 0.906 1.016 1.124 1.281
0.001 75 | 0.849 0.953 1.052 1.201
0.002 0.799 0.898 0.990 1.132
0.0025 0.717 0.807 0.886 1.016
0.003 0.649 0.732 0.801 0.921
0.0035 0.592 0.669 0.730 0.841
0.004 0.543 0.614 0.667 0.771
0.0045 0.499 0.566 0.613 0.710
0.005 0.460 0.522 0.564 0.655

Table 57: Values for fq, according to Table (27) in [4].

JhHKT,A
b slr

0.00025 | 0.00035 | 0.0006 | 0.001 | 0.004 | 0.006
20 | 1.028 1.034 1.05 1.076 | 1.09 | 1.104
30 | 1.014 1.017 1.025 | 1.038 | 1.045 | 1.052
40 | 1 1 1 1 1 1
50 | 0.986 0.983 0.975 | 0.962 | 0.955 | 0.948
60 | 0.972 0.966 0.95 0.924 | 0.91 | 0.896
70 | 0.959 0.949 0.925 | 0.886 | 0.865 | 0.844
80 | 0.945 0.932 0.9 0.848 | 0.82 | 0.792

Table 58: Values for f, ykra according to Table 29 in [4]. 6, represents the average
temperature of the heating system.
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