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Introduction

Energy calculations are often formally required for
issuing energy performance certificates (EPCs) and
to obtain the building permit for new or renovated
buildings, i.e. for verification of the national minimum
energy performance requirements.

Design of nZEBs (Nearly Zero Energy Buildings) requires
more detailed dynamic calculations with hourly time
step, taking into account all technical system compo-

nents and optimization of technical solutions. The new
CEN EPB standards (ed.2017) enable to some extent
such a step up from the previous edition (2007-2008)
that was based on monthly steady state calculations.

As there is a lack of knowledge / skills among designers
and engineers in energy calculations, especially for
nZEBs and complex buildings/technical systems, an
adequate training supported by the calculation tool
is needed.

CEN-CE project has received funding from the European Union’s Horizon 2020 research and innovation
*

programme under grant agreement No. 785018. The sole responsibility for the content of this project 3 *

lies with the authors. It does not necessarily reflect the opinion of the European Commission.
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Task 3.3 of the CEN-CE project deals with the energy
calculation of space heating and domestic hot water
systems according to the new CEN EPB standards
developed under M/480 in CEN TC/228 [1]. Also,
on-site wind mills are included based on EN 15316-
4-7 ' TR 15316-6-12 Wind turbines.

The developed training materials for each standard
comprise ppt presentations, handbooks, spreadsheets,
commented input / output list of data, didactics for
trainers, exam questions and answers.

In addition to the training purposes, CEN-CE training
materials (handbooks, spreadsheets) can be used for
correcting the first edition of new EN 15316 series [1]
and in development of integral software for energy
performance calculations.

Once the software is developed, it can be used not
only for issuing EPCs and building permits, but also
for optimizing technical systems at design stage (cost.
optimal solutions), sizing of the system components
(e.g. solar collectors, PV, boilers) and comparison with
measured energy consumption.

EN 15316-5 (Storage)
One of the highlights of new CEN EPB standards [1]

is a separate, stand-alone standard for the water-based
space heating and domestic hot water (DHW) storage
systems. As in the previous set of EPB standards (ed.
2007-2008) the calculation procedures included only

monthly (and seasonal) methods, storage calculations
were described within the energy generation sub-
systems. In these calculation methods, the role of the
storage tank was only to increase the thermal losses of
the analyzed technical system (except in the case of solar
thermal system calculations, where the volume of the
storage tank is also used in the f-chart based methods)

EN 15316-5 [2] together with EN 15316-4-3 [3] are
the only fully dynamic methods in the entire set of
new EN 15316 series [1] and, as such, gives a dynamic
character to the entire calculation method (emission,
distribution, storage and generation sub-system). The
standard describes two calculation methods: Method A
and Method B. Method A considers temperature strati-
fication inside a tank, while Method B treats the tank
with a uniform temperature. Due to the multi-node
model, Method A enables temperature stratification
inside the tank which allows more realistic modeling
of technical system and allowing better predictions of
the renewable energy appliances operation (e.g. solar
collector heat output, [4]). In this paper, the CEN-CE
proposed procedure for Method A is described more
in detail.

Calculation procedure

CEN-CE proposal of the calculation method based on
the EN 15316-5 standard (Figures 1 and 2) is shown on
flowchart on Figure 3. After determination of product
descriptive and technical data, and system design data,
the calculation procedure consists of 10 steps in total
(one more than the in the standard).

Back-up heater I

Fuel type - higher connection

Solar collectors I
Fuel type - lower connection
\

>  DHW
Vsto;4
E K Space heatin
V510§3 -# Conﬁction to space heatigng
Vsto;2
Vst0;1
Cold water

Figure 1. Graphical representation of a storage module mathematical model (Method A).
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In the developed spreadsheet calculator, the volume of
the storage tank is divided into 4 segments of arbitrary
volume (Figure 1), although the described procedure
can be applied to a user-defined number of segments.
Figure 1 shows standard solar storage tank, where entry
of cold water and solar thermal collectors’ connections
are introduced in the lowest segment (Segment 1).
Back-up heater and space heating connections are intro-
duced in Segment 3. Exit of the DHW is introduced
in Segment 4. Heating element can be modelled as
internal (e.g. electric back-up heater), by heat exchanger
(internal or external) or by direct connection of fluid.
Position of each connection can be modified.

Step 1 — Initialization

In the first step, temperatures of each storage tank
segments are collected from the previous hour (except
the first hour in a year when the storage set point
temperature can be used).

Step 2

Step 2 is, in some way, a modification of a procedure
described in Annex D of the standard. The calculation
of the withdrawn volume from the storage for DHW is
calculated by taking into account stored Qo wivol,; and
usable Qo Wivolizubl €nergy of each module:

Segroent 4
9 '
Segwent3 ¢ :
' )
‘-"-"—"'-'-"—-1
; '
Segment 2 : :

1

L]

Segment 1
Cold water — N

Qsto;W;vol,i = Vstovol,i " Pw " Cw * (asto;vol,i - 0W;c01d) [kWh]

Qsto ;Wivol,i

if Istovoli = IW:out:mi
QStOWVOllubl { 5 f sto;vol;i W,out,mln} [kWh]

Lf ﬁsto;vol;i < 19W;out;min

Step 3

In the Step 3, full mathematical description of the
calculation procedure graphically shown in Annex D
of the standard has been developed within the CEN-CE
project. The entire set of equations have been written
in the Handbook and programed in the spreadsheet

calculator.

In general, the total volume of withdrawn water from
the storage tank unit is replaced with the identical
quantity of cold water. It is assumed that the water of
the upper module is ideally mixed with the quantity
of withdrawn water at the temperature of the lower
segment. This is graphically shown in Figure 2.

Step 4

Step 4 explains how to consider DHW distribution
system losses when there is no DHW consumption (e.g.
distribution losses of the circulation loop). These losses
were not originally taken into account.

Figure 2. Graphical representation of Step 3.
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19sto;vol;i = ﬁsto;vol;i+1 =

Step 5

Energy supplied to space heating Qyy,oy is calculated
by taking also into account simultaneous heating of the
storage tank with the back-up heater:

QH;uut = min(QH;sto;out;req; Qsto;H + Qsto;bu;max) [kWh]

where Qo1 is total usable energy for space heating.
Simultaneous heating of the storage tank with the
back-up heater Qo,bu;max has only been considered for

Method B of the standard.

Furthermore, in the CEN-CE proposal energy stored
for space heating service of each segment is moved from
the Step 1 to Step 5 and can be calculated as:

Qsto;H;vol;i = maX[PW ) Cp;w ) Vsto;i . (ﬁsto;vol;i - 19H;out;min); 0] [kWh]

where usable energy Qsco;tvol;izubl accounts only for
energy stored in segments where the connection to
space heating is placed and in segments below. This is
also not clearly defined in the standard.

Step 6

In step 6, temperature drop caused by energy deliv-
ered to DHW distribution losses and space heating are
calculated. Method uses simplification of storage unit
mathematical model, employing only one segment for
the energy and mass balance.

Step 7

Energy input from heaters to the storage tank unit are
calculated in Step 7. CEN-CE proposed procedure
takes into account maximum energy available from the
heating element and the rise of heated water inside the
tank (temperature stratification).

Step 8.

Mixing of the segments is described in Step 8. If the
temperature of the segment 7 is higher than the one of
the upper segments, two segments are ideally mixed.

19sto;vol;i : Vsto;vol;i + ﬁsto;vol;i+1 ) Vsto;vol;i+1 [

OC]

Vsto:vol;i + Vsto;vol;i+1

Originally written in standard, this iterative process
is proceeded until the temperature of the segment 7 is
lower or equal to the temperature of the segment 7+1.
In the CEN-CE proposal, a method for solving this
iterative procedure in a defined number of steps has
been developed. Thus, for 4 segments selected, 5 steps
are required to obtain the final vertical temperature
distribution. This procedure is especially convenient for
implementing in the commercial software as it signifi-
cantly shortens the time needed for calculation.

Step 9

Step 9 includes corrected procedure from the standard
for determining the needed temperature regime of
the generation sub-system. CEN-CE proposed proce-
dure takes into account heat exchange rate of the heat
exchanger (Heh;) and segments temperature (Ygozv0l;1):

Step 10
In Step 10 thermal losses of each segment and final
temperatures are calculated.

EN 15316-4-3 (Thermal solar systems)
Standard EN 15316-4-3 is part of EN 15316 series [1]

that defines calculation procedure to determine energy
performances of solar thermal systems for heating of
DHW and space heating, as well as of PV systems
for electricity production. This standard provides
six methods to calculate the energy performance
from which three address solar thermal applications
(Method 1, Method 2, Method 3) and other three
address PV systems (Method 4, Method 5, Method 6).
This paper deal only with solar thermal applications.

Method 1 allows to estimate the energy performance of
solar DHW systems, using overall system performance
data in conformity with product standards.

Method 2 is based on f-chart monthly method (as it
was in older version of the standard) and it can be used
to estimate the fraction of the required output energy
covered by the thermal solar system. Method 3 is valid
for the calculation of solar system thermal output that
can be used for domestic hot water and space heating,
using specific component data with a time step of one
hour. It is important to note that this method takes into
the account dynamic effects within the solar collectors.

In this paper, the CEN-CE proposed procedure for
Method 3 is described in more detail.
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ﬁcol;avg;h = 2

Calculation procedure

The efficiency of solar thermal collector is related to
the temperature of water in storage tank which calls for
iterative calculation with Method A from EN 15316-5.
In the first step, the average collector water temperature
is estimated with assumed collector efficiency of 40%
according to:

0.4- Isol;h . Asol
Mol * Cwy * 2

[°cl

19col;a\vg;h = 19sol;loop;in;h—1

Calculation then enters iteration loop. In the first
step the reduced temperature difference is calculated.
Afterwards, the collector efficiency obtained from
specific product data is calculated in dependence on the
operating conditions (reduced temperature difference
T*1, and solar radiation Zp):

Neoh = Mo * Khem(soo) —a;- T}: —az- TIIZ ) Isol;h [_]

This standard provides default values for efficiency
parameters, incidence angle modifier, first and second
order heat loss coefficients. For more precise results
product data efficiency parameters should be used.
With calculated efficiency, thermal performances, such
as collector output heat, heat losses can be calculated.
At the end of iteration loop new average collector water
temperature is calculated:

ﬁsol;loop;in;h—l + 19sol;loop;in;h + Qsol;loop;out;h -1000
Mol " Cw " 2

The iteration is performed three times and after final
iteration loop, the auxiliary energy consumption of
solar pump and controller and recoverable thermal
losses of the solar loop are calculated.

The novelty added by CEN-CE team to this standard
is that stagnation operating regime is also included
into the calculation method. At each time step,
collector output temperature is limited with the
reference temperature setpoint (e.g. 90°C). If the
collector output temperature is above the threshold
value, the absorbed incident solar radiation is not
transferred to the storage tank. If the absorbed energy
Qsolsstagsh is greater than collector heat losses Qo at
given temperature, the average water temperature in
collector will increase until the collector heat losses
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become greater than the absorbed energy, when
collector starts cooling down.

Qsol;stag;h = Ncokh * Isolih * Asolimod * tei [kWh]

Qcol;ls = Asol;mod A S (31 +ay- AI9(:01) L [kWh]

CEN-CE Training materials: Power
Point presentation, Handbook and
Excel

For each series of standard, a PowerPoint, Handbook
and Excel file are created. The concept of the handbook
is that it follows calculation procedure created within
Excel, becoming in this way a calculation algorithm.
Handbook provides information about input data,
calculation procedure, influencing factors and output
data. Excel file uses several sheets to perform calcula-
tion described in standard. Each Excel file is designed
to be used as a standalone module or in combination
with other standards. The first and, for an user, the
most important sheet is “Interface” Figure 3 in which
all information regarding solar collector e.g. type of
the collector, heat loss coefficients, reference module
area and number of collector modules, location of the
main part of collector loop piping, orientation and
tilt of the collector are defined. Sheets “Input series”
and “Output series” are used to perform calculation
for whole year or specific interval (e.g. only summer
period). Sheets “Method input” and “Method output”
provides information about input and output data to

Product descriptive data

Collsctor type | Glazed collector |
Collector module roference area | Pudoind [ A solmed | m 251 |
Numier of cobiecton modules installed | [ | Nl | | ———
Nome Symbal Value
Product technical input data Hst
Collsctor modul rofeence area A gutrnd 251
Peak collector eficecny n 0.741 Product data_
First order heat loss coefiicient ay 3491 Product d..‘.l
Sacond oeder heat loss coeficient 3 0.015 Product data
Humispharical incidance angle modifisr 0,54 Dofault value
Mass fiow rate collector loop par me 0.02 Default valve
Power of collector pump 35.04 Dotault value
Power of collector pump controller oo 251 Default value
SYSTEM DESIGN DATA oo
Storage location

Heated space | | HS ]
Name Symbal Value
System design data
Location of the main part of the collector loop prping |SOL_LOC HS
Numbes of collector modules installed Mo 2
it angle of the collector e 45
Azimuth angle of the collactor Tysezel 0
Mass flow rato selar loop . 0,1004
Haat lnsses of the solar loop supply piping Hysrese 751
Adt temparature in a heated room S 20

Load meteo data

Figure 3. Excel sheet “Interface” example.



a)

b)

the method, while in the sheet “Method calculation”
calculation procedure for single time step is shown with
the list of all applied equations and their reference to the
handbook. Sheet “Output interface” (Figures 4a, 4b
and 5) enables easy manipulation with calculated data
(table and various graphical output data presentation).
In Figure 4a the final step temperature stratification is
shown for the hour when solar system starts heating
up the tank. Figure 4b presents graphically all calcula-
tion steps for the case from Figure 4a. Figure 5 shows
chosen output data by user over a desired time period.
In this particular case, backup heater and solar system
operation periods during a day can be monitored vs.
storage tank average temperature, which can be used
in designing the system, e.g. for avoiding overheating,
system control operation adjustment, changing of solar
collector area and/or storage tank volume.

Power Point training presentation is structured in six
major chapters: Introduction, Fundamentals, Input
data, Calculation method, Output data and Example.
Introduction gives a brief information about standard,

Adjust display

Evolution of temperatures in the storage through time intervals

o

2311

time step

19% Layer 4 g =

19% Layer 3 e

38% Layer 2 *C 33,87

25% Layer1 b 26,99

what is calculated and relationship and interaction with
other standards. In the next chapter Fundamentals
detailed information regarding particular standard
related systems, equipment and physics are provided,
e.g. solar radiation, variance due to orientation and
inclination etc. is given. Furthermore, collector types,
how to obtain efficiency curves and influencing param-
eters on operation of solar collector are extensively
discussed. Chapters Input data, Calculation method
and Output data explains how to use Excel file for this
method. Finally, in the last chapter, numerical example
calculated with this method is presented, including
parametric analysis.

Integral solar system & storage
calculation: parametric analysis

As the collector efficiency depends on the tempera-
ture of the heat storage tank that is in turn related
to the collector heat output, i.e. collector efficiency,
calculation procedures described in EN 15316-4-3
and EN 15316-5 requires a detailed description of
the standards interconnection. The iterative procedure
is needed in order to determine the final calculation
conditions. This interconnection described within
EN 15316-4-3. In the CEN-CE project, a separate
spreadsheet calculator was developed for connecting
calculations between two standards.

Example calculation using EN 15316-5 and EN 15316-
4-3 solar DHW system is shown in Table 1. The analyzed
case is family house with 4 household members. The
total solar collector area is 5.02 m?. The parametric
analysis, with the Case 1 (2 flat plate solar collectors,
400 € storage tank) as a reference case, describes influ-
ence of the storage tank volume and type of collector on
solar system energy output, i.e. on energy from back-up
heater to be delivered to the storage as well as the solar
system thermal efficiency. The parameter being changed
is shown bold in the table.

Step Stepl Step2&3

Deseription Inital temperatures DHW Velume withdrawn

=)=

Layer s €

Layer3 L=

Layer 2 *

Layer 1 C

Stepd, 546
Energy withdrawn for DHW
circulation system and
heating service

Step7 Step8 Step 10

Energy inputs (solar + back-up) Layer melting Final temepratures

Figure 4. a) Storage tank temperatures in a chosen hour;
b) Insight of each calculation step temperature stratification).
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In Case 2 storage tank volume is decreased. Compared
to the reference Case 1, the energy input from solar
collectors is lower due to reduced collector efficiency
as a consequence of higher storage tank tempera-
tures and overheating in the summer period. This
entails higher amount of delivered back-up energy.
In Case 3, storage volume tank is increased, resulting
in the increased collector efficiency and consequently
the higher input from solar collectors. The delivered
back-up energy is also decreased in spite of the higher
thermal losses of the storage tank. In Cases 4, 5 and
6, flat plate collectors are replaced with the evacuated

2

3 Time serles for chan output 350
4 Sultmgs

5 Number of first tima staps 1561

& MNumber of isst ime steps 1584

T

300
& |Uses macro Grafl Apply sottings
5

10 65
1 B

12 Tharmal bosses of storage tank Show 250

13 Aecoverable thermal losses of the storage

| show
14 Energy input from solar cobectars | Show

1

|

15 | Stored back-up energy

16 Avarage water temperature in the storags tank
17 )

18

10

Show

Show

Energy flom [Kwh]

100 +

tube ones. In the all cases, 500 € storage tank was
used with the various total collector area. In Case 4,
the collector efficiency is notably the highest while
the storage tank losses are the lowest, all as a conse-
quence of the least pronounced overheating in the
summer period and higher efficiency in the winter
period compared to the cases with plate solar collec-
tors. Although the total collector area in Case 6 is
higher than in Cases 4 and 5, the delivered back-up
energy is also higher, due to prevailing effect of longer
overheating period in summer months (with no solar
energy input and higher storage tank thermal losses).

100,00

s G0 H w01

O £2 DU

——ftorage tank temotrature

7000

P — 6000

— 50,00

Tem perature ['T]

40,00

50,00

2000

1000

1

=

L] 1561 1SE 1563 1564 1565 1565 1S6T 1588 1560 1570 1571 1S72 1571 1574 1S7S 1576 9577 1S7R 1570 1SAD 1SR} 1583 1SR3 1538

i shep ]

Figure 5.”Output interface” sheet diagrams with energy output data in a selected time period.

Table 1. Parametric analysis results.

Input value Unit Case 1
Storage tank volume L 400
Daily energy required for DHW kWh 4.8
Collector type -

Collectors reference area m? 5,02
Solar loop mass flow rate kg/m’s 0.02
Thermal losses of storage tank kWh 655.1
Energy input from solar collectors kWh 1813.5
Delivered back-up energy kWh 581.1
Average collector efficiency % 25.8
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Case 2 Case 3 Case 4 Case 5 Case 6
300 500 500 500 500
4.8 4.8 4.8 438 4.8

Flat plate Evacuated tube
5,02 5,02 348 4.64 5.02
0.02 0.02 0.02 0.02 0.02
Output data (annual)
520.1 7054 598.9 723.0 792.2

1648.2 1912.9 1657.8 1835.31 1795.0

611.4 532.0 680.7 647.2 736.7
234 27.2 34.0 28.2 255



To resume, comparison at fixed storage volume shows
that Case 3 results in the lowest delivered back-up
energy, while Case 4 in the highest collector effi-
ciency. Direct comparison between plate (Case 3)
and evacuated tube collectors (Case 6), at the same
storage tank volume and total collector area, indi-
cates better energy performances of the solution with

plate solar collectors (less delivered back-up energy,
lower storage tank thermal losses and higher collector
efficiency).

Similar parametric analysis can be performed in each
subsystem as a part of the overall system optimization.
However, the final choice of the solar system configu-
ration (and of the all other subsystems) is dependent
on the overall system energy performance as well as
on the economic aspects (equipment, installation and
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