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1 INTRODUCTION

The EN 15316-4.3 European standard: Heating systems in buildings — Method for calculation
of system energy requirements and system efficiencies — Part 4-3: Heat generation systems,
thermal solar systems is one of the 43 standards used to assess the overall energy
performance of a building. EN 15316-4.3 was adopted in June 2007.

This European Standard gives methods for calculation of the thermal solar system input for
space heating and/or domestic hot water requirements and the thermal losses and auxiliary
energy consumption of the thermal solar system. The calculation is based on the performance
characteristics of the products given in product standards and on other characteristics required
to evaluate the performance of the products as included in the system.

The following typical thermal solar systems are considered:

e domestic hot water systems characterized by EN 12976 (factory made) or ENV 12977
(custom built);

e combisystems (for domestic hot water and space heating) characterized by ENV 12977
or the Direct Characterisation method developed in Task 26 ‘Solar Combisystems’ of the
IEA Solar Heating and Cooling programme;

e space heating systems characterized by ENV 12977.

A software called SOLEN has been developed in the framework of the European SolarKeymark
IT project on the basis of this calculation method. This software allows calculating the monthly
and annual thermal performance of a thermal solar system as well as the energy savings and
the quantity of CO, avoided compared with a conventional system. This software can be
downloaded at http://enr.cstb.fr (directory Logiciels), free of charge. SOLEN is fully compatible
with EN 15316-4.3.

SOLEN must be considered as a decision-making tool rather than a design tool such as
POLYSUN, TSUN or TRANSOL. It allows with a limited set of data to decide whether a thermal
solar project is relevant or not in a given context (location, heat needs...). Targeted end users
are mostly decision makers but of course it can also be used at the early stage of a project by
architects or engineers.

This report contains a user-friendly manual giving a support for the utilization of the SOLEN
software.


http://enr.cstb.fr/
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2 GUIDE FOR USER

The purpose of this manual is to give support to potential users of the SOLEN software. The
manual is set out in a step by step format. Each step explains what information is needed to
perform calculation and where the information is input. The manual shows examples of screens
at every step of the SOLEN program to make easier understanding.

Run the “interfacesharp.exe” file. You should now see the screen shown Figure 1.

Intelligent Energy | . | Europe

CSTB EN 15316
~ 350L2N

Heating systems in buildings - Method for calculation of system energy

requirements and system efficiencies - Part 2.2.3 Heat generation systems,

thermal solar systems
o

The sole responsibility for the content of this software lies with the authors.
It does not necessarily reflect the opinion of the European Communities. The

European Commission is not responsible for any use that may be made of the

information contained therein.

Figure 1 — Main screen

Create a new project clicking on File/New. You should get the screen shown Figure 2.

Foul New project

Step 1

{~ Domestic hot water system characterized by EN12976 { factory made )
The method uze the system data

+ Domestic hot water system characterized by EN12977 { custom built )

Figure 2 — New project
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The following typical thermal solar systems are considered:

e domestic hot water systems characterized by EN 12976 (factory made) or ENV 12977
(custom built);

e combisystems (for domestic hot water and space heating) characterized by ENV 12977
e space heating systems characterized by ENV 12977.

One of the 4 options should be selected.

2.1 DOMESTIC HOT WATER SYSTEMS CHARACTERIZED BY EN 12976

This method uses system data, i.e. input data from system tests or default system input
values given in the format of EN 12976-2 (performance indicators). So far this method is only
valid for systems delivering only domestic hot water and which have been tested according to
EN 12976-2. The test results shall include performance indicators for the actual climate and for
a heat use higher than or equal to the actual heat use as well as for a heat use lower than or
equal to the actual heat use.

You have to define the configuration of your domestic hot water system (Figure 3).

fo New project

Step 2

Select your solar system :

i» Solar only system

I Preheat system

" Solar plus-
supplementary

{ Cold Waler supply
Puimp
<< Back e 2

Figure 3 - Domestic hot water systems characterized by EN 12976

3 configurations are proposed.
e Solar only system: thermal solar system without any back-up heat source

e Solar preheat system: thermal solar system to preheat water prior to its entry into any
other type of water heater

e Solar plus supplementary system: thermal solar system which utilizes both solar and

auxiliary energy sources in an integrated way and is able to provide a specified heating
service independent of solar energy availability

One of the 3 options should be selected.
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2.1.1 Solar only system

2.1.1.1 Weather

The next step consists in selecting the weather file. Select the relevant weather file
corresponding to the project location from the climatic database (Figure 4).

Fo New project

Bialoweiza

Bielzsko-Biala
Birmingham
Bordeau
Caen

Cloze << Back Mext »>

Figure 4 — Weather file
Note:

You can customize the climatic database adding/deleting weather files (Database/Climate) as
you want (Figure 5)

[B Database Climat

Athens 17.8 83 9.8 1.7 155 202
Auxens 10,6 26 34 75 10,5 14
Bialoweiza 12 -4.5 35 05 73 131
Bielzka-Biala 12 13 2.2 7.3 1.9 155
Birminghar 3.2 3.2 3.3 7.6 10,7 14
Bordeaux 125 2,3 .1 8.8 1.3 146
Caen 10 4.4 4.7 6.6 8.5 1.7
Carcaszonhe 129 E 6.3 8.8 11.4 15
Carpentraz 135 5,3 5.8 98 1.3 1581
Charzow 12 2.8 1.5 2.1 5 125
Davos 5.4 A1 45 1.6 15 £.1
De_Bilt 12 25 a7 56 g8 1.4
Dijon 1001 1.4 3.2 £.2 a7 136

« 0 = . - = = B

| B3 Cancel | |+ Y alidate

Figure 5 - Climatic database
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The climatic database contains:
¢ Annual average mains water supply temperature (Tcw); °C
e Monthly outside air temperatures (Tw); °C
e Monthly solar irradiance on a flat plane facing South with a tilt angle of 45° (Im); W/m?2

e Latitude of the site
Click on Validate once new weather file has been created.

2.1.1.2 Heat needs

The heat use to be applied shall take into account the domestic hot water needs and the
thermal losses of the distribution systems. The value of this heat use to be applied is an input
data to this method (Figure 6).

fo New project
Step 4

Domestic hot water needs e

£ Fill monthly table

Daily hot water demand I 110 litres

Cloze << Back Mext >>

Figure 6 — Hot water demand
For rough calculations, you can just enter:

e an average value for the daily hot water demand, in litres (the same figure applies all
the days of the year)

e the set point temperature of the domestic hot water, °C
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If you want more accurate results, then you have to enter monthly domestic hot water needs
(in kWh). Fill in the corresponding table (Figure 7).

{:P
Domestic hot water i)
Maonth | OWwW_zol_use [Kwh] | =]

jan 21

feb 425

rnar 365

apr 12

may 521

[y 451

jul 220

aug 110

ZEM Ja0

oct 510

42

Figure 7 — Domestic hot water needs

2.1.1.3 Performance indicators

The next step consists in defining performance indicators from test reports according to EN
12976-2 (Figure 8).

oF

Step 5

Azl heat demand 4270 M)

Ferfarmance indicatar Bd [EN12876-2] The indices i-1i+1
carespond to the nearest set of walues below and abowve the

actual walus of Gd Tkl

od
Qd [ -1] L
Od [ +1] 0 M

Zalar fractian

fderermned Sy itenpoiaion from fesi reponis)
Fsol [i-1] o

Fsol [i + 1] o %

Figure 8 - Performance indicators
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2.1.2 Solar preheat system

Similarto § 2.1.1

2.1.3Solar plus supplementary system
Similarto § 2.1.1

2.2 DOMESTIC HOT WATER SYSTEMS CHARACTERIZED BY EN 12977

This method uses component data, i.e. input data from component tests (or default component
input values). The calculation method is based on the f-chart method. In this case, the output
from the thermal solar system is calculated with the general calculation method using only the
applied domestic hot water use and the characteristics of the domestic hot water system
(collector area, solar storage tank volume, etc.).

Once again, you have to define the configuration of your domestic hot water system (Figure
3). One of the 3 options should be selected.

2.2.1 Solar only system

2.2.1.1 Weather

Similar to § 2.2.1.1

2.2.1.2 Heat needs

Similarto § 2.1.1.2

2.2.1.3 System characteristics

The main characteristics of the domestic hot water system must be defined.
2.2.1.3.1 Solar collection

Click on the collection button. The following screen appears (Figure 9):
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Step 5

Collectar : Collectar loop:

—Collector bype
f* Flat plate glazed collector

" Unglazed collectar
" Evacuated tubular with flat absorber

(" Ewacuated tubular with circular absorber

—Heat loss coefficient

mo

" Choose a colleckar in the data base ;
" User data I 0wk

+ Default value

+  ar use default values

" or give the collector characteristics - Efficiency factor

[ pipe losses )

efficiency Fackaor I 0.8 =

Figure 9 - Solar collection

Solar collector characteristics must be defined. 3 options exist:

Performance coefficients (n0, al, a2) are known;

Performance coefficients (n0, al, a2) are unknown and default values are used (for
use when the purpose is to make a calculation of a typical thermal solar system);

Performance coefficients (n0, al, a2) are unknown but solar collector has been tested
according to EN 12975-2. A database with SolarKeymarked solar collectors has been
defined and can be customized (Figure 10).

Performance of the solar collector loop (efficiency of the collector loop, heat loss coefficient of
the collector loop pipes) must be documented. When unknown or for rough calculations,
default values can be used.
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M anufacturer Product Type A il
» Buderuz chauffa...  JRalak=tLal ] 4 capteur plan ﬂ 2,22 0,79
Buderuz chauffa... | Logasal SkM capteur plan |2 0,75
Clipsol Clipsol TGD capteur plan j 0445 0.73
Chromagen Solargonic CR 110 | capteur plan ﬂ 217 0.7
Chramagen Solarzonic CR 120 | capteur plan j 256 0.7
COFER SOLAR HRS2 capteur plan j 1.86 053
De Dietrich therm... | DD-50L 1 capteur plan ﬂ 216 063
De Dietrich therm... | DIETRISOL PRO... | capteur plan j 213 0,72
D& Dietrich thern... | DIETRISOL PRO... | capteur plan j 2581 0,73
ESE 5.4, Ecozol 2.00 capteur plan ﬂ 2 0,81
ESE 5.4, Ecoszal 2.32 capteur plan j 232 0,51
Gazokol Enerzol GEAM G.. | capteur plan j 202 0,77
4| »
| E Cancel | I + alidate

Figure 10 - Solar collector - Database
2.2.1.3.2 Solar storage

Click on the storage button. The following screen appears (Figure 11):

Step D
Collection l .-'-‘-.u:-:iliar_l,ll
Tank. :
Yalume 100 Litre
Losses
Heat loss coefficient {« Diefault
" User data 0 WK
Position
f+ oo Heated zpace
U Un heated space

Culkside

©

Figure 11 - Solar storage
2.2.1.3.3 Solar auxiliary

This includes energy for fans, pumps, electronics etc. In EN ISO 9488, the energy used for
pumps and valves is called "parasitic energy".

Click on the auxiliary button. The following screen appears (Figure 12):
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£

Step D

Eu:ulleu:ticunl Storage
Auiliary

{+ Thermosyphon

(" Forced circulakion o

Figure 12 - Solar auxiliary

2.2.1.4 Results

As soon as all system characteristics have been entered, calculations can be processed. This
operation is almost instantaneous and results are automatically displayed (Figure 13).

SOLEN 1.0.3

File Database  ‘Window ?

=i N‘BEdS a System] * Needs| X Weather] [ Eollection] 0 Storage] @ Avwiiary (£ Dutput |HE Savings|
1 T Weather
5 Collection Result of orly system - _
g itﬂ;g; S?Iar thermal systern ouput and ausiliany conzumption [kKiaw'h] | =] E=paort to Excel |m Graphics view
Jan feb mar apr may jun |l aug zept oct nowy dec annual
Solarfraction  179%  38,9% £4.9% BE3% 985% 100% 100% 100% 901% G11% 306% 128% EE.8%
% ol us 1m | 1m 97 1m 97 10 1m 97 10 S 1m 1186
O zal.aut 18 3/4  ERE 837 939 97 10 m o 874 B1LF 287 1239 793
Bugsiliary a a a a 0 0 0 0 0 0 i] a 0
Heat lozses of the zolar thermal system [kKiw'h] I
lan feb mar apr may un jul aug sept oct o dec annual
O, zal stz 85 187 309 398 471 BOE  BAF B0 415 2371 147 .1 389
Recoverable losses of the solar thermal syztem [kKiw'h] I
| jan feb mar apr may un  jul aug zept oct o dec annual
winl aus bl i] a a a 0 0 1] 0 i 0 i] ] 0
Gzl stlzbl a a a a 0 0 ] 0 0 0 i] a 0
Gzollzrbl a a a a 0 0 0 0 0 0 i] a ]

Figure 13 - Results
Outputs are threefold:

e heat delivered by the thermal solar system, solar fraction (energy supplied by the solar
part of a system divided by the total system heat use) and auxiliary energy
consumption of pump and control equipment in the collector loop;

e thermal losses of the thermal solar system;

e recoverable and recovered thermal losses of the thermal solar system.

These outputs are given on an annual and monthly basis.
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Graphics are automatically plotted (Figure 14) or results can be exported to Excel.

Solar thermal system ouput and auxiliary consumption [kWh]

100 . T T T T T T T T
an * B = E
g0 ——
7+ E
BD -- 1 _

= 50 & g
40 —— E
30 x
0+ E
4] [
o 1K . . . . . . . . . . .

Jan fek mar apr may jun jul =10 ] SER Ot now dec
Year
<< Back | | hext >>|

Figure 14 - Graphics

2.2.1.5 Savings

This option allows calculating the annual energy savings and the quantity of CO, avoided
compared with a conventional system (Figure 15).

The energy savings due to the installation of the thermal solar system is determined as the
primary energy consumption of the building without the thermal solar system minus the
primary energy consumption of the building with the thermal solar system.

SOLEN 1.0.3

File: Database  Window 7

= B Meeds £ System | ® Meeds | £ Weather | AR Collection | I Storage] ) Auxilialﬂ [t Ouput BB SBViHQSl

T Weather
&=y Collection Sawings caleulation - annual basis T Enma e
ﬂ Storage 2
B Ausilian

Back-up energy : " Electric

{* Gas

Gas conzumption [kKwh] 1086

Electric consumption [kiawh] ljl

Primary energy conzumption [kiwh] 1058

Reference consumption [kiwh primary energy] 2REG

(primans energy consumpiion withowt the solar systam)

Savings [KWwh back-up energy] 1512 %

Savings [kwh primary energy] 1512 x

0

Awoided CO2 emizzions [ka] kil

Change factors

[ Corwersion factors
1 k'wh gas = kxwh primary energy =
1 kwh electricity kb primary energy

CO2 emiszion Factors

1 kwh gas saved = g CO2 avoided
1 kwih electricity saved = q CO2 avoided

Figure 15 - Savings
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2.2.2Solar preheat system

Similar to § 2.2.1

2.2.3Solar plus supplementary system
Similar to § 2.2.1

2.3 SOLAR COMBISYSTEM

This method uses component data, i.e. input data from component tests (or default component
input values). The calculation method is based on the f-chart method.

For a solar combisystem, the solar output for domestic hot water production and the solar
output for space heating requirements are calculated in succession with the general calculation
method. The method is applied twice by dividing the collector aperture area and the solar
storage tank volume (if there is only one store) into two according to the space heating use
ratio and the domestic hot water use ratio.

Once again, you have to define the configuration of your domestic hot water system (Figure
3). One of the 3 options should be selected.

2.3.1Solar only system

2.3.1.1 Weather

Similar to § 2.2.1.1

2.3.1.2 Heat needs

The heat use to be applied shall take into account the needs (e.g. space heating requirement,
domestic hot water) and the thermal losses of the distribution systems. The value of this heat
use to be applied is an input data to this method (Figure 16).

foul New project

Step 4

Domestic hot water needs 4 T el

" Fill monthly table

Daily hot water demand I 110 litres

Set point temperature of domestic hot water I 0 *C

Fill Table

Close

Figure 16 - Heat needs

Needs corresponding to domestic hot water use have already been defined in § 2.1.1.2. Needs
corresponding to space heating use must be defined as in Figure 17 in kWh on a monthly
basis.
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{ft
Space heating needs [kinh] -
Month | OH_sal_use [kwh]

N - 2343
feb 2357
rnar 1745
apr 933
may 260
[y 0
ul 0
aug 0

SEp

ock

Figure 17 - Space heating requirement

2.3.1.3 System characteristics
Similar to § 2.2.1.3
2.3.1.4 Results

Similar to § 2.2.1.4

2.3.1.5 Savings

Similar to § 2.2.1.5

2.3.2Solar preheat system

Similar to § 2.3.1

2.3.3Solar plus supplementary system
Similar to § 2.3.1

2.4 SPACE HEATING SYSTEM

This option is not available yet.

s
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3 CONCLUSION

A software called SOLEN has been developed on the basis of EN 15316-4.3 calculation method.
This software allows calculating the monthly and annual thermal performance of a thermal
solar system as well as the energy savings and the quantity of CO, avoided compared with a
conventional system.

This software has been partially validated (see Deliverable D15). Validation relies on different
test cases coming from thermal solar systems having been the subject of a measurement
campaign in single-family houses, residential buildings or in the non-residential sector.

EN 15316-4.3 will be revised in 2009 and SOLEN will be adapted to these changes accordingly.
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