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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 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.

A software was developed in the framework of the European SolarKeymark II project on the basis of this calculation method (figure 1). This software makes it possible to calculate the monthly and annual thermal performance of a thermal solar system as well as the energy savings and the quantity of CO2 avoided compared with a conventional system. For the moment, this software doesn’t have a name and we will therefore call it by its CEN reference, i.e. EN 15316.
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Figure 1 – EN 15316 Software

This report aims at describing the validation work of this software that has been carried out.

This 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.
2 PRESENTATION OF TEST CASES
Several test cases will serve as a basis for this comparison:

· 3 IDHW test cases in single-family houses

· 2 test cases of collective production of solar hot water in residential buildings and in the hotel sector.

These test cases will be described in the following paragraphs.

Note:

For the moment we do not have test cases at our disposal for Solar Comby Systems.

2.1 IDHW in single-family houseS
In order to know the real performance of IDHWs installed in the framework of the Plan Soleil program and in order to quantitatively evaluate the energy benefit effectively obtained and the environmental impact, the CSTB orchestrated and monitored over one year nearly 120 system in four French regions from 2003 to 2005 
.

We have selected from among these 120 systems, 3 systems for which we have the totality of the measurement results. The functioning principle of these systems is given in figure 2.

It concerns 3 solar water-heating systems located in Strasbourg (IDHW 1), Cannes (IDHW 2) and Montpellier (IDHW 3). 
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Figure 2 – Functioning principle of an IDHW

The characteristics of these 3 systems are described in Table 1.

	IDHW 1
	IDHW 2
	IDHW 3

	Zone H1: Alsace

DE DIETRICH Type B 300

Number of people: 4

Collector area (m²): 4.3

Orientation: 0°C to the south.

Angle:  32°C to the horizontal.

Tank volume (l): 300

Storage: heated room

Back up: built-in gas.
	Zone H3: PACA

GIORDANO Type S99/07/41

Number of people: 4

Area (m²): 6

Orientation: -5°C to the south

Angle: 23°C to the horizontal

Tank volume (l): 300

Storage: heated room

Back up: built-in electric.
	Zone H3: Languedoc-Roussillon

GIORDANO Type Giorsol 301/1ECH /SPE

Number of people: 4

Area (m²): 4

Orientation: 38°C to the south

Angle: 20°C to the horizontal

Tank volume (l): 200

Storage: heated room

Back up: separated electric.


Table 1: Characteristics of the 3 IDHW

2.2 Collective solar production
The 2 identified test cases have been continuously monitored under the Guarantee of Solar Results (GSR) procedure over several years and therefore consistent results are available.
2.2.1 "Les Tilleuls" - Carcassone

This first case test applies to a residential apartment building located in Carcassonne (south part of France). Main characteristics of the thermal solar installation are: (figure 3):

· Collector type and manufacturer: Hélio toiture (Giordano)
· Collector area (gross): 87.6 m2
· Solar tank volume: 5,000 litres

· Type of back-up: Gas boiler

· Type of circuit: Forced circulation with external exchanger

The installation is operated all over the year. It has been designed based on the following hypothesis:

· domestic hot water temperature: 45 (C
· annual DHW needs: 74434 kWh
· solar fraction: 47%

· annual solar production: 400 kWh/m² (of collector) 
Simulation data and results are reported in the annex.
Note:

The simulation has been performed with a 400 m insulated domestic hot water circulation loop with 19 mm of Armaflex and a water flow rate of 400 l/h.
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Figure 3 – Carcassone – Solar collective production
2.2.2 Hotel Novotel - Sophia Antipolis

This second case test applies to a hotel building located in Sophia Antipolis near Nice (south part of France). Main characteristics of the thermal solar installation are: (figure 4):

· Collector type and manufacturer: C8/8s (Giordano)
· Collector area (gross): 113.4 m²
· Solar tank volume: 2 tanks of 3,000 litres each
· Type of back-up: electricity
· Type of circuit: Forced circulation with external exchanger

The installation is operated all over the year. It has been designed based on the following hypothesis:

· domestic hot water temperature: 60 (C
· annual DHW needs: 185 112 kWh
· solar fraction: 50%

· annual solar production: 810 kWh/m² (of collector) 
Simulation data and results are reported in the annex.
Notes:

· The starting of the electric back up is done in the off-peak hours of EDF (French electricity supplier) tariffs, i.e. from 10 pm to 6 am and all day on Sunday.

· The simulation has been performed assuming a 780 m (8 m per room for 97 rooms) domestic hot water circulation loop insulated with 19 mm of Armaflex and a water flow rate of 970 l/h.
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Figure 4 – Sophia-Antipolis – Solar collective production
3 COMPARISON OF RESULTS
We have compared the simulated results from the EN 15316 software with the experimental results in our possession. Results of the comparison for each test case are listed in table and graph. More detailed results are given in the annex.

3.1 IDHW in single-family houses
The 3 test cases presented in paragraph 2.1 have been simulated with the EN 15316 software. The results of these simulations are reported in tables 2 and 3. The comparison of these results is only done on the level of solar production (figure 5). 
	
	EN 15316
	MEASURES

	IDHW 1
	1279
	1385

	IDHW 2
	1980
	1759

	IDHW 3
	671
	570


Table 2 - Results of the simulations in terms of annual solar production (in kWh)
	
	EN 15316
	MEASURES

	IDHW 1
	-8%
	1385

	IDHW 2
	13%
	1759

	IDHW 3
	18%
	570


Table 3 - Difference between simulations and measurements in %
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Figure 5 - Comparison of the annual solar production of the 3 IDHW with measurements
The EN 15316 software predicts accurate results in terms of annual thermal performance for the first two systems, but less good for the last. That might be explained because the domestic hot water needs of the n(3 configuration are low and therefore the solar production is also low whence a more significant relative difference.

We have reported in Figure 6 for test case n( 1 the calculated and monthly variations of this thermal performance.
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Figure 6 - Comparison of the monthly solar production (in kWh) of the IDHW n° 1
We can observ that the EN 15316 software tends to underestimate the monthly variation of solar system performance which means that in fact the real performance of the system is better than that calculated. In the EN 15316 software, a lot of data is given by default and generally these values are penalizing. 

3.2 Collective solar production
We have compared the results predicted by the EN 15316 software with the measurement results on the two collective solar hot water systems. These results are presented in table 2 and figure 7 for the Carcassone system and table 3 and figure 8 for the Sophia Antipolis hotel.

	 
	EN15316
	MEASURES

	Janury
	209
	1922

	February
	942
	2427

	March
	2284
	3646

	April
	2553
	2954

	May
	2978
	3437

	June
	3213
	2965

	July
	3333
	2843

	August
	3078
	2957

	September
	2874
	3245

	October
	2365
	2194

	November
	881
	1937

	décember
	216
	1455

	Annual
	24927
	31982

	Diff./measures
	- 22 %
	


Table 2 - Results of the monthly comparison of solar production (in kWh)
between EN 15316 and measurements – Carcassonne test case
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Figure 7 - Comparison of the solar production (in kWh)
between EN 15316 and Measurements – Carcassonne test case
	
	EN15316
	MESURES

	Janury
	4309
	2813

	February
	4652
	4680

	March
	6417
	5236

	April
	7242
	7755

	May
	7998
	6725

	June
	8308
	8382

	July
	9068
	9242

	August
	9541
	8946

	September
	7584
	6966

	October
	5924
	4417

	November
	4185
	2639

	décember
	369
	2149

	Annual
	78919
	69950

	Diff./mesures
	+ 13 %
	


Tableau 3 - Results of the monthly comparison of solar production (in kWh)
between EN 15316 and measurements – Sophia Antipolis test case
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Figure 8 - Comparison of the solar production (in kWh)
between EN 15316 and Measurements – Sophia Antipolis test case
For the two collective systems, the recorded differences, between simulations and the measurements, are of ± 20% which is absolutely acceptable taking into account the measurement uncertainties.
4 CONCLUSION
The EN 15316 software has been developed in the framework of the European SolarKeymark II project on basis of the calculation method described in the European standard EN 15316-4.3. This software makes it possible to calculate the monthly and annual thermal performance of a thermal solar system as well as the energy savings and the quantity of CO2 avoided compared with a conventional system.

A study was carried out in order to compare the results produced by this software with the experimental data from test cases listed by the CSTB.

These test cases are representative of those that can be found in Europe in the domain of individual and collective solar hot water production.

The results vary depending on the case, but overall the EN 15316 software reproduces in a correct way the behaviour of the solar system knowing that the experimental data are also subject to caution and that is concerns a very simplified calculation method.

This software can therefore be used as a calculation tool in order to promote in Europe the development of thermal solar systems.

ANNEX

Detailed reports for simulation

EN 15316

[image: image9.png]Domestic hot water system characterized by EN12977 (custom buit)

Type of solarsystem: _ Solar plus-supplementary system

{ | Methoduse: Method B

Hot Water to taps

Cold Water supply




IDHW 1

[image: image10.png]Gwslus 131 183 172 183 15 143 131 182 165 233 153 234 2083
GWsolow 271 788 1173 1435 1546 143 131 162 1483 1062 438 M8 1279
Wslaw 24 42 55 68 77 73 86 82 &7 43 28 21 7

Hea losses of the solar themal system (kW]

Gwsolsts 12 227 338 461 578 589 61 &2 S04 266 182 3 452

Gwbudss 0 0 0 0o 0o 0 0o 0 0 0 0 0 0

Riecoverable losses of the salar thermal system [KWh]

Wl bl o o o o o o 0o 0o o0 0 0 0 0
 Gsslaestl o o o o o o 0o o 0o 0 0 0 0
 Gbudisletl o o o o o o 0o o 0o 0 0 0 0
sl o o o o o o 0o o 0o 0 0 o 0





IDHW 2
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IDHW 3
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CARCASSONE
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NOVOTEL SOPHIA ANTIPOLIS
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