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IEA Solar Heating and Cooling Programme (IEA SHC)

The Solar Heating and Cooling Technology Collaboration Programme was founded in 1977 as one of
the first multilateral technology initiatives ("Implementing Agreements") of the International Energy
Agency. Its mission is “to enhance collective knowledge and application of solar heating and cooling
through international collaboration to reach the goal set in the vision of solar thermal energy meeting
50% of low temperature heating and cooling demand by 2050.

The members of the IEA SHC collaborate on projects (referred to as “Tasks”) in the field of research,
development, demonstration (RD&D), and test methods for solar thermal energy and solar buildings.

A total of 58 projects have been initiated, 50 of which have been completed. Research topics include:

e Solar Space Heating and Water Heating (Tasks 14, 19, 26, 44, 54)

e Solar Cooling (Tasks 25, 38, 48, 53)

e Solar Heat or Industrial or Agricultural Processes (Tasks 29, 33, 49)

e Solar District Heating (Tasks 7, 45, 55)

e Solar Buildings/Architecture/Urban Planning (Tasks 8, 11, 12, 13, 20, 22, 23, 28, 37, 40, 41, 47,
51, 52, 56)

e Solar Thermal & PV (Tasks 16, 35)

o Daylighting/Lighting (Tasks 21, 31, 50)

e Materials/Components for Solar Heating and Cooling (Tasks 2, 3, 6, 10, 18, 27, 39)

e Standards, Certification, and Test Methods (Tasks 14, 24, 34, 43, 57)

e Resource Assessment (Tasks 1, 4,5, 9, 17, 36, 46)

e Storage of Solar Heat (Tasks 7, 32, 42, 58)

In addition to the project work, there are special activities:

SHC International Conference on Solar Heating and Cooling for Buildings and Industry
Solar Heat Worldwide — annual statistics publication

Memorandum of Understanding — working agreement with solar thermal trade organizations
Workshops and seminars

YV V V V

Country Members

Australia France Spain

Austria Germany Sweden
Belgium Italy Switzerland
Canada Mexico Turkey

China Netherlands Portugal
Denmark Norway United Kingdom

European Commission Slovakia
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Sponsor Members

European Copper Institute International Solar Energy Society
ECREEE RCREEE
Gulf Organization for Research and Development

For more information on the IEA SHC work, including many free publications, please visit www.iea-shc.org

Current Tasks

Task 51 Solar Energy in Urban Planning

Task 52 Solar Energy and Energy Economics in Urban Environments

Task 53 New Generation Solar Cooling and Heating Systems (PV or solar thermally driven
systems)

Task 54 Price Reduction of Solar Thermal Systems

Task 55 Towards the Integration of Large SHC Systems into DHC Networks

Task 56 Building Integrated Solar Envelope Systems for HVAC and Lighting

Task 57 Solar Standards & Certification

Task 58 Material and Component Development for Thermal Energy Storage

Completed Tasks

Task 1 Investigation of the Performance of Solar Heating and Cooling Systems
Task 2 Coordination of Solar Heating and Cooling R&D

Task 3 Performance Testing of Solar Collectors

Task 4 Development of an Insolation Handbook and Instrument Package

Task 5 Use of Existing Meteorological Information for Solar Energy Application
Task 6 Performance of Solar Systems Using Evacuated Collectors

Task 7 Central Solar Heating Plants with Seasonal Storage

Task 8 Passive and Hybrid Solar Low Energy Buildings

Task 9 Solar Radiation and Pyranometry Studies

Task 10 Solar Materials R&D

Task 11 Passive and Hybrid Solar Commercial Buildings

Task 12 Building Energy Analysis and Design Tools for Solar Applications
Task 13 Advanced Solar Low Energy Buildings

Task 14 Advanced Active Solar Energy Systems

Task 16 Photovoltaics in Buildings

Task 17 Measuring and Modeling Spectral Radiation

Task 18 Advanced Glazing and Associated Materials for Solar and Building Applications
Task 19 Solar Air Systems

Task 20 Solar Energy in Building Renovation

Task 21 Daylight in Buildings

Task 22 Building Energy Analysis Tools

Task 23 Optimization of Solar Energy Use in Large Buildings
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Task 24 Solar Procurement

Task 25 Solar Assisted Air Conditioning of Buildings

Task 26 Solar Combisystems

Task 27 Performance of Solar Facade Components

Task 28 Solar Sustainable Housing

Task 29 Solar Crop Drying

Task 31 Daylighting Buildings in the 215 Century

Task 32 Advanced Storage Concepts for Solar and Low Energy Buildings
Task 33 Solar Heat for Industrial Processes

Task 34 Testing and Validation of Building Energy Simulation Tools

Task 35 PV/Thermal Solar Systems

Task 36 Solar Resource Knowledge Management

Task 37 Advanced Housing Renovation with Solar & Conservation

Task 38 Solar Thermal Cooling and Air Conditioning

Task 39 Polymeric Materials for Solar Thermal Applications

Task 40 Towards Net Zero Energy Solar Buildings

Task 41 Solar Energy and Architecture

Task 42 Compact Thermal Energy Storage

Task 43 Solar Rating and Certification Procedures

Task 44 Solar and Heat Pump Systems

Task 45 Large Systems: Solar Heating/Cooling Systems, Seasonal Storages, Heat Pumps
Task 46 Solar Resource Assessment and Forecasting

Task 47 Renovation of Non-Residential Buildings Towards Sustainable Standards
Task 48 Quiality Assurance and Support Measures for Solar Cooling

Task 49 Solar Process Heat for Production and Advanced Applications

Task 50 Advanced Lighting Solutions for Retrofitting Buildings

Completed Working Groups
CSHPSS; ISOLDE; Materials in Solar Thermal Collectors; Evaluation of Task 13 Houses; Daylight
Research
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1. Executive Summary

The A2 activity is dedicated to building the state-of-the-art for new cooling and heating system configurations
according to market available and close to market solutions (R&D level just before or during demo stage) at the
start of SHC Task 53). This state-of-the-art is based on results from surveying SHC Task 53 participants, and no
claim can be made for completeness. The survey results for both solar thermal and solar PV solutions are classified
according different criteria: size, applications, etc.

The present report has been built so as to make a picture of the existing and future systems called “New Generation
Solar Cooling and Heating Systems” and try to understand their main features. This picture cannot be completed
but this can give an interesting fore view of this new generation. This survey is not including refrigeration systems.

The solutions are all pre-engineered systems with small to medium capacities for the following building types:
single family houses, small multi-family buildings, offices, shops, commercial centres, factories, hotels. All of
these buildings can be grid connected or off grid in case of PV cooling and heating. The cooling and heating power
range will be from 1 KW eoolingheating t0 several tens of K\Weeoling/heating.

The majority of the presented solutions can be driven by solar thermal or/and solar photovoltaic energy, which
means these are all solar cooling solutions. 10 solutions are described in a summary set of tables giving technical
comparative details as well as some economic indications (overall average end user price for instance) and a
comparative square view of the principle scheme is presented. Additional details and pictures can be found in the
Annex.

2. Work performed in Activity A2

2.1 Methodology :

A questionnaire was distributed to SHC Task 53 participants in 2015 to collect information on current
innovative solar cooling solutions both in the market and close to the market. The questionnaires have
differentiated PV and solar thermal approach so as to permit a global understanding of each of them. For each
system, a scientific contact member of Task 53 is identified and permits to deepen the technical analysis of the
solutions and further exploitation of the data.

The process will continue for the duration of Task 53, until June 2018, to allow for the incorporation of new
solutions.

2.2 General overview of the different systems collected in the Task 53 survey:

Ten systems are presented in the following Table 1 and Table 2, to show overall and technical information and to
present economical data, respectively.

SHC Task 53/Report A2 March 2017
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Table 1 — Overall presentation of the data collection on innovative solar cooling and heating systems among IEA SHC Task 53

Nominal Nominal
. cooling Nominal solar input . Target
Logo Maggljiitu rer, '\;Itaaﬂjzt Service SOIT 'ngt capacity heating (Wp for PV gt% T;ng market re!:g?ign Back up Other Website
y yp (kW or | capacity (kW) | and m? for g area J
m3/h) ST
15 75 France R290
AT Gancg};‘f; ATISYS, France R&D %22{:29/ PV 4 kW 5.1 kW 4.6 kW Sigi'l? le Northern Air Grid chlllte;rr,rzhort www.atisys-concept.com
g Africa
elec. battery
. . Europe, Electric .
CLIMATEWELL, R&D C_oolmg/ ST 40 KW 108 kW 180 m? Sensible sunny Air chiller (390 AQsorptlon www.climatewell.com
Sweden heating/ DHW tank " (LiCI/H20)
countries kW)
solar input
FREECOLD Africa, 24VDC,
8 FREECOLD France Commercial Cooling PV 2.5 kW No heating 1.5 kW - developing|  Air Grid elec. www.coldinnov.com/en
countries battery
possible
CO FREESCOO, Italy R&D Cooling/ ST/PV 500 m%h 1.44 KW 2.4 KW - ltaly Air Desiccant | www.freescoo.com/solari
heating technology nvent
G GREE&} GREE. China R&D igg{:gg/ PV 33.5 kw 37.5 kw 12.2 kW None China Air Grid VRF WWW.greeac.com
L= : : Cooling/ Spain, : : Scroll, no
HC,QSFEJQ KAYSUN, Spain | Commercial heating PV 3.5 kw 3.5 kw 0.7 kW None Europe Air Grid battery www. kaysun.es/es
U r | x Cooling/ Europe, Absorption
PURIX, Denmark | Commercial . ST 2.5 kW 3.6 kW 4.8 m? None sunny Air Boiler : WWW.purix.com
heating " (LiBr/H20)
countries
senr France, Scroll
. Cooling/ 3.6 KW (split) | 3.6 kW (split) | 0.65 kW (split) Europe, . . ’
SENR, France Commercial heating PV 45 KW (VRF) | 50 KW (VRF) 20 KW (VRF) None sunny Air Grid boast;iet:?/e www.senr.fr
countries P
Silicagel-
SOIab{ 00[ . Europe, I water
N\ et ettt gk oy SOLABCOOL, R&D Cool!ng/ ST 4.5 kW 8 kW 13.3 m? None sunny Air District adsorption www.solabcool.com
Netherlands heating 7 heating X
countries cooling
machine
Cooling/ Sensible Electric Absorption www.yazaki-
W YAZAKI| vazaki, sapan R&D ! ST 35 kW 60 KW 0.1 kW China Air | chiller 20.3 | 2° :
heating tank KW) (LiBr/H20) group.com/global
7
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Table 2 — Economical data on innovative solar cooling and heating systems among IEA SHC Task 53

Solar Cold/heatin -
Market : Total production productiong : Storage Other | . Specific Annual
Manufacturer status Service Inv_estment investment | investment Investment (€%) Invest. Cost | maintenance Contact
price (€*) (€%) (€%) (€%) (€*/kWeooling) | cost (€%)
ATISYS R&D Cooling/heating - - - - - - - http://www.atisys-concept.com
CLIMATEWELL R&D Cooling/heating/DHW - - - - - - - http://www.climatewell.com
FREECOLD Commercial Cooling 3600 1500 2100 - - 1440 100 http://www.coldinnov.com/en/
FREESCOO R&D Cooling/heating 7500 1500 3500 - 2500 2 500 50 http://www.freescoo.com/solarinvent/
GREE R&D Cooling/heating 24600 12400 11800 - 400 734 300 http://www.greeac.com/
KAYSUN Commercial Cooling/heating 2500 700 1800 - 714 30 http://www.kaysun.es/es
PURIX Commercial Cooling/heating 4425 - - - - 1770 20 http://www.purix.com/
SENR - SRV Commercial Cooling/heating 97000 57000 25000 17000 3500 26944 1000 http://www.senr.fr
SENR - SPLIT |Commercial Cooling/heating 2500 700 - - - 694 180 http://www.senr.fr
SOLABCOOL R&D Cooling/heating - - - - - - - http://www.solabcool.com
https://www.yazaki-
YAZAKI R&D Cooling/heating ] ] ] ] ] ] ] group.com/global/

* Note : end user price excluding VAT

Table 2 shows that mainly the commercially available solutions are able to deliver economical data on the systems (indicative investment end user price).
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2.3 Square view:

The "square view" developed in Task 53 A4 activity provides a common approach to compare different systems.
Based on the "square view" developed in SHC Task 44: Solar and Heat Pump Systems”, this concept provides a
means to compare different configurations for integrating solar cooling and heating systems in buildings,
microgrids and the central grid.

It permits to present in a common and easy to understand manner all the different configurations of solar cooling
and heating systems, either they are PV driven or solar thermally driven for example.

Atisys (France) :

Thermal
driven Heat/cool
cooling coil

machine

Solar
thermal
collector

Heating
unit

Heat / Cold
Storage Compressio

n chiller

production conversion

——+ Elect. Energy
» Hot water/air
+ Cold water/air
» Refrigerant

Figure 1: SquareView ATlsys - PVCOOLING
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Climatewell (Sweden):

Ventilation
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Figure 2: SquareView ClimateWell - SunCool
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ColdInnov (France) :
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Solar
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Figure 3: SquareView COLDINNOV - FREECOLD
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Freescoo (Italy):
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Figure 4: SquareView Solarinvent - Freescoo

|
I
I
1
I
1
I
4

Ventilation
unit

Heat/cool

Heating
unit

Cooling
unit

conversion

—— Elect. Energy
- - — 4 Hotwater/air

» Cold water/fair
» Refrigerant

—mememememlp e - -,

12

SHC Task 53/Report A2

March 2017



S}D Task 53§

SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY AGENCY

New generation solar cooling & heating systems (PV or thermally driven) / task53.iea-shc.org

Gree (China) :

Ventilation
unit

Adsarbant

El, Storage Sastas

Heating
unit

Heat Cooling
Storage unit

production conversion

——+ Elect. Energy
» Hot water/air

..... --- Cold water/air
» Refrigerant

Figure 5: Gree - Gree
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Kaysun (Spain):

Ventilation
unit

Adsorbant

El. 5t
orage cooler

Heating
unit

Heat Cooling
Storage unit

production conversion

Elect. Energy
Hot water/air
Cold water/air
Refrigerant

Figure 6: SquareView Frigicoll - Kaysun
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Purix (Danemark): District cooling version

YVentilation

Heat pump unit

El. Storage

Heating
unit

Heat
Storage

production conversion

—— Elect. Energy
———-p Hotwater/air

» Cold waterfair
» Refrigerant

Figure 7: SquareView PURIX - PURIX (district cooling)
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Purix (Danemark): Heat storage version

Ventilation

Heat pump unit

El. Storage

Heating
unit

production conversion

—— Elect. Energy

————p Hotwater/air
» Cold waterfair

............. » Refrigerant

Figure 8: SquareView PURIX - PURIX (heat storage)
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Purix (Danemark): Back up version

Ventilation

Heat pump unit

El. Storage

Heating
unit

Heat
Storage

production conversion

——p Elect. Energy
———— Hotwater/air

» Cold water/fair
» Refrigerant

Figure 9: SquareView PURIX - PURIX (backup)
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Purix (Danemark): No Back up version

Ventilation

Heat pump unit

El. Storage

Heating
unit

Heat
Storage

production conversion

——p Elect. Energy
————p Hotwater/air
.p Cold waterfair
» Refrigerant

Figure 10: SquareView PURIX - PURIX (no backup)
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Solabcool (The Netherlands):
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Figure 11: SquareView SolabCool — SolabChiller
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SENR (France) :
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3. Conclusions

The present report is dedicated at presenting the state of the art of the new system configurations for cooling and
heating. It is realised according to existing market available and close-to-market solutions (R&D level just
before and during demo stage).

This state of the art shows a large diversity in term of configurations and different stage of developments from
prototypes to fully commercially available products.

It can be seen as well that the majority of the products are coming from Europe where the major business of
solar cooling is not really present due to mild climates. Some systems are offered by Asian companies however.

Other reports from Task 53 will answer further questions raised by this first survey: real systems feedbacks and
measurements (Subtask C), comparison with reference systems and intercomparison (Subtask B), life cycle
analysis (Subtask A).

21
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ATIsys:

Tosk 53

SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY AGEMCY
Activity A2
Company ATISys
Address Zl de TOULON EST
901 Avenue Alphonse LAVALLEE
Country 83088 TOULOMN CEDEX 9, France
Contact Philippe ESPARCIEUX

Tel. 04.54.48.25.63

http:/hwwow.atisys-concept.com/
|Brand name PVCOOLING
Cooling power range 2- 11 kW
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System

F¥ COLLECTORS

Total area:

Tilk angle :
Qrientation :

Typical peak power :

Type:

Model :
Mlanufacturer
Cauntry :

SOLAR INYERTERS

Brand:

Flodel :

Typical nominal OC power :
Typical nominal AC power :
Mumber of phases
Ingerter efficiency :

BATTERIES

Capacity range :

AUZILIARY POWER SOURCE

HEAT PUMF

Type :

Chill=d Fluid type :
Diztributed chilled medium temperature ;

Model :
Mlanufacturer
Cauntry :

Coaling capacity :

Electrical consumption in cooling mode
EEF:

Heating capacity :

Electrical consumption in heating mode :
COoP:

COLD STORAGE

Tuype :

295 m? [aperture area)

24 " [0=horiz)

0 " [O==cuth ; 90 =west; 270=2ast)
4530 wo

Monocristalline

BELACE 230007
SOLOM ENERGY
Germany

Sunny B oy
5000 TL - 21
525 kw
46 kW
1
965

166 Ak (C120)

Girid 230 v

Fistan
Bir ko water
F2an

4 C

HG12FIED-4 5 HC
GEA,
Germany

338 kW
111 kW
358 -
b1 kM
111 kM
459 -

Conditions: Test= 'C

Conditions: Text= '

Sensible heat

Tint=C

Tint="C
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ClimateWell:

Task 53 ¢

SOLAR HEATING & COOLING PROGRAMME
INTERMATIONAL ENERGY AGENCY
Activity A2
Company ClimateWell AB
Address Instrumentvagen 20
Country Sweden
Contact Corey Blackman
corey. blackman@climatewell com
46704995355
Brand name SunCool

Cooling power range 500 W to 150 kW
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Heat sources

COLLECTORS
Total area : 180 m* [aperture area)
Tilt angle : 40 ° (0=horiz)
Orientation : 15 * {0=south ; 90 =west ; 270=east)

Type: Flat plate; 2glazing
Model : SunCool
Manufacturer : ClimateWell + Hewalex
Country : Sweden + Poland
Type of installation : Flat roof

Heat transfer medium : Water + glycol

Flow control : Variable

SOLAR HEAT STORAGE
Total volume : 1m3
Mumber of storage tanks : 1-
Storage medium : Water

AUXILIARY HEATING SYSTEM

Type : External direct

COMMENTS

District heating is used for both space heating and domestic hot water (DHW). The SunCool

system is only connected to provide a portion of the DHW.
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Cooling Equipment

CHILLER
Type : ClimateWell proprietary sorption modules
Madel : SunCool Gen 1

Manufacturer : ClimateWell
Country : Sweden

Mominal chilling capacity : 40 kw
COP_thermal : 0,55 -
stributed chilled medium temperature : 10 *C
Mominal driving heat temperature : MNA *C

Driven by - solar thermal heat [solar autonomous operation)

HEAT REIECTION

Thermal heat rejection capacity : 50 kKW
Nominal electricity consumption (fan) : 0,45 kW

BACKUP CHILLER
Type - Screw
Model © 30HXC

Manufacturer : Carrier
Country - France

Chilling capacity : 390 kKW
COP_el : 35 -
Chilled medium temperature : 7°C

Heat rejection : Dry cooling

COLD STORAGE
Total volume : 126 m3
Number of storage tanks : 3 -
Storage medium : Water
Nominal exchange temprature : 7C
COMMEMNTS

Thermal coefficient of performance is an estimated value since it is difficult to
determine since the cooling equipment is integrated directly into the collector.

Dry cooler was a modified unit (new fans) already installed on site at the start of the
project.
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Retiurm
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COMMENTS
The demaonstration plant comprised 130 SunCool collectars with a total aperture area of 180 m2

besssses s e me e

connected in parallel in banks of 8 to 13 collectors. These 130 collectors were connected to the cold
store and hot store as shown abowve.
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Results from system operation

MOMNITORING PERIOD

From : 11th July 2014
Until : 31st August 2015
Pericds of sytem/monitoring interruption : August 2014

COLLECTORS
Radiation gain, collector surface : 454 kWh/m?

AUXILIARY HEATING

Auxiliary heat for space hEa‘t'IHE.l"DHW : 1520 k'Wh
CHILLER

Produced cold : 8446 kWh

Rejected heat : 19765 k'Wh
BACKUP CHILLER [electrically driven compression)

Produced cold : 214000 kKWh
AUXILIARY ELECTRICITY DEMAMND

Other : 1364 kWh
COMMENTS

Electricity includes controls, pumps and fans for the SunCool installation.

Cooling load for backup chiller includes total cooling load of the plant (i.e.
industrial and space coaling). The system was dimensioned via simulations

to cover about 10% of the cooling demand.

The solar radiation data is given only for sorption cooling delivery pericd
(July 2014 and September 2014; April 2015 and May 2015). August 2014,
June 2015, July 2015 and August 2015 were excluded due to operation issues

with the collectars. Issues with the collectors also caused relatively low
glectrical COP during April 2015 and May 2015. Additionally, the system
provided free cooling during the winter months which was not included here.
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Qualitative assessment SunCool

Tosk =3 {F

GENERAL USER REACTIONS {ease of use, controlability, .. )

The user iz an industrial plant (Lofbergs Lila co fiee roasteny) and well accustomed fo g pecial technelogy projeds.
The uzerhas been satizfied with being a part o fthe dewelopment o fa newtechnology

GEHERAL ASSESSMENT
5 ats fied or not conmments
YES NO
Uger/ ownersatisfied ? =3 ™ Unigue demenstrafion technology One ofa kind in the world.

U=er/ Owner involved in the projedt? WO

Gttty ol com Rutas ik i ! The instalation only serves a portion of the coolng dermand
Corfort conditions are shv sys met by the existing
compres sion chillers

Image and marketing aspects W |

Highly unigue ins taletion. Great marksting for Lofoergs Lils

Otherazpects

Good Fee cocling cperation
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PERFORMANCE ASSES SMENT
WES NO comiments
i i 7 B I

SuligentEnemeie fier Do an o The systemw 85 des gned fo provide about 109 of the
cooling load during the summer. Dwring the relatively s hort
avaluation the system performed well

Overall reliable operation? W Systemwss twesked dueto various Esues with the loss of
oras sure in the pressuris ed loop, Leter therewere issues
w ith the SunCeool collectors w hich are currently being
rescheed

Ed=ting nuizance # = [w#

Colector pperation Bsues, Eskege

P otential for optimizafon?
(e.g., system control) Colector re-design in progress , and being carried out n
stages . Controls ystemhaes besn optimized.

ENVIRONMENTALBENEFITS €.g CO2 and energy=awngs?

MAJOR LE S50NS LEARNT e.g more efiicientdesign? Material? Howto avoid nuizance? Efc...

*Sy=tem performs with =imilar eficdencyin medium and =mall applications (when collectors are perbrming well}
*L ow eledrical power conzumpticn can be achieved with ofithe-shelfsystem component

*Plastic piping can be uzed in the condenserfevaporater loop ofthe 2ywetem

*Standard control zettings can be em ploved for both medium and =mall =syetems
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COLDINNOV:

Tosk 53 4f

SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY AGENCY
Activity A2
Company COLDINNOV
Address HEAD OFFICE
1 IMPASSE DE LISIEUX
Country 31300 TOULQUSE - France
Contact LIOMNEL BATAILLE
Tel. +33 (0)5 3154 16 64
Brand name FREECOLD

Cooling power range 2.6 Kw
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System
PV COLLECTORS
Total area :
Tilt angle :
QOrientation :

Typical peak power:

Type:

Model :
Manufacturer :
Country :

9,6 m* (aperture area)
45 * (0=horiz)
0 ®[0=south ; 90 =west ; 270=east)
1500 W

Polycristalline
A250-P

Atersa
Spain

SOLAR INVERTERS MNone

BATTERIES Mone

HEAT PUMP

Type:

Maodel :
Manufacturer :

Piston
Air to air

S5HO9
SANDEN

Country : JAPAN

Cooling capacity :
Electrical consumption in cooling mode :
EER:

2,5 kw
0,8 kw
3,1 - Conditions : Tout=35°C Tin=20"°C
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Task 53 $&

HEAT REJECTION STRATEGY Mone

BACKUP CHILLER Mone

COLD STORAGE Mone

DISTRIBUTION SYSTEM

Distribution fluid : air
Mominal supply temp. : 16 °C

COOLING STRATEGY full air conditionning (strict conditions)

COMMIENTS
24V ELECTRICAL COMMECTION with triple energy supply and automatic switch
24\ dc from PV panels
24vdc from 230V ac/24vdc converter
24vdc from solar batteries

1500Wp
Photovalfaic |—
Collectors FREECOLD BUILDING
OUTDOOR >
———————» UNIT INDOOR UNIT
: 230Vacizavde | Detienal
[ cra | comvetr

28Vdcsaolar
batteries
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250 Wp PHOTOVOLTAIC PANELS
[ MODULES CONNECTED IN PARALLEL)

-+
.

24Vde
brushless mater

-
=L
& & z
1 1 o
‘1_- ] ' 1 s
[ S
T A
" b ¢ T - Triple energy supply -'i D'" =.= [
24V BATTERY 24V BATTERY with automatic switch 4
B FREECOLD, abrand of 21DEA
Investment - Material
TOTAL INVESTMENT COST
Total : 2100 €
Lifetime : 20 y
Annual cost : 105 €y
Specific costs : 1400 £/kwWp

SOLAR PV COLLECTORS

Total :
Lifetime :
Annual cost:
Specific costs :
Mot including :

installation 500 €
structure 150 €
other (wiring...) 50 €

808 £/kWcooling

1500 €
25 y
60 €/y
1000 €/kWp
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Investment - Planning & Design

FEASIBILITY 5STUDY

Total : 100 €
Specific costs : 67 £/kWp
0 €/kwW
PLANNING
Total : 100 €
Specific costs : 67 € kWp
0 £/kw

COMMISSIONING

Total : 100 €
Specific costs : 67 € kWp
0 £/kW

COMMENTS ON FEASIBILITY STUDY,
PLANNING AND COMMISSIONING
VERY EASY TO IMSTALL. IT CAN BE DONE BY AN USUAL
AIRCONDITIONING INSTALLER: units are delivered ready to connect

AMMUAL MAINTEMANCE
Total : 100 €

Specific costs : 67 €y.kwp
0 €/y.kw
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Results from system operation

MONITORING PERIOD
From : 1st March 2012
Until : 28th February 2013
Periods of sytem/monitoring interruption : None

PV PAMNELS
Useful energy from collector : 5632 kWh
Specific PV yield : 1173,3 kwh/kwp
HEAT PUMP
Drinving electricinput : 19430 kWh
Produced cold : 2297 k'Wh
COP_elec: 0,12 -
CHILLER
Produced cold : B445 kwh
Rejected heat: 19765 kWh

AUXILIARY ELECTRICITY DEMAND

Pumps, collector circuits : 5185 kWh

COMMENTS
OUR SOLUTIOMS ARE MAIMLY INSTALLED IN WESTERM AFRICA. WE HAVE NOT
ANY OPERATING RESULTS FROM USERS
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B Qualitative assessment

COLDINNOVW

Task 53 4

GENERAL USER REACTIONS {ease of use, controlability, ...)

B FREECOLD

IT WORKS LIKE A USUAL SPLIT AIRCOMDITIONING UMNIT

Other aspects

GENERAL ASSESSMENT
satisfied or not comments
YES MO
User/ owner satisfied ? I B
User/ Owner involved in the project? rl N
Qualitiy of comfort aspects v |
Image and marketing aspects ri [
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34

PERFORMAMNCE ASSESSMENT

YES MO comments
Sufficient Energetic performance? [ B
COwerall reliable operation? i B
Existing nuisance 7 B v
Fotential for optimisation? rl B

{e.qg., system control)

ENVIRONMENTAL BEMEFITS e.0 COZ and energy savings?

YES

MAJOR LESSONS LEARNT e.q more efficient design? Material? How to avoid nuisance? Etc...
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Task 53§

SOLARINVENT:

Task 53 ¢

SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY AGEMCY
Activity A2
Company Solarinvent srl
Address Via dell'Autonomia 88 Sant'Agata Li Battiati (CT) 95030
Country Italy
Contact Pietro Finocchiaro

in fo@=olarinvent.com

|Brand name Freescoo
Cooling power range 2 - 10 kW
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Task 53 4

Heat sources

COLLECTORS
Total area :

Tilt angle:
QOrientation :

Type:

Model :
Manufacturer:
Country :

Type of installation :

Heat transfer medium :

Flow control

2,4 m* (aperture area)
25 " (0=horiz)
0 " (0=south ; 90 =west ; 270=east)
Flat plate
SunCool
ClimateWell + Hewalex
Sweden + Poland

Fully integrated

Air

: Variable

SOLAR HEAT STORAGE MNone

AUXILIARY HEATING SYSTEM None

COMMENTS
Water based solar collector can also be used with small changes in the configuration of the

machine
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Cooling Equipment

CHILLER MNone

HEAT REJECTION MNone

DESSICANT EVAPORATIVE COOLING SYSTEM [DEC)

Sorption process : Solid
Sorption material : Silicagel

Manufacturer : Solarinvent

Country : ltaly
MNominal air valume flow rate : 500 m3/h
mMinimal air volume flow rate : 50 m3/h

BACKUP CHILLER None

COLD STORAGE Mone

COMMENTS

The data refer to the stand alone solar autonomus Solar DEC machine
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\COMMENTS

|The control strategy of the system is the following. If there is no need for cooling in the building, solar energy is used to
|regenerate the adsorption material of the desiccant beds. In particular, one bed is regenerated until the temperature difference
| between the air at the outlet of the solar collector and the air coming out from the bed is higher than a fixed threshold. If the
;dif'Ference is lower and the solar fan is at the minimum speed, the control system commutes to the other bed for its
‘regeneration. If the system has to provide cooling, the main fan is used to provide fresh and dehumidified air to the building.
|Building temperature and humidity can be controlled independently. Temperature can be adjusted controlling the speed of the
'main fan and by the status of the recirculation pump of the wet heat exchangers. Humidity can be adjusted by controlling the
|status of the cooling tower pump and partially controlling the speed of the main fan. A variation in the temperature of
|adsarption material will result in a different dehumidification capacity and consequently, this property can be used to adjust the
|humidity in the conditioned space. When cooling is required, the operation of the two adsorption beds is based on the humidity
|of the return air. If the humidity set-point is exceeded, then the control system activates the commutation procedure from one
|bed to the other. Before the end of this phase a pre-cooling of the bed which was operated in regeneration mode is carried out,
|preparing it for the next operation in adsorption mode.
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L&

Results from system operation

MONITORING PERIOD

From : 1st July 2015
Until : 18th August 2015

,13.08

Periods of sytem/monitoring interruption : from 17.07 to 23.07, 31.07
COLLECTORS
Radiation gain, collector surface : 319 kwh/m?*
Useful energy from collector for cooling operation (driving heat): 483 kK'Wh
DESSICANT EVAPORATIVE COOLING SYSTEM (DEC)
Regeneration heatinput: 433 kWh
Produced cold : 533 kWh
Produced cold during desiccant wheel operation only : 533 kWh
COP_dessicant : 1.1 -
Solar coverage of regeneration heat : 1-
AUXILIARY ELECTRICITY DEMAND
Fans air handling unit : 29.1 kWh
Fans heat rejection, heat driven chiller : 10,4 kWh
Other : 2.1 kwWh
COMMENTS

Data refer only to the cooling operation during the monitored summer period. The electricity
consumption doesn't take into account the PV production of the PVT collector. The real electricity

taken from the grid is 10,5 kWh for the considered time period.
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Investment - Material

TOTAL INVESTMENT COST

Total : 7500 €
Lifetime : 15y
Annual cost ; 500 £y
Specific costs : 3125 £/m*
15 £/(m3/h)
SOLAR COLLECTORS
Total : 1500 €
Lifetime : 15y
Annual cost : 100 €y
625 £/m*

Including : installation, structure, PV panels, solar batteries, solar controller, piping, pumps, ...

COLD PRODUCTION

Total cost : 3500 €
Lifetime : 15y
Annual cost : 233 €y
specific costs : 1458 £/m*
7 €/(m3/h)

Including : installation, heat rejection, DEC, other

ELECTRIC, CONTROL AND MONITORING

Total : 2500 €
Lifetime : 15y
Annual cost : 167 £y
specific costs : 1042 £/'m*
5 €/(m3/h)

Including : installation, monitoring, control, electric panels

Investment - Planning & Design

COMMISSIONING

Total : 800 £
Specific costs : 333 £'m*
1,6 £/(m3/h)

ANMUAL MAINTENANCE
Total : 50 €
specific costs : 21 €/y.m*

0,1 €/y.(m3/h)




7y

SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY AGENCY

Task

New generation solar cooling & heating systems (PV or thermally driven) / task53.iea-shc.org

3

8 Qualitative assessment freescoo

Tosk 53 4%

GENERAL USER REACTIONS (ease of use, controlability. .. )

Other aspects

[ Theunitwhose data are presented was tested at resea

GENERAL ASSESSMENT
satisfied or not
YES MNO
User/ owner satisfied ? i
User ! Owner involved in the project? v B
Clualitiy of comfort aspects [] v
Image and marketing aspects v [

comments

The unit was tee small for the specific room to ensure an
adeguate comfort in termz of temperature control. An
addiional cenventional split unit has to be cperated. In general
ventiation rate and humidity control was ok

In general, feedbacks and comments received are very
poeiive, ezpecially because of the compactness of the
solution propozed. The interest from industry stakehelders is
relevant.

rch insitutions
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PERFORMANCE ASSESSMENT

YES MO comments
Sufficient Energetic performance? i ra
The glekal EER for the whele 2ummer menitoring pericd was
12,8
Cwerall reliable operation? ri B
Existing nuisance 7 I ra
Potential for optimisation? rd B ) o )
A system control) There iz =pace for optimizing the energy performances in
- 5¥8 terms of max cocling capacity and centrel of the de=zorption
process

ENVIRONMENTAL BEMEFITS e.q COZ2 and energy savings?

Energy savings are 77% in comparison to a conventional cooling system having EER=3. If the PV production of
the PVT collector is considered in the calculation the energy savings rise up to 94%.

MAJOR LESS0ONS LEARNT e.g more efficient design? Material? How to avoid nuisance? Etc...
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SJTU:

Tosk 53 4F

SOLAR HEATING & COOLING PROGRAMME
INTERMATIOMAL ENERGY AGENCY
Activity A2
Company 51Tl
Address Sino-Italian Green Energy Laboratory Shanghai Jiao Tong University
800 Dongchuan Road
Country Shanghai 200240, China
Contact Yanjun Dai
E-mail: yjdai@sjtu.edu.cn
Brand name Gree

Cooling power range 33.5 kKW
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System
PV COLLECTORS
Total area :
Tilt angle :

Crientation :
Typical peak power :

Type :

Model :
Manufacturer :
Country :

SOLAR INVERTERS

Location :

Brand :

Typical nominal DC power :
Mumber of phases :
Inverter efficiency :

BATTERIES

AUXILIARY POWER SOURCE

HEAT PUMP

Type :

Model :
Manufacturer :
Country :

Chilled fluid type :

Cooling capacity :

sctrical consumption in cooling mode :
EER :

Heating capacity :

ctrical consumption in heating mode :
COP :

71,2 m* (aperture area)

20 * [O=horiz)
0 * (0=south ;
12180 Wc

Polycristalline

80 =west ; 270=east)

JEM265P-60 & IKM260PP-60

linko Solar
China

Outdoor
Gree
125 kW
3 -
07,6 %

Mone

Grid (380 V)

Scroll
Brine to water

GMW-Y3I35WMA

GREE

China

R410a
33,5 kW
241 kW
3,08 -
37,5 kW

0 kW

417 -

Conditions Text=35%C Tint=27 *C

Conditions Text=7*C Tint=20°C

Task 53§
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HEAT REJECTION STRATEGY Air (open)
BACKUP CHILLER Mone
COLD STORAGE Mone
BUILDING VENTILATION MNatural
DISTRIBUTION SYSTEM

Type : VRF system
Distribution fluid : R410a

COOLING STRATEGY
Type : top cooling (no strick conditions with backup)
Design outdoor temp. : 31,3 °C
Design cutdoor humid. : &0 %

HEATING STRATEGY

Type : top cooling (no strict conditions with backup)

Design outdoor temp. : -1,2 *C

Design outdoor humid. : T4 %

Outdoorunits PERFORMANCE
100% HYBRID 75vicc) P GREEHS
Cooling — ~ E -
Capacity=33.5 kW PV installation
EER=3.98
23 modules in series

Heating 2 strings in parallel
Capacity=37.5 kW
COP=4.17

From9ta22h
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Task :

34

Working mode 1: photovoltaic air conditioning system & power generation mode

Working mode 2: photovoltaic air conditioning system and power comsuption mode

,4""’«'
L3
= .

.::,E;w‘!‘_

‘lf

i

Solar Cell Array

‘_- dna S LE
l L]
Combiner Box ¢ /

Grid
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Investment - Material

TOTAL INVESTMENT COST

Total :
Lifetime :
Annual cost :
Specific costs :

SOLAR PV COLLECTORS

Total :
Lifetime :
Annual cost :
Specific costs ;

Including

COLD PRODUCTION

Total :
Lifetime :
Annual cost ;

Specific costs :

ELECTRIC, CONTROL AND MOMNITORING

Total :
Lifetime :
Annual cost :
Specific costs :

24600 £
20y
1230 £/y
2050 £/kWp
734 €/kWcooling

12400 €
25 y
496 £y
1033 £/kWp

- installation (2000)

structure (2000)
other (wiring) (1400)

11300 £
20y
590 £/y
983 £/kWp
352 £/kWcooling

400 £
15 y
27 £fy
33 £/kWp
12 £/kWcooling

Including : electric panels (400)

COMMENTS

The PVAC system uses the "e controller” to demonstrate the power generation and

comsuption, to controll all the indoor units, as well as to do some data processing.

Task 53 $&
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Investment - Planning & Design

COMMISSIONING

Total : 200 €
Specific costs : 17 €/kwp
ANMUAL MAINTENANCE
Total : 300 €
Specific costs : 25 €/y.kWp
COMMENTS

When PV generated power is more than AC system consumption
demand, PV power will give priority to the AC system, and then the
residual power will be sent to the grid. When PV generated power
is less than the AC system consumption demand, AC system will
draw power from the grid in addition to the PV power generation
system. The annual PV generated power almost cover the annual
AC system consumption demand.
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Results from system operation

MONITORING PERIOD
From : 23rd April 2015
Until : 31st December 2015
Periods of sytem/monitoring interruption : 5
PV PANELS
Radiation gain, global horizontal : 720 kWh/m?*
Radiation gain, collector surface : 874 kwh,/m?*
Gross energy production of collector : 9213 k'Wh
Useful energy from collector : 8752 kWh
Specific PV yield : 718 kwh/kWp
COMMENTS

1. During the monitoring period, the PVAC system has 5 periods of
interruption manily because of the system upgrading or modifying. 2.When
the PV generated DC power is no more than the AC system consumption
demand, the AC system consumes the DC power directly instead of
converting the DC power into AC power, resulting in almost no loss during
the direct consumption. When the PV generated DC power is more than the
AC system consumption demand, the residual PV generated power is sent to
the grid and there is some loss from converting the DC power into the AC
power.




.
SOLAR HEATING & COOLING PROGRAMME

INTERNATIONAL ENERGY AGENCY

New generation solar cooling & heating systems (PV or thermally driven) / task53.iea-shc.org

8 Qualitative assessment SJTU

Tosk =3

G GREE¥p

GENERAL USER REACTIONS (ease of use, controlability, .. )

ITWORKS LIKE A USUAL SPLIT AIRCOMNDITIONING LINIT

GENERAL ASSESSMENT
satisfied or not comments
YES MO
User/ owner satisfied 7 rl [~ VERY SATISFIED

User ! Owner invalved in the project? i [ COMSTANT CONTROL

=

Clualitiy of comfort aspects 2 [

very comfortable

Image and marketing aspects ri I

Other aspects
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34

PERFORMANCE ASSESSMENT

¥YES MO Comments
Sufficient Energetic performance? [ r

G000 PERFORMANCE

Cwerall reliable operation? v B
100% RELIABLE

Existing nuisance ? B v
Fotential for aptimisation? v B
{e.q., system control) YES, THE CONTROL CAM BE OPTIMIZEED WITH THE

ANAILABLE SOLAR RADIATION

ENVIRONMENTAL BEMEFITS e.q COZ and energy savings?

YES

MAJOR LESS0NS LEARNT e.g more efficient design®? Material? How to avoid nuisance? Efc...




SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY AGENCY

New generation solar cooling & heating systems (PV or thermally driven) / task53.iea-shc.org

KAYSUN:

Tosk 53 i

Company
Address

Country
Contact

Brand name

SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY AGENCY

Activity A2

FRIGICOLL

OFICINA CENTRAL

Blasco de Garay, 4-6

08960 Sant Just Desvern (Barcelona), Espafia
Eduardo Romano

Tel. 93 480 33 22

KAYSUN

Cooling power range 3.5 kKW

L
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System

PV COLLECTORS

Total area :

Tilt angle :
Orientation :
Typical peak power :

Type :

Maodel :
Manufacturer :
Country :

SOLAR INVERTERS

BATTERIES

AUXILIARY POWER SOURCE

HEAT PUMP

Type:

Model :
Manufacturer :
Country :

Cooling capacity :

Electrical consumption in cooling mode :
EER :

Heating capacity :

Electrical consumption in heating mode :
COP:

5 m® (aperture area)
45 * (O=horiz)
0 ® (O=south ; 90 =west ; 270=east)
705 W

Monocristalline

EUP-235W
Eurener
Spain

Mone
Mone

Grid (230 V)

Scroll
Air to air

SUITE SOLAR
FAYSUN
SPAIN

3,5 kw

1 kw
3.5 -
3,5

Conditions : Text=7*C Tint=20%C

3,5 Conditions : Text=35*C Tint=27 *C
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New generation solar cooling & heating systems (PV or thermally driven) / task53.iea-shc.org

3 %

HEAT REIECTION STRATEGY Mone
BACKUP CHILLER Mone
COLD STORAGE Mone
BUILDING VEMTILATION Matural
DISTRIBUTIOMN SYSTEM
Type : split
Distribution fluid : air
Mominal supply temp. : 16 *C
COOLING STRATEGY full air conditionning (strict conditions)
HEATING STRATEGY full air conditionning (strict conditions)
COMMENTS
DOUBLE ELECTRICAL COMECTION

24V dc from PV panles
230V ac from the grid

Conditioning local Q
Office
Alicante

35 m?

From 8to20h

PERFORMANCE 12.
inverter Unit
Cooling
Capacity = 3,52 kW
EER = 4,09 i i
Heating EE 5 L
=3 W i | | \ =
mcmp ey B1K L | |, - . :ﬂ;’:"‘_“,"ﬁ;wﬂ
| 1 - = | A=5m?*



SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY AGENCY

New generation solar cooling & heating systems (PV or thermally driven) / task53.iea-shc.org

Task 53 $&

Investment - Material

TOTAL INVESTMENT COST

Total :
Lifetime :
Annual cost :
Specific costs :

SOLAR PV COLLECTORS

Total :
Lifetime :
Annual cost:
Specific costs :

2300 €
20y
125 €fy
3546 £/kWp
714 £€/kwWcooling

700

25y

28 €fy
993 €/kWp

Mot including : installation 500 €

COLD PRODUCTION

Total
Lifetime :
Annual cost:
Specific costs :

structure 150 €
other (wiring...) S0 €

1800 €
20y
90 £y
2553 €/kWp
514 £/kWcooling

Including : installation work, compression heat pump, heat rejection
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Investment - Planning & Design

FEASIBILITY STUDY

Total : 100 €
Specific costs : 142 £/kWp
PLAMNNING
Total : 100 €
Specific costs : 142 €/kwp

COMMISSIONING

Total : 100 €
Specific costs : 142 £/kWp
0 £/kw

COMMENTS ON FEASIBILITY STUDY,
PLANNING AND COMMISSIONING
VERY EASY TO INSTALL. IT CAN BE DOME BY AN USUAL
AIRCONDITIONING INSTALLER

ANMNUAL MAINTENANCE

Total : 30 £
Specific costs : 43 €fy.kwp

ANMNUAL OPERARTIONS
Total : 200 €

Specific costs : 284 €/kwp
57 £/kwW
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Task 53 &

Results from system operation

MONITORING PERIOD

From : 31st September 2012
Until : 1st October 2013

Periods of sytem/monitoring interruption : None

PV PANELS

Radiation gain, global horizontal :

Radiation gain, collector surface :

Gross energy production of collector :

Useful energy from collector :

Useful energy electricity from panels for cooling operation :
Useful energy from panels for space heating / DHW :
Specific PV yield :

1722 kWh/m?
1877 kWh/m?
1125 kWh

791 kWh
436,5 kWh
354,4 kWh
1122 kWh/kWp

AUXILIARY ELECTRICITY

Electricity from grid : 678,9 kwh
Auxiliary electricity for cooling operation : 239,3 kWh
Auxiliary electricity for space heating / DHW : 435,6 k'Wh
HEAT PUMP
Drinving electric input : 1470 kK'wh
Produced cold and heat : 6523 k'Wh
CoP_elec: 4,44 -
Solar coverage of driving electricity : 0,54 -
AUXILIARY ELECTRICITY DEMAMND
Heat pump : 678,9 kWh
COMMENTS

The unit can work on heating and cooling mode. It takes the availabla electricity from

PV panels and the needed electricity from the grid
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AY BR | 8% 24,0
67,1 18,7 85,7 125,1 514,1 6,00 27,54 78, 2% 53,6% 26,8 3,1
95,1 75,6 1707 1295 7200 2,22 952 | ss7%  73a% | 311 25,0
84,8 57,0 1418 114,7 655,2 4,62 11,49 59,8% 73,9% 30,6 25,0
68,2 299 98,2 1010 545,1 5,55 18,21 69,5% 67,5% 27,8 24,3
55,4 32,2 81,7 83,6 5244 5,98 16,26 63,2% 66,3% 26,1 24,1
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8 Qualitative assessment FRIGICOLL
Task 53 & 9
Hausun
.Friaiccll

GENERAL USER REACTIONS {ease of use, controlability, ...)

IT WORKS LIKE A USUAL SPLIT AIRCOMDITIOMNING LINIT

GENERAL ASSESSMENT
satisfied or not Comments
YES MO
User/ owner satisfied ? rd [T VERY SATISFIED
Lser/ Owner involved in the project? r [~ COMNSTANT CONTROL
Cualitiy of cornfort aspects rl "
OK
Image and marketing aspects v I
TSASPLIT ..

Other aspects

BETTER A DUCTS UNIT
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New generation solar cooling & heating systems (PV or thermally driven) / task53.iea-shc.org

PERFORMAMNCE ASSESSMENT

YES MO comments
Sufficient Energetic performance? i B

GOO0D PERFORMANCE

Cwerall reliable operation? rl B
100% RELIABLE
Existing nuisance 7 B v
NO
FPotential for optimisation? rl B
(e.q., system control) YES, THE CONTROL CAM BE OPTIMIZEED WITH THE

ANMAILABLE SOLAR RADIATION

ENVIRONMENTAL BEMEFITS e.0 COZ and energy savings?

YES

MAJOR LESSONS LEARNT e.g more efficient design? Material? How to avoid nuisance? Etc....
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PURIX:

Task 53

SOLAR HEATING & COOLING PROGRAMME
INTERNATIOMAL ENERGY AGENCY
Activity A2
Company PURIX
Address Langogade 17
2100 Copenhagen
Country DK
Contact Lars Munkoe
lars. munkoe@purixcom
"t45 22353151
Brand name PURIX

Cooling power range 2,5kW split system. Modular
configurations available for 2,5kwW —

25kW cooling capacity.
Heat sources
COLLECTORS
Total area : 4,8 m* (aperture area)

AUXILIARY HEATING SYSTEM

District heating : 3,1 kw
Central heating : 3,1 kw
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Task

3 %

Cooling Equipment

CHILLER

Maodel : PURIX A255
Manufacturer : PURIX

Country : DK
Mominal chilling capacity : 2,5 kw
COP_thermal : 0,8 -
Distributed chilled medium temperature : 13 °C
Mominal driving heat temperature : 80 °C

HEAT REJECTION integrated in A255 chiller

SORC P ating

P

[al gl
winit \

A

.Ha__ffﬂ\

COOling device
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Investment - Material

TOTAL INVESTMENT COST

Total : 44325 €
Lifetime : 20y
Annual cost : 221 €]y
Specific costs : 922 €/m*

1770 €/kW
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SOLABCOOL:

Task 53

SOLAR HEATING & COOLING PROGRAMME
INTERMATIOMAL ENERGY AGENCY
Activity A2

Company solabCool BY

Address Stenograaf 1 6921EX Duiven

Country The Metherlands

Contact h.debeierf@ares-rtb.nl

Brand name SolabPump / SolabChiller

Cooling power range 3 - Sk'W
Heat sources

AUXILIARY HEATING SYSTEM

District heating : 8 kW

COMMENTS
Several heat sources can be used. For this particular system district heating is used. Tests
with Solar systems indicate similar performance.
District heating power is at nominal conditions
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Cooling Equipment

CHILLER

Maodel : SolabChiller
Manufacturer : SolabCool
Country : Netherlands

Mominal chilling capacity : 4,5 kK'w
COP_thermal : 0,6 -
Distributed chilled medium temperature : 17 °C
Mominal driving heat temperature : 70 °C

Chiller is driven by : solar thermal heat + auxiliary heat source

COMMENTS

Silicagel-water adsorption cooling machine
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New generation solar cooling & heating systems (PV or thermally driven) / task53.iea-shc.org

= | [ T

|COMMENTS

|situation before intallation: A domestic building which is connected to a district heating network (CHP). The 3 storey building has
|a 165m2 floor area. The building is completely heated by floor heating which is separated into respectively 3zones at ground
floor, 4 at 1st floor &2 at 2nd floor.

|A SolabChiller and freezing protection unit are installed to distribute cooling using the Floor heating system. The cooling system
|is protected against freezing by using a water-glycol mixture in the secondary circuit.

The Cooling demand is determined by a thermostat which is placed in the living room, a active dewpoint protection to prevent
condensation risks which are caused by low water temperatures in specific conditions.
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Results from system operation

MONITORING PERIOD

From : 23rd July 2014

Until : 1st October 2015
Periods of sytem/monitoring interruption :

CHILLER
Driving heat input : 929 kwh/m?*
Produced cold : 542 kWh
COP_thermal : 0,58 -

AUXILIARY ELECTRICITY DEMAND

Other: 84 kWh

COMMENMTS
The electric energy is considering all electric energy used. This is including drycooler and all
pumps. No separate monitoring of individual components. Additional electric consumption

which is used for monitoring equipment is not measured since it is not relevant to
commercial machine.

Machine has cooled for 194hours
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8

Qualitative assessment SolabPump / SolabChilld

Task 53 &

Image and marketing aspects ri I

Other aspects

GENMERAL USER REACTIONS (ease of use, controfability, .. )
GENERAL ASSESSMENT
satisfied or not Comiments
YES MO
Ulzer/ owner satisfied 7 i [
User ! Owner invalved in the project? =] v
Clualitiy of comfort aspects 2 I The unit was too smallfor the building to cover peak cooling

lrad= in high ambient temperature.
Uszer did turn off machine during night which did not allew the
machine to cool the buidlign during night.
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PERFORMANCE ASSESSMENT

YES MO comments
Sufficient Energetic performance? » [
Cwerall reliable operation? i [

Machine had no preblem during evaluated period.

Existing nuisance 7 B [

Potential for optimisation? rl

There iz 2pace for optimizing the ener erformances in
{e.q., system control) p P g gy p

terms of max coecling capacity and control of the dezeorption
process

ENVIRONMENTAL BENEFITS e.0 COZ and energy savings?

MAJOR LESSONS LEARNT e.g more efficient design? Material? How to avoid nuisance? Etc...
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YAZAKI:

Tosk 53 g

SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY AGENCY
Activity A2
Company YAZAKI EMERGY SYSTEM CORPORATION
Address 2012, 2F Changfugong Office Building
26 Jianguomen Wai Avenue, Beijing
Country CHINA
Contact PHOME: 0086-10-6513-4747 (Ext © 606)
FAX: 0086-10-6513-4746
Brand name WFC-5C10
Cooling power range 35.2kW
Heat sources
COLLECTORS
Total area: 100 m? {aperture area) Total area 2: 11 m?* {aperture area)
Tilt angle : 13 ° (0=horiz) Tilt angle : 70 ° (0=horiz)
Orientation : 0 ® (0=south ; 90 =west ; 270=east) Orientation : 90 ° (0=south ; 90 =west ; 270=east)
Type : Waccum tube ; heat pipe Type : Waccum tube ; heat pipe
Model : 160-58-50Horizontal Type Model : 160-58-25Gravity Type
Manufacturer : SANGLE Manufacturer : SANGLE
Country : China Country : China

Type of installation : Flat roof

Heat transfer medium : Water

Flow control : Low flow

SOLAR HEAT STORAGE

Total volume :
Number of storage tanks:
Storage medium :

5> m3

Water

AUXILIARY HEATING SYSTEM Mone
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Cooling Equipment

CHILLER
Type : Absorption
Madel - WFC-5C10
Manufacturer : YAZAKI ENERGY SYSTEM CORP
Country - JAPAN
Naminal chilling capacity : 35,2 kW
COP_thermal : 0,7 -
Distributed chilled medium temperature : 11-»15 *C
Mominal driving heat temperature : T0-#95 *C

Driven by : solar thermal heat (solar autonomous operation)
HEAT REJECTION
Type : Dry cooling (closed)
Model : DHHC-20
Manufacturer : DIAHUA
Country : CHINA
Thermal heat rejection capacity : 50 kW
Nominal electricity cansumption (fan) 6,6 kKW
BACKUP CHILLER
Type: ?
Model : A-C12-AC-52
Manufacturer : LIPMAN
Country : CHINA
Chilling capacity : 293 kW
Chilled fluid type : water
COP_el : 2,84 -
Chilled medium temperature : 7'
COLD STORAGE
Total volume : 1,5 m3
Mumber of storage tanks : 1-
Storage medium : Water
Mominal exchange temprature : 15 *C
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SENR:

Solution 1:

sk 53 4F

SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY AGEMCY
Activity A2
Company SENR
Address 16 Av Jean Boutroux
44500 La Baule
Country France
Contact Patrice AUBIN
F
+33624821867
www.senr.fr
patrice.aubin@senr.fr
Brand name STEADY GO
Cooling power range 3.5 kK\W
System
PV COLLECTORS
Total area: 5 m* (aperture area) BATTERIES |
Tilt angle: 45 *° (0=horiz) i__(?ffif'jﬂ_“__i
QOrientation : 0 ° (0=south ; 90 =west ; 270=east) I
Typical peak power : égsowe M. )
o [ PANELS |- »| CHARGER 1 BUILDING
Type : Monaocristalline | (optional) | cold /heat
o oumlc_)rOR TERMINAL
Model : STP1955 - cold / heat .'Ja‘llargsueur[l;sd
Manufacturer : SUNTECH ductable
Country : France
SOLAR INVERTERS None
AUXILIARY POWER SOURCE Grid 230V
HEAT PUMP
Type : Scroll
Airto air
Model : RO-12HS
Manufacturer : SENR
Country : France
Cooling capacity : 3,6 kw
Electrical consumption in cooling mode : 1 kw
EER: 3,6 - Conditions: Tout=7"C Tin=20°C
Heating capacity : 3,6 kW
Electrical consumption in heating mode : 1 kw
COP: 3,6 - Conditions: Tout=35"C Tin=27°C
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Task

New generation solar cooling & heating systems (PV or thermally driven) / task53.iea-shc.org

HEAT REJECTION STRATEGY MNone
BACKUP CHILLER None

COLD STORAGE Mone
BUILDING VENTILATION Natural

DISTRIBUTION SYSTEM split

Distribution fluid : air
Mominal supply temp. :
Mominal return temp. :
Mominal total air flow :

2000 m3/h

45 °C (heating)
20 °C (heating)

15 °C (cooling)
24 °C (cooling)

COOLING STRATEGY full air conditionning (strict conditions)

HEATING STRATEGY full air conditionning (strict conditions)

COMMENTS
ECO function allowing user to consume only PV power
COptional charger for batterie backup
=
==
=il
Storage battery T
. 26
=)
v q =
=171

Solar PV panels

Outdoor

Charge controller

Indoor

AC power supply

Remote controller
with PV ECO mode
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Task 53 $&

Investment - Material

TOTAL INVESTMENT COST

Total : 2500 €
Lifetime : 20y
Annual cost: 125 €fy
Specific costs : 3846 £/kWp

694 £/kwWcooling

SOLAR PV COLLECTORS
Total : 700 €
Lifetime : 25y
Annual cost: 28 €y
Specific costs : 1077 €/kWp

Mot including : installation 500 €
structure 150 €
other (wiring...) 50 €
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Investment - Planning & Design

FEASIBILITY STUDY

Total : 50 £
specific costs : 77 £/kwp
39 £/kw
PLANNING
Total : 50 £
specific costs : 77 £/kWp

COMMISSIONING

Total : 100 €
Specific costs : 154 £/kWp

COMMENTS ON FEASIBILITY STUDY,
PLAMNING AND COMMISSIONING
Specifics studies for panels mounting
AC commissioning is the same as normal AC inverter

ANMNUAL MAINTENANCE

Total : 130 €
Specific costs : 277 €fy.kWp

ANMNUAL OPERATION
Total : 140 £

specific costs : 215,38 €/kwp
38,89 £/kW
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Results from system operation

MONITORING PERIOD
From : 15th January 2015
Until : 1st December 2015
Periods of sytem/monitoring interruption : None

PV PAMNELS
Radiation gain, global horizontal : 2191 kwh/m?*
Useful energy from collector : 1484 k'Wh
specific PV yield : 2283 kWh/kwWp

AUXILIARY ELECTRICITY

Electricity from auxiliary energy sources (grid) : 154 kWh
Auxiliary electricity for cooling operation : 154 kWh

HEAT PUMP ME : only coocling

Drinving electric input : 1528 kKWh
Produced cold : 7442 kWh
COP_elec: 4,87 -
Solar coverage of driving electricity : 0,9 -
CHILLER
Produced cold : 8446 kWh
Rejected heat : 19765 kWh

AUXILARY ELECTRICITY DEMAND

Pumps, collector circuits : 5185 kwh

COMMENTS
OUR SOLUTIOMS ARE MAIMLY INSTALLED IN WESTERN AFRICA. WE HAVE NOT
ANY OPERATING RESULTS FROM USERS
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8 Qualitative assessment SENR

GENERAL USER REACTIONS {ease of use, controlability, ..}

Fushed to its maximum ECC running mode may not allow single euro energy billing

GEMERAL ASSESSMENT
satisfied or not comments
YES MO
User / owner satisfied ? Mo
User/ Cwner involved in the project? rl r
Qualitiy of comfort aspects Mo
As good as high performance splits
Image and marketing aspects v r
Up todate with COP21 goalz
Other aspects

With 3 indoer unitz available, eazy to place in any room and /
or application




7y

SOLAR HEATING & COOLING PROGRAMME :

INTERNATIONAL ENERGY AGENCY

New generation solar cooling & heating systems (PV or thermally driven) / task53.iea-shc.org

34

PERFORMANCE ASSESSMENT

YES MO comments
Sufficient Energetic performance? ri B
Cwerall reliable operation®? Iv r
Existing nuisance 7 ri B

Must be connected to Grid

Potential for optimisation? Iv r

(e.g., system control) Muzt be =et independant from grid for izolated zitez

ENVIROMMENTAL BENEFITS g.0 COZ and energy savings?

Energies savings therfore CO2 emission reduced

MAJOR LESSOMNS LEARNT e.g more efficient design? Material? How to avoid nuisance? Etc...
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SENR:

Solution 2:

Tosk 53 {&

SOLAR HEATING & COOLING PROGRAMME

INTERMATIOMAL ENERGY AGENCY
Activity A2
Company SEMR
Address 16 Av Jean Boutroux
44500 La Baule
Country France
Contact Patrice AUBIN
r
+33624821867
www.senr.fr
patrice.aubin@senr.fr
Brand name STEADY GO
Cooling power range 14 to 246 kKW
System
PV COLLECTORS
TSATTERIES |
Total area : 114 m® (aperture area) i loptional) |
Tiltangle : 10 * (0=horiz) I
Orientation : 0 ® {D=south ; 90 =west ; 270=east) (-
Typical peak power : 20000 Wc i SRV-TECH ;_‘ E:'LLE:EI;
L] | OUTDOOR TERMINAL
Type : Monocristalline ¥ b-'NlhT . vl ied
Model : STP1955 dustanie

Manufacturer : SUNTECH
Country : France

SOLAR INVERTERS

Brand : ABB
Model : TRIO 20,0-TL-OUTD
Typical nominal DC power - 20,8 kW
Typical nominal AC power : 22 kw
Mumber of phase : 3
Converter efficiency : 98%

AUXILIARY POWER SOURCE Grid 400/3V

HEAT PUMP

Type : Scroll
Air to air

Model : SRV-X450W
Manufacturer : SENR
Country : France

Cocling capacity : 45 kw

Electrical consumpticn in cooling mode : 14 kw
EER : 3,21 - Conditions : Tout=7°*C Tin=20°C

Heating capacity : 50 kw

Electrical consumption in heating mode - 12,8 kW

COP: 3,91 - Conditions : Tout=35%C Tin=27°C
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HEAT REJECTION STRATEGY MNone

BACKUP CHILLER None

COLD STORAGE Mone

BUILDING VENTILATION Natural

DISTRIBUTION SYSTEM 8 model type indoor units

Distribution fluid : air

Mominal supply temp. : 15 °C (cooling) 45 °C (heating)
Mominal return temp. : 24 °C (cooling) 20 °C (heating)
Mominal total air flow : 2000 m3/h

COOLING STRATEGY full air conditionning (strict conditions)
top cooling (no strict conditions with backup)
solar alone (no backup)
Design outdoor temperature : up to 46 °C

HEATING STRATEGY full air conditionning (strict conditions)
top cooling (no strict conditions with backup)
solar alone (no backup)

Design outdoor temperature : 7°C
Design outdoor humidity : 95 %
COMMENTS

ECO function allowing user to consume only PV power
COptional charger for batterie backup
Gird injection full control
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SYNOPTIQUE de FONCTIONNEMENT DU SYSTEME SRV-TECH

e STEADY

optimisation Sk —— Stockage d'énergie
loption)

Systeme de dimatisation

ﬁ L" ==

=1
&l
=1
i
& 1 Mesuee du s déneigie EDF
: 2 Meosuede laproduction PV cixZ._
- i Tabdsne 3 Mesuede nmge stockbe [option]
H Convib i Pertable 4 Menerdelsconsommation
3 ey Senmtiphone 5 Piotegeprodussen ENR
6 P o
Serveur Distant T d Bt de commande clmtizston

Vue dclatée des composants du collret de pilotage SRY-TECH

COMMENTS

The core of our technology is earasing:

Erasing consumpticn by piloting the application may be defined as the act which aims to reduce or temporarily move the level of electricity consumption of
one or more of consumption devices.

With a level of reference determined with the user as minimum service consumption, we use payahble energy only if PV production decrease below this level.
Otherwhile we monitor the demand to match consumption and PV production
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Investment - Material

TOTAL INVESTMENT COST

Total :
Lifetime :
Annual cost:
Specific costs :

SOLAR PV COLLECTORS

Total :
Lifetime :
Annual cost :
Specific costs :

COLD PRODUCTION

Total :
Lifetime :
Annual cost ;

Specific costs :

BACKUP (optional backup through LiPO)

Total :
Lifetime :
Annual cost ;

Specific costs :

ELECTRIC, CONTROL AND MOMNITORING

Total :
Lifetime :
Annual cost ;

Specific costs :

97000 €
20 v
4850 £y
149231 £/kWp
26944 £/kWcooling

57000 €

25 y
1250 £y
1077 £/kWp

25000 €
20y
1250 £/y
38462 £€/kWp
6944 £€/kWcooling

17000 €
15 y
1133 £/y
26154 €/kWp
4722 €/kWcooling

3500 €
20y
175 £y
5385 £/kWp
972 £€/kWcooling
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Investment - Planning & Design

FEASIBILITY 5TUDY

Total :
Specific costs :

COMMISSIONING

Total :
Specific costs :

COMMENTS ON FEASIBILITY STUDY,
PLANNING AND COMMISSIONING
Specifics studies for panels mounting

2000 €
3077 €/kWp

1500 €
2308 €/kWp

AC commissioning is the same as normal AC inverter

ANNUAL MAINTENANCE
Total : 1000 €
Specific costs : 1538 €/y.kWp
Results from system operation
COMMENTS
All records made are not significant for analysis. —

Our monitoring includes 8 steps.

Each steps reduce or delate the demand od specific
indoor units.

Therefaore the energy saving ration for each one can be
seen on the charts beside.

The saving rate depends on the level of comfort wished
by user. It may vary from 10% for high comfort level to
70 or 80% for high economic running.

Baisse de |la consommation en
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B Qualitative assessment STEADY GO

GEMERAL USER REACTIONS fease of use, controlability, ...}

Different reasons made user choose this solution:

Economic in arder to manage precisely the consumption billing using PV ar not.

Safety as PV production may decrease suddenly with cloud appreance, Erasing insure a continous senvice
Reliakility when the installation is connected to unsecured power network

GENERAL ASSESSMENT
Satisfied or not comments

YES MO
Lser/ owner satisfied ? v L
User/ Owner involved in the project? r [T Yestochoose economies level
Clualitiy of comfort aspects v | [

All avantages of WEF inztallatiocnz

Image and marketing aspects v L]

Up to date with COP21 goals

Other aspects
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PERFORMANCE ASSESSMENT

YES MO comments
Sufficient Energetic performance? rl r

In accerdance with uzerz comfort cheice

Overall reliable operation? r r
Existing nuisance 7 rl B

IMust be connected to Grid
Fotential for optimisation? rl B

fe.q., systern contro) Must be =et independant froem grid for izclated =sites

ENVIRONMENTAL BEMEFITS e.0 COZ and energy savings?

Energies savings therfore C0O2 emission reduced
Improvment of renewable energies in fropicla area or weak power network.
Help to make safer environment in unsecured area such desert, epidemic diseases or war zone

MAJOR LESSOMNS LEARNT e.g more efficient design? Material? How to avoid nuisance? Etc...

Must obtain support from government institution or power network managers.




