\., ClimateWell z[fe .

IEA SHC Task 53
on New Generation Solar Cooling

Main presentation and first results

TECSOL




Context : Status of Solar cooling in 2014

Solar thermal « traditionnal » cooling has difficulty to emerge
as a economically competitive solution

Main reasons :

- Technical : Limit on adaptability due to hydraulics,
complexity

- Economical : Investment cost, especially for small systems
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= Still need intensive R&D for quality improvment and best
solution selection (ongoing IEA SHC Task 48)

= Very innovative concepts such as SUNCOOL
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How to find a solution for small/medium size ?

* A very important priority : solar for cooling,
especially for small to medium size

Example : 10% of the entire Saudi Arabia oil production for national
cooling

* New context on economics for PV and trend towards
selfconsumption

c
)
B
=
(7))
=}
©
8
o
T
4
©
b=
o
0
©
i)
<
S
|
%)
o
=
9]
=
0
|
<
\—|
o
«
=
=
&
,_
9]
45
]
o
3]
(@)

o
5]
d=
(%]
BN
=
5
=
=)
=
°©
S)
@]
o
K
o)
n
™
i}
N
(%))
<
'—
]
a0
n
<
w

* A real growing market...

... but strong need of:
* standards
* thermal management optimum
* monitoring & best practice
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Example of Basic concept for the PV
approach

-

._._I._.
GRID

l
l
L. - - =

Master gjave| AIr conditioner

:> Heat/Pump [>LOAD

Food conservation
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OPTIONAL Water storage
(chilled water / hot

i water / DHW)
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IEA SHC Task 53 Goals

SAC

(1) to analyze the interest of new DT
generation solar cooling & heating At

concepts systems for bulidings in all New generation solar cooling & heating
climates and select best solutions which (W o solar thermaly driven systems)

lead to highly reliable, durable, efficient and
robust solar cooling and heating (ambient +
DHW) systems
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Task description and Work plan

(2) to contribute to market entry of the e e
technology and identify most promising i
Jean Christophe Eadorn (Bas Consubtants, Switzerland)

market areas in terms of cost competitiveness
and value of electricity.

SOLAR HEATING & COOLING PROGRAMME
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Scope of the Task

System : solar driven systems for cooling and heating
* Solar thermal driven innovative compact cooling+heating systems

* Photovoltaic + air conditioning system (Compression air conditioning /
heat pump (if heating as well) ; food conservation included)

Applications : Off grid & grid connected buildings

(houses, small multi-family buildings, offices, shops, commercial center, hotels)
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Power range : from 1 kW cooling to several tens kW cooling/heating

Limit : Need to have a possible direct coupling between solar and cold
production machine

Partial or total coupling
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Outcome

e Investigation on new small to medium size solar cooling
systems (thermal and PV) and develop best suited cooling &
heating systems technology focusing on reliability, adaptability
and quality

e Proof of cost effectiveness of new solar cooling & heating
systems

e Investigation on life cycle performances on energy &
environmental terms (LCA) of different options
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e Assistance for market deployment of new solar cooling &
heating systems for buildings worldwide

e Increase of energy supply safety and influence the virtuous
demand side management behaviors

Time Schedule
e 40 months

sm e From March 2014 to June 2017
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Participating countries

%
SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY AGENCY

France
Austria
Spain

Italy
Sweden
Australia
Switzerland

China

.. at least 8 countries

Probable newcomers :

Turkey, Germany

Tosk 53 4
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IEA SHC Task 53 Website

|EASHC HOME | TASK HOME MEMEER LOGIN [ a0 L

SHC Task 53

New Generation Solar

SOLAR EEATING & COOLING FROGRAMME
IHTERNATIONAL ENERGY AGENCY

About Project

Participants

Mestings / Events

c
[)
-
@
=
(7))
ko]
]
S
1]
T
X
©
=1
o
Lo
©
i)
<
K]
|
)
o
=
Q
=
o)
=
<
e
o
N
=
=
(o))
=
Q
Q
o
=]
3]
(o]

o
9]
d=
(%]
=
=
o)
=
°©
S)
@]
ke
o]
()]
™
o
N
()]
<
'—
]
a0
()]
<
w

Mews = = =
New Generation Solar Cooling & Heating e E——

Publications Systems (PV or solar thermally driven -
systems} OPERATING AGENT

Related Sites Dr. Daniel Mugnier
Overview it

Member Area +32 4 68 BE 16 42 fac: +22 4 BB EBE 16 N
The main chjective of this Task is to assist a strong and sustainable market daniel mugnierfitecsol fr

Contact development of solar PV or new innowvative thermal cooling systems. It is focusing on

solar driven systems for both cooling (smbient and food conservation) and heating

ambient and domestic hot water).
¢ ) What's New

The scope of the Task are the technologies for production of cold/hot water or | MEWS | ETINGS |
conditioned air by means of solar heat or solar electricity, i.e., the subject which is e
covered by the Task starts with the solar radiation reaching the collector or the PV
modules and ends with the chilled/hot water and/or conditioned air transfered to the Check Back Soon

application. However, although the distribution system, the building and the
interacticn of both with the technical equipment are not the main topic of the Task this

interaction will be considered where necessary.
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IEA SHC Task 53 meetings and workshops

* Malardalen University, Sweden : | V4
7-8/10/2014 MALARDAL JIVERSITY

+ SUNCOOL Workshop
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* Shanghai Jiao Tong University, China : March 2015

(workshop & expert meeting on solar thermal and solar
PV cooling with Chinese and worldwide expert)
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Task 53 Structure

Subtask A =
Subtask B 23

) ] =g

Components, Systems & | | Control, Simulation & g
Quality Design S

Subtask C

Testing and demonstration projects

Subtask D

Dissemination & market deployment

SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY AGENCY
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IEA SHC Task 53 Subtask A

Interaction between SUBTASKSs B,C and D

Basis work for subsequent activities in the
other subtasks

October 9th, 2014 | Léfbergs Lila AB, 652 16 Karlstad, Sweden

IEA SHC TASK53 | Solar Cooling Workshop

TECSOL
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IEA SHC Task 53 Subtask A

What is it about?

— What is the state-of-the-art market
available products and upcoming R&D?

— What reference systems are competitors?

October 9th, 2014 | Lofbergs Lila AB, 652 16 Karlstad, Sweden

IEA SHC TASK53 | Solar Cooling Workshop

— What system configuration do exist und fit ==
for what application?

— What storage concepts exist and how to
manage store strategies?

— What system integration options do exist?

— What are the benefits of NG SCH Systems
(eco ... LCA ... electrical grid)

s}n Tosk 53 &
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IEA SHC Task 53 Subtask A

What is 1t about?

The general objectives of this subtask are:

— to know the commercially available equipment for NG
SHC systems

c
)
5
=
(%]
o
o]
S
k7
5l
X
©
=
N
It}
©
i)
<
o}
|
n
=)
=
o
2
B
3
<
Y
o
«
=
S
&
N
)
o
o
IS]
5]
(@]

o
(5]
i =
2
5
2
o
=
°
S)
@]
3
e)
n
™
o
N
)
<
'—
@]
20
n
<T
w

— to know the R&D entities and its activities on the topic

— to investigate the different technical storage solution and
Its system integration

— to easily classify the ST/PV HC products/ system
(schematic square view method)

— to conduct LCA of the main components and systems and
to value the impact on the electric grid

s}n Task 53 &

SOLAR HEATING & COOLING PROGRAMME TECSOLR

INTERNATIONAL ENERGY AGENCY



Subtask A A5

A2
Air conditioner
‘ ‘ /
Heat Pump
A4 A3 l

Water
storage
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IEA SHC Task 53 Subtask A

Status of activity leadership

 Activity Al Reference
Leader AIT

 Activity A2 New Generation Systems
Leader Tecsol
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 Activity A3 Storages
Leader HEFR

 Activity A4 System Integration
Leader AIT

 Activity A5 LCA and Techno-ECO Analysis
Leader Uni Palermo

s}n Task 53 3
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IEA SHC Task 53 Subtask A

What do we deliver ?

— D-Al: Definition of the existing cooling reference systems (Al)

— D-A2-1: State of the art of new generation commercially
available products (costs, efficiency criteria ranking and
performance figures)

— D-A2-2: Technical report on recent R&D work on the topic (A2)
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— D-A3 : Technical report on best practices for energy storage ..

— D-A4-1: Report on a new and universal classification method
“new generation solar cooling square view” for generic systems

— D-A4-2: State of the art on the management of the interface
solar cooling (e.g. AC unit /7 PV modules) and distribution
system /qgrid

— D-Ab5-1: Techno-economic analysis report on comparison
between thermal and PV existing solar cooling systems
including as well LCA approach and Eco label sensibility
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IEA SHC Task 53 Subtask A

Which systems do we have?

NG systems close to market R&D Systems close to Market
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PV CH (Cooling/ Heating) on the PV CH (Cooling/ Heating)

Market = BIG HEATING company
(GER)

= Helioherm

STDCH
— SolabCOOL (NL)

STDCH
= FREESCOO (IT)
— SUNCOOL/Climatewell (SE) = Climatewell (SE)
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State of the art of this new Market

Direct Current Powwer Genereted froem Photovaitic Cats

SUNS URCEY

October 9th, 2014 | Léfbergs Lila AB, 652 16 Karlstad, Sweden

IEA SHC TASK53 | Solar Cooling Workshop

Solar by day. Electric by night. Savings ali year. P ‘ :: .
| :: Régulateur dynamique ECO
j | ¢ wEmmmoymem e 1
l ENNOX | Chassis monobloc
- Q@SSEC
Innovation never feft so good.™

_— % ising A““ 5 \0\/\—-:_"__\_\ !
\e\® e

V_\EV\“‘"
CLIMATISATION SPLIT SOLAIRE DIRECTE

n
Heizen und Kiihlen mit Solarstrom — V77 1T\
Eig mit Split-Wai Vitocal 222-$ SO| HR HiR
i _— coounc i} HeAtinG
: 3 4
g | 3
I = —— = =

SHC
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Typical ALREADY EU market available solution

Efficient Geothermal Heat Pump : COP of 5,3
Field test since 2011 in Switzerland

£

ll,
Panneaux

Photovoltaiques

Commande électronique

Pompe(s) a chaleur ?fi%s“rl‘gﬂ;’" intelligente

)

Eau chaude domestique Stockage de I'énergie sous forme deau chaude / froide

October 9th, 2014 | Léfbergs Lila AB, 652 16 Karlstad, Sweden

EA SHC TASKS53 | Solar Cooling Workshop

sg'c PV booster == overall yearly COP of 6,9
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General State of the art

=

T,

Direct Current Powwer Genereted froem Photovaitic Cats

SUNS URCEY

Panneaux solaires
' photovoltaiques

October 9th, 2014 | Léfbergs Lila AB, 652 16 Karlstad, Sweden

IEA SHC TASK53 | Solar Cooling Workshop

Solar by day. Electric by night. Savings all year. P ‘ :: .
| :: Régulateur dynamique ECO
j | ¢ wEmmmoymem e 1
l ENNOX | Chassis monobloc
- CSSECO
Innovation never feft so good.™

A
nney
a\e ol

CLIMATISATION SPLIT SOLAIRE DIRECTE

n
Heizen und Kiihlen mit Solarstrom — V77 1T\
Eig mit Split-Wai Vitocal 222-$ SO| HR HiR
i _— coounc i} HeAtinG
: 3 4
g | 3
I = —— = =
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Main categories W

Solar air conditioners : Splits
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PV+ HP coupling for Office/Commercial




h-:-tspmt.&energj,r

Solar Air Conditioner
SEER 35 = Solar Hybnd Heat Pump
Model ACDC12

Connsct Up Te Three Pansls (Max 8400
Funs Omn Solar Power & AC Power

11,000 BTU Coolingf12.000 BTU Heat
Flug-And-Flay Selar Connection

Mo Baiteries Reguired

HotSpot Energy LLC
(T57) 410-8640
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Home

K.eep the Inslie caol all day for next to nothing
N energy cosis. Preventing daytime heat bulid-up
alsa culs evening coolng costs,

Office

K=o the work area comforzbie durng business
hours for penniss per day. Cool or heat up 20 730

Sq. Ft JEame).
Internatiomal Simple To Ingtan

Campatinie with S0hT and G0Nz power, use It This unitinstals exacty ke a nomal mink-split 3 condboner
armywherz In the word. Standand M4 salar conneclors and cabiing can be used i

v corn2ct ihe solar pansks dlractly to the AC unit
% Ultra-High SEER
Solar Air Conditioner m

SOLAR HEATING & COOLING PROGRAMME
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Your air conditioner needs the most power when the sun is shining, a coincidence you can take advantage of with our
ACDC12 solar air conditioner. It can keep an indoor area cool during the day for pennies. Literally, pennies, operating above
SEER 35 with only two solar panels connected. Use this system to cool a small area or to augment a larger system.

The unit uses solar energy up to 720w, and adds in utility power, with no need for batteries. Even when the sun is not shining
at all, this ultra high-efficiency (SEER >19 without solar) heat pump will keep you comfortable and save you money using far
less electricity than a normal AC or heat pump unit of the same capacity.

Connects Directly To Solar Panels

Up To 3 ACDC12
DC Indoor
Panels Outdoor Unit .
250W 250W 250W | 840w Unit

Solar Solar Solar | Max. DC |
Panel Panel Panel

Solar DC ACP
| > e E— 220V
50/60hz

ACDC12-Hybrid

Retail/List-$1695ea FOB Factory

DealerPrice: 4-49 units $1290ea FOB Factory
Distributor Price: 50+ units $891ea FOB China
**Unitincludes 3m lineset
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DC4812VRF ”~
Solar/DC Air Conditioner hotspot @ energy

=
Q
el
=
Specialty HVAC »
12,000 BTU 48V DC Heat Pump METACAITNG 3
; : o
VRF Dynamic Capacity Compressor S Since 2007 3
100% DC - No Inverter s aQ
5o
= = = ©
B 5 €
=g
i e
% -
O 0
o2
- - . 58
O O
n 4
lc 3 i
Wall Mount Indoor Unit (IDU) 33
5
The DC4812VRF is designed from the ground up to operate on DC ,<£ <
power. There is no AC power used inside or needed externally to 0?2
operate the unit. DC power is connected to the outdoor unit. The % z
indoor unit receives DC power from the outdoor unit. ﬁ g
Yo
. System requires 4
48v Solar/Battery Power orymore S(ﬂar panels

12,000 BTU Heat Pump
* Cool or Heat up to 700 ft"2

Complete Kits

* Eligible For US Tax Credits 48v DC Air Conditioner

_ Yainble Capacity 4,6 or 8 x 250w PV Panels
* Anti-Corrosion Technology PV Mounting Hardware

* Eco-Friendly R410a Refrigerant Charge Controller

Deep Cycle Batteries

Washable Filters _ :
Refrigerant Line-set

Digital Wireless Remote

User Friendly Remote

| Jesp e, e *Customer Supplied Wiring
*  Quiet Indoor Unit ; .
(As Low As 26dB) (o) Starting at $3995

% Tosk 53 &
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]

. k.

Powered By Batteries & Solar Panels 52

238

g

Minimum 4 PV Panels %j’%

250W 250W 250W 250w | 1000W DCABT2VRE | | 35

Solar Solar Solar Solar Outdoor Unit g %

Panel Panel Panel Panel Charge Batteries DC4812VRE o

Controller Indoor Unit % §

I o

]
DC4812VRF-100% DC

Retail: $1795ea FOB Factory

Dealer Price: 4-49 units $1490ea FOB Factory
Distributor Price: 50+ units $1185ea FOB China
**NO LINESET

% Tosk 53 $&
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Typical ALREADY EU market available solution

Efficient Geothermal Heat Pump : COP of 5,3
Field test since 2011 in Switzerland

£

ll,
Panneaux

Photovoltaiques

Commande électronique

Pompe(s) a chaleur ?fi%s“rl‘gﬂ;’" intelligente

)

Eau chaude domestique Stockage de I'énergie sous forme deau chaude / froide

October 9th, 2014 | Léfbergs Lila AB, 652 16 Karlstad, Sweden

EA SHC TASKS53 | Solar Cooling Workshop

sg'c PV booster == overall yearly COP of 6,9
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New R&D discovered during EUROSUN
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Solar PV-driven Air Conditioner

Bin-Juine Huang, Tse-Han Lin, Yan-Tze Chen, Po-Chien Hsu, Kang Li

New Energy Center, Department of Mechanical Engineering,
National Taiwan University, Taipei, Taiwan
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State of the art of the future new Market

Ongoing R&D 1n Taiwan

Operation probability (OPB)

e 100% at solar irradiation
>550W/m2 (full solar cooling)

e around 80% at solar irradiation
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State of the art of the future new Market

Active R&D participants in Task 53

‘ Testing principle for a Chinese PV split unit
) i (Source: Universidad Miguel Hernandez de
| \ ) Elche)
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Air conditioner
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Heat Pump
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October 9th, 2014 | Léfbergs Lila AB, 652 16 Karlstad, Sweden

IEA SHC TASK53 | Solar Cooling Workshop

Source : Climatewell
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