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LIFE+ PROJECT NAME or Acronym

SUNCOOL

Project Data
Project location Stockholm/Karlstad, Sweden

Project start date: 01/06/2012
Project end date: 01/03/2016

Total Project 45 months
duration(in months)

Total budget 4,109,710

Total eligible budget 3,653,371

EU contribution: 1,826, 685
(%) of total costs 44%

(%) of eligible costs | 50%

Beneficiary Data

Name Beneficiary ClimateWell AB

Contact person Mr. Karl Bohman

Postaladdress Instrumentvégen 20, 126 53 Hagersten, Sweden
Visit address Instrumentvéagen 20, 126 53 Hagersten, Sweden
Telephone +46 8794 03 74

Fax: +46 8744 30 70

E-mail karl.bohman@climatewell.com

Project Website http://www.climatewell.com/suncool
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Introduction

Heating and cooling of buildings is one of the greatest energy consumptions in the world. It
is the same order of magnitude as transportation and industry and estimations are typically
at some 25% of the entire global energy consumption. It is also rapityasing since the
demand for heating and cooling is growing both in the developed countries and in fast
growing economies.

Therefore, he use of solar energy in the built environment can make an important
contribution to the reduction of the use dbssil fuels and the emissions of harmful
environmental effluents. In the Eopean Union (EU) more than a quartdrprimary energy
consumption is attributed to the buildings of which a major percentage is associated with
heating andcooling.

Producing costompetitive small and mediursized solar cooling systerhas long beem
significant challengeDue to system complexity, extensive engineering, design and
equipment costs; the installation costs of sallaermal cooling systemisave continued to
be prohibitively high.

In spite offavorableenergy saving prospects, solar heating and codwigtionsis still
somewhat ascarcity, due to theitraditionally high initial costs and to the lack of knowledg
on systenmimplementation and expectegerformance.

Within this development branch much attention needs to be paid to the performance and
cost effectiveness of the aforementioned systems to ensure their proliferation.

The SunCool collectors

In efforts to overcome these limitations, a novel
sorption heatpump modulewasdevelopedby
ClimateWellnd directly integrated into a solar
thermal collectomamed SunCool collectofhe
module comprises fully encapsulated sorption
tube containing hygroscopic salt sorbent and
water as a refrigerant, sealed undeacuum with
no moving parts.

/I ftAYIFGS2 St Qa [/ 2SAnCéolihe NS solérdzdlestar inltti2 woBdNdith

combined heating, cooling and energy storage, delivering twice as much energy compared to

0 2 RI & Goithezaid dolér8ollectorsTheCoolStore tubes are driven only by the sun and
KIS y2 Y2@Ay3a LI NLad ¢KAA A& YisRtS J2aaArotsS
absorption technologySince the CoolStore tubes are fully integrated into the collector itself,

the need for external equipm# is limited and installation effort is significantly reduced.
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SUNCOOIProject

The overall objective of the project was to demonstrate highly by L
innovative patented solar thermal collectors with a Zero electricity = SUNCOO
heat pump and energy storage for sustaiteheating and cooling.

TheSunCootechnology has been developed and valethby ClimateWell since 2008 his
been successfully validated in both internal and external tests, in laboratory conditions and
in real field tests. The objective of this project was to demonstrate this highly ativev

solar energy product at a larger scale. TherefooetHe full evaluation of an integrated
sorption collector solaheating and cooling systera,180 n3 large-scale demonstration

system was installed in Karlstad, Sweden.

The objective was to use the available solar energy and convertituahéating and cooling,
with an as large possible contribution as possible, with as low electricity consumption as
possible. Theroject objectivavas that the reduction shall be of 90% of the enesgpplied,
meaning that the parsitic losses (electricity consumption) shallraehigher than 10%. This
was successfully achieved.
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The project was performed by ClimateWell AB (coordinating beneficiary) in cooperation with
Lofbergs (associated beneficiary) and a number of other European stakeholders. Project
implementation was done ttough nine (9) complementary actions.

ClimateWell is an innovation company focusing on the development, supply and sales of
energy efficient, thermal heat components for applications regarding heating and cooling.

To be able to dimension the installab and to build relevant engineering models for
dissemination and spreading into the European markets, after the project, a large effort was
being put on modeling and simulation.

The collectors were not yet commercially available and therefore a majont &fas required

to produce the collectors with the related sourcing, quality assurance and setting up of
assembly work. During 201&ssembly of the collectors was started and much knowledge was
created about how this should be done at the right qualitige first samples of the collectors
were installed during the summer 2013 to validate performance and assembly quality, before
moving into production of the full quantity of the collectors. The test installation worked very
well, with results on par withgr better, than the expected.

A live webcam has made possilier everyone to follow the SUNCOOIproject from
installation phase up to now through the project website
http://www.climatewell.com/demabuilding
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In this project the components were integrated into the solar collectors, thus enabling supply
of heating and air conditioning without the use of electricity in the generation. As a
consequencethe energy consumption and CQ@ emissions are dramatically reduced. The
components and collectors were developed to make retrofitting on existing buildings as easy
and cost competitive as possible. Much effort was also placed on that the products shall be
easy to install, asy to plan and easy to operate. Lessons learned from the first units assembled
and tested collectors were implemented in the final assembly work, in the planning process
and in the full scale demonstration installation in Karlstad.

The Karlstad facilitis large and complex with substantial existing installations for heating,
cooling and refrigeration. Much attention was placed to the integration with the building to
achieve the best possible energy efficiency. To connect this building knowledge to the
modeling and simulation was a part of this work.

The first summer provided invaluable data with regards to the operation and the initial results
were above expectations

The installation work was finished on time on Jund' 2014 and was commissioned and
improved during the summer until steady state operation was reach as planned by September
30" 2014.
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The socio-economic advantages of the SunCool technology

The operatiornof the demasite systengave tremendous insight in ho&unCootechnology

can best be implemented on a large scale to existing buildings and the improvements that
were needed to reach expected quality and functidrhe advantages of SunCool technology
are substantialln summary, the main advantages of Climd2 St f Q &olaf aitiédtoR 2 f

are:
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Allin-one: Heating, cooling and storage.
Higher energy savings and £Z@&ductions by using twice as much solar energy.
Delivery of solar heating also during the night: Perfect for sunny days with cold

nights.

ZER@lectricity consumption for the thermal hegtump (CoolStore tube).
ZERO moving parts in the thermal hgatmp: Superior robustness

Proven stability and corrosion protection.

NO high temperature circuit needed in the building, high temperatures stay in the

panel.

Improved temperature difference that allows for freezing temperatures (suitable
even for retrofitting of existing buildings and new applications such as food cooling)

and heding also in colder climates

Much lower losses than in any other solar tieg and cooling solution.

PNE A RAY 3
solar thermal collectors.
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Faster and easier installation thanks to integration of key components in the

collector.

Costsaving with attractive payxck times

TheSunCooD 2 f f Sedhnhi2alNdata are presented in the table below.

Technical Data

The follewing values are for the collector only;

2. o system Josses are include

20001100 x 180

]

Measurements (H x W x ) mrm

Aperture m? 1.4

MNumber of CoolStare tubes it ]

Weight (collector with 8 tubes) kg 75

Energy Storage Capacity - Cocling Wh 1560- 1950 *
Energy Storage Capacity - Heating Wh - 2000-2550%
Moise lavel de <5
Maximum inclination angle ° 0

Minimum inclination angle i .-i]

Cooling direct ratic % 22-27*
Heating direct ratio % 80 - 90

PV surface (optional) m?

Maximum PV power

* Depending on ambient conaditions.

05

90
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Results and long-term benefits

TheSUNCOOproject hasstrengthened the stakeholders in the belief that solar thermal
heating and cooling holds an important role in the continued growth of sustainable heating
and cooling solutions in the worl@he long term benefitand sociceconomic impacts

include:

=1 Economic benefits and cesavings

wThe cost reduction has been significant. Compared to the benchmark at the
beginning of the project, it was reduced by 42%.

=1 Energy efficiency and environmental savings

Wt KS LISNF2NXIFyOS 2F (G(KS &adeaidsSy 6Ai0K
potential to go above that, is establishing a new stateéhe-art that has not
been seen before the SUNCOOL project. The fact that it was done on an
existing building adds substantially to the importance of this result.
Implemented on buildings throughout Europe this has massive potential to
reduce energy consumption and C€missions.

e JOb creation and industrial benefits

wThe first volume production capacity for ClimateWell sorption modules is
now being built. It is a ~14 MEuro investment in a 30 08@acility. This is
an indication of the social benefits and job creation potential of this project
when implemented in large scale.

=1 Engineering benefits

wThe engineering lessons learned, especially in the area of solar heating and
cooling requirements on large scale drain back systems, pump control for
energy efficiency, collector design for durability and free cooling are of
enormous value. All thermal systems depend heavily on their uptime. Poorly
engineered systems typically have low uptime, require a lot of maintenance
and therefor produce too low value. The learnings from the SUNCOOL
project should allow future systems to operate as smoothly and
professionally as the customer will expethis is the key to energy
efficiency.

el Academic benefits

wThe SUNCOOL project has opened up new roads in the development road
map of solar and has shown great promise for further research and
development in the solar thermal field.
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Conclusions

As for the conclusions, the key takeaways with regards to performance and dimensioning
were:

oY he highest measured electrical COP of the installation

] was 12,6. There are ideas on how this can be increased
Electrical further to perhaps 1415. This is altogether some 2X of the
System state-of-the-art for thermal installations before this
Effl Ci enc project. A great achievement, even though there is much
y more work left to prove this in multiple commercial

installations in continuous operation.

oI'he investment reduction is calculated to 42% compared
Investment to the benchmark at the beginning of the project.

w'he potential is very high in sunny climates and for
CQ buildings that have a large energy demand (such as
reductlon S hotels). The CQeduction potential is >600 kg/frand

year under the best conditions.

ubelivered over expectations for hot climates and much
above expectations for climate zones with long winters.

Air This is thus very attractive for types of buildings that have
o . a cooling need also during the winter time. Such building
Condltlonlng types includes hospitals, data centers and industries.

Lofbergs itself was a great example of this and this is an
unexpected finding during the project.

So he longterm benefits that were plannedith the SUNCOQbroject were hence confirmed
and in many aspects exceeded the expectations.

All'in all,the SunCool technology is both energynd costsaving with attractive payback
times. Therefore, it has a huge positive seeamnomic impact, particularly through large
scale implementation.
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Until nowthe use of solar energy for heatingn 022 f Ay3d Aay Qi 6ARS&LINBI
reduce primary energy consumption in tbhailt environment along with improving the

thermal performance of the current building stock, retrofit solutions are requiredtilize

renewable energy. Using solar energyréduce primary energy consumption is seen as a

possible solution. With therecipitous fall in the prices of crystalline solar photovoltaic

modules, utilizing this technology to reduce electrical enegysumption for cooling is an

attractive solution.

The impact of demonstrating to the society that it is possible to do high value cooling of
buildings using only solar energy is an important signal of hope to a world more and more
worried about the norsustainable electricity consumption of our age.

TheSunCool collectovasdeveloped in order tamprove costeffectiveness and simplify
solar thermal heating and cooling systems

The SUNCOQ@itoject demonstrates that there are other, sustainable solutions at hand and
thus brings hope to society, both to citizens and to policy makers.

[ ftAYFGS2StEt {Ffd- ¢SOKyz2f23et FyR [| FoSNHa& K
environmental innovat 2y 2F (GKS @SINE AY HAamMp®

To stay updated about the future development of Suncoldape visithe project website
as well as http://saltxtechnology.com/casestudies/suncool/
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