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1 Introduction

1.1 Increasing interest in air conditioning

The demand for air-conditioned rooms is growing. However, since
conventional air-conditioning systems consume a lot of energy, air-
conditioning has, up to now, been expensive and has increased the load on
power networks. The high power consumption of conventional air-
conditioning systems is putting an increasing strain on the global climate,
due to their high emissions of greenhouse gases.
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Power needed for cooling [in GWh/a] in the following countries:
DE - Germany, FR - France, 5P - Spain, PO - Portugal, IT - Italy, GR - Greece.
Source: EECCAC, 2003.

For example, the energy demands for air conditioning in Germany have
increased from 71 GWh/a (2000) to 122 GWh/a (2005), which is a 72%
increase over a period of five years. For the same period of time, the EU-15
countries showed a 51% hike in consumption.
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The values for private households apply for an annual energy consumption of 3,500 kWh, inclu-

ded 1,300 kWh at night (Standard apartment: 90m?). The values for industries apply for an annual

consumption of 2,000 MWh, maximum consumption: 500 kW, yearly operation time: 4,000 hours.
Source: EURQSTAT 11/2007.
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This increasing interest in air-conditioning technologies can be explained by
a stronger wish for comfort, growing internal and external cooling loads due
to the use of electrical devices, and the use of more and more glass on
buildings. At the same time, the cost of electricity for private households,
small businesses, trades and commerce, authorities and service providers,
as well as all industries, has increased significantly.

1.2 Solar Cooling - Use of existing potentials

Electricity and heat are increasingly produced from renewable energies.
Notably, many private households are choosing to install solar systems for
their home heating and cooling needs. Undoubtedly one of the many
arguments for a decentralized energy supply is the growing cost.

et

Iustration: Solar installation for the solar cooling of the Centre for Environment
and Technology [CUT] in Osnabrick.

Source: SK SennenKlima, 2005,

However, in the summer, the opportunities provided by solar installations
are not yet used to their maximum potential. The large amount of heat
produced is not needed, since the heating requirements are very low during
this season. - Solar installations are therefore not working to capacity; and
they are not working for long periods of time. This is especially true for big
thermal solar installations.

With this in mind, the SONNENKLIMA SUNINVERSE absorption chiller was
developed to serve two purposes - to make efficient use of existing solar
installations, and to satisfy the need for cooling. It uses the excess
energy/heat produced during the summer months for the cost-efficient and
climate neutral air-conditioning of buildings. In this case, the peaks of heat
availability, that are typical of solar installations, overlap with the peak
demands for building cooling.
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The primary energy demand for building air-conditioning (i.e. heating and
cooling) can be significantly reduced through the year-round use of the solar
installation.
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=1 Solar cooling
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——= Household hot water

The diagram shows the energy yield of a solar cooling and heating system consi-
sting of a 40m? gross collector surface and the suninverse absarption chiller.
Source: Measurements 2004, SK SonnenKlima GmbH.

1.3 SONNENKLIMA available documentation

The SONNENKLIMA package solution and product is described in detail in the
documents:

SolarCombiPlus_SONNENKLIMA Solar cooling brochure.pdf
(Language: English, status: public, cf. Annex II)
SolarCombiPlus_SONNENKLIMA_SUNINVERSE technical dataz.pdf
(Language: English, status: public, cf. Annex IlI)
SolarCombiPlus_SONNENKLIMA_SUNINVERSE technical description.pdf
(Language: English, status: public, cf. Annex IV)

SolarCombiPlus_ SONNENKLIMA_Checklist.pdf

(Language: English, status: public, cf. Annex V)
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These documents are also available under request to SONNENKLIMA.

Due to the comprehensive information on the system solutions in the above

listed documentation, only brief information will be summarized in the
following.
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2 The chiller

2.1 The principle of the absorption chiller - cooling
made of heat

The SUNINVERSE absorption chiller uses two environmentally friendly
substances to produce cold: a very hygroscopic salt - lithium bromide (LiBr)
- and ordinary distilled water. Lithium bromide (LiBr) serves as a solvent in
the single-stage process circuit and water serves as a cooling medium. In
the absorber, LiBr is totally hydrated by water according to the absorption
principle. The result is a homogenous two-component mixture.

Ejector
Condenser
Evaporator
Absorber

1
2
3
4
HD 41  Absorption heat pump
_____________________________ 577 ND
HD
—
—»

Low pressure ~ 10 mbar
High pressure ~ 100 mbar
Cooling medium circuit
Solvent circuit

The different steps in the circuit are:

Ejector (1): At very low pressure, the LiBr is separated from the water using
the drive heat (55-105°C). The water is changed into vapour, and the LiBr
sinks down into the absorber.

Condenser (2): By removing heat, the vapour is liquefied and becomes
water. The water sinks down into the low pressure zone.

Evaporator (3): At very low pressures, a temperature of 5-15°C is sufficient
to make the water evaporate again. The required heat is taken from the
environment and will produce the desired effect: Cooling.

Absorber (4): The cooling medium vapour is attracted by the salt (LiBr) and
is dissolved in the water by heat radiation. The solution is pumped into the
ejector, and the circuit is closed. Two special physical characteristics are
used for the process circuit: Liquids can be moved between two pressure
levels with little mechanical effort, and liquids can evaporate at low
pressures and very low temperatures.

- Package Solution SONNENKLIMA -
Page 8 of 44



5 e http://www.solarcombiplus.eu

2.2 The SUNINVERSE chiller

The thermal absorption chiller SUNINVERSE from SONNENKLIMA GmbH
operates with minimal use of electrical energy, and produces cooling from
solar heat.

18 0.9
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Driving temperature [°C]
At a drive temperature between 55 and 75°C, a maximum COP of between 0.78 and
0.80is attained. Nominal operating conditions: Velumetric flow rate, cold water: 15°C,

cooling water: 27°C.
Source: TU Berlin, 2007,

The quality of the absorption process of the chiller is expressed with the
Coefficient of Performance (COP).

SUNINVERSE attains a high thermal coefficient of performance (COP = 0.78)

refrigerating performance [kWthermal]

COP = Warmeverhaltnis —
drive performance [kWthermal]

=0,78

and has good partial load behavior. One kilowatt hour of thermal drive
energy produces approximately 780 Wh of cooling energy. The absorption
chiller SUNINVERSE operates with different system components at different
operating points. The associated performance values were taken from our
demonstration projects that served to test different systems in continuous
operation in customer-oriented applications.

Apart for use in new buildings and the combination possibilities with district
heat or cogeneration, the SUNINVERSE is easily compatible with existing
water-based cooling systems.
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Nr. |Standard Drive Back-cooling | Cooling Required Dimensions | Weight
performance | performance | performance | surface collector {mm) (kg)
surface
1 To kW 15 kw 25 kW ~180 m? 30 ~ 40 m? H: 1960 Transport: 500
B: 1130 Operation: 350
2 16 kv 24 kw 40 kW ~290 m? 48 ~ 64 m? T 795

The solar operation guarantees minimal operating costs, and thus reduces
the consumption of electrical energy. In addition, the use of a harmless
cooling medium makes the operation of the machine environmentally
friendly.

H: 1960 mm

Its small size allows the SUNINVERSE to be easily transported (through
doorways). The choice of the installation site can be made without taking
into consideration the noise level. The machine runs very quietly and needs
very little maintenance due to its superior design.
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3 System’s components

The SUNINVERSE absorption chiller works according to the principles of solar
cooling. It uses the excess heat produced by the solar collectors for room
cooling.

Drive = Cold water 7 ~
55-105°C 6-16°C
S <
“‘"\.

*  Flat collectors * Cooling ceilings

*  Vacuum tubes * quiet cooling (Gravient)
* Fan coils
* Wall heating/cooling

Back-cooling
27-40°C

-

[

Wet caaling tourerafthe
5K SonnenMimacampary 2007,

* Wet cooling tower
* Drycooling tower
* Cooling liquid

= Wel

The heat from the solar collectors is supplied to the process circuit of the
absorption chiller. Cold water is the medium that is used to cool the rooms
of the buildings.

The SUNINVERSE absorption chiller is the core of the air-conditioning
systems. It adapts to the needs, is customized to building conditions and
will create a comfortable climate in the targeted building. If the system is
optimally designed, it will work to capacity with minimal operating costs.
Several components are available for the use of the SUNINVERSE absorption
chiller and described in the next subchapters.

3.1 Heat rejection

The open wet cooling tower wct23kW was specially designed for operation
with the SUNINVERSE absorption chiller from SK SONNENKLIMA GmbH. It
functions according to the evaporation principle and is optimally adapted to
the performance of the absorption chiller. The make-up water requirements
depend on the outside temperature, the operation period, and the
requested average performance.

- Package Solution SONNENKLIMA -
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During operation with the SUNINVERSE absorption chiller, the cooling tower
is run in an energy-saving manner to keep power consumption low. The fan
speed is controlled by the frequency inverter, which is included in the
installation package. The cooling tower sump has an integrated and easily
cleanable double coarse filter for particle sizes of between 2,2mm and
1,2mm, to prevent a contamination of the back-cooling system by insects or
pollen.

Another very promising system available is the hybrid coolers, which are
actually dry coolers fitted with water sprays to increase its performances.
And of course, the chiller can be operated as well with a dry cooler, but this
is still not a mature point.

Technical Data:

Specifications Unit wet23kW

Heating perfermance kW 23

Water quantity m*/h 2,6

Hot water temperature %< 35 1--"--"-‘-' =

Cold water temperature 'C 27 F

Maoist air temperature °C 21 LI

Air temperature C 30 __j

Hydraulic connection 2x1"AG

Pressure drop nozzle mbar 430

Sump volume | 70 _‘L’,} b‘-

Max. additional water needs due to evaporation I/h 26

Hydraulic connection addtional water WBWYAG

Rotational speed Ui min 0-1420 .

Max. air quantity m3'h 7300 P

Moise level at maximum speed dBi(A) 65

Max. power consumption kW 037

Vaoltage v 1~ 200 - 240V l

Protective system IP55 ; E

‘ e : He?l'ghtH mm 1850 ‘ - . ‘h’

Dimensions incl. connections Width B i 1000 & L.
Depth T mm 610 i

Weight ?2??;1?? kkg e
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3.2 Collectors

The collectors provided with the SONNENKLIMA
Solar Combi + kits are flat plate collectors
produced by a partner company: Phonix
Sonnenwarme. This company usually offers solar
domestic hot water and solar heating complete
installations. Nevertheless, SONNENKLIMA is also
able to provide his Solar Combi+ kit with another
type of collectors.

Phonix Infinity 3 collector description:

e Long lifetime due to high quality "Made in
Germany"

* Maximum system performance due to environment friendly vacuum coated
total-surface-absorber

« Simple and cost-saving installation due to a proven mounting-system and
light collectors

= Very flexible mounting-alternatives due to an around-going mounting-slot

e Total-surface-absorber with high-selective eta Plus-cover for the
optimized yield

= Collector is suitable for Pitch- and Flat-Roof-Mounting

e Powder-coater collector frame in three colors: brown (RAL 8019),
anthracite (RAL 7016), silver (RAL 9006)

Technical data i
Type PHONIX Infinity 3

Collector dimension 187 x 1,16 x 0,095 m Manufacturer PHONIX SonnenWarme AG
(HBxT)

Gross area 215 m? Minimum collector slope 20°

Emissivity 5%
Absorber coating eta plus_Al highly selactive

Efficiency factors ky = 3,65 W/mK kg = 0,0169 W/m*K?

Absorbency 95 %

Max. stagnation temperature 203°C

Optical efficiency 80, 96

Heat transfer medium capacity 1,13 litre

Weight 34 kg Effective absorber area 20 mF

Warranty general terms and conditions of the PHOENIX Test reports collector test report by ISFH 15O 12975-1/2, Solar Keymark

SonrenWarme AG

- Package Solution SONNENKLIMA -
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The storage tank provided with the SONNENKLIMA Solar Combi + kit is also
produced by the same partner company: Phonix Sonnenwarme. By default,
the solar heating/cooling kit will be supplied with the Phoénix Sonnenwéarme
“Universal Buffer Storage Tank, Type UPK”, but of course, the kit can also

T

il

{

|
|

i

be provided with another type of
tank.

Phonix tank description:

Storage tank capacity: 650, 450 and
200 litres

Material: Steel or Stainless steel

Heat exchangers: 2 tube heat
exchangers, each with a surface
area of 2.00 m2

Connections: Heating: 1" and 5/4"
external thread, flat gasket; hot
and cold water and circulation:
3/4" external thread, flat gasket;
solar supply and return: 1" external
thread, flat gasket; vent: 3/8"
external thread

Circulation: Connection through 3/4
" external thread, flat gasket is
possible (only recommended for a

time- or thermostat-controlled circulation pump)

e Insulation: Polyurethane foam, 100 mm, replaceable. Top (130 mm)
removable, inspection tap via flange cover, D = 0,037 W/mK

e External dimensions with insulation: 1.98 m x 0.90 m

- Package Solution SONNENKLIMA -
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3.4 Distribution system

The distribution system technology implemented for the heating and cooling
can be fan coils or a radiant technology system (cooling ceiling). Usually,
the cooling ceilings lead to the best performances.

SONNENKLIMA doesn’t recommend any special distribution system; either a
fan coil system or a cooling ceiling can fit to the SK Solar Combi +
installation. However, if the building already exists, it is possible that a fan
coil distribution system be already installed, and moreover the fan coils
technology is far easier to implement.

Fan Coil Scheme  Cooling Ceiling Scheme

- Package Solution SONNENKLIMA -
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4 System schematics

Two different configurations were designed by SONNENKLIMA: The first one
is equipped with a hot backup system; the second one is equipped with a
reversible hot/cold heat pump backup.

- Two approaches: Backup chiller or Backup load supply

Monovalent systems or gas fired Reversible Heat pump
backup for SC+ (Heating + DHW) backup

The SONNENKLIMA configuration used for the simulation and preparation of
the package solution can be represented by the following scheme:

Loads
0 O l Heating
I Boiler
03
il O pHw
Collector = Chiller
—|—
>< Cooling

heat rejection

4

Source: Fraunhofer ISE

From this starting point, according to the results presented in the next
chapter and according to the SK marketing strategy, two approaches were
adopted corresponding to 2 types of back up:

Back up chiller : monovalent systems or gas fired back up for SC+ package
solution (heating + DHW in addition)

- Package Solution SONNENKLIMA -
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Loads

-0 . Heating
Boiler

il i~ DHW

Collector —|=——  chiller

_>< Cooling

heat rejection

-8- Source: Fraunhofer ISE

Back up load supply : reversible heat pump as a back up

PACKAGE SOLUTION

|m————c— e ec——-
RECOOLER
| DpisTRIBUTION DEVICE
e = wen N I I e
NI F=" B ,
~z ] WARM !
i 9 DISTRIB y 4

i CONTROLLER
- = d ] Aubmae

|
DRAINBACK TANK % .
i | 4 ABSORPTIG
N i$ 171 g M CRILLER
lsoLAR' ND VY
LTANK

BY PASS FOR WINTER WATER TREATMENT
MODE

IN ALL CIRCUITS : WATER WATER
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5 Proposed Package Solution

SONNENKLIMA designed in collaboration with Tecsol two packaged solutions
to provide solar cooling, heating, and domestic hot water. The first one is
equipped with a hot backup system; the second one is equipped with a
reversible hot/cold heat pump backup.

Several parameters have to be taken into consideration and sized carefully.
Some of these parameters are fixed for the considered project like the
location of the project, the type of building where the SolarCombi+ system
will be established, or the type of chiller (the chiller used in the
SONNENKLIMA SolarCombi+ package is the 10kW SUNINVERSE chiller). Other
parameters are semi-fixed like the distribution system (fan coil or cooling
ceiling), the solar collector type (flat plate or evacuated tube), and the
heat rejection type (cooling tower, dry cooler, or hybrid cooler: dry cooler
and water sprays). The others parameters like the collector area or the
storage volume are free (but still limited by a certain range...)

- location

- building/application “fixed” parameters
- chiller

- distribution system .
- solar collectors type - “semi-fixed” parameters

- heat rejection type

- collectors area “free” parameters

- storage volume

Calculations were performed using the program TRNSYS taking into account
a lot of parameters variations, and the results were stored and analyzed.

For example as seen in the graph below, the total solar fraction, the cooling
solar fraction, the relative primary energy saved, the electric COP, and the
gross solar yield can be plotted depending on the system parameters. For
this example, the location (Naples, Toulouse, Strasbourg), the type of
collector (flat plate or evacuated tubes), and the heat rejection system
(hybrid cooler or wet cooler) vary, and the other parameters are fixed: we
choose fan coil for the distribution system, the building is an office building,
the collectors area is 5 m2/kW,¢¢, and the storage volume is 75 I/m2.

- Package Solution SONNENKLIMA -
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For this example it is noticeable that globally, the evacuated tubes
collectors present the best performances. In opposition to every other
values, the electric COP is better in Strasbourg that in Naples. And
apparently a hybrid cooler is almost always better than a wet cooler.

Other calculations using the program TRNSYS was performed in order to
cover a large range of parameter variations, and so to have a large range of
results. Thanks to these results, the best configurations was identified and
summarized in the three next tables for the three different climate zones:

| Strasbourg | Residential/office | suninverse |
WC DC HC
o ET FP ET FP I\E/T FP
c ET FP ET FP ET FP
| Toulouse | Residential/office | suninverse
WC DC HC
o ET FP ET FP ET FP
v v
ET FP ET FP ET FP
CcC v v
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| Naples | Residential/office | suninverse
WC DC HC
ET FP ET FP ET FP
FC 7
ET FP ET FP ET FP
CcC v

Table caption:

WC = Heat rejection system: Wet cooler (cooling tower)
DC = Heat rejection system: Dry cooler

HC = Heat rejection system: Hybrid cooler

FC = Distribution system: Fan coil

CC = Distribution system: Cooling ceiling

ET = Collector type: Evacuated tubes

FP = Collector type: Flat plate

This results permit to conclude that for a Strasbourg climate, the hybrid
cooler is the most adapted rejection heat system, either fan coil or cooling
ceiling can be used as a distribution system, and the evacuated tubes
collectors are better for this cold climate. For a Toulouse climate, the
hybrid cooler is the most adapted rejection heat system, either fan coil or
cooling ceiling can be used as a distribution system, and also either
evacuated tubes collectors or flat plate collectors can be used. For a Naples
climate, the hybrid cooler is the most adapted rejection heat system, either
fan coil or cooling ceiling can be used as a distribution system, and the flat
plate collectors are better for this warm climate.

Then the parameters which were free have to be determined. Calculations
led to the following results:

e Recommendation of a single distribution system (FC) depending on
customer needs.

e Storage<2ms3

e Collectors aperture surface 35-45m?2

- Package Solution SONNENKLIMA -
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6 Summary

Solar Combi + installations, which provide domestic hot water, heating and
air-conditioning to a building, could have considerable primary energy
savings and total electrical efficiency improvements compared with
conventional systems. The good performances of the system depend on a
correct design of the hydraulic scheme as well as its control strategy.

Different adsorption/absorption chillers were simulated for the SolarCombi+
project. The schemes provided primary energy savings in the locations
defined (Toulouse, Naples and Strasbourg), for different variables values.

These innovative installations have high design and engineering cost that
could be substantially reduced using the proposed kit or package solution.
This is the main reason to design and define a kit for SolarCombi+
installations. Basically, the advantages of the kit will be cost reduction,
quality improvement and easy assembly.

The kit provides high versatility, allowing the use of different auxiliary heat
supply as well as heat rejection and distribution systems, depending on the
specific case. The control will be oriented to improve the performance in
the most efficient way, avoiding backup primary energy consumption
whenever it’s possible. The manufacturer will define some control
temperatures with the aim to reduce energy consumption and provided
comfort to the user.

- Package Solution SONNENKLIMA -
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7 Annex |: PHONIX Infinity 3 Brochure

PHONIX Infinity 3

Flat plate collector
Gross area 2,15m?

= ISFH

Leng lifetime due to high quality "Made in Germany"

Maximum system performance due to environment-
friendly vacuum coated total-surface-absorber

Simple and cost-saving installation due to a proven
mounting-system and light collectors

-

Very flexible mounting-alternatives due to an
around-going mounting-slot

Total-surface-absorber with high-selective
eta Plus-cover for the optimized yield

Collector is suitable for Pitch- and Flat-Roof-Mounting

* Powder-coater collector frame in three colours:
brown (RAL 8019}, anthracite (RAL 7016),
silver (RAL 9006)

Technical data

Collector dimension 187 = 1152 0008 m
(HxBT)

Gross area 215 m®

Absorber coating eta plus_Al, highly szlzcive

Absorbancy =L

stig PHONIX

SonnenWarme AG

general berms ard conditions of the PHOENIX
SennerWarme AG
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Type PHOME Infinity 3

Manufacturer PHAMIX Scnneriame AS

Minimum collecter slope acr

Emissivity G

Efficiency factors ky = ZEEW/m K b= O\ 01G8 W ek

Max. stagnation temperature a0etc

Heat transfer medium capacity 113 Iz

Effective absorbar area 20 m*

Test reports colkector test report by 1SFH 150 12975 1/2, Salar Keymark

Collecter installation possibilities { Lenath x Height ) 2

L L L T 17
232x 18T m N22 % 116 m |

L Ll 5,61 x 2,47 m
A L " . . . 252x% 374 m
348x 18T m 935 116 m S
|' | | | | 374% 247 m
464 % 157 m T42% 106 m 348 x 3230 m
580x 18T m 561 x 106 m
Please note: additional
T T T 1T required space for roof
feed-through!
GaGx 187 m 374x 116 m

lﬁerﬂsd by _I

PHONIX

SonnenWirme AG

Am Treptower Park 28-30
[-12435 Berlin (Treptow)
Tel: +49 (0) 30/ B3 00 070
Fax: +40 (0) 30/ 53 00 0717
info@sonnemwvasmeag.ds

WWw.sonNnemwasmeag.ds

Enmors scephed Subject to change without rtice.
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8 Annex Il - SolarCombiPlus SONNENKLIMA
Solar cooling brochure

Solar Cooling
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“The demard for air-condiionsd roams b gro-
Wing. Howessr, sine conventional sir<cnd tio-
ning systerms consume3 lot of energy, ar-condt-
tioning has, up 63 ieww, been expensive and has
increaserd the bisd on powet networks The high
Fower consumption of comventional sr-conditie-
ning systams s puting

I+

http://www.solarcombiplus.eu

the glcal climate, dus to their high srnksicns of
greenhouse gases

For example, the eneigy demands fovais conel-
tioming InGermany have ncieased fiom 71
GWhia {2000)10 122 GIa (005}, which I3
726 Incresis over s pariod offive years For the
same pariocloFtime the EU-15 countries showsd
518 hikz In consumption

TS Inerasing Interest n ai-condiioning tech-
nologkes can be explained bya sticnger wish for
comfort. growing Inteinal and extamal cooling
laads clue 6 the use of ekectrcal devias, and the
Uss of miore 3t more glass on buldings

Atthe samme time, the cost of elsctrciy o peiva-
e housahabds, sl businesses, trades and com-
meics, authoities and sarvice prekders, as well
a5 all Indsttes has Incressed significantly.

e, )

Wstrznsour s
andTachreiogy CUT] R Carabre.

s

g e BEEE

rcoctig INGATYA 1 EAwng court
Gommam, FR.- P 5P Sl FO-Portuga| 1 - b G - Graoc.

=

BT

S S5CCA 205,

01,3000 2L g 130 G2 Tl 0T, T vl 0 O s 2Egh o nan
EAGLpHGN o 2058 AT, 24U CorSmEn:S 03 A, Yy oparan e 4050 R,

o s BIRTAT 307,

solarcooling -3

Solar Cooling - Use of existing potentials

Ekectrkity and heat are Increasingly produced
fren renawable eneigies Notably, mary private
households are chossing t nstal solsrsystems
o thsirhorne hating and creing nesds.
Unieubesdly cneofthe many arguments Er s
decentrlizc nergy supply s the grawing cost.

Hemeser, I the SUMMEG the OppoMUNES provi-
ded by solar Insta lathons are ot et used o their
MU potential. The laige amount of heat
prchices] 1 not needd, sice the heating rec-
rments are very ko dluing this season - Salar
Instalistors are therefare not working to capack

a
e Thi

installstiors

vath this in mind, the sunerse absorpticn chik-
Terwas devekpec o serve two purpeses - to
make effcient use of exsting solar installtiors,
andto satisfy the ned for cooling 1t Uses the
excess eneigyheat produced dunng the summer
mesiths for the cost=Flcient and climste nsutial
ar-corditicning of buldings 1 this case, the
peaks of heat avallabity that are typical o solar
Installstiors, cxerlaps with the peak demands for
bulding cocling,

“The primsry enery demand for bulking ai-con-
dimaning (12 heating and cooling) can be sigrif-

g
Sger 10 s colodo
g

4-Salar Cacling
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suninverse - converting solar heat effidently into cold

“The suniverse abrorpthan chiler Functions accor-
ing tothe principles of selar ccoling 1 uses the
mass hat prociuzad by the selar collectrs for

102 cosling:

“The heat from the solar cnllecters 1 supplied to
the process cicultofthe atsorption chilles, Cokl
wate s the medhum that s use 1o <ool the
102ms of the bulldings

pr— Pr— e ulkang

Cur sunvesse ahsorption chiliers s the core of
ourair-condtioning systems They adapt to your
nesds,are customizad o bulding connisnsand
will creste 3 cambortable chimate in your bullding
IFthe system s citimall deskaned 1t will wark o
capsity wih minimal operating oosts.

Saveralcompanents are avalable for the use of
the suniverse absorption chillr

+ Roraiscon
* Vactam s quTCooing ety
Vo g g
ia
+ Wotccoingionr
Solarcaoling -5
m::l'-m\@ The suninverse in combination with different heat producers

s forsolar coohing as wellas sola heattoy sup-

‘portand hot wates upply.

Use the heat of the sun fee cosling when you are

getting toc hot. You can also use your sclr

systemm yea round for hot watsr preparation, and
’ during the winter or hestingsupport.

s 0 combingtion vath cogeneratian

IFyou ne=d to contiuously Frovide b tempera-

utes for yeur sarver ox tachnicl o, we will b

bk 5 o an sffcrent solutin o yeur

Compneticn, Toull gt thise things 3t the same
; “tme: Ceoling heating, and slectneity

1 Akn ot chlr
2 Sucago bk

3 e echangst

Yarun

£ Hangiocling bk (ol
& conlog e

52 in combination vath distre heat

Ifyou de not want o produce slectrkity oe I you

e oy attantion 10 low nolse emissions, you

shiuld usecur*Cooling from distrit hest”

system. This way, coing cold will be procucedt
7 by cost-2ffcknt cisrict heat.

1 s chilr
2 Srage ik

3 e achanegt
b chanegr

5 Haatngrocing by (sl
& Colog st

&-Salar Cacling.
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The principle of the absarptien chiller - cooling made of heat

The suniverse absorpthon chiller uses two ek
ronmetally ikendly substances to produce cold:
avery hygrosasph salt - Rhm bromide (LS -
and ordinary distiled water

Ui brormide 118} serves s a solvent inthe
single-stage process ciUR, and water envesasa
cooling medium In the abiorber, LEr & totally
e by wates accorcing to the abscrpoion
peinclple. The result s 3 homegenus two-com-
ponent mistire

]
i
H

1)

Sohantchealt

“The diferent steps n the cireure

Ejector (1) Atvery low pressure, the LBt
Is separated from therwater using the diive hest
(55-105°C) Thewater I changed It vapouc and
‘the LBr sinks down [nto the absarber.

Condenser (2l By remcing hest, the vapour
s liquefied and becmes water The wates sinks
down into the low pressure zone.

Evaporator (35 AL very low pressures a tem- v

peratute of $-15° 1 sufficent o make the water R il
evaporate again. The mauired heat s taben from % E
the enstionment and il prduce the desired : =
ettt coning

Absorber (i The cooling medium vapur s
atvacted by the sl (LB and & dissolved n the
watr by hest red sthon, The solution s pumped
o the ejectsy and the et s closed.

T spectal physical characterstics are used for

the pincess ircut: Liyubds ean be mewed bet- -
ween two pressure el with Iite mechanical

effort and Iuids can svaperate st kow pressurss

and very ow temperatures.

selarceoling -7

The suninverse - ideal for use in solar cooling

" “The thenmal absorption chillr suninversefiom 5K

o m ScnnEnKima GmbH cperates With miimal uss
£ oy of alectrical energy, and prochazes coaling from
£ . o sctar heat

e . -

. . uf “The qaltty ofthe absorption process ofthe chil-
£ ,‘ o3 Ter s expressad with the Coefcknt of

LI 0z Parfermance (COF)

‘ o

w

SuBInyers: attains a high themmal cesffcient of
performance (COF =0.78) and has goad partial

= @ @ o™ o™ oo @ E W
Driing tamperat

by Ons Kikwatt hour of thamma ldiee ensray produ-

ly 780

“The absorption ehiller suninversz cperatas with
differznt system components at i ferent opsra-
ting peis The assocted performance saluss

COP = Wneverhalmis 012G perormance s _ o were taken Fom ourdemonstration projects that

et pesformance e mal served o testalfierent systems in contimous
opsration In customer-orientad applkatians

Apart from use In iew buldings ane the combr
nation pessibilities withelstrict heat or cogenera-
o the sunirvere I easlly compstble with exi-
sting water-based cocling systams.

O T T ol ]
ot P et | S5

el = =

“The solar operation guaraizes minimal opera-
“tngosts,and thusreduces the consumption of
electrkal energy in addlion, the use of a hamn-
Tess coaling ruedhum makes the cperation of the
machine amiranmentally rendly.

1t siallsze llows sunarverseto be easily trans-
ported (thioughdcorwayst

The chetee ofthe istallation ste can be made
without taking having to take ntn considertion
the nols2 vl The machine wns very quistly
and neads very ke maintanance due o s
supertor design,

&-Salar Canling
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Our offer for solar cooling

SKSonnenklins GmbH cares for s supports
customers,together with many dstrbutars, all

over Europe fiom the first questions about solar
conling untl

* Temperature sersors for hat cocling and
cokdwater
+ Hatwater pump and thiss-way miing valus

Consutations taks Into aeccunt customer nasds
and tndividual ecndmions, in order t reccomend
the cofrct components for an cptims! systsm.
Cnce suninverse s Irstalled we takacare of mea-
surmEnts, regulaticns, maintanance and contrct
of thewhole system to gusraas smosth epera-
tion

Gur scope of services includes:
+ Consuling

* Flanning

+ Profct management

+ Transpont

* tnstalltion

- smtup

* Mainterance

+ online centicl

wa offar

Investment in the future

vesatity

Selarcooling can beusad everywhere whers the
san shines,ensuring that a bt of solar hest 1
avalable. Howevsr, sunmerse can also be combl-
ned with many crher haat transfer medims, 353
diive t ar-conchtion rooms.

“The significant savings of electricity, and the rela-
‘tad reduced cpeating costs compared to con-
ventcnal air-conditining systems ar - together

quarantces for the optimaluss of sach compe-

et The sparials service prowided by cur engh-

nesrs ersures: bong etime fo the system, the
st

- convincing aiguments
for solarcasling

Loan Programs i Genmany
bl

s
it ot least, moms with a comfortable climats

ur online cotrol 1 an addRioral service that
alkows s o evallate the functionaity of your

system st any time, and to ke comectlors F
nesded

Gur scope of delivery indudes:
+ Absorption chiler

+ Back-cosling (.. wet cooling tower)

* Regulating untt incL dta kegging it for

ffce of Economics and Expart Control BAFAL
fior the nstallation of themal ssar systems
andor solar collectors far et water preps ation
(for the aupply of process heat for selar cooling,
or for heating auppert. Heweser, evenat the
counties or regionsl levels, loans s avaliable for
Instalstians that me=t the regulations of the
(Garman Energy-Savngs Crdinance (EnEY .

Types of Ananctal assktancessubsidies
- Grants
i bl

flows/parfocmmancas
* Vissalzation and femotz contol (intenet
connection raquireds

Adtress:
sksannentin GmbH
Am Tieptawen Park 26.30

Emall  (infogSonnenklima.cel
Phone: (03045300 07700
Fac (030153000717

Mamaement: O, Gecrg Buchholz
Location ofthe GmbH: B2rlin

Local Court charlottanburg: HRE 104821 B Ust-
dHr o€ 814771 a3

impressum:
Parson responsible for the content In accordara
With 5 10 Pa3graph 3 MDStY - O Georg
Buchiciz

Authors nights
Allcontent and images are - nkess spacifiad
otherwise - the imellectual property of the
Sonnenklima GmbH Any use b fbidden wit-
hout an expresssd walttan authorization

Gur assackted parters in€urope are:

PHONIX

Valrime Al

W

=S

W

Brochuse sponsored by:

_dena

10- Salar Cooling

o credit, grants and firancial asslstancs doss
ot euzed the expenses

Solarcooling -2

Contact

Cate: Howsmber 2007, &mors exaptad
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9 Annex lll - SolarCombiPlus SONNENKLIMA
SUNINVERSE technical data

SONNENKLIMA
suninverse

Absorption chiller 10 kW
technical data

_| Included in delivery

Absorption chiller

Wetcooling towsrwith noralial (demonstration project design)

capacity of 25 kW

Control unit including data logger minimum operation temperature 55°C
for external temperatures and mass flows COP=0.78

Visualisation, remote control- and
supervision (broad band connection
required)

Temperature sensor for hot-, cold-
and chilled water

Hotwater pump and three-way-valve
for chilled water temperature control

| Note:

Cool- and chilled-water-pump are not
inlcuded in delivery. All work outside
the dashed line (--—— ) will not be
done by SK SonnenKlima GmbH.

hotworer 11 (:) mﬁfﬂgmvmg

atsarption chiller

_| SONNENKLIMA @
suninverse

SK SonnenKlima GmbH
Am Treptower Park 28-30
12435 Berlin

Germany

Tel. +49 (0) 30530007 700
Fax. +49(0) 3053000717

www.sonnenklima.de
info@sonnenklima.de

& eFRE
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Absorption chiller 10 kW (demonstration project design)

Note:

L3 — .

1. The refrigerating capacity depends on supply temperature and mass flow of hot-, cool-
and chilled-water. The given refrigerating capacity refers to the chillers nominal
operation. At demand we are glad to deliver data for differing temperatures.

2. Maximum pressure for hot and chilled water circle: 2.5 bar.

3. Chiller 's control unit contains a data logger for external powers in hot-cold- and chilled
water circle, For the remote data transfer and supervision a broad band connection is
necessary.

4. Hot water pump and three-way-valve are included in delivery.

view without case

Technical data

(demonstration project desi

specifications unit suninverse
operation operation
with fan-coils with ceiling
kw 10/158
refrigerating capacity nominal/maximal USRT 2,8/45
BTU/h 134120/53925
mﬂelralure nominal/maximal sC 6-12 15-18/15-20
chilled L
watercircle | mass flow nominal/maximal m3/h 13/17 29
internal pressure drop mbar 350
connection 174" outside thread, flat sealing
:ﬁnpemure nominal/maximal oc 85/95 75/95
hot water- - -
drcle mass flow nominal/maximal mé/h 1.2 12
internal pressure drop mbar 200
connection 1 %" outside thread, flat sealing
:Iemperature nominal/maximal °c 35-27/36-27 35-27/39-27
cold water- fizou
circle mass flow nominal/maximal mi/h 2,6 26
internal pressure drop mbar 320
connection 1 %" outside thread, flat sealing
u
i
' voltage v 230V ~ 1 ph 50Hz 2
slesHics solution pump w 70 2
connection = ; a
refrigertion pump w 50 s
£
height H mm 1960 3
dimensions | width B mm 1130 &
depthT mm 795 2
8
. k o
Vreloht i operation g 550 2
| wansport kg 500 2
Recommended system structure
(A) Solar cooling (B) District heating or CHP

resway.

valve

) m—(=y
re—g

absorption
chitier

cold
dmtribution
aystom

(combined heat and power unit)

_%_Q_G

hot water|
heador

system

enitted wator
o

SK SonnenKlima GmbH | Am Treptower Park 28-30 | 12435 Berlin | Germany
www.sonnenklima.de | info@sonnenklima.de | Tel. +49 (0) 30 5300 07 700 | Fax. +49 (0) 30530007 17
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10Annex IV - SolarCombiPlus SONNENKLIMA
SUNINVERSE technical description

suninverse
Technical Description

- Package Solution SONNENKLIMA -
Page 32 of 44



http://www.solarcombiplus.eu

- unww. da . de . SONNENKLIMA@
suninvers

suninverse

Technical Description

Contents
Table of contents 2
Function of the suninverse absorption chiller 3
Design of the suninverse absorption chiller 4
Technical data for suninverse H
Installation site and space requirements for suninverse 10 kW SK &
Connections and pitch measurements of suninverse 7
Packaging measurements of suninverse 8
Performance charts for suninverse 9
Thewet cooling tower - optimal back-cooling for suninverse 10
The control - a selution for the entire solar cooling system 1"

Pageof13
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Suninverse

Function of the suninverse absorption chiller

5k Sennenklima GmbH has developed a one-stage absorption chiller that functions with
harmless and climate-neutral substances, lithium bromide (3 salt) and ordirary distilled
water. The principal of absorption chilling is quite simple

The energy of the drive evaporates the cooling medium, water, thus separating it from its
cartier, lithium bromide. Then, the cocling medium is liquefied in the condenser. In the
subsequent expansion zone, the water is rapidly cooled down and can therefore absorb
the room heat, for example using a convector, and the room temperatures will go down
The heatabsorbed from the room i released - .. the energy required for the separation of
the water and lithium bromide - via the cooling tower into the atmosphere

SK Sonnenklima GrabH's nawly developed absorption chiller offers significant advantages
over other systems that have been available on the market: The machine functions with
low-temperature heat, starting at 55°C, that can be produced by waste heat (for example
froma CHP unit) or by district heat.

# Ejector [1): At very low pressurs, the LiBr is

separated from the water using the dive heat

¥ (S5-105°C) das LiBr. The water is changed ints
: vapaur, the LiBr sinks down into the abscrber.

1 #Condenser (2); By heat ramoval, the vapaur is
liquefied amd becomes water. The water sinks
dewn into the low pressure arss

s Evaporator (3): At very low pressures, a
temparature of S-15°C Is sufficient to maks the
water evaporite again The required hest is
taken from the environmant and will produce
the desired effect: Coaling.

# Absorber (4]: The cooling medium vapeur is
attracted by the salt (LBr) and dissolved in the

4 it by hest radiation. The solution is then

= pumped into the ejector The circuiis clesed

The system has a very good efficiency over the entire operation range so that good results
are obtained, even with varying solar radiation and in the partialload range (see
*Performance chart for suninverse®). With a COP of 0,78 that can be attained by the system,
about 780 warthours of caoling energie are produced out of 1000 warthours of thermal
energy.

- Package Solution SONNENKLIMA -
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Design of the suninverse absorption chiller

Pesition Cantrcl
Vartilation valve
Casing
= - Generator Ejector
3 Flow meter
(aptional)
Condenser_
<
Ventilation valve
Apsorber
Evaporator
Gererator pump
Solution hest sechangsr_| M

Thresway engine valve

Stainless steel safety comtainer e
» Collecting tankfor residual
gases

Solution pump

Subjactta change

Pagegcf 1

- d . o - IMA
suninverse

specifications
rebsqeeating espacity rominalimasial
34120/53925
erpenune romivalimasmal | = T
dilled (20 | I— L
Vatercile | s Ao rominalimasimal i
internal pressure dap. | bar §
connection T
I B [ )
e el | T =
Hotweter- —
dece us low rominaimarinnal mih = 72
inaenl prossure drop | e | 210
connedtion 1
| J
Enpeats ol | o 7/38.37 8371302
coldwster. | 0 ! !
iy [ e — i % %
LU Ll L L
wonnection A" i e A sesing
1
I Y
P I 230v - 1 phsarz 2
dectical | soltion pump w 0 ]
w ] 2
2
[ l H
haignt o | 150 £
dimecions [widhy 5 o0 %
| dapeh T . i H
[ | 2
weigh | opead g £ 1%
Es & 3 i
Page5oi13
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Installation site and space requirement for the suninverse
absorption chiller

Te give the installer easy access to all the components during the annual maintsnance, we
recommend the following:

leave about 70cm of space around it (wall, solar storage tank, etc). Very important: the
hydraulic connections and access the controls must be left free.

2165

Hydraulic connections
700 mm

88898538
40258430
—man | (0000000
Jo0oocse
= 00068668
00000068

00000000 =
00000000

- www. .de . d - IMA
suninverse

Cor i and pitch ts of the suninverse
absorption chiller

3~

2] 4

= = =

1 Cold water outlet L

2 Cold water inlet 1% " external thread, flat sealing
3 Cooling water outlet -,

4 Coolingwater inket 1% " external thread, flat sealing
5 Hotwater inlet =

6 Hot wateroutlet 1% " external thread, flat sealing
7 Cablelead-through Pawer supply for the control

Page7of13
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Packaging measurements of the suninverse absorption chiller

Due to its dimensions, suninverse can be easily be transported (fits through doors). The
installation on feet allows for easy transportation of the system with a forklift or a forklift
truck.

The choice of the installation site can be made without taking having to take into
consideration the noise level. The machine runs very quietly and needs very little
maintenance due to its advantageous design.

Hydraulic
connections

Display

Forklift access P

Pageaof1a
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Performance charts for the suninverse absorption chiller

8 08
=08

108

losT

To2
T 02
4 ¥ T o1

2 + + + +— + t + +—+ t 00

45 50 S5 60 65 70 75 80 85 S0 95 100 105 110
c]

Driving temperature [°

Performance and thermal efficiency of suninverse at different drive temperatures (Nominal
conditions volumetric flows, 15°C cold water, cooling water 27°C).

s 6 7 8 9 1 11 12 13 14 15 8 17
Chilled water temperature [*C]

Thermal efficiency of suninverse at different cold and hot water temperatures fhot water
75-85-95°C, nominal conditions volumetric flows, cooling water 27°C).

Page@of 12

- Package Solution SONNENKLIMA -
Page 36 of 44



http://www.solarcombiplus.eu

- unww. da . de . SONNENKLIMA@
suninvers

The wet cooling tower - optimal back-cooling for the suninverse
absorption chiller

The open wet cooling tower wct23kW was specially designed for operation with the
suninverse absorption chiller from SK Sonnenklima GmbH. It functions according to the
evaporation principle and is optimally adapted to the performance of the absorption
chiller.

The make-up water requirements depend an the outside temperature, the operation
period, and the requested average performance. During operation with the suninverse
absorption chiller, the cooling tower is run in an energy-saving manner to keep power
consumption low. The fan speed is controlled by the frequency inverter, which is included
in the installation package. The cooling tower sump has an integrated and easily cleanable
double coarse filter for particle sizes of between 2.2mm and 1.2mm. to prevent a
contamination of the back-cooling system by insects or pollen.

Specifcations unik wet23kw
Heating perforinancs o E
itar quartiy mm =
. — - = i
old water tamperature * 7 -
Molst ar emperature «© 2 i
m—— - - B
Hydraulic connectizn 2uras
Pressure diop nazzke ks w0 |
Sump volime 1 70 LN
A, addional water néeds oe 5 vaporation m E
Hiydiaullc connection adkdions water waG
Rotationalspesd upmin 0-14
Max alrquantiy weih 300 e
Hotse vl st mamum speed dnial 85
Mo powesr cansumptin % a7
voltage v 1200 2407 L
Prtactive system ess 7

Heiaht H win 1830 4
Owmensions inclconnections Wil & mn 1000

oophT mm B0
- G

Page 100F13
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The control - a solution for the entire solar cooling system

The control of the suninverse absorption chiller is provided by the entire solar caoling
system, including all compenents that are required for yearround operation. In the
summer, the focus is on cocling, in the other seasons, on providing heat.

The system Is equipped for remote contral of solar cooling and heating, to ensure the
optimal operational safety, and the latest version of the control software. The client only to
have an internet connection for this reason.

control

Collector
field

Caoling tower

¥
,/' Buffer storage tank
Heat exchanger

Cooling ceilings

Absorption chiller

Wustration: Standard - Schema of solar cooling with cantrol connections o the sensors iysllow) and
actuatars (blus). Shown are all the electrical connections that must be connected to the contol during
instalation

The sensors and actuators shown in the table below must be connected to the contrel on
site by the technician. Afthough only a few trained technicians exist for solar cooling, it
goes without saying that we will help you to find a competent technician.

Sensors | Function Actuators

Tl Collector tem perature Fl Solar pump

T2 Temperature Heat exchangss F2 Storags charging pump
T3 Storage tank temperature top 4 Cacling towsr pump
12 Storage tark tamperature below s Evaporatar pump

s Back-cooling temperature w Cooling tower fan

Page 110f13
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To use the absorption chiller with district heat or ather heat sources fsuch as a CHP unit),
please contact us directly. We offer system solutions for many applications and can help
you and give you advice for very specific applications.

For more detailed please visit our website www. de, or contact us
atthe address below:

Page 120113

Address:

SK sannenkiima GmbH

Am Traptower Park 28-20
D-12425 Barlin
info@sonnenkiima.de

Tel: +49i0)30 530007700

Fax: +49 (0) 3053 0007 17
ey, sonnenklima.de

Our associatad partners. Presented by:
inEurope are:

PHONIX
Sannenwarae AG
W sonnenwagnmmeag.de

=TS

vevve.enus.de

Date: November 2007; errors excepted.
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11Annex V - SolarCombiPlus SONNENKLIMA
Checklist

Solar Cooling
Check list
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suninverse
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Part 1 General Data

Last First
Mame: Name:
Email:

Street:

Postal

Code: City:

For companies/forganisations/authorities:

Mame:

P.O.
Bo:

Street:

Postal
Code: City:

Contact

Email:

Reguired System:

Solar cooling
Solar cooling and aolar heating supporthot watsr
Cogeneration (CHP unit)

O Oooo

Orher:
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Fart 2 System Data
Is there already air conditioning'a cooling system in the building?

O *es
O Ceoling ceiling: m? active surface
O Quiet cooling {Gravivent): m? active surface
O Fan coils: mh air volume
O wall heating/cooling: m? active surface
O other

O Mo

What kind of air conditioning/cooling system is required in the building?

Coafing ceflings

Quiet cooling (Gravivent)
Fan coilz

Wall heating/cooling
Other:

Oooooo

What kind of return cooling system is reguired for the building?

Wet cooling tower
Diry cocling tower
Cooling liguid
Well

Other:

Oooood

=

BTC o | La1r

"1

-]

jigs! J:l_‘

| (5]
2. Cooling conveciors

1. Cooling ceiling
{grawvivent system)

0 &

F1d’

3. Heat exchanper water-ar
[fan cofs)

4. 'Wall cooling/heating

Legena:

CH: Cooling

machine

CT: Cooling tower

STC: Solar thermal
colleciors

H#: Heat exchanger

— Water

> Air

The layout of the
components does
not show ther rea
position.

Seite 3 von &

- Package Solution SONNENKLIMA -

Page 41 of 44



http://www.solarcombiplus.eu

= www sonnenklima,de « |nfod@sonnenklima.de * SONNENKLIMA @

SuUnINverse

Is there already a solar system in the building?

O ves
[0 Filat coliectors: m? absorber surface
O wacuum tubes: m? absorber surface
O Air colleciors: m?* absorber surface
O swimming pool absorber: m? absorber surface
O other

O Mo

Which of the above systems would you prefer?

Type of collector installation:

O Free standing or flat roof O Tile roof mounting
O Roof-integratad mounting O 'wall mounting

Does a CHP unit already exist in the building ?

O ¥es, data balow:

Thermal performance in kKW:

Enargy source: O il O Gas

Cooling water supply temperature: "C

Cooling water flowrate: Litre/h
O MNe

‘Which energy source would you prefer for your CHP wnit, which thermal performance
is reguired?

Surface to be heated: m?
Surface to be cooled: m?
Height of the rooms: m
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Specific cooling needs: KWhim® a (a=year)

Specific heating needs: EWhim? a (a=year)

Use of the building:

O Single-family house O Authoritizs

(hot water consumption, mostly in the morning) O Retail store
O single-family houss O vouth hostel

(hot water consumption, mastly in the evening) O Studen: residence with restaurant
O Aparimen: building O Studen: residence wio restaurant
O Tourist apartment O Senior residance
O ©Office building O other:
O Restaurant
Climate data:
Citye
Geographical lattudefongituds:
Geodetic height above German
reference surface (MN):

Dec. Jan. June July Aug). Year

Awerage outdoor temperature
n‘C

Mawirurm outdoor termperature

Minimum outdoor temperature
n"C

Most frequent wind direction

Awerage wnd spesd
n mis

Awerage global sun radiaton in
KWhim®

Percentage of diffuse/drect sun
radiaticn

Precipitation in mm

Relative ar humidty %

Climate data should be based on DIN 4710 {If unknown, please do not complete. )

Flzase specifiy any other sources of information
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Address:

SK Sonnenklima GmbH
Amn Treptawer Park 28-30
[ - 12435 Berlin

info@sonnenklima.ds
Tel: +49(0) 30 53 00 07
Fane: +49 (00 30
wwnwsonnenkli

in Europe are:

PHONIX Gi

__ SenaenWarme AG
wwwi.sonnenwaemmeag.de
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