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Active solar cooling. The first experiments

1878 Paris World
Exibition :

In the 29th September,
Augustin Mouchot used
the absorption
machine of Edmund
Carré to obtain the first
piece of ice with solar
energy.

P

Mouchot, Augustin:

La chaleur Solaire et ses
Applications Industrielles
(German translation,
published in Olynthus, 1987)
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Father Himalaya : a pionneer in Portugal

Father Himalaya Father
Himalaya in 1902

Father Manuel A. Gomes near his Pyrheliophoro showed
[1] - Jacinto Rodrigues —“A Conspirac&o Solar to the public during the Universal Exposition of Saint
do Padre Himalaia " - Edited by Cooperativa de Louis (USA), in 1904, where he obtained the Grand Prix

Actividades Artisticas, Porto (Portugal), 1999. (50 m2; ~3800°C)
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Electricity consumption in Portugal
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In Spain the electricity consumption is increasing at a rate of 6-7% / year

Both countries import more than 80% of total energy consumption
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Buildings are responsible by 2..2% 6]‘ final energy consumption in Portugal

- Residential sector represent 13% of final energy consumption in Portugal
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Solar radiation availability

Global irradiation at optimally inclined surface [Wh/m2] (PV-GIS v2) _
Annual average of daily sums {

Global radiation
at optimally
inclined surface

Annual average
of daily sums
[Wh/m2]
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Typical heating and cooling thermal loads and
solar radiation availability in the South of Europe
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Solar assisted air conditioning

chilled
water
’ Thermal é
heat driven cooling
process é

conditioned
air
Solar cooling:
. High level of solar radiation in summer
. Reduction of fossil fuel consumption
. Increased ecomomic viability (annual utilization)
. Low CQ,, NO,, SQ etc., emissions
and also :
. No dangerous refrigerants to ozone and greenhousz effe
. High quality of the air conditioned (100% new air )
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Solar Cooling Technologies

solar radiation
electric process thermal process
photovoltaic panel solar thermal collector
[
heat transformation

vapaour compression thermomechanical

cycle process process
V—I—|
open cycles closed cycles Rankinecycle [
vapour compression

liquid sorbent I

solid sorbent

liguid sorbent I

solid sorbent

Vuilleumier cycle

i |
Tested in pilot

instalations dry absorption
(e.g. ammeonia / salt)
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Cooled water

temperature : 8T

Cooling water
temperature: 28T

Solar cooling. Closed cycles
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Solar cooling. Closed cycles

absorption chiller

adsorption chiller

method
stages
sorbent

single stage [double stage single stage single stage
lithium bromide water silica gel
|workin3 fluid water ammonia water
|driving temperature |80°C - 110°C 140°C - 160°C 80°C - 120°C 60°C - 95°C
driven by hot water, (steam hot water, steam, directly|hot water, steam, directly|hot water
possible, directly heated) |heated heated
COP 06-08 0.9-1.2 0.3-0.7 04-07
capacity, market few manufacturers > 20  |few manufacturers > 50 |small capacity directly |50 - 350 (Mayekawa),
available kW (hot water), i heated only, 250 - 500 (Nishyodo)
many manufacturers> 100|several manufacturers > |high capacity custom
kW 100 kW made
manufacturer York ,Yazaki, EAW, Trane, Carrier, Broad, Ebara, directly heated: Robur, [Mayekawa, Nishyodo
LG Machinery, Sanyo-McQuay, Sulzer-Escher Colibri, Mattes;
Wyss, Entropie, Century hot water, steam: Colibri,
Mattes
Table 1:

Overview of the main methods of providing cold water with absorption and adsorption chillers for air conditioning
(temperatures, COPs, market availability, range of performance, manufacturers: without warranty of completeness)
(source: Fraunhofer ISE/Freiburg)
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Solar collectors and solar cooling

SAC = air solar collector 10
. 0.9

CPC = stationary CPC

0.8
FPC = flat plate solar 0
collector with selective x
surface _ 06

) 3

EHP = vaccum tubes with S 05
heat pipes 0.4
EDF = evacuated collecor 0.3
with direct circulation

0.2
SYC = Sydney vacuum 0.1
tubes, stationary, with 0.0
concentration '
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Hans-Martin Henning
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Collector Performance

Efficiency equation

T1=Tlo—31€—azG e

G=Ilb+Id

Increase optical efficiency

Decrease thermal losses : radiation (selective surface, concentration ratio)
convection (vacuum, double cover, TIM ...)
conduction (vacuum)
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Stationary Collectors. Improved flat plate collectors

ISE/ESE Double glazed with SCHUCO Double glazed glass cover

scHUCD

SchiicoSOL DG

AR glass cover

n,= 0.8
a,,=2.4 W/(m2 K)
2,,=0.015 W/(m2 K2)

ne= 0.8
a,,=2.5 W/(m2 K)
3.,=0.008 W/(mz K2)

Operating Temp.: 80-150°C n > 50% OperatingTemp.: 80-150°C
Area: 2 m2 T <120°C Area: 2.7 m2
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Stationary Collectors. Flat plate collectors

A new polimeric collector:
Selective flat plate collectors (Solar Keymark '06)
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The limits of concentration — 2nd Law Thermodynamics

2D geometry 3D geometry
1 n?2
. =—_— C. =—
ideal . ideal
sin ( Ba ) sin { Qa )2

fNH/ e 2n

ideal ~

. C sin(B1+02)
iy
f?/'| / X arsin(e)

Source

-9 i+8
i I

A 5

Welford, W.D., Winston, R. ideal . ( Oa)
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Stationary CPC type collectors

Efficiency equation : Concentration ratio:
2
AT ofAT c .
= —8a.———Aa _ . = —
Tl T]O 1 G 2 G ideal sin ( Oa )

2nd degree
curve

G=lb+Id/C
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UV Solar Detoxification

« Stationary CPC type collector: C = 1.2
¢ Aluminium reflector,

¢ Low cost structure

* Reactor: borosilicate glass tube

¢ UV in the direct and difuse radiation

* Operating temperature = Tambient
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Secondary Concentration

Secondary concentration in the
solar furnace of PSA

« Material Treatment
* TERC type secondary

TE RC - Tailored Edge Ray Concentrator « Aluminium reflector cooled with water
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Stationary Collectors. CPC type collectors

AoSol 1.12XCPC

Solarfocus CPC, Austria

n,= 0.8
a,,= 2.7 W/(mz2 K)
.= 0.08 W/(m2 K2)

Operating Temp.: 80-110°C Operating Temp.: 80-120°C
Area: 2 m2 Area: 2.7 m2
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"MaReCo" Maximum Reflector Collector
(Vattenfall, Univ. Lund, Sweden)

oSl o
g 65

TS ~.Optical axes

S

30

Absorber
143 mm

Reflector

EW assymmetrical CPC

Mo beam = 0.60

Operating Temp.: 50-90°C Mo ase = 0.40

Area: 3.78 m2 (6m*0.63m) a,,= linear efficiency curve fit: 1.7 W/(m?2K)
with Teflon film, 2.5 W/(m2K) without Teflon
film.
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Stationary Collectors. Vacuum tube collectors

Dewar type - built in selective surface or with adjusted inner coated metal
Glass / metal seal, with or without heat pipe | s
With and without back reflector

CPC type reflector or not ] Lae il

Stationarity at 150°C

Concentration ratio : C=1/sin (Ba)
Stationarity : C<2 (6a>30°)

Ra=24mm  Ci=141 Cd=156 Ct=146

Ly o
P INNINEEENEEENEEENEEEREEENEERENEET)

)
5
PN

; ‘;‘:‘; 7 \%

Convection losses minimization:

> Gas rarefaction
> Double cover

> TIM (honeycomb)
» Convection blocking mechanism
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CPC collector development

4>

I ntegrated Low Concentration
CPC type Collector

Silver Mirror

Absorber heat pipe
with selective coating

o

Stationnary Collector : C=13
Operat. Temp.= 180°Gvith N=50%

» Solar Cooling Applications
» Seamfor Industrial Processes
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Collector Performance - Imaging optics

Efficiency equation : Concentration ratio:
2
AT AT c .1

=M, —a, ——a,0| — ideal ~ _
Tl T]O 1 G 2 G ideal sin ( @a )
165
; G=Ib I sin(tp)* 1
' e.a = 65 e T sin (8)

I

C

ideal




Parabolic Trough Power Plants

+ Need to follow the apparent motion of the sun in one axis
+ Operating temperature: thermal fluid — until 390°C + auxiliary (gas) to operate between
450 and 470°C. o

+ Absorber in vacuum tube

+ DISS : direct steam production

+ Concentration 30 to 80 X ; power 30 to 80 MW
+ Opimal sizing >50MWp (2-3 euro / Wp)

Mojave Desert / California
Years 84-91 | 354 MWp =9 SEGS
Annual Efic 14 a 18% ; max=21%
Eurotrough collector CF =24% Hibrid: 5 a 25%
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1A E NOVAGAD, 17,

Parabolic Trough Power Plants

Solar Thermal Electricity with Parabolic Troughs
Secondary Concentration wih CPC (ARDISS proj. )

Glass cover

Mirror

fssinetric Conpound Parabolic Cancentrator

Direct prodution of steam in the absorber \y

T > 400 °C.

IEA SHC Task 38 Workshop — Aix-les-Bains, 25th April 20 07 INETI




Non-stationary collectors. The parabolic troughs

+ Spain

+ Mexico
+  Germany
+ Austria

Israel

AEE INTEC

PARASOL" Ei

Operating Temperature: 100-200°C
Area: 2.0 m2 (4m*0.5m)
Focal length : 10 cm

80%
70%
60% 5 T
3 oo e
2 40%
2
& 30%
i}
20%
10%
0% T T T T T
0,00 0,06 0,10 015 0,20 0,25 0,30
(Tm-Tu)l in m2 KIW
= Measured data
— Calculated curve (non-evacuated glas cover tube)
-+ Calculated curve (evacuated glas cover tube)
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PTC 1000 - Modular parabolic
trough collector

Solar-Institut Julich

DLR — German Aerospace Center

Solitem GmbH

Alanod Aluminium-Veredlung GmbH & Co KG

o8

Operating Temperature: 80-300°C
Area: 2 m2 (2m*1m)

No= 0.75
a,= 0.1123 W/(m2 K)
a,,= 0.00128 W/(m2 K2)

1- thearetical
07
2- measured

etaf]

\\({ 1

N g

N\

0z 03 04 os @ o7

X=(Tav-Tamb)Ib[K 2]
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FASOL

CIEMAT - PSA

MNe= 0.70 - 0.75 {theoretical estimate)
a,,= not available
a,,= not available

Operating Temperature: 130-300°C
Area: 2.62 m2 (6m * 0.44m)
Foca length: 70 cm

Parabolic Trough Collector
Mexico - CIE/JUNAM

T 220°C

16



The Combined Heat and
Power Solar (CHAPS)
collector

Australian National University

Operating Temperature: 80-150°C
Area: 37.2 m2 (24m * 1.55m) C=38
Focal length: 85 cm (11.5kg/m2)

Designed for electricity (mono cristaline
solar cells) and heat production
(by cooling cells)

SOLEL Collector, Israel

T 180°C : cogeneration system

SOLEL#6, the sixth generation, upgraded
version of the LS2 parabolic trough (T 400°C)
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QW

CSIRO

Research areas

New developments

Paul Kohlenbach

= Solid adsorption solar cooling system (activated carbon/CO,/zeolithe)

= Solar-driven DEC system (2" application in Australia)

| = New ultra-light "surfboard” parabolic trough collectors (with NEP) |

= REDECool: Residential Desiccant Cooling System

IEA SHC Task 38 Workshop — Aix-les-Bains, 25th April 20 07 INETI
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SOLITEM PTC 1800

DLR — German Aerospace Center
SOLITEM GmbH

Operating Temperature: 100-200°C
Area: 9.162 m2 (5.09m*1.8m)
Focal length : 78 cm

Prototype mounted on test platform at DLR, Koin

Fix-Focus-Trough

DLR — German Aerospace Center
Heinrich GmbH,

Operating Temperature: 100-200°C
Area: 9.162 m2 (2*6*6m*0.5m)
Focal length : 250 cm
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CLFR - Compact Linear Fresnel Reflector

To come close to the parabola by set of flat tangent mirrors

solar radiation tacanariube
\ \\ N e~ e s // /
Fresnel reflector panels
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CLFR Power Plant

* Less absorber per m2 : lower thermal losses

* Absorber is fixed : possibility to have DISS

* Flat mirrors (lower cost), which can have a small curvature, i.e. extra concentration or
greater size to the same concentration.

+ Sun tracking with lower accuracy: clock mechanism, simpler and cheaper

+ Temperature <290°C: turbine with lower efficiency but also low requirements for
materials, survival, etc.

+ The ground surface requirement per m2 of mirror is around 70% of other technologies.

- Australia

1MWth - Liddell Coal Power Station, Australia by SH&P
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The C.C.STA.R concept

Stationary reflector integrated in building roof or facade (sandwich panel)
-> "ZERO" additional cost

Low cost tracking mechanism

Concentration C=15 (1* low&medium temperature version up to 120 °C)

Receiver
7 \‘i”\
Cost goal:

150 — 200 €/m2

installed \

e e s e

Sandwich

hans schweiger
thermo-energetical engineering and renewable energies
barcelona (spain)
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Hans-Martin Henning (Fd.) o IEA SHC - TASK 33
o IEA SolarPACES - TASK IV

Solar Heat for Industrial Processes

Solar Assisted ) Medium
Air-Conditioning Temperatu ©

A Handbook for Planners State of the Art Report
¢ Subtask C

May 2005

http://www.iea-ship.org

BT g
TR

SpringerWienNewYork
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www.eurosun2008.org

EUROSUN 2008
Q INTERNATIONAL CONFERENCE ON SOLAR HEATING, COOLING & BUILDINGS
Lisbon - Portugal - 7% - 10" October 2008

Tommitiees Conference Programme Delegdies Information echnical Tour: Accompanying Persons

olar Exhibition

LISBON PORTUGAL

Palace Sintra

It iz with great pleasure that SPES - The Portuguese Solar Energy Society - can
announce that the official agreement between 1SES Europe and SPES has been duly
signed.

The dates set for the EUROSUM 2008 are 7th to 10th October 2008, all efforts are
therefore now being geared to ensure that a very successful conference is presentad to
the International Scientific Community.

The upcoming EuroSun conference
“EUROSUN 2008 - International Conference on Solar Heating, Cooling and Buildings™

will focus on Solar Heating and Coaling Technologies and Solar eneray applied o Buildings and is planned to be
organized in cooperation with the [E4 Solar Heating and Cooling (SHC) Programme

There is a very positive development far Solar Heating and Cooling in Europe and the EuroSun 2008 Conference
is intended to attract researchers and other stakeholders from all around the world, A strong invalvement of IEA
SHC participants in the Organizing committes and the Scientific Committee will bring leading expertise to the
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~ 1 Lisbon will host the
congress ...
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