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Large scale solar thermal systems

Kolymbia beach hotel
Rhodes island, Greece
(144m? of panels, for pool
heating)
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Large scale solar thermal systems
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Large scale solar thermal sysems
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Large scale solar thermal systems

Currently world’s largest system is at Princess Noura Bint Abdul
Rahman University near Riyadh in Saudi Arabia:

_ * 36,305m? of flat-plate collectors
£ e 25MW
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Different collector operating temperatures

L1 HSR INSTITUT FUR
HOCHSCHULE FOR TECHNIK SPF
| [ [ripetesten SOLARTECHNIK

FHO Fachhachichule Ostschwedr

Collectors and Operating Temperatures

Design Temperature

70-90 °C  Standard Flat Plate Collectors
[ —

- Uncovered Collectors
Concentration Factor

1 2 20 80

Elimar Frank -— Energy Seminar, Geneva University October 4, 2012 96
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Most common collectors

Flat-plate Evacuated tube
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Different collector operating temperatures

L HSR INSTITUT FUR
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Collectors and Operating Temperatures
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90-120 °C Evacuated tube Collectors, Advanced Flat Plate Collectors
CPC Collectors
70-90 °C  Standard Flat Plate Collectors
—
- Uncovered Collectors
Concentration Factor
1 2 20 80
Elimar Frank -— Energy Seminar, Geneva University October 4, 2012 96
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Collectors

Compound Parabolic Collector (CPC)
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Different collector operating temperatures

L1 HSR INSTITUT FUR
HOCHSCHULE FOR TECHNIK SPF
| [ [ripetesten SOLARTECHNIK

FHO Fachhachichule Ostschwedr

Collectors and Operating Temperatures

«Large» Parabolic Troughs and
Fresnel Collectors
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'; 120-250 °C «Small» Parabolic Trough and Fresnel Collectors
ao High Vacuum Flat Plate Collectors
§ (Advanced) Evacuated Tube Collectors
90-120 °C Evacuated tube Collectors, Advanced Flat Plate Collectors
CPC Collectors
" Standard Flat Plate Collectors
- Uncovered Collectors
Concentration Factor

20 80

Elimar Frank -— Energy Seminar, Geneva University October 4, 2012 96

:&/ CENTRE FOR RENEWABLE AND SUSTAINABLE ENERGY STUDIES



Collectors

Parabolic trough Linear fresnel

 Temperatures from 60°C up to 400°C, some claim even higher
e Only makes use of direct component of solar energy
e Therefore requires tracking
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GHI and DNI

diffuse
+ direct
= global
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GHI and DNI

South Africa, Lesotho and Swaziland
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Annual sum of global horizontal irradiation, average 1994-2010

<1600 1700 1800 1900 2000 2100 2200 2300 > kWh/m?

3

o
0 100 200 km &

solargis

http://solargis.info

Solar data - SolarGIS v1.8 @ 2012 Geolvlodel Solar s.r.0.
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GHI and DNI

South Africa, Lesotho and Swaziland

Annual sum of direct normal irradiation, average 1994-2010

<1400 1550 1700 1850 2000 2150 ‘2300 2450 2600 2750 2900 > kWh/m? v , =
24°3 JORBIREN L EE N

solargis

http://solargis.info

Cape Towi

Solar data - SolarGIS v1.8 © 2012 Geolvlodel Solar s.r.o.
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Collectors

Non-imaging Imaging

* Flat-plate * Linear Fresnel
e Parabolic trough

e Compound parabolic
collector (CPC)

- Many, but not all, need
tracking

* Evacuated tube i
* Unglazed collectors i

- Usually does not need
tracking

- Higher temperatures

- Lower temperatures
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Typical residential system

Warm water out

Electric Element

Solar Panel

Mains cold water in

Circulation Pump
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Typical large scale system layout
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Source: Solar Process Heat Generation: Guide to Solar Thermal System Design for Selected Industrial Processes,
S. HeB3, A. Olivia, Fraunhofer ISE, Germany

t&-/ CENTRE FOR RENEWABLE AND SUSTAINABLE ENERGY STUDIES



Typical la

solar thermal system

—__\
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solar
buffer
storage
tank

Source: Solar Process Heat Generation: Guide to Solar Thermal System Design for Selected Industrial Processes,
S. HeB3, A. Olivia, Fraunhofer ISE, Germany
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Thermal storage

o Store energy for later use o Add stability to system

o It’s like a battery, but for
thermal energy

Firm capacity line To storage

Fuel backup From storage

0 2 4 8 10 12 14 16 18 20 22 24
Time of day

Q
b CENTRE FOR RENEWABLE AND SUSTAINABLE ENERGY STUDIES



Thermal Storage

:&/ CENTRE FOR RENEWABLE AND SUSTAINABLE ENERGY STUDIES



Thermal Storage
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System integration
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Source: Solar Energy Engineering: Processes and Systems, S.A. Kalogirou, 2009
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What it is solar process heat?
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e Thermal energy

* Anything from to
, steam and

* Typically larger scale systems
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Potential in the industry?

* 1/3 of final energy demand in
industry is for heat

LowT
below 100°C
30%

: High T
[ J
Temperature ranges are suitable over 400°C

for solar 43%

e Can be combined with solar

cooling
MediumT

100-400°C
27%

Source: IEA SHC Task33 and SolarPACES TasklV report:
Potential for Solar Heat in Industrial Processes
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Potential

3
N
1

|

Source: IEA SHC Task33 and SolarPACES TasklV report:
Potential for Solar Heat in Industrial Processes
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Potential

It’s important to note that solar cooling should also be considered, especially if
used in combination with process heat!

Roadmap vision for solar heating and cooling (Exajoule/yr)

20
18
16 B solar water heating
14
12 B Solar space heating
< 10
[WW] . .
8 B Solar industrial process
heat (low temp)
6
4 B Solar space cooling
2 _—
Solar swimming
0 : : pool heating

2012 2015 2020 2025 2030 2035 2040 2045 2050

Source: IEA Technology Roadmap for Solar Heating and
Cooling, 2012
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Potential

Global horizontal irradiation Europe
T F ‘ ] >

sollargis

http://solargis.info

0 250 500 km

<700 900 1100 1300 1500, 1700 1900 > kWh/m2
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Potential

Global horizontal irradiation Africa and Middle East

% ¢

. Cape Verde

Gambig
Guinea-Bissal

péerodh

Equatoria

Guinea
Sao Tome *
and Principe

Mauritius

Reurion

solargis

http:/isolargis.info

0 500 1000 km

<1600 1800 200 2200 2400> kWh/m2 © 2011 GeoModel Solar s.r.o.
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Potential |

Global horizontal irradiation

solargis’

http://solargis.info

aritzburg
Durban

East London

 Port Elizabeth

Cape Town;,{ s % f'v
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Average annual sum (4/2004 - 3/2010) 0 100 200 km

© 2011 GeoModel Solar s.r.o.
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Example: Gosser Brewery in S
Austria

Study by AEE INTEC on Gosser Brewery in Austria

e 1500m? Flat-plate collectors -
spezifische Kosten GESAMT

e 200m3 Thermal Storage Brauerei Goess
. I
i EStlmatEd COSt: R11,418,750 Elgz/e?ssintegration ] M Flachkollektoren (100 Stk.)
* Annual GHI ," A e

M Equipment Solarkreis (primdr + sekundar)

 Expected payback <10years

M Solarspeicher + Fundament

M Diverses (MSRT, IBS, Planung)
’ M Prozessintegration "Maischen"

Prozessintegration "Vorwarmen"

50%

Solarintegration

If this was in Johannesburg:
* Annual GHI 2200kWh/m?
* Roughly 50% saving in

collectors

AEE INTEC
INSTITUT FUR NACHHALTIGE TECHNOLOGIEN
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Example: Gosser Brewery in
Austria

Gleisdorf Solar 2012 - 13.09.2012

Brauerei Goss - Osterreich

Solare Warmeintegration

- 20 - 27 Sude/Woche el
- min. 400 hl/Sud Brisbdoontecais
= ca. 75 - 90 min/SUd ml:lzr'oiﬂ’;'ﬁifn;c;?lt’l 175 mme{ |
175 mm =
- Nachriistung von ,dimple =
plates" o it
500 hi g g
A ~ 4.3samm a : ; *
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Example: Heineken Brewery in

Spain

Study by AEE INTEC on Heinken Brewery in Spain

e 2835m? Flat-plate collectors
e 350m?3 Thermal Storage

e Estimated cost: R14,139,562
* Annual GHI

* Expected payback <8years

If this was in Cape Town:

* Annual GHI 2025kWh/m?

* Roughly 26% saving in
collectors

spezifische Kosten GESAMT

Brauerei Valencia

1/3

Prozessintegration . \

'. "

M Flachkollektoren (189 Stk.)

M Aufstinderung + Fundamente +
Kollektorfeldverrohrung

M Equipment Solarkreis (primar + sekundar)

M Solarspeicher + Fundament

M Diverses (MSRT, IBS, Planung)

M Prozessintegration "PASTEUR"

2/3

Solarintegration

AEE INTEC
INSTITUT FUR NACHHALTIGE TECHNOLOGIEN
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Example: Heineken Brewery
In.Spain

Gleisdorf Solar 2012 - 13.09.2012

Brauerei Valencia - Spanien

Pasteur 2
Flasche

Pasteur 1
Dose

Dampf-WT ~
Bestand

Besprihen
der
Flaschen
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Why SHIP in SA is good

* We have significantly higher solar resources
* We have more clear-sky days

 We generally have higher ambient
temperatures

 We can manufacture the components locally
* We should have cheaper installation costs
 We have the right industries for integration

@
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Thank you

Billy de Lange
Research Engineer

Centre for Renewable and Sustainable Energy
Studies

Stellenbosch University
bdelange@sun.ac.za
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