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What if you need more hot water?
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ENERGY STUDIES

Large scale solar thermal systems RENEWASLE & SUSTAINABLE

Kolymbia beach hotel
Rhodes island, Greece
(144m? of panels, for pool
heating)
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* What happens if an entire hotel needs hot water? It becomes
inefficient to have many small SWH's. It's better to have one big
integrated system.
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Large scale solar thermal systems RENEWASLE & SUSTAINABLE

ENERGY STUDIES
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Large scale solar thermal systems RENEWASLE & SUSTAINABLE

ENERGY STUDIES
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Large Scale SOIar thermal Systems RENEWABLE & SUSTAINABLE

ENERGY STUDIES

Currently world’s largest system is at Princess Noura Bint

Abdul Rahman University near Riyadh in Saudi Arabia:

» 36,305m? of flat-plate collectors

4; « 25MW

thermal
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Different collector operating temperatures RENEWABLE & SUSTAINABLE

ENERGY STUDIES

L HSR INSTITUT FUR
HSCHULE FOR TECH

] e SPF SOLARTECHNIK

FHO Fachhachichule Ostschwedr

Collectors and Operating Temperatures

Design Temperature

I 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

CENTRE FOR RENEWABLE AND SUSTAINABLE ENERGY STUDIES



Most common collectors ~  renewaste % SUSTAIRABLE

ENERGY STUDIES

Flat-plate Evacuated tube
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Different collector operating temperatures RENEWABLE & SUSTAINABLE

ENERGY STUDIES

M HSR s |NSTITUT FUR
[ e SPF o artecHnIK

FHO Fachhachichule Ostschwedr

Collectors and Operating Temperatures

Design Temperature

90-120 °C Evacuated tube Collectors, Advanced Flat Plate Collectors
CPC Collectors

70-90 °C  Standard Flat Plate Collectors

" - .- iy .
b~ ]\ I - Uncovered Collectors
Concentration Factor

1 2 20 80

Elimar Frank — Energy Seminar, Geneva University October 4, 2012 96
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COIIeCtorS RENEWABLE & SUSTAINABLE

ENERGY STUDIES

Compound Parabolic Collector (CPC)
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Different collector operating temperatures RENEWABLE & SUSTAINABLE

ENERGY STUDIES

B HSR INSTITUT FOR
HU 0
AN SPF SOLARTECHNIK

FHO Fachhachichule Ostschwedr

Collectors and Operating Temperatures

«Large» Parabolic Troughs and
Fresnel Collectors

120-250 °C «Small» Parabolic Trough and Fresnel Collectors
High Vacuum Flat Plate Collectors
(Advanced) Evacuated Tube Collectors

Design Temperature

90-120 °C Evacuated tube Collectors, Advanced Flat Plate Collectors
CPC Collectors

70-90 °C  Standard Flat Plate Collectors

et - Uncovered Collectors
Concentration Factor

1 2 20 80

Elimar Frank — Energy Seminar, Geneva University October 4, 2012 96
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COIIeCtorS RENEWABLE & SUSTAINABLE

ENERGY STUDIES

Parabolic trough Linear Fresnel
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« Temperatures from 60°C up to 400°C, some claim even higher
* Only makes use of direct component of solar energy
e Therefore requires tracking
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BBE Linear Fresnel at ERIC RENEWABLE & SUSTAINABLE

ENERGY STUDIES




ENERGY STUDIES

| GHI and DNI
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GHI and DNI RENEWABLE & SUSTAINABLE

ENERGY STUDIES

South Africa, Lesotho and Swaziland 5

Annual sum of global horizontal irradiation, average 1994-2010
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Solar data - SolarGIS v1.8 @ 2012 Geolvlodel Solar s.r.0.
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GHI and DNI RENEWABLE & SUSTAINABLE

ENERGY STUDIES

South Africa, Lesotho and Swaziland

w

o

S
;
o
;
:

Annual sum of direct normal irradiation, average 1994-2010
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Solar data - SolarGIS v1.8 © 2012 Geolvlodel Solar s.r.o.
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Collectors EEEEEEEEE & SUSTAINABLE

ENERGY STUDIES

. Flat-plate * Linear Fresnel

. Evacuated tube Parabolic trough

» « Compound parabolic
= ° Unglazed collectors collector (CPC)

- Usually does not -+ Many, but not all,
need tracking - need tracking
. Simple, inexpensive - Complex, expensive
| - Lower temperatures - Higher temperatures
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ENERGY STUDIES

&q Q
: Typical residential system e cRGY STUDIES

Warm water out

Electric Element

Solar Panel

Mains cold water in

Circulation Pump
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Typical large scale system layout RENEWABLE & SUSTAINADLE
| |
|

Heat  _ :
exchangers ' 3 b
I solar thermal system —>
| I — I )
| ( Y O
: | solar : (7)
buff
Pi pl ng | I SI:raZre : V)
& _|;§E]L tank : $
Valves I : O
Control —QH | O
System \ : N\ —— ! 0
L = > Pumps I :
7 |
I
N\ Collectors Thermal storage !
1
1

Source: Solar Process Heat Generation: Guide to Solar Thermal System Design for Selected Industrial Processes,
- S. Hel3, A. Olivia, Fraunhofer ISE, Germany
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RENEWABLE & SUSTAINABLE
ENERGY STUDIES

Typical large

solar thermal system

—__\

'd

solar
buffer
storage

Process side

________________________1______

Source: Solar Process Heat Generation: Guide to Solar Thermal System Design for Selected Industrial Processes,
e S. Hel3, A. Olivia, Fraunhofer ISE, Germany
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Thermal Storage RENEWABLE & SUSTAINABLE

ENERGY STUDIES

- Store energy for later use o Add stability to system
»h i o It’s like a battery, but for
y thermal energy
.
Firm capacity line To storage
= " Fuel backup . So From storage

0 2 4 6 8 10 12 14 16 18 20 22 24

¢W Time of day
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Thermal Storage  wevewasasusmane
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Thermal Storage RENEWABLE & SUSTAINABLE

ENERGY STUDIES

6/1/2006
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l' System integration GE EWASLE K SUSTAINABLE

ENERGY STUDIES

--------- oy

’ \  Central st |

[ Solar collector entral steam supply
I used for steam !
I
I
I
i

generation : X X X

1 S T [ [ —
J 5 - ~
7 | Conventional

I |

T T \ : Pr Pr Pr {ﬁ I
|{ Solar collector : boiler and ocess ooess oces!l:. !
I used for make-up I steam | Solar collector
I water pre-heating 1|__generator Return 1 applied to a :
| N Pump water | particular process |
Make-up @ < \ Il
water > e
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What it is solar process heat? RENEWABLE & SUSTAINABLE

ENERGY STUDIES

« Thermal energy

* Anything from to
, Steam and

« Typically larger scale
systems
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Potential in the industry? RENEWABLE & SUSTAINABLE

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

LowT
below 100°C
30%

. High T
Temperature ranges are over 400°C
suitable for solar 43%

e« Can be combined with solar

cooling
MediumT

100-400°C
27%

Source: IEA SHC Task33 and SolarPACES TaskIV
report: Potential for Solar Heat in Industrial Processes
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Potentlal RENEWABLE & SUSTAINABLE

ENERGY STUDIES
80% + —
60% + — P
40% —
H Above 400°C
1 | |0 100 - 400°C
O Below 100°C
L

sy o

@Os

&

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

&
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Potentlal RENEWABLE & SUSTAINABLE

ENERGY STUDIES

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
B Solar space heating

12

< 10
[WW]
8 B Solar industrial process
heat (low temp)
6
4 B Solar space cooling
2
Solar swimming
R 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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Potentlal RENEWABLE & SUSTAINABLE

ENERGY STUDIES

Europe

sollargis
http://solargis.info
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Potential
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RENEWABLE & SUSTAINABLE
ENERGY STUDIES

Global horizontal irradiation Africa and Middle East
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Potentlal RENEWABLE & SUSTAINABLE

ENERGY STUDIES

Global horizontal irradiation South Africa

solargis

http://solargis.info

P\
SUAY
. ." ; 2 i LS Ll »— ahamstow ‘ East London

b © _ -Oudishoorn .. ... j
Cape Town, J, c : itent

ol

Average annual sum (4/2004 - 3/2010)

a
*
.

" Port Elizabeth

2240 2360 kWh/m2

CENTRE FOR RENEWABLE AND SUSTAINABLE ENERGY STUDIES

0 100 200 km

<1520 1640 1760 1880 2000 © 2011 GeoModel Solar s.r.o.
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Example: Gosser Brewery in Austria RENEWABLE & SUSTAINADLE

ENERGY STUDIES

Study by AEE INTEC on Go6sser Brewery in Austria

« 1500m? Flat-plate collectors
e 200m3 Thermal Storage spezifiscBhe Ko;(t;en GESAMT
- Estimated cost: R11,418,750 (=55,

o Annu al GHI Prozessintegration
 Expected payback <10years

M Flachkollektoren (100 Stk.)

M Aufstinderung + Fundamente +
Kollektorfeldverrohrung
M Equipment Solarkreis (primar + sekundar)

M Solarspeicher + Fundament
M Diverses (MSRT, IBS, Planung)
M Prozessintegration "Maischen"

Prozessintegration "Vorwéirmen"

50%

Solarintegration

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

collectors
\ -
" AEE INTEC
. ~ '65. e ——

CENTRE FOR RENEWABLE AND SUSTAINABLE ENERGY STUDIES



Example: Gosser Brewery in Austria

Q

RENEWABLE & SUSTAINABLE

ENERGY STUDIES

Gleisdorf Solar 2012 - 13.09.2012

AEE INTEC

Solare Warmeintegration

Brauerei Goss - Osterreich

/ T~
- 20 - 27 Sude/Woche il i S
- min. 400 hl/Sud s g
= ca. 75 - 90 min/SUd mu::“r:n:‘lh(ll?nzclgl?l 175 mm-»
175 mm:
- Nachristung von ,dimple e T
plates" T : ;
e g i
i ;1384n1m - o
g
L 3.000 mm
' )
- \‘khx R el __)\,//
7 S
AN I\ :
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Example: Heineken Brewery in Spain RENEWASLE & SUSTAINABLE

ENERGY STUDIES

Study by AEE INTEC on Heinken Brewery in Spain

« 2835m? Flat-plate collectors
« 350m3 Thermal Storage
« Estimated cost: R14,139,562 |13 e choleoren (1895

Prozessintegration
i Annual G H I M Aufstinderung + Fundamente +
Kollektorfeldverrohrung
[ ] Expected DaVbaCk <8vears M Equipment Solarkreis (primar + sekundar)

M Solarspeicher + Fundament

' ’ m Diverses (MSRT, IBS, Planung)

spezifische Kosten GESAMT

Brauerei Valencia

M Prozessintegration "PASTEUR"

2/3

Solarintegration

If this was in Cape Town:
« Annual GHI 2025kWh/m?
* Roughly 26% saving in

S\ collectors Heineken®
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: Example: Heineken Brewery in Spain RENEWABLE & SUSTAINABLE

Gleisdorf Solar 2012 - 13.09.2012

Brauerei Valencia - Spanien

Pasteur 1 N T Pasteur 2
Dose P L oiphies 3 R Flasche
ST P =\
i = J""T_'
T f | P |
" e X,
i

Besprihen
der
Flaschen

Dampf-WT
Bestand
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Gatorade PepsiCo — Phoenix RENEWABLE & SUSTAINABLE

ENERGY STUDIES

1,200,000kWh >3,000,000kWh >4,200,000kWh
Source: Dr. C. Holter, CEO of S.O.L.1.D. Gesellschaft flr Solarinstallation und Design mbH,
‘ Presented at Gleisdorf SOLAR 2012

CENTRE FOR RENEWABLE AND SUSTAINABLE ENERGY STUDIES



Q

Gatorade PepS|CO —_ Phoer“X RENEWABLE & SUSTAINABLE

ENERGY STUDIES

Lowest level in tank cooled down at 8pm already
Middle and top level satisfy energy demand until 4am

—A CENTRE FOR RENEWABLE AND SUSTAINABLE ENERGY STUDIES
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Schulte Paint Shop, Germany RENEWABLE & SUSTAINASLE

ENERGY STUDIES

« Operational since April 2009
« 136m? evacuated tube collectors
« Two 5m3 thermal storage tanks
«  One for painting chamber requiring constant temperature of 23°C
«  Other for drying chamber requiring constant temperature of 70 °C
* Investment: R1,218,000 including heat recovery
« Had a 30% investment grant
« Payback expected to be 7 to 8 years

’:;?.f"*“* Pr L - - GHl roughly
gl 1000kWh/m?

P iy = E

P T T T N g F F o Al ATATLAYSTSUDTrY
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Galvar“Zlng |n Austrla RENEWABLE & SUSTAINABLE

ENERGY STUDIES

l

i~

N Galvanization Blum, Austria, 2011

! Process heat for galvanization
(5 working days per week)

Temperatures 75/85° C
Gross collector area 459 m?

:" L ,l\.
i Y I If
] / “l{l‘l"hj‘ .

PR ST |

Buffer tank volume 8 m’
fl Max. continuous power 230 kW
Yield / Year 150 MWh

ESTTP 2013 8 Rolf Meiner, r. meissner@ritter-xi-solar.com
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Galvanizing in Switzerland RENEWABLE & SUSTAINABLE

ENERGY STUDIES

@WN Galvanization Zehnder, Switzerland, 2012 XL

sy Process heat for galvanization (5 working days per week)

Temperatures 70/95° C
Gross collector area 400 m?

Rolf MeiRner, r. meissner@ritter-xl-solar.com
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ALANOD GmbH & Co., Germany RENEWADLE & SUSTAINABLE

« 108m? Parabolic trough
* 143°C at 4bar Solar thermal part of

« Used for oxide coating (anodisation) in S Gl
finishing process
« Automatic operation since 2010
Source: Solar Steam Supply: Initial operation of a plant, D. W
Kriger et al., DLR min 500 mm|
) max: 1,200 mm
Stagin drum Height 1,900 mm

Recirculation pump

Checkvalve E

7 process
Vapour baths
I chamber connected in
— parallel,
Feed water i . : ranging in size
120°C from 10-20 m?
45m? I (60-110°C)

Boiler *
7.5 bar; 10 m?
4 MW thermal capacity

Q

* The process baths are heated
via pipe coils and heat exchangers.

Feed water pump for solar array

Conventional part
of the system (part B)

.'> ‘ '4 - 7' \ : -.“:\

S
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Dirr/Industrial Solar for automotive paint shops RENEWABLE & SUSTAINABLE

Pilot system for curing process in convection oven
132m? linear Fresnel collector

180°C water at 13 bar

Uses pressurized water to air heat exchanger
Backed-up with fossil fired boiler

EH,: -

|-

-

Source: Solar Process Heat for Sustainable Automobile Manufacturing, O. Iglauer (Dirr), C. Zahler (Industrial
i Solar), Presented at Gleisdorf SOLAR 2012
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Dairy Industry, Switzerland ~ rewewaei e susmane
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Dairy Industry, Switzerland RENEWABLE & SUSTAINABLE

- Bever, Switzerland
\ N 115m2 /190°C/ Thermal oil / Indirect Steam G QQ%MIJk processing

ENERGY STUDIES

A

2]

& ;
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RENEWABLE & SUSTAINABLE
ENERGY STUDIES

Dairy Industry, Switzerland

-

LESA Bever Project: Integration

Thermal oil heated

to 180°C
in solar collector field

o
|
!

Xg
DN 4060

DND5 ¢ DN2§

|

| K

5

B o

"".-}4\ | j‘ @
o rmimuali'

= I

s : SHC Workshop - March 2013 Solar Industrial Process Heat Page 15
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ENERGY STUDIES

' What's happeningin SA? e 01t & susTAARL
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Soltraintt — ReNEwAsLEasUsTAl

financed by SOLTRAIN

Austrian

g === Development Cooperation
P AEEINTEC

« Awareness campaigns

« Centres of Competence

* Flagship Demonstration Districts

« Solar Thermal Technology Platforms

CENTRE FOR RENEWABLE AND SUSTAINABLE ENERGY STUDIES
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RENEWABLE & SUSTAINABLE
ENERGY STUDIES

Centre of Competence at Stellenbosch University

Solar Roof Laboratory and Test FaC|I|ty

= M'«_da_a.iLr

uuu\]ﬂl

o f/

1R UHMWT

O

ontrol om |
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Current R&D activitiesin SA  RENEWABLE & SUSTAINABLE

EEEEEEEEEEEEE

« Stellenbosch University (SU)

« Tshwane University of Technology (TUT)

« Cape Peninsula University of Technology (CPUT)
* Nelson Mandela Metropolitan University (NMMU)
* North-West University (NWU)

« Durban University of Technology (DUT)

« University of the Witwatersrand (WITS)

« University of Pretoria (UP)

« South African Bureau of Standards (SABS)

e+ Eskom Research and Innovation Centre
(ERIC)/BBEnergy

CENTRE FOR RENEWABLE AND SUSTAINABLE ENERGY STUDIES



Areas of Activity

Q

RENEWABLE & SUSTAINABLE

ENERGY STUDIES

‘ /Thermal Performance Testlnq\

Stellenbosch — DIN EN12975
TUT Systems and components
SABS — System testing only
DUT (Planned Technology
Station)

CPUT - For private firms
NMMU — Systems

/

Training \

TUT (Installation, maintenance)
DUT (Planned)

FET Colleges

SARETC at CPUT (SWH?)

Development \

TUT — Low cost systems, large
scale systems, measurements
NMMU — Measurement and

control

BBE Energy — Linear Fresnel
WITS — Selective coatings

CPUT - Low cost SWH,

evacuated tubes /

/Under- and/or postgraduate studerh

%

projects
Stellenbosch
NWU
NMMU
CPUT
WITS

CENTRE FOR RENEWABLE AND SUSTAINABLE ENERGY STUDIES



ENERGY STUDIES

o)) VI

AFRICA

'S Q
GeoSUN Africa RENEWABLE & SUSTAINABLE

» Site selection

« Satellite Derived Data

* On-site Solar Measurements

« Bankable Solar Resource Reports

« Bankable Generation Forecast

« Bankable Solar Data for Operating plants

CENTRE FOR RENEWABLE AND SUSTAINABLE ENERGY STUDIES



Contact details
Billy de Lange
bdelange@sun.ac.za
(021) 808 3605
crses.sun.ac.za
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