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q Agenda

* Set the stage — where we are today
* How to add 3+ GW of CSP now and save money

 STERG is positioned to help
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Ron Tandberg, Australian cartoonist
Where we are today

SET THE STAGE
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IRP & REIPPPP

A
100 >0 Wind CSP PV |
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REIPPPP: Renewable Energy > " Eh Exiting
20 Xisting 5 100
Independent Power Producers 10 50
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Procurement Progra’m 2010 2015 2020 2025 2030 2010 2015 2020 2025 2030
* Implementation of IRP Noof MW takenby Maximum MW
. ) Round 3 B? ds Preferred  allocated for
e Current round change. 2-tariff Bidders Bid Window 3
for CSP Solar photovoltaic 6 435 401
Wind 7 787 654
Concentrated solar 2 200 200
Bid Window Bid Window
3 2 Bid Window 1
Price: Fully Indexed (Ave Rand per .
CSP MWh) (Base Apr ‘11) R 1460 R2512 R 2 686
Price: Fully Indexed (Ave Rand per MWHh)
PV (Base Apr ‘11) R 881 R 1645 R 2758

R10.00 ~ $1.00 * plus 270% multiplier 4:30pm — 9:30pm
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q REIPPPP Rounds | & 2

'_i ﬁ Namibia x L :
Wind 1304 MW e
SolarPV | 048 MW :
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Concentrated Solar Power
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O Wind Measurement Masts
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Where’s Waldo? Space for 2010 national
5 electricity demand by solar electricity

South Africa, Lesotho and Swaziland ‘

Direct Normal Irradiation ,“ o 4 A
(yearly sum, average 2004-2010) “ ; ol .".
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5 Draft IRP Update

® IRP 2010 (MW)

® 2013 update Base Case (MW)

New Capacity (MW)
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Cost of capital

PV-Tech  PV-Tech &H¥%{#%fig] PV-TechJobs PV-Tech Directory  Photovoltaics International About | Adverising | Contact | B] I & @ B

COST-EFFECTIVE AND RELIABLE NI/CU

Q: PVTECH PLATING FOR P- AND N-TYPE PERX SILICON SOLAR

W Follow @pv_tech - 10.2K followers CELLS YIELDING EFFICIENCIES ABOVE 20,5%

Home | News  InDepth TV & Video Product Reviews Project Focus Tariff Watch = Ewvents Search news, products...

Sunnyside Industry Roundup \Videos Fab & Facilities Materials Cell Processing Thin Film ~ PV Modules Power Generation ~ BIPY  more ~

QSNEC | RN I W 2022 May

PV POWER EXPO 1 Shanghai, China
. —]
= [+ b | 2014

SNEC 8th (20} International Photovoltaic Power Generation Conference & Exhibition

Aicle | Comments (6) [ £]in]w |=BE=TAUEE Newsletter » Preview Latest
By Lucy Woods - 28 January 2014, 09:17 | In News, Power Generation, Finance Email Address "~ Subscribe

Bill Clinton calls for global fund to reform ‘unequal’
energy finance

B -

Advertizement

Vaolume 11

Former US president Bill Clinton has called for global investment in

P } g _ AFRICAN SOLAR COES
renewable energy and changes to the “inequality” of current MAINSTREAM
financing mechanisms in the energy sector.

At the ThomasLloyd Clean Tech Congress Europe in Frankfurt last
week, Clinton highlighted long-term finance options is “what we do
with traditional energy and coal fire power plants”, whereas

NEW

As an alternative to current finance currently investors and providers of solar and wind have to provide "1 DIGITAL
mechanisms Clinton suggested®a  “all the money upfront”. . EDITION
global financing facility” for 3
renewable energy similar to the

‘Global Fund'. Image: World Clinton argued that no one has "explained to people adequately”
Economic Forum that there is “inequality in financing opportunities” for renewable
energy and energy efficiency projects.

Most Popular »»

Al News InDepth TV &Video The Big Story

1. Hanergy reveals phase one of its 5GW CIGS
At the forum for European investors on 24 January, titled ‘Meet Asia. Meet renewable energy's future’, expansion plan

Clinton told investors an "analytical and actual financing framework” enabling capital investment in

. . . 2. IHS: Why 2014 PV installation forecasts are all
clean energy and efficiency should be financed over “the life of the benefits”. Y

likely to be wrong
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Matie-medisyne vir kragpyne

'n Aanpasbare kragvoorsieningstelsel wat vinnig kan begin werk, Is
nodig om In die spitsyraagtydperke — tussen 07:00 en 09:00 en weer
tussan 18:00 en 20:00 — krag te voorsien. 50'n stalsel wat in spitstyd

elektrisitelt teen mededingende

kan voarsien, Is nie ta ver-

smaal nie, skryf Cebo SHlinga, Paul Gauch# en Alan Brent.

uid-Afrika gebruik oopsi-

oo

e Il gasturbine-  (0SGT)
2f5)3)6]8fig4l0)7 teleel: om spifskrag te
AHE0 BEENBAE aa P voorcien Die? 4%6MW OSGTe
AR OEEOBE = weringevermod - alles diecel
aangedrewe
EEE HEBEEEE Kopiaap Die plan i om die vermoé van
AERE BBEEBRRAE Wm Mh,ﬂu,,m_, die OSGTstelzel eweredig saam
- e met die toename in die krag-
N Y 151 R A R e e i vrang te vergroot. Vir dié doel
T 131002101517 162 | oc oo nmimens: kg e D ooker | maals die stuat se geinteqreerds
= et ks e hulpbronplan (IRP) voorziening
[ H B EE EIE B s vir 4930MW ce OSGTstelsels
nttpr/Fwipol teen 2030,
ENE] Bl K Gl BN EL E] [ apap deey Volgens ons ontledings wek
OSGT: elektriciteit teen 'n koz-
te van meer as

wnrRl!- Wh van geltonzentreer-
de sonkrag (GSK). wat hitte-
energie berg om saans in die
cpitsvraag te voorsien. Dié koste
iz ook laer az die pryze van die
eerste fa: van die regering se
groenkrag-aankeopprogram.
ic nie kon-

Maar

stant nie. Daarom het ons onder-
zoek ingestel na hoe uitvoerbaar
dit sou wees om GSK-aanlegte op
kort tot med iumtermyn as spits-
tﬂ].’:lz:ln]em te gebruik in die
hoop dat 'n reeks UKIWEEuh.A
dieerde GSK-cpitst

die persele was ook geskik vir
die GSE-toringtegnologie.

Scenarlo1-slegs 0SGT's: A= 'n.
reeks OSGTz van 5000 MW in
die totale spitstrdvrasg voor-
'Jen. iz die konstante eenheids-
van dis OSGT-stelzel
R: 08/ EWh.

Scenarlo 2 - maksimum ge-
brulk van GSK: 'n GSE-stelel
met maksimum opwekking by 4l
tien persele lewer 'n konstante

eenheidzkocte van RI.BQ U’Fh

en het 'n ver
van 0.82. Dit voorzien met ander
‘woorde clegs 82% van die vereis-

L] termein
® Geskikez terreine
= Hoéspanning

ringsvermoé is 3 300MW _Diena-
cionale netwerk word geduren-
de die bedryfvan die GSE-ctelzel
gebruik om in die orige energie-
vrasg te voorsien Dit word ge-
dosn deur die warmsouttenk
(vir die berging van hitte-ener-
gie) te lnai wanneer daar nie vol-
doende senctraling is nie. Ener-
gie word dan gedurende buite-
cpifstye (wanneer die tariewe
laag ic) van die netwerk aange-
koop en spitstye na

zelem emztandigheds die lmu
cte van elek-
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tnzne)l in die huidige IRP zal
verlaag Dit iz gedoen deur 'n
mederne GSK-toringinstallasie
met hitte-energiectelsels te mo-
delleer en die konctante een-
heidskoste damrvan met die
0SGT-stelsel &'n te vergelyk.
Die Gemascolar-aanleg in
Spanje. wat onenderbroke met
gebergde hitte krag opwek,

die netwerk teruggestuur.

Die kombinasie van die net-
‘werk- en GSK-energie het "n ver-
vulling=keéffiziént van 062, wat
beteken dat daar steeds nie ten
volle in spitstydbehoeftes voor-
cien word nie. Die konstante
eenheidskocte van die gekombi-
neerde stelcel styg dan van die
R1.30/kWh tot R3/kWh.

"n Stelsel wat die vervullings

&fficiént tot 1.0 zal verh

te staan kom_ Die senheidakoste
van die GSK is konstant op
R180/EWh. Die koppeling van
dis GSE- en OSGT-ztelzel in '
wirtuele hibriedstelsel verseker
egter dat dis stelzsl sonder twy-
fel in cpitstydiragbehoeftes zal
kan voorsien

Die kecte van die nd;mnhl

stelzel die hoé koste van die

0SGT-stelsel temper: dat dit
'Dllzf!'d.k_mn waarborg: en dat
dis e stelzel meer
bestand is teen shommelinge in
focsielbrandstofpryze.

Eortom, bou albei, hoewel ui-
feraard in fazes en in pac met

i - en versprei
geleidelik
langs die transmizsielyn van al-
bei punte af om sonstraling opti-
maal te gebruik.
¥ Silinga. Gauché en prof Brent
is van dic Universiteit Stellen-
bosch. Silinga is naversingsinge-
nieur in die Sentrum vir Hernu-
bare en Volhoubare Energiestu-
dies  (CRSES). Gauché is
direkfeur van die Son-fermiese
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The value of CSP looking at various measures

HOW TO ADD 3+ GW OF CSP
NOW AND SAVE MONEY
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Spatial-temporal systems analysis

We develop and use fundamental technical models
* Conventionals (Coal, Nuclear, OCGT, etc)
* Pumped storage
* Renewables (Wind, PV, CSP)

Our analysis goal is good accuracy in the system

* Technology + Location + Time (Resource, Demand, Price)

Our objective is lowest cost + secure + flexible system
Our primary partner is a leader in their field

GeoModeI
SOl AR SO|@r

@
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Scenarios for a South African peaking
CSP system in the short term

C. Silinga®, P. Gauché?

aSolar Thermal Energy Research Group (STERG), University of Stellenbosch
PCentre for Renewable and Sustainable Energy Studies (CRSES), University of Stellenbosch
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Concentrating Solar Power and Chemical Energy Systems
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Load demand

«

* Take 90% of the maximum hourly demand in each day as the
daily baseload limit

36 000 36 000 A
34 000 34 000

30 000 P\

/ \\ 30 000
28 000 /\\ 28 000 I
26 000 \ 26 000 | /
24 000 ‘\ -/ 24 000 \j

22 000 22 000
0 4 8 12 16 20 24 0 4 8 12 16 20 24
Hours (January) Hours (June)
e===Peak [0ad [MW] e===Base load [MW] === Peak l0ad [MW] e===Base load [MW]

@
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National load demand data: Eskom, 2010



q CSP scenario: peaking power fuel saver

South Africa
Annual sum of direct normal irradiation (kWh/m2)
T ]
F S N
'\b "\6 ’\Q’ N q
S & &

®  Proposed sites (1)

- Suitable_sites_1

—— HV_Transmission_lines

Protected_Areas
~N
Site average
DNI: 2,636.43
kWh/m2/a
Proposed sites : situated along
the high capacity transmission /
line running towards Cape
Town
=
a Solar data — SolarGIS data © 2012 GeoModel Solar s.r.o. @
': Grid infrastructure GIS data, Eskom, 2011 SOLAR THERMAL ENERGY

RESEARCH GROUP
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q 3.3 GW CSP + 5 GW* OCGT <5 GW OCGT

12.00 -
n
P4
V4
z 10.00 -7
&
)% 8.00

LCOE [Rand]
(@)
o
o

4.00 CGT backup
csP fuel saver system + O
200 3o = = = = = = = e e e = e = == - —— = Yo ———— X
CSP component supplies 80%
0.00 I I I I I
0% 2% 4% 6% 8% 10%

Diesel costs annual increase

2014 Diesel wholesale (~R13.30/1) ((\ /

*We have not optimised this yet
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Effect of PV and CSP on coal fired

power station capacity factors

C. Auret? & P. Gauché ®

aEskom Specialization Centre in Renewable Energy at Stellenbosch University

bSolar Thermal Energy Research Group (STERG), University of Stellenbosch

o 27-29 January 2014, Port Elizabeth, South Africa
¢ N JOLAR THERMAL ENERGY

L v 090
- Second Southern African Solar Energy Conference S
- N N 2
[ -O- SASEC SASEC 2014 @
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5 Conventional System

«

Cutput as a percentage of

available capacity

100

S D 0D
=

o |

=5

=

=

S

==

. =—C(oal
Base case: The conventional sytem
e (335
A A A A ll\ A ——Hydro
AR NENIIAILRREASERATNARETREINEREREIRAAS
Hours === Pumped
Storage

Model maintains a 15% reserve margin
No outages deferred

Low use of peaking plant

@
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10% PV

«

Cutput as a percentage of

available capacity

S REEEL

100%

The conventional sytem with 10% PV

=(pal

S CT L
A A A A f\ A h ——Hydro
~ o o Wi Wi Wi Wi ¥ v
I R R R R R E R R R R R R R R
cn I o I T T T I B T O O I T O T O O T O O I 2 |
Hours === Pumped
Storage

Running coal plant capacity factors suppressed
* Not below 80%

No change to outages
Peaking dropped slightly 234 GWhr to 21 | GWhr

@
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10% CSP

«

available capacity
S EEEET

Cutput as a percentage of
=
==

The conventional sytem with 10% CSP

(02l

35

===Hydro

1

13
19
25

'l'll‘ﬁrl'.lU‘Im"'ll"-Mmmﬂhgaﬂﬁhmmmﬁh@%lﬁﬂhmgﬂﬂh
Mmoo A D0~ E00N Hoeoyom oo F= @ o &, =
L I I I B O I T O I O I I T I O I O o I

Hours

223

229
235

= PUMped
Storage

Coal Capacity Factors suppressed during peak times

Outages not affected
Peaking reduced to 10 GWhr

@
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«

q 10% CSP and low reserve margin

. . . —
. The conventional sytem with 10% CSP that affects outage planning N
100%
£ 3 oo
E'; A0% ——0as
o8
m = )0
SEU% o\ A LA N S A
g AR OO AR AR N A RM e RO N A R OWN A RM [ I T T I
A L L R R R R R E LR R EE R R
Hours === Pumped
Storage

*  Number of planned outages doubled
* Peaking dropped to 163 GWhr
* Minimum capacity factor increased on running coal plant

@
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Utility-scale PV [Wind and CSP] power and
energy supply outlook for South Africa in 2015

Sebastian Giglmayr?, Alan Brent®, Paul Gauchéc & Hubert Fechner?
2Urban Renewable Energy Systems, University of Applied Sciences (UAS), Vienna, Austria

b Centre for Renewable and Sustainable Energy Studies (CRSES), University of Stellenbosch
¢ Solar Thermal Energy Research Group (STERG), University of Stellenbosch

V10 Second Southern African Solar Energy Conference S
> @
-O- o SASEC 2014 v

- 27-29 January 2014, Port Elizabeth, South Africa
¢ g 8 JOLAR THERMAL ENERGY

RESEARCH GROUP
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q Analysis results

* Renewable energy (RE) annual yield: 6.4 TWh

| |Windpower _|SolarPV Hydro power

3 685 1 906 752 99
[GWh]

Maximum actual 1 302 900 217 14
power [MW]

* Maximum power: 2 302 MW (95 % of rated capacity)

* Minimum power: 27 MW (I.] % firm capacity)

* Annual RE share of 2 % according to IRP 2010 forecast
* Capacity RE share of 5 % according to Eskom projection

@
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q Analysis results

22

System duration curve (frequency distribution)

«

=12 302 MW
- Qoss Quo7s
2000 Inter-quartile Range
1750 o o
1500
1250 p Qos
hES
1: . :-. ~_ _ \ 632 MW
500 %--%“:::: ———— \
L = . = T Rl — :-___
i I D X W - e
L] 1000 2000 F000 4000 5000 B000Q T000 ED0Q
o Totsl Duration Curve = =WIND — =Solarff¥ = =(3P == =HYDAD Year Hours

Cumulative Duration Curve

@
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Conclusions in our analysis

M CSP presents an economically sensible solution today as a
fuel saver to peaking/dispatch
M Reduces fuel price volatility & adds reserve margin
M (The system likes it)

M Drives the learning rate
M Reduce cost of technology
M Increase local supply chains
M Distributed & top to bottom employment
M Reduce cost of capital

Not shown — work is ongoing, but Solar and Wind still don’t
seem to play too well. We probably need backup for about
20% — 30% even in the long run.

@
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* And friends
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q Primary associations Primary funders E

SASTELA
EU SOLARIS

science
& technology

Department:
Science and Technology
REPUBLIC OF SOUTH AFRICA

The European Research Infrastructure

for Concentrated Solar Power
% .i i

http://concentrating.sun.ac.za

ABOUT STERG ® Eskom

S3asoL ; ;’:
@,

SOLAR THERMAL ENERGY
RESEARCH GROUP

National
Research
Foundation
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q First SA unlver5|ty CSP research group

at Crescent Dunes, Nevada
SolarPACES 2013 tour

~ 75 Members in July 2013
From/at: SU, UCT, Wits, CSIR, UKZN, NMMU, |
| NWU, Eskom, Sasol, Germany, China, Holland, etc. |-

MJU

._-—-—--—

- ‘*.'«7 -

- . ..~~;,_ el .I.;
iR il e
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q And now announcing our newest sponsor

«
@

/N

technology innovation
A G E N C Y
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TIA Heliol 00
7/ \ small, smart, modular-scalable
e e e o heliostat & receiver system
A e e n~n c v technology develobment project

A\ I
g 7o & \ ~
/ \ > N \ =

N 235 I o
y b R R, A -
[ 2 < Tlates N )
/ SN, y 4 ~/ /

VN
J W \
y - .-

_ 10 STERG experts | 18 months | 100 kWe equiv. pilot
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5 STERG infrastructure & resources

.....
3 S~

1,000 m? solar roof laboratory, staff office, workshop & control room
« Sasol Helio40 — 40 m? heliostat system

* |8 m lattice tower (soon with receiver test facility)

« 600 °C,1.5 m3 packed bed storage rig & 1,200 °C kiln

* Solar & weather resource station with free web download

* 25 kWe Eskom McDonnel Douglas Stirling Dish

P
-
“ e« + multiple other Mech Eng facilities J
r .............. ~L ENERCY

RESEARCH GROUP
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q SUNSPOT primary technology

* System thermodynamics e

Central
receiver >| Steam turbine
- I ~1 Rankine cycle
>800 °C @ @ ( ycle) Generator
|

M

s

-

Fuel Boiler
" ; “
Heliostats Storage Condenser ;f *
(Rock bed) Dry or hybrid / \
(dry/wet) | I |

Ambient air

Feedwater pump

€==

Blower

Compressor Turbine Generator

Grid
(Brayton cycle) (5

|5+ Projects from distribution to system to @
components focused on SUNSPOT

SOLAR THERMAL ENERGY
RESEARCH GROUP
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q Industrial cooling system performance R&D
Prof HCR Reuter (PrEng, PhD) |

<

: B e

_ S
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Potential concepts: Metallic phase change 32

NaK to storage

Re-heater

L]

Steam drum

Superheater

"~y

\J h J !:|
—

@
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q Packed bed storage research

33

5

0.1

(AP/ILpv (T /ZA,)e¥(1-5)

Cross-current packing; crushed rock; EVp/ZAp = 1.3 mm; & = 0.45; 0.46; 0.47

* Cross-current packing; crushed rock; ZVp/ZAp = 4.1 mm; £=0.42

—Eq (9): smooth spheres

10

100

1000

10000

S o

Our “Sauna”.Thermal cycling of 2 — 3 tons of
material between 600 °C and ambient.
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bq Announcing: DLR — Stellenbosch MoU

«

* DLR: The German Aerospace Centre & Stellenbosch University
* Mol to collaborate in the R&D of CSP technology

* DLR is currently the leading CSP R&D entity (as far as we can
tell)

* Stellenbosch has quickly become one of the leading CSP
university groups in the world

- SOLAR THERMAL ENERGY
I RESEARCH GROUP



EU SOLARIS International cooperation in CSP/STE

research infrastructures

- ____________________________________________________u

Stellenbosch University is an expert member in the Technical and
International Cooperation Advisory Board of the CSP/STE Research
Infrastructure (RI1) coordination project EU-SOLARIS, which is:

> ldentified in the intergovernmental
European Strategic Forum on Research Eumpean Strategy Forum
Infrastructure (ESFRI) 2010 Roadmap. on Research Infrastructures

» Developed by the most significant

CSP/STE Research centres in Europe, EU SOLARIS
the Spanish Ministry of Innovation and
Competitiveness and the European

STE Industry Association, ESTELA.

> Coordinated by CTAER (Spain). E'I;

35



EU SOLARIS Scope, vision and goals

» To be the reference Research Infrastructure (RI) for Concentrating Solar
Thermal (CST) and Solar Chemistry technologies, in order to optimise RI
development and Research and Technology Development (RTD) coordination;

» EU- SOLARIS is expected to be the first of its kind, where industrial needs
will play a significant role and private funding will complement public funding.

» To support excellence in scientific and technological development.

» Provide the most complete, high quality scientific infrastructure portfolio at
international level, facilitating researchers’ access to highly specialised
research infrastructure through a single access point;

» Link the scientific communities, industry and universities involved in the
Solar Thermal Electricity sector;

» Increase the efficiency of the economic and human resources required,

> Provide efficient resources management to complement research and to
avoid unnecessary technological duplication and repetition

36



EU SOLARIS Geographical distribution of
N EU-SOLARIS partners

Advisory Board for Technical

CSIRO and International Cooperation International
(Australia) Energy Agency

University of
Chile (Chile)

Sandia National
Laboratories

(USA)

Stellenbosch
University
(South Africa)

37



2"9 Annual STERG
SolarPACES Symposium ‘\ )
17 July 2014

concentrating.sun.ac.za Stellenbosch, South Aﬁ’iCG SOLAR THERMAL ENERGY
RESEARCH GROUP

2014: Sasol Helio40 opening, Abengoa & Eskom keynotes,
typical attendees: SU, UKZN, UP, CSIR, DST, Eskom...

We invite you to attend. Visit our website for more info

@

SOLAR THERMAL ENERGY
RESEARCH GROUP




39

q DST/NRF Renewable Energy Scholarships

83y science

W2#F & technology National
Q) oo Research
s R(I:Elgrl]lcgljgdosgonﬁ'lqayAFRlCA Foundation

DST believes in CSP R&D - asked me to announce the following

Renewable energy scholarships for Master + PhD
Seeking better representation in SA for postgrad engineering studies

To be announced May 2014 — see NRF website or
concentrating.sun.ac.za

Applications close 31 July 2014 for 2015+ studies.

@
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