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Agenda

* About STERG at Stellenbosch University

* Strategic analysis: CSP for South Africa’s energy system
* Start now: R2+/kWh CSP now & baby steps is valuable

* Extreme scenario: CSP baseload case

* Low hanging fruit |: Coal augmentation / boosting

* Low hanging fruit 2: Peaking CSP replacing OCGTs

* Longer term: CSP in a high RE scenario
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q STERG — Only formal CSP research group in SA*

STERG in action at SolarPACES 2012
]

S "
RLAR TR

SEARC)|

CROp

Sensiti .
WSItlvlty ANalysis of a Curved

Heliostat Facet Profile

Willem Landman and Paul Gauche

~ 60 Members in January 201 3
From/at: SU, UCT,Wits, CSIR, UKZN, NMMU,
NWU, Eskom, Sasol, Germany, China, Holland, etc.

Primary grants: DST-NREFE Sasol, Eskom

* At this time at a SA university
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q Solar thermal history at SU

-2

1980 - 1989 1990 - 1999 2000 - 2009 2010 -

7
Q SASTELA

Research and academic

REMEWABLE & SUSTAINABLE ommittee representative
EMERGY STUDIES

First Parabolic Trough Research

National SANERI/DST

— ' RE centre founded

SANERI/DST Solar
—— ; R thermal spoke SOLAR THERMAL ENERGY
B o & Hope project. P RESEARCH GROUP

Dry cooling research at SU commences

reaching new frontiers

Sasol researcher

—

- —T*ﬂ".:r -5

: ' I
Solar chimney research at SU commences |l

% &/‘-"
A SOLAR THERMAL ENERGY

Solar resource station at SU
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5 STERG acceleration

2010 2011 2012 2013 —
7 — |5 people ~ 30 people ~ 45 people ~ 60 people (eish!)

T

|

® Eskom ‘
‘ Eskom chairand GeoSUN ' ﬁ \National
u \ centre of excellence AFRICA RF m
B NRF solar thermal
spoke 2013 -17

SOLAR THERMAL ENERGY \
RESEARCH GROUP | P
2‘» Stellenbosch. .
energy consulting

SasoL

reaching new frontiers

Sasol 40 m?
heliostat field

Solar roof lab expansion (with
tower, kiln, etc)
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Solar resource station at SU



q STERG R&D overview

STERG - Solar Thermal Energy Research Group

Engineering (ME, EE, others)

Physical, Social, Mathematical, Political,
Statistical Sciences, Geography, Philosophy, etc.

Other

SUNSTEL (SU Solar Thermal Electricity Project)

Better SWH |
Coal power
augmentation
| other...

- - -

A
>

Solar Resource
R&D
Satellite | Ground

(Primary technologies: SUNSPOT, LFR, Dish)

System R&D
Systems analysis | Plant thermodynamic models |
Techno-economic analysis | Plant concepts & design

L
Heat Transfer
Dry Cooling .
Dry | Hybrid | Fluids & Storage
S Rock | Metal PCM

Heliostats &
Receivers

CO, |Air | NaK | Salt | | | Control | Drives | Optics

| Field | Heat Transfer

Italics: On-going R&D

SOLAR THERMAL ENERGY
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q SUNSPOT — primary technology

«

Central
receiver Steam turbine

Rankine cycle
> 800 °C ( ycie) Generator

Boiler

Fuel

Heliostats Storage Condenser / \
!

(Rock bed) Dry or hybrid / Y,
| (dry/wet) I I | |

|
Ambient air Combustor
< | Feedwater pump }
( ) [
Blower I
Generator v

Compressor Turbine

[Deynsstbmem misnlal

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

SOLAR THERMAL ENERGY
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5 Industrial cooling system performance R&Di
Prof HCR Reuter (PrEng, PhD)

wl UL



5 Packed bed storage research

T gt

Cross-current packing; crushed rock; EVp/ZAp = 1.3 mm; &= 0.45; 0.46; 0.47
| X Cross-current packing; crushed rock; XVp/ZAp = 4.1 mm; ¢=0.42
—Eq (9); smooth spheres

AP/ILpr 2D (EV,/ZA,)/(1-2)

I

Our “Sauna”. Thermal cycling of 2 — 3 tons of
material between 600 °C and ambient.
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q Potential concepts: Metallic phase change .

NaK to storage

Re-heater

Steam drum

"~y

Superheater

Y Y ]
|

@
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S Baby steps towards SUNSPOT — 400m? pilot

100% locally developed heliostat field

Local IP and design + expired prior art/common knowledge

Philosophy of cheap = Smart learning system + minimal site prep
Scalable (designed for 5MWVe), re-deployable/mobile

First revision of a product roadmap (blend of off the shelf and new ideas)

<| Ha land
(dual use with

grazing)
400 m?2 mirror heliostat

::la:nhmru::..“'l vy field using SU designed

Basic calorimeter  [Llihall L1 1T 0 S heliostat modules and
receiver (swappable N y system control

experiments)
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Our |8 m tower showing behaving heliostats




5 LFR — secondary technology

Y
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CSP for South Africa’s energy system

STRATEGIC ANALYSIS

©
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q CSP roadmap and resource

* Work by STERG and CRSES

* Contributors: Riaan Meyer, Tom Fluri, others

Legend
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<= 2400
2400 - 2600
2600 - 2800
> 2800

Legend
NREL DNI [kKWh/ma]
<= 2400
2400 - 2600
2600 - 2800
| ] >2800

Perennial Rivers

Il Viable Sites Short Term
"

Local Substation Generation Capacity

System Generation Capacity per Zone

7000
LI
AR 10200W Total
R 10000 e
Jonwy | S40n 1070MW.
. - o
oW
§ T o Zone North — 1 000 MW
Ta0nm Al -
v A . AS10MW, 3700 .
Cde20MME azsomw B0 - Py
£ i = J4omw W p— Zone East - 1 600 MW
. \ ol ATomw one West —
o mo w0 S . S
:\,,_ i

Viable short term sites

0 50100 200 300 400
o ™ e K

Viable long term sites

RFI Reserve

?] shalegas exploration

Major Parks

Perennial Rivers

_ Viable Sites

0 50100 200 300 400
o s KM\

SOLAR THERMAL ENERGY
RESEARCH GROUP



q Prior work on SA CSP potential

* CSP potential has been investigated by Fluri (short term)
and Meyer & van Niekerk (longer term)

DNI = 7.0 kWWh/m2 Legend .f“"’j e
I:I Distance to Transmission > 20 km ‘ Major Parks /-firr '-
] 1
- Suitable areas e [ ] shalegas exploration J'\\ L. A "
- ¥ ‘
- > Perennial Rivers { \?;,_ g.’ ’ |
N o gy Y I icoe Sies ’{ q
i ) - ' 1
y 4
= il a1 7
7 -
i?:_ ) e g . \
~ S S & Y
E o -ﬁ%‘_:& _;: :
"% il e A J LY o J
J""JH\\, J i'\--'?“'t i . \
? A <5
¥ = Y
v
‘;. o B N N
B .
l" ;
T ™ & Y { > 0 50100 200 300 400
0 100 200 400 Kilometers - = . p— Km

e Short term multi-constraint potential (500GWe+) vastly
exceeds current or future electricity needs

* This work extends previous work to explore full potential (&\J
of dispatchability SOLAR THERMAL ENERGY
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5 IRP2010 summary
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q South African coal analysis

20

- — — Reserves in
\ / international
i ‘\-F b T — — — X surveys | = 6]
+ | Tt ey : c
_/—_I__/— i\ | S
=
/ \—L 18 Gt | S
— +~ > T =
Rutledge hijistorical long- Recent Hubbert- /' w E
term production estimates type studie/"'r . E
] 8o
Cumulative E
Actual cumulative normal model |
production 1
- = SN 1
1910 “1 We also looked at each of the other 2030

.

major energy sources in the IRP and
came up with the following...

J
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q Making sense of our options

CSP could bail us out.

Lets see if it can...
. CSP_
=|  CSP no storage 900 Storage '
900

= Wind CSP
g PV 80 Future
g 90 // ] \\ >> 900
; N__ // /\ N
"é I \J \\ Hydro
5 | Coal N o —
8 | 300TWh o \O_~ o )

. : \ CCGT OCGT /

Shrinking risk Pl [

: 0" 7
(=]
-l i \ ///

~__-7 Nuclear— —

~500 TWh 77 TWh /

Intermittent Baseload / Dispatch

Puts all this at @

risk
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q CSP alternatives: Now to 2050 and beyond

22
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r/

augmentation/

Soon: Coal }rs Round 1 & 2

boosting

2050: Clean
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Fad i . \
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R2+/kWh CSP now & baby steps is valuable

START NOW

©
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q Recap of CSPToday 2012 Joburg

* If there is a chance my holistic energy view is plausible...

 QOur transition needs to be radical
*  We need local baby steps to get ready for a high RE
scenario

*  We also need the bigger proven players in now to get on
the grid.

. etc)
ntenance
sters, mal
, foreca ’

tC)

Big

P, niche systems €

RESEARCH GROUP

small] __— These first CSP plants can help accelerate A >
Now growing local skills, industry prep & we will 2050
quickly “know what we don’t know” @
N BUT this needs to be part of the program PR
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CSP baseload case

EXTREME SCENARIO

RRRRRRRRRRRRR



q Method: Plant

Based on the Gemasolar plant

Approximated optical
performance + Chambadal-
Novikov engine (modified
Carnot) + inertia capacitance
+ storage capacitance

Model validated using

e eSolar measured data
(Gauché et al. SolarPACES
2011)

* NREL predicted annual

electricity generation for this
plant (110 vs. I 15 GWh/yr)

Country, Region

Spain, Seville Andalucia

26

o

Location

West

37°33' 44.95" North, 5°19' 49.39"

Land area

195 Ha

Solar resource

2,172 kWh/m?/yr

Electricity Generation

| 10 GWh/yr (planned)

Cost 230,000,000 Euro
O&M jobs 45
Heliostat aperture area 304,750 m?
Number of heliostats 2,650
Heliostat size 120 m?2
Tower height 140 m
Heat transfer fluid Molten salt

Receiver outlet / inlet

565 °C /290 °C

temperature
Turbine capacity (gross) 19.9MWe
Cooling Wet

Storage

2 tank, 15 hours

SOLAR THERMAL ENERGY
RESEARCH GROUP




823 Grid points (uniform / unbiased) O EEH8065085N
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Cumulative output [GWh]

Cumulative output [GWh]

28

q Results and analysis: Time plots

0 : B i % 0
Jan 04 2005 Jan 05 2005 Jan 06 2005 Jan 07 2005 Jan 08 2005 an 09 2005 Jan 10 2005 Jan 11 2005

8 January days /‘\

.- BMW plants with 20MW-sized storage

................................... 3 E.................................. ................: -:..:- 20

15

L L PP L P T TR, EEEE S P Pk 10
— 20MW plants T 1

== 10MW plants with 20MW-sized storage

----- 20MW plant in Upington

8june days

— 20MW plants 120
- - 10MW plants with 20MW-sized storage
- .- S5MW plants with 20MW-sized storage Ni1s
----- 20MW plant in Upington
; | _ 10
e 5 & Fr ™~ <
‘\' ) = b 4
-------------------------- y
A ._ s
Jum 20 2005 Jun 21 2005 Jun 26 2005
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Site-specific output [MWh]
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S Results and analysis: Time plots
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| out of 4 plants running at a time practically
demonstrates baseload — our first dispatch test
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q Results and analysis: Spatial

January 5th DNI January 5th output June 21st DNI June 21st output

08:00

E

january.mp4

12:00
v

E

june.mp4

16:00

20:00

—-— S o - s SOLAR THERMAL ENERGY
0 150 300 450 600 750 %0 ©O 2 4 6 & 10 12 14 160 150 300 450 600 750 900 O 2 4 6 B8 10 12 14 16 RESEARCH GROUP
DNI [\-’u‘h,/m2 ] Plant output [\-'u’h,fm2 ] DNI [\"‘.,'h‘-’m2 ] Plant output [Wh,’r'n2 ]
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SAPG (Solar assisted power generation) / Coal augmentation / Boosting

LOW HANGING FRUIT |

©
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S Solar assisted power generation (SAPG) <

* preheating of boiler feedwater

* compliment extracted turbine
steam with solar heat

 efficient use of low to medium
temperature solar heat (less

than 250°C) for power
generation

©

= SOLAR THERMAL ENERGY
RESEARCH GROUP



5 SAPG vs stand-alone CSP

site locations

* SAPG : Lephalale (home to Matimba and
Medupi power stations)

DNI GHI Dry bulb T
annual total annual total average

kWh/m2 MWh °c .
Lephalale 250 2100 ws e stand alone CSP — Upington (solar park)
Upington 2820 2280 215

-20% -8% -1.6

20% more annual total DNI

difference

aeri

on

al view of Matimba power stati
e

¢! |

Google eartijs
< y .

land footprint
* low energy density compared to coal
* land availability might be limiting factor

- .
[.1 . X 57 d . s &
4 Soogleearth  me— |




Annual energy total [GWh/a]

q Results — SAPG vs stand-alone CSP

and zoning (EIA), storage capabilities,
scale, vicinity to loads and
manufacturing industry

SFinput CSP 1 SFinput SAPG E1SF ouput CSP M SF ouput SAPG E1Eout CsP M EoutsapG | o Upington (‘solar park’) CSP vs Lephalale
0 (Matimba and Mudupi) SAPG
oo b A * based on PT technologies with same power
089 block performance, annual simulations
R R * SAPG [.27 times more electricity into the
0.3 grid
NN 777, e If SAPG cost taken as 72% of stand-alone
127 CSP => |.8 times more cost effective
NPT 777zz BB solution
o L
SAPG in Lephalale is 1.8 times more cost \E“ts’“""’
. better pe effective than the same CSP technology | R At o
months ( stand-alone in Upington | R A2 A
e other ben .

w
]

N
1

Electricity gener

=
L
AR

D St SRS AR i b SRR S
A

o
]
O [ttt b N Nt b Bttt e N Y

R SOOI
(O S OO

L EEEESERSNNSSSSES
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Peaking CSP replacing OCGTs

LOW HANGING FRUIT

@
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Costs of non intermittent technologies in SA*

16
14 I
Nuclear: 24.06
=12 R/KWh Al
N = y! ~\
210 We think CSP B N
= First target!
£ 8 can compete
L Perhaps but
0 ¢ here soon —no 7 .
O : lets talk in
4 subsidy / 2014
) \“ cos )
N S I
0 @ SO .
CSP PuC OCGT Nuclear
Capital costs B O&M costs Fuel costs
B Non-tangible costs M Nuclear accident costs (
* A work in progress. Tangible costs for comparison only v

Intangible and nuclear accident costs can be ignored for this presentation —SOLAR THERMAL ENERGY

RESEARCH GROUP



37

5 The idea

South Africa, Lesotho and Swaziland Lj \e

Annual sum of direct normal irradiation, average 1994-2010

D - s
<1400 1550 1700 1850 2000 2150 2300 2450 2600 2750 2900 > KWh/m?

2475 SO

Ll
B
pi

!
0 100 200 km & <3

&
|
—— R
iy
it

Peaking CSP
plants along
high capacity
line to Cape

Town
o /
ﬂ
& Solargls v
r http:f/solargis.info
A & ’ SOLAR THERMAL ENERGY

Solar data - SolerGIS v1.8 © 2012 Geolodel Soler s.o. RESEARCHIBRULE
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q Results

/ﬂt/hhnewhere between\

R1.50/kWh* —= R5.00/kWh*
Bonus: No fuel price volatility

Watch this space for our results in

\_ 2013... Y,

* Excludes learning rate improvements

@
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CSP in a high RE scenario

LONGER TERM

©

SOLAR THERMAL ENERGY
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EQS Methodology

* 10 key points of new wind atlas
e 10 distributed good GHI locations (PV) solargis
e 10 distributed good DNI locations (CSP) ~ "ereeene
* Aim to satisfy 2010 Eskom demand

* Maximize annual energy delive

* Minimize annual curtailment
* Add CSP (Not complete)

a TN |
' 4 $‘d . _ Humanorp
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q | Summer day (15 January)
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5 | Summer week
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Electrical Power [MWe]
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5 | Summer month (January)
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Summer is wonderful!
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5 | Winter day (15 July)
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| Winter week
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| Winter month (July)
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Wind atlas of SA suggests wind is better in summer.This is unlike Germany
where wind and PV are quite complimentary by season.

Even then, some days actually cause curtailment
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Oops
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2.

3.
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Implications:™*
Wind+PV+CSP will result in a seasonally lopsided system. Perhaps do
plant scheduled maintenance in summer?
Perhaps more so than recent German studies,a 100% RE system is too
costly. Optimum is probably ~ 80% RE in a future of high fuel costs.
Note that a high RE scenario forces low capacity factors on fossil or
nuclear. Need to plan for fast start-up fossil systems like peakers. /

*This is speculation — modelling incomplete

SOLAR THERMAL ENERGY
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5 Wrapup
@ 5 L @

UNIVERSITY

SOLAR THERMAL ENERGY RENEWABLE & SUSTAINABLE

RESEARCH GROUP ENERGY STUDIES
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energy consulting AFRICA
Solar thermal consulting Solar data and services
www.stellenergy.com www.geosun.co.za
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