schlaich bergermann und partner

sbp sonne gmbh

Dipl. Ing. (FH) Markus Balz

Managing Director



depdnde

Wil I\ //@/Z/Zi

/| ; VWOAAN
/| Z/>




et IR h. .alll - .t SRR

_._j“["STTT m-i

0

- Nelson Mandela Bay Arena Port Elizabeth, South Africa



-__.f1

——_ Soccer City Stadium Johannesburg, South Africa






ﬁ-:::?j_'fj Moses Mabhida Stadium Durban, South Africa



(client, architects, engineers, contractors)

|
ndle large projects (....and international sub

—tP T ;e

-



" Consulting Engifiéersior
Renewable Energy ,

*A growing team, sbp sonne gmbh, is working on

making advantage of renewable energies.

The technologies within this field are the Dish-Stirling-
applications for decentralised and small-scale power
plants. Central receiver systems, Parabolic trough and
the solar-updraft tower technology i IS, used in large scale

appllcanon

Our highly qualified, motivated and constantly-growing

= team is willing to contribuite in research and

development of-any kind of Technologies.




Consulting Engineers for
Renewable Energy

Consultancy for client, owner and contractor

Feasibility studies
Efficiency calculation of power generation

Structural concept, calculation and optimization

Optics evaluation and optimization

Concept andicaleutation'of controls andidrives
Planning of prototype and.series production

Supervision and quality management




sulting Engineers fg
Reénewable Energ

—_
- i

Metrology (Solar Radiation and Wind statistics)

Optics

Structural Engineering

Software Development (FEM — Optics and solar tracking)

Mechanical Engineering (Drives and Thermodynamics)

Electrical Engineering (Control system)

Series Production (Automotive)
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Potentials and current use of renewable energy sources by comparison
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The global supply of natural/renewable resources and economical potential to
exploit it with present technologies — primary energy
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~< Current solar technologies — dispachtable (storable) solar energy generation



lllustration of area ratio (m2) between power output of PV and CSP (with and without storage)
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~< Solar plants electric output (yearly mean) vs electric demand of South Africa



|

250
CSP
Actual
200
— 19%/yr
Q
g 150 - 25%fyT
2 - = 40%lyr
<
g 100 Wind 7
4]
(&)
50
D T : v L] - ] ]
1980 1990 2000 2010 2020 2030

-:4 Capacity Trends of Renewable Energy Systems



CSP Technology Choice
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~< Solar Thermal Electricity Principles



Projected area, normalized
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Yearly average effective area vs. latitude (northern hemisphere)

Dish Stirling

0.9

D

@O
(}

D

500m North

0.4

500m South

Saudi Arabia

Upingtbn
Andasol /Spain

Califorhia
Stuttgart

10 20 30
Latitude []

I
o]
n
o]
o
=



Solar Updraft Tower

- Non concentrating
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Solar Updraft Tower Principle
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Solar Thermal Boosting
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Annulus

Tracking Mechanism

~< HelioFocus solar concentrator — 500mz2 fresnel dish
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Prototype Dish HelioFocus, Israel
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HelioFocus test site close to Wuhai/Huinong
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Parabolic Trough Technology




EUROTROUGH

HELIOTROUGH

ULTIMATE TROUGH

Technology Development

Start of development: 1998

1. Conceptual Design

2. Prototype:
- PSA/Spain 1998

3. Testloop:
- EuroTrough Loop KJC:

Kramer Junction, USA: 2003

Commercial Application
Large Scale Power Projects

- 50 MWAnNdasol I, II, Ill: Aldeire
Spain: 2008, 2009, 2012

- 50 MW Power Plant Moron, Spain: 2011

- 50 MW Power Plant Astexol, Badajoz,
Spain: 2012

- 50 MW Power Plant Extremasol: Badajoz,
Spain: 2012

-125 MW Solar Combined Power Plant
Kuraymat: Egypt, 2010

-50 MW Solar Power Plant, Rajasthan,

| Godawari, India; 2013

-25 MW Solar Power Plant, Gujarat,

 Cargo Ltd, India, 2013

Start of development: 2005

1. Conceptual Design

2. Prototype:
- Dortmund/Germany 2006

3. Testloop:
- HelioTrough Loop KJC:

Kramer Junction, USA: 2009

Large Scale Power Projects

Designed for 4 x 250 MW Blythe,
California: 2014

Current development: 2009

1. Conceptual Design

2. Prototype:
- Cologne/Germany 2011

3. Testloop:

- UT Collector Trough Loop:
Harper Lake, USA: 2012

Large Scale Power Projects

?




SolarPaces

Innovation Awarg
2010
EuroTrough Collector: HelioTrough Collector: UltimateTrough Collector:
- Standard technology - Reduction of numbers of elements - Optimized manufacturing technology
- Moderate complexity - Sophisticated complexity - Sophisticated complexity
- Good optical performance - Currently highest optical - Very high optical performance

- Higher demand of manpower performance
- Automized manufacturing processes

~< Continuing Development — Size and optical quality does matter



Glass tube

Direct radiation

Absorber tube
with selective
coating

Parabolic
concentrator with
Tracking reflecting surface
system

‘< Principle of a Solar Parabolic Trough Power Plant
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__-.-.-::;j_':| Andasol collector field, Spain
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{:,.4 Commercial 50 MW Plants in Spain: Andasol 1, Andasol 2, Andasol 3 (under

™, construction)




—_" Andasol 1 power block



{:'Zj Andasol 1 molten salt heat storage




v 0% v %+ Solar collector field

Cooling tower

HTF pump Feadwater pump

~< Parabolic trough power plant — thermal flow






~=”| On-site collector assembly hall




——_ Mirror assembly




—_' Assembly on Site



Parabolic Trough Technology
Ongoing Development




Cost Structure N : .
General The Solar Field is the most important cost item of a

V\C/iVi:( —_— Parabolic Trough Power Plant
OrkKs

4%

—_— Cost efficient Solar Field has a significant impact on
the economics of the project

Thermal
Energy

Storage
(TES)

20%

Within the Solar Field, the collector structure and
9 mirrors account for 60 % of the solar field costs

Procurement and erection cost breakup
(Estimated current cost ~220 M€ - European cost basis)

Significant savings can be realized with an

economically optimized collector design

Cost efficient solutions for parabolic trough power plants:
An economically optimized collector design is a key to reduce CSP project costs



Technical optimization

Structural design

geometry —) FEA — Optical

profiles analysis
material

‘ Optimization '

-

~ Design and optimization procedures



Techno-economic optimization

Optical
—) FEA —) . —
Structural analysis
: Techno-
design :
geometry economlc
profilgsl evaluation
materia COSt
— —
model

t Optimization '

-

~ Design and optimization procedures



Investment

Cost

Transportation
Cost

*Civil Works, SCA Foundations
shdirrors, HCEs

*Fiping

+0rives, Sensors and Cabling, ..

* Tosite
* Onsite

Assembly &
Erection Cost

» Assembly on Site
# Field Erection

O#&M Cost

» Labor
* Equipment
* Materials and Consurnables

* Optical
* Thermal

A

* Performance weighted
specific annual cost

UT — Techno — economical design approach

Analysis of Ultimate Trough — Technology Identification of
potential improvements

Expectations (development aims):

20 - 25 % reduction of solar field investment cost achieved by:
less investment and erection costs for solar field

higher collector performance (higher optical efficiency, lower
auxiliary consumption)

In total:

Levelized Cost of Electricity (LCoE) will decrease by ~12 %
compared to today’s parabolic trough technology.
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Design: Mirrors are attached stress free to the collector metal structure odule | SDX FDx Lu“l Icsun | [1cdegsun
Measurement and validation: Optical assessment by 3™ party [mrad] = [mm] | [%] [%] [%]
_ _ 1.7 79 |1000 | 99.2 99.1
» Optical assessment with deflectometry & photogrammetry — dual ! 1.4 7.4 99.9 99.1 99.0
measurement for result validation 1.5 7.5 1000 | 99.2 99.0
1.7 | . | 100.0 99.2 99.1
» Intercept factor - sun rays hitting the receiver under consideration of 2 1.7 8.3 1000 | 99.2 99.0
the sun shape 171 81 |]1009 | 99.2 991

* =99.2% @ 94 mm HCE (for oil as HTF)
* =97.5% @ 70 mm HCE (for salt as HTF)

» Average focal deviation of assembled collector, FDx < 8 mm -
combined deviation caused by mirrors and steel structure

;3 AalintalmEl L BERBETIBIBEL
) I----..‘!-.- -.E.--.a-l-.l
0 S 10 15 20 0 5 15 20

Y Aws im) Y Axs [m)]

X Axis (m]

~< Optical performance of UltimateTrough - Test Loop
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ﬁ-:::iij,: Ultimate Trough Test Loop - California
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= UT measured performance, 28.2.2013
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Thermal efficiency

Thermal efficiency
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= UT measured performance, 11.3.2013 === ET theoretical performance, 11.3.2013

=== UT theoretical performance, 11.3.2013

100%
90% NAarvs
° via
80%
- - A )
Aol ah T2t bl il i oo
60% ’\/7 I '%':
50% I \-’
40% / \
30% I \
20% I i
10% -+
0%
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= UT measured performance, 13.5.2013 === ET theoretical performance, 13.5.2013

=== UT theoretical performance, 13.5.2013

* One day per month evaluated and compared to model
* The actual performance is consistently better than the expected performance.
» There are still some uncertainties in the measurements which will be evaluated and corrected during the next

weeks of operation.

_
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Ultimate Trough — Test loop performance



Eurotrough, 510°000 m?

Ultimate Trough, 466°000 m?

1050 m

< 1500 m
A 1750 m
<
.
£ F | .
o ; -
CC,>> s "
- : .
Header piping ET ) Ratio
north-south m 1'678 n/a
east-west m 6'840 3'757 55% Significant cost reduction due to
total m 8'518 3'757 44% * Less piping (material, installation, insulation)
HTF Volume m3 1'813 1'353 75% * Less heat transfer fluid

~< ET/ UT — Solar field layout for a 50 MW plant with storage
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2000
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ET / UT Comparison of foundations
[50 MWel]

29528

ET uT

== Total number of Pylons s Total volume of concrete

30.000

- 25.000

20.000

- 15.000

10.000

- 5.000

TotalYolume of concrete [m?)]

Anchorage
4 x M30 x 750mm

< Comparison of foundations

ET

L=4,0m
D=1,0m

Anchorage
4 x M36 x 840mm &
Block shear connector

uT

L=6,5m
D=1,0m




Central Receiver Systems




Receiver

Concentrated solar radiation

Heliostat

direct radiation direct radiation

PTTT T, T1T1 14

heliostat field tower heliostat field
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——_' SBP/ Steinmiiller 150 m2 metal membrane heliostat — optical quality



SBP 150 m2 metall membrane heliostat — variable focal length



heliostat field efficiency overall efficiency
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Benchmark Heliostat

Assembly
and
Transport on
Site
16%

Drive and
Controls
45%

Benchmark Solarfield

60 MWel 13h storage

~115 mio. MWh Thermal Power on Receiver annualy
Solarfield Cost = 164 Mio $

LCoE (project related) = 16,7 c$/kwh

Current Heliostat Development
(Status 6/2013)

Assembly and
Transport on
Site
13%

Drive and Controls
38%

Evolution Design

- higher optical efficiency
- reduction of drive costs
- new structural system

Solarfield Cost = 147 Mio $
LCoE (project related) = 14,4 c$/kwh
Cost reduction of solar field = 11%

‘< Comparison of benchmark heliostat and current heliostat development



Technology trends
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Csp

0.00

0.15 Coal,
< u Gas

0.10

0.05

2005 2010 2015
Year

2020 2025

LEC = levelized electricity cost

—h-.-_-::_'f::1 CSP, PV, Wind, Fuels: cost of generation in MENA

Installed capacity: 100 MW
Site: North Africa

Linear fuel cost escalation
as in 2000-2010, market prices

PV 2000 h/yr, 30 yr
Wind 2500 h/yr, 20 yr
no storage, no backup

CSP 5500 h/yr, 40 yr

incl. thermal energy storage
and 10% hybrid operation with
natural gas

Source: German Aerospace Center DLR, 2012
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—=
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2015
Year

2020

2025

=& Wind
MENA

e PV
MENA

CSP
MENA

Gas

’
|II Coal

LEC = levelized electricity cost

Load: 100 MW, 5500 hly, 40 yr
Site: North Africa

Linear fuel cost escalation
as in 2000-2010, market prices

PV, Wind incl. pump storage;
10% backup by natural gas
combined cycle

CSP incl. thermal energy
storage and 10% hybrid
operation with natural gas

Source: German Aerospace Center DLR, 2012

—h-.-_-::_'f::1 CSP, PV, Wind, Fuels: cost of flexible power in MENA



LCOE* 15-
€ct/kWh

10—

50 Mw sbp Sonne GmbH - ULTIMATE TROUGH® - The next generation collector for parabolic trough power plants
ET



9% ‘ scale-up of components
LCOE* 15- 15.4
€ct/kWh

S50 MW 50 MW
ET uT



LCOE* 15-
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-10% l scale-up of plant size and
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CSP in South Africa
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~< Significance to South Africa



HTF; 4.7%
Instrumentation; 0.2%
Inter Loop Piping Installation;

2.8%
Inter Loop Piping Material; 3.2%

Header Piping Installation; 2.1%

Header Piping Material; 4.5%

Metal Support Structure (incl. *

Swivel Joints assemblies; 1.7% Huckb_(_?!t_s); 24.2%

SF Power Supply; 0.3%

SF Cabling (Supply & Installation);
2.4%

LOC, FSC & Meteo Station; 1.3%
Sensors & Pylon Cabling; 0.7%

Drive Units; 1.2%

Mirrors; 13.9%

\ SF Assembly & Erection; 10.6%

SCE Assembly Line incl. Photogr.;

3.0%
HCE; 17.1%/ License ( Collector Drawings );

1.4%

~< Solar field costs — South African local content



Conclusions for South Africa

- CSP is the answer for many of SAs needs and requirements (Grid

requirements, Flexibilty, local content , unemployment, solar resources et‘L)
- SA has recognised the value of CSP (allocation 200MW/year and two

tear feed in tariff ), but it is very conservative facing
|
|

I

technological/financial risks

R
— L
ouilding contractors do not get in gear — why?
1 l'u.ln ;
' | ; . > Bl ? e
ing capabi echnological institutic
- @ i o P R

~< Conclusions — South Africa



Thank you!

Contact

028

Dipl. Ing. FH Markus Balz
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m.balz@sbp.de
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schlaich bergermann

und partner

Schwabstralie 43
70197 Stuttgart

stuttgart@sbp.dg

Brunnenstral3e 110c
13355 Berlin

berlin@sbp.de

555 8th Avenue
Suite #2402
New-York, NY 10018

newyork@sbp.de

1325 Huaihai Road
Room 804
Shanghai 200031

shanghali@shbp.de

Rua Afonso Bras
473 ¢js. 113-114
04511-011 Sao Paulo

saopaulo@shp.de




