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Basic ideas

 Solar heat and electricity is clean,

 Solar energy supply is local, no critical energy
supplies.

« Solar electricity is available to nearly everyone
worldwide

« Solar resources are thousands of times more
than human society consumes each year,

Oportunity to harmoniously increasing per
capita energy use in a world while
increasing population and wealth.
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Life needs energy
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Nuclear
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Sun energy creates: wind, waves,
biomass, oll, coal.
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Goal

» Increase global
efficiency

» Lower the cost |
» Dispatchability E
 Increase capacity factor | K

Waves

- Use efficiently locally u Y
available resources

 Reduce water needs _
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The Sun as an energy source

Mass: 1,99 x 103° kg
Diameter: 1,392 x 10° m
Area: 6,087 x 1018 m?
Volume: 1,412 x 102’ m?3
Average density: 1,41 x 103 kg/m3
Angular diameter: 31’ 59,3”

Average distance to earth: 1,496 x 1011 m =1 AU
Equivalent Temperature: 5777K

Power: 3,86 x 1026 W
Irradiance: 6,35 x 10’ W/m?

http://www.leonardo-energy.org/csp-training-course-}2s§ongs-
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The sun spectrum
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Light atmosphere
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Solar Cycles

Solar energy reaches the earth in
a discontinuous form, showing
cycles or periods:

Daily cycle: accounts for 50% of
the total availability of daily hours.

Another effect of the daily cycle is
the modulation of the received
energy through out the day.

Assessment and evaluation of solar
resource

Seasonal cycle: modulation of the
received energy throughout the
year.
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Typical profile(UZB)

Hourly Time Series
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== Extraterrestrial Horizontal Radiation

== BExtraterrestrial Direct Normal Radiation

== (Global Horz ontal Radiation

=== Direct Normal Radiation
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Direct Norma Irradiation (DNI)
Global Horizontal Irradiation (GHI)

Solar GHI Oyverlay: VWim=
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Possible combination

- Renewable: m Coal
@ CSP
o Biomass B Hydro
O W|nd E \é\ilclunnilass
o Hydro

o Geothermal

» Fossil fuels 1
m

Comparison of land needed for energy production
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SOME HISTORICAL EXAMPLES OF THE USE
OF SOLAR TECHNOLOGIES

Becquerel ‘ g’
effec 1914
v First solar industrial parabolic through
collector power plant in Shuman in

Meadi, near Cairo (5 rows of 62 m each
with a 120 HP steam turbine)

Agustin Muchot France, Paris international
expo 1878—1887
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Solar Energy Generating Systems
SEGS 1984-1991
1984-1991 (SEGS)



http://upload.wikimedia.org/wikipedia/commons/4/44/Solarplant-050406-04.jpg

PV on roof

PV tracker
Concentration PV
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PV current situation
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Leveraged Cost of Electricity

PV LCOE Variation IEA roadmap.
2010 2020 2030

.
2

Ly T T Y T T T T Ty T T e T T T e Y T AT Ty o T T I I TN T Iy ]
T Establishiment of PV industrial . Large-scale rr!tegmtlo_n of PV power PV systems and power
pice: USD 4 000/W mass production — in the grid for general purpose use
e o o w5

ypical iy electricty

et

[

(=]
1

2
1

40/MWh -

--—-—ﬂ-------------------—

250

2

g

=1

0

Vi

<

[ 15t competitiveness . )

4 level: PV least cost —— Ind competitiveness level:

2 200 o option in selected PV generation costs = retail

§ ] applat electcty pricesand tarfs

% applications 200p iy M

z /kly !

g 150 + BLUE Map retail :

g electricity costs

2100

] Note: PV electricity

£ < generation csts re BLUE Map wholesale electricity costs

g cafcuigt‘ed wiha 3rd competitiveness level:
0 O dicaunt e PV generation costs = wholesale electricity costs

LCOE,, Source: IEA, PV Technology road map, oct2010

- i

)
Asesa QT A




Technologies

* PV modules established technologies are:
o Crystalline =~ o
o Polycrystalline
o Thin-Film =
- And for the tracking system:
o 1 axis
o 2 axes
o Fixed Structure




Energy output

Samarkand

0246 810121416182022242628 303234 3638404244 4648505254 56 58 6062 64 66 68

Fixed —1 axis —2 axis

Monthly output

5 6 7 8 9 10 11

Fixed ®m1 axis B2 axis
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Grip parity

< 04—
<
= &
=8
* Size of electricity
3 2 marketin TWhiyear
3 03 b 9 -
g 2
- “ System Price Forecast
"
- -
g 2 2009: $5.00 per watt
o x 2010: $4.00 per watt
£ 02 6 & 2011:$3.50 per wat
- = 2012:83.00 per watt
S + 2015: $2.00 per watt
e 4 3 2020:31.50 per watt
]
g :
S 01 @
2 .
2
0 ; . .
500 1000 1500 2000

Average Insolation (kWh/sq.mtr/yr)

Source: Barclays Capital research, McKinsay Global Institte, CIA country files, European Photovolaic Policy Gioup, Pacific Gas & Blectric, Public Policy Institute of New York
Swle

jservert@redttc.com N\ =sq S T A




Solar furnace

Parabolic trough

All pictures from Plataforma
Solar de Almeria, Spain

Desalinization

Linear concentration

Point concentration

Cooling and heating

- ®
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CSP current situation by
technology

1800

CSP share by technology (2012)
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Cost

0,35
0,30
0,25
0,20

0,15
0,10

COST c€/kWh

0,05

2010 2015 2020 2025 2030
YEAR ®
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Clasification

- Linear receiver (or 1D
concentration): _— /

o Parabolic troughs \J |
o Linear Fresnel

Recelver: O or Steam ' Recelver:
at 390 to 550 °¢ ' Steam at 270 to 550 °C

» Central Receiver (2D)

O n sl e Parabolic Dish Reflector

o Tower(movable e |
concentrator, fixed g v
receiver) |

o Parabolic Dishes (2D) i - o
(both concentrator and
receiver are moved) P

| <#sa QT A
iservert@sta-solar.com

Sunlight




1-D concentration

w4 v

I % s

E 7 hls i .
VR Mirror

Absorber tube and reconcentrator

Reflector

Solar field piping
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2-D Concentration

"‘}"Ad . del? .
Receiver g g Receiver
s Reflector oo

Heliostat
Central Receiver System
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Typical PT HTF power plant

@uperheated steam (104 bar 380°C_‘)

(0il395°C )

Steam turbine

Moten salt
Hot Tank

1}

Condenser

N 4
i " Steam generator Hh‘“a
T O | T
D
e, L. =t
& Degasifier
@
+ -+ - | T
4 Moten salt ,

- Cold Tank

\@eheated steam (17 bar 371°C) )
Preheater

Reheater

(_Qil 295°C )

Oil expansion tank
®
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Production
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& Parabolic Trough Plant half year breakdown: Winter 25% / Summer 75%
&8 Central Receiver Plant half year breakdown: Winter 39% / Summer 61%
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Solar Water heaters

Batch collectors Flat plate collectors Evacuated tube collectors
Source: Energy star
gy ” /;;\\
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Solar Water heaters, current
situation
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Comparison

Technology Installed Capacity m

World electricity 5.200 Gwe

Photovoltaic (PV) 102 Gwe REN 21
Concentrated solar power (CSP) 2.5 Gwe REN 21
Solar water heaters 255 GWth REN 21
Wind energy 283 Gwe REN 21

e
<+Fsa QT A
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Comparison

Category Small Medium
Installation Size < 10kW 10t 100KW | 100 f2 1 MW 1 to 10MW 10 to 100MW = 100 MW

Technology K in Each Market 100% PY @R% PV, 1% CSP 50% PV, 50 %CSP

2007 Share of Wordwide Solar Market
(Installed Capacity and % of Installed Capacity)

A Distributed Generation
Installation Type

larkets Served

14 GW (72%) 2010 3GW (16%) 2010 2,5 GW (12%) 2010

Utility
Base (50%). Inlermediate (40%), Peak (10°%)

Trarki T

P Hon Hﬂ;r.aT:r:i:EnF?vF .
Based | Dispatchasl

ase ISoa e CEV

Dish-Engine
Themnal Dispatchalkle Trough
Based [with storage) Tower
LFR
Installation Size 10to 100 kW | 100KW to 1MW | 1to 10 MW 10 to 100 MW > 100 MW

el Dest suited Source: Prometeus institute, Concentrated Solar Power 2008

suitable

—

o
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Almeria Solar Platform (PSA)
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Parkent, Uzbekistan
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PV-CSP, Which?, Who?

Developer
Bank
EPC
Grid operator
Regional authority
Local authority
Local community

P =
iservert@sta-solar.com 4®é¥ S T A



Item PV CSP

Resource Global Irradiance Direct Irradiance
Shape, slope Any Rectangular, <2%
Surface 2-3 ha/MW 2-5 ha/MW (storage)
Water Cleaning Cleaning or 5-7 m3/MWh
Wind Fix over 100 km/hr 20 Km/hr, 50 stow
Erection Simple (bmonth-1 year) Complicated (2 years)
Oo&M Low cualification Cualification

Capacity factor 10-20% 20%-85%

Energy storage No 3-18 hours
Hybridation No Yes

Stability Unstable Stable

Supply safety No Yes

Daily energy patern Maximum at noon Shift to the afternoon
Cost 8-7 €/Wp — 2-3€/Wp 4 €/Wp — 6 €/Wp

FIT, PPA 45 c€/kWh-0,9 rmb/kWh 27c€/kWh-0,9 rmb/kWh
Developer, Bank, EPC, Grid operator, Regional authority, Local authority, Local
community P "

| Zwsa QT A
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Why Solar is Attractive for What are the main concerns?
Investors?

Low risk technology
eProven technology
eEasy construction
eVariance of the resource

Low working capital
Government support

oFIT

eRenewable Energy Certificates
eTax Incentives

Scalability

Low environmental impact
eLimited visual impact
eInert materials

iservert@sta-solar.com

Administrative and regulatory risks
e Lack of support

eRisk of certain retroactivity

High Capital Expenditures

eHigh capital allocation per Mw
Low technical complexity
eNumber of players: Fragmentized
market

eSmall barriers to entry
eMisjudgments of the technical

assumptions

> R
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Energy supply

 Fluent source:
o PV capacity factor around 20%

» Dispatchable sources capacity factor up to
100%

CAFPEX = PV + Conventional Plant CAPEX = STE
OPEX = PV + Conventional Plant OPEX = STE

iservert@sta-solar.com S T A




Storage alternatives

Type of | Cost for a Operation | Storage Operating

storage | 200 MW lifetime efficiency | temperature
plant (years) (%) (°C)
USD/kWhe
Molten salt Heat 30 30 99 567
Synthetic Ol Heat 200 30 95 390
Pumped hydro Gravity 500-1600 30 70 N/A
Compressed air  Pressure 30 60 N/A
Superconducting Electrical Larger 1,000 30 90 Cryogenic
Battery Storage  Electrical 500-800 5-10 76 N/A

Source: Carlo Rubia communication

Full system costs included

| Zsa T A
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Hour of the day November 215t 2010
—Solar CSP with storage —Solar CSP without storage
—Plant 1 30 MW —Plant 2 13 MW —FPlant 3 7 MW /

—Plant 4 22 MW—Flant 5 48 MW —5um 120 MW
Multi-hour storage matches load profile

PV power plants

» = Source: DOE
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Uzbekistan Roadmap
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DNI (kWh/(m 2year))

CSP technology yearly energy
output and needed land

Optimistic scenario
4 TWh/year, 120 Km?

Neutral scenario
1 TWh/year, 35 Km?

Pessimistic scenario
0.4 TWh/year, 13 Km?

Direct Normal Irradlat 'DNI).

Source: -own el

atlon f@h‘&igr

Karakalpakstan hub

Samarkand

Bukhara hub
~ Tashkent hub

PV tecnology yearly energy
output and needed land:

Optimistic scenario
12 TWh/year, 190 Km?

Neutral scenario
3 TWhlyear, 50 Km?

Pessimistic scenario
1 TWhiyear, 20 Km?2
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Restrictions
Suitable Area for PV

|
% : % §
|
N
UZBEKISTAN MAP
Legend Areas Suitable for PV
EXCLUSION AREAS
Areas with GHI<1400 kWh/m2 T
i Navoi ‘
Areas with slopes greater than 10%
% Tashkent Namangan
Power Transmission Lines Andizhan
Roads o = Dzhiz 2 aona
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Province boundaries with name z 5
- d i \Samarkand
Swamp lands P N =
S Kashkadarya” :
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Restrictions
Suitable Area for CSP

N
UZBEKISTAN MAP
Legend AN h Areas Suitable for CSP
EXCLUSION AREAS
Areas with DNI<1600 kWh/m2 &
; = \ Navoi
Areas with slopes greater than 3%
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Eo-vvier Transmission lines Khorazmd N o V= . ¢ Rt Andizhan
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00000
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SOLAR TECHNOLOGY ADVISORS

Location of solar power plants °'*

Strategic location of
solar power plants
may improve the
national energy
consumtion/generation
scheme.
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Supply - Results

Forecasted electrical energy mix in 2031

100 -

0 | m Gas

80 - m Coal

70 - m Qil
< © = Cogeneration
-
g " = Hydro
= 40 - .
o m Wind
% % :
> m Biomass
S 20 -
(<3
S 1 CSP

0 - m PV

Optimistic Neutral Pessimistic
@
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Water

CSP+PV

Consumption in % of Energy Generation

2031 Water Consumption
Optimistic scenario 10%
Neutral scenario 4%
Pessimistic scenario 1%

G
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Employment

35

30

25

20

15

10

Annual required jobs - PV, CSP ('000 jobs)

2013 2018 2023 2028 2033 2038 2043

PV Construction = PV O&M CSP Construction CSP O&M

i g
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Labor market (Egypt)
(Tunisia) Logistical infrastructure

1.00
Material Availability (Egypt)
>

Relevant manufacturing
ability (Egypt)

Cost of energy (industrial)
(Algeria)

Fiscal and financial costs

(Tunisia)
(Morocco) Risk associated to demand — Component Demand (Morocco)
Risk associated to doing (Tunisia)
business Production
- Combined Maximum MENA Advantage Demand
==i#==Benchmark Country Average . Risk and stability
== |ENA Country Average Business support
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Solar energy can play a role
in Central Asia

v

>

-~

Clean, sustainable,

affordable energy

Cofete beach at Fuerteventura, Canary Islands, Spain
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