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The presented results and discussions on VLS-PV and other technologies cost
structure together with application and other aspects are based on interviews,
calculations and personal estimates from the author and other contributors,

as well as references to public sources.

No liability of any kind is taken for the correctness of the data, results, future
projections or used references.
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Elements contributing to PV power generation costs
Trends of PV module and system costs
Model calculation of generation costs

Comparison with Concentrated Solar thermal Power (“CSP*)

Summary and conclusions
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PV system cost

- modules
- B.O.S. cost (“balance of system“: mounting racks, cables, inverter(s), transformer, ...)

- engineering, permissions, ...

Financing parameters model parameters assumed
- depreciation period

- equity vs. debt ratio

- conditions of loan

- other parameters (subsidies, tax credits, other support schemes, ...)

Running cost
- land lease, insurance, maintenance, ...

Electricity yield

- type of system (stationary, tracked)

- quality of modules, BOS components and system installation (performance ratio)

- site and annual global irradiation example Germany vs. US
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\ ,W Degression of PV module price
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Source: Adapted from National Renewable Energy Laboratory
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VLS-PV technology and cost trends
seen on ~2 year's time scale
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Technology Thin Film Crystalline wafer based
Amorphous Cadmium CI(G)S | a-Si/uc-Si | Mono Multi
silicon (a-si) | telluride (CdTe) crystalline | crystalline

Cell Efficiency 16-19% 14-15%

at STC”

Module Efficiency 5-7% 8-11% 7-11% 8% 13-15% 12-14%

Area needed per 15 m? 11 m? 10 m? 12 m?2 app. 7m? | app.8m?

KW** (for

modules)

Module Cost ~1 <1 ~1.2 1-1.2 <1.5

(EUR/W)***

BOS Cost ~1.6 ~1,1 ~1 ~1.2 ~0.8

(EUR/Wp)***

System installed ~2.6 ~2 ~2.2 ~2.2-2.4 <2.3

(EUR/Wp)***

* Standard Testing Conditions: 25°C, light intensity of 1,000W/m?2, air mass = 1.5

™ KW = kilowatt. Solar PV products and arrays are rated by the power they generate at Standard Testing Conditions

" expected production costs w/o margins for ~2010-2012

Sources: EPIA/Greenpeace, Solar Generation V (2008); Strategic Research Agenda of the EU PV technology platform;
personal estimates — see also latest VLS-PV book; example of large-scale stationary flat-plate systems
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Relatively steep degression of PV module costs and prices (-5...10% p.a.)

Thin film modules at ~1 €/Wp; crystalline silicon modules at <~1.5 €/Wp

BOS costs depend distinctly on module efficiency

~2 €/Wp installed system costs within reach with several technologies

GED BOSCH solar Energy
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Assumptions and parameters

- specific investment (installed system): 2,000 €/kWp

- site / annual global irradiation onto horizontal surface: 1,800 kWh/m2.a
- prospected specific electricity yield (stationary system): 1,500 KWh/kWp
- depreciation period: 20 years

- percentage of debt to equity financing: 100% debt

- interest of loan: 5% p.a. flat

- O&M (operation and maintenance cost; no land cost) 2 €-ct/kWh

- special parameters (subsidies, tax credits, ...) none

Resulting power generation cost: 15.33 €-ct/kWh

(similar for tracked PV systems with higher investment / higher yield)

=> 10 ct/kWh within sight for higher-irradiation sites and with
support schemes in place !!!
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-> globally, numerous desert sites with higher annual irradiation than 1,800 kWh/m2.a
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-> PV on track to 15...10 ct/kWh
power generation cost at large
scale in sunny regions - soon

I
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Source: EPIA/Greenpeace, Solar Generation V (2008)
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(Concentrated)
Solar thermal
Power (“CSP*)

electricity generation
through steam cycle

paraboloc throughs,
mirror concentrators
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Photovoltaics

direct conversion
of sunlight into
electricity

solar cells
and modules




L
g2y
TEA PVESglask VIII

3 *
& FElectricity Rssocintion

Furppean Solor Thermal

What makes the costs go down?
Innovation in systems and
components
Improving production technology
Increasing the overall efficiency
Expanding the number of operating
hours
Bigger power blocks

Reducing the O&M costs

ESTELR

denewnble Faergy Hoise

due d°Frlm

Roadmap for CSP plants
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Roadmap for CSP Plants

Estimated IPP baseline sales price for CSP in Europe and MENA.

IPP sales price [ct/kWh]
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Source: ESTELA / MSP workshop Berlin (Oct. 2008) =P L.
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CSP

plus
- low-cost storage of heat enables

prolonged operation
-> close to base-load capability
- co-firing of fossil/bio-fuels option

minus
- only viable as large unit (>50 MWp)
- concentrating technology
-> restricted to high direct radiation and
low haze geographic regions
- comparatively higher maintenance effort
(frequent mirror cleaning)
- water cooling required (or higher cost)
- low starting point but comparatively
smaller degression of power generation cost

@é@ BOSCH solar Energy

Comparative aspects
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PV

plus

- application flexibility ranging from
decentralized small residential system
to centralized large plant

- applicable in all geographic regions

- comparatively high cost degression on
near-future time scale leads to expectation
of favourably low generation costs

- high competition of suppliers

- comparatively easier maintenance

minus

- presently not suitable for base load
because of missing low-cost electricity
storage technology
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Recent public statements
confirming PV and CSP power
cost perspective and relation

PG&E: PV prices competitive with solar thermal

facific Gas & Eloctric Coo |PGAE) has
ardered moee enargy from large solar
power plamts than amy other wiling in Morth
Amenca. sWa are leoking et everghing,
sl Roy Kugs, viea presidant of snargy
iupply loe Paciic Gos & Eleciric (POAE]
it 0 Pacific Crest Securiies cloan fuch-
nobogy confaranca |/ San Francton an
Feb. 27, Orenr the past year, abaul 100 dil-
ferant companies have pilched their pro-
posals for lwrge-scale solar power planis
1o PGRE, whoss sarvice arribary sleglches
nernas pama of the hoat salar anaigy re
goutcns wndar o CaMomian sun.
Prompled by a stabs law reguiring that
20 parcant of He poiwer portfolio come
fram remewabda resourcas by #0910 - and
a target of 33 parcent by W00 - the Son
Frampiaea-hasod utility has sgned con.
tracie for olaoticity from 950 MW (OC) of
PY plants io bo complatad botwean 2000
and 2003 This includes the two largest
P4 plants wver contracted - G688 MW and
250 MW plams, respectivaly. Al the and
of Fabrunry, PGRE also propossd analher
Aol M al wiilig- snd third pariy-owned
distribuited Y proj@cte wp 1o 20 MW 5 sre
that would b [netolled batwean 2008 and
2014, The plan & unds reguiaton revmy

at the Caffornia Pubilic Utilities Comimis-
sion (CPUCL In addition, the wility has
signud contracts lor ehecticivy from &hout
1.7 G\ of solar thermal.

sfFpopin abanys ask, “Which techralogy
s geing va prasnd | hope thay all prasail
gl Kuga. Bagod an ME&RE contracts and
Kupga's comments, thi wtility ks spreading
I8 splas beds Tasly evanly batween solar
thermal and PV, Solar ihermal «hes 8 sBghi
Aidvantages n lend area requined, whils
FY ehod & clear sdvaniege when it comas
t water - uniees tharmal goss 1o dry cool-
Ing.s While thermal has grast potential ps
sdispatchable 247 powars when couplad
with siorage or fossil-fusl genaratian, in
tarma of both transmission and price, sit's
i foas-up,e eaid Kuga,

A wimgs-upn on pricing Bobwoen |enge-
scalo splar thormad and PYT That's news
f0 some - {of axample, readers of the
poplar LIS magagine Scientdic Smencan.
An asticle in the magasne’s Manch lseus
eofmpaned PY and Salar thesmal, citing 2
prioe range of 4608 1o 705 per kWh for
Py and 185 o 2818 for thormal, Thak
complétaly digtons the realiy ol cuimen
portract peicon for large-scabe solar n
Calternia. For example, PGRES S-yaar
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contract with solar-thermal  parabalic
trough developer Solel for power from &
b4 MW plant - planned to come on bne
in Wi = was approved by the CPUC m
il canfidentisl price thal wancendas BEe
e KNVR, socarding to public doouments
Meanvwhde, Fral Soler's cordruoet wih
Southiern Caffornia Edison was approved
bry the anargy regulator sbelows & price of
8.7c par BsVh for 8 #-yesr deal for powar
from an up to 21 MW PY plant scheduled
0 come on ling leber this year, POSE's
copract with SunPownr for pawar from
its 250 MW plant is estimated a1 approx-
mataly 12¢ par kWh

auich parity or naar-parity deals are the
rensen Kugo told PHOTON Intornational
last August, sThees confracts nee signibi:
oant |n the ndedry o ikl wo am Sl
anding solar Py owhore splar thermal and
wind ara im tavme of pricing (ean P 379000,
. 500 s gh

I
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According to Photon
International March
2009, p.20:

CSP and PV both at
~10 US$-ct/kWh in
Southern California.*

Roy Kuga, PG&E:

. In terms of both
transmission and
price, “It's a toss-up”

* Note: CA legal framework like
tax credits and other conditions
need to be taken into-account.
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-> GWp pipeline for
both PV and CSP!

Source: Photon International,
March 2009

I From pipe dream
SRl to pipeline
: Bl Progress on 28 GW of PV and 55 GW of solar

y thermal projects in Morth America surveyed
by PHOTON International
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~1 €/Wp module cost and ~2 €/Wp installed system costs within reach
with several PV technologies

PV on track to 15...10 ct/kWh power generation cost at large scale in
sunny regions, confirmed by already contracted first VLS-PV systems

Main differentiator between Concentrated Solar thermal Power (CSP)
and PV seen in application aspects, not cost

VLS-PV - an economically attractive, viable future power option
in particular for large international initiatives like DESERTEC
and MSP (Mediterranean Solar Plan) !
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