d. Third generaticn photovoltaics

After more than 20 vyears of research and
devslopmeant, third generation solar devices are
beginning to emerge in the markeiplace.

Many of the new technologies are very promising.
One exciting development is organic PV cells.
These include both fully organic PV {OPV) sclar cells
and the hybrid dye-sensiised solar cells (DSSC).

Suppliers of OPV produced 5 MW of solar cells in
2009. They are moving towards Tull
commercialisation and have announced plans to
increase production to more than 1 GW by 2012.
Current cell efficiencies are about 6% for very small
areas and below 4% faor larger arsas.

Manufacturers of DSSC produced about 30 MW of
solar cells In 2009, By 2012, 200 MW are expacted
to be produced. In 2009, some low-power
applications were already commercially available.
Efficiencles achieved at the lab across a very small
area are in the range of 8 to 12%. Commercial
applications still have efiiciancy below 4%.

For both technologies, manufacturing costs is
constantly decreasing and is expected to reach
0.50€/W by 2020. This Is enabled by the use of
the R2R manufacturing process and standard
orinting technologies. The major challenges for this
sector are the low davice efficiency and their
instability in the long-term.

Third generation technologles that are beginning to
reach the market are called "emerging” and can be
classified as:

TABLE 7
OVERVIEW OF COMMERCIAL
PV TECHNOLOGIES

Commercial Module Efficiency

Technology Thin Film

@s)  (cdTe)

Cell efficiency

4-8% 10-11% 7-12%

Module efficiency

Area needad per ~15mz ~10m2

KW (for modules)

~10m?
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o Advanced inorganic Thin Films such as spherical
CIS and Thin-Fim polycrystaling siicon solar cells.

e Organic solar cells which include both fully
organic and hybrid dys-sensitised solar cells.

o Thermo-photovoltaic (TPV) low band-gap cells
which can be used in combined heat and
power (CHP) systems.

Third generation PV products have a significant
competitive advantage in consumer applications
bacause of the substrate flexibility and ability to
perform In dim or variable lighting conditions. Possible
application areas include low-power consumer
electronics (such as moblle phone rechargers,
lighting applications and self-powered displays),
outdoor recreational applications, and BIPV,

“Third
generation
solar davices
are beginning
to emerge in
the market-

In addition to the emerging third generation place.”

PV technologies mentioned, a number of naovel
technologles are also under development;

o Aclive layers can be created by introducing
quantum dots or nanotechnology particles.
This technology is likely to be used in
concentrator devices.

o Talloring the solar spectrum to wavelengths with
maximum collection efficiency or increasing the
absorption level of the solar celll These
adjustments can be applied to all existing solar
cell technologies.

Table 7 shows the efficiency ranges of currently
avallable commercial technologies. The area
that needs to be covered to generate 1 kWp is
also shown.

¢ Crystalline Silicon ;|  GPV
Cl{G)S a-Si/uc-8i Dyes. | Mono Multi -V Multi-
cells junction
16-22% 14-18% 30-38%
7-9% 2-4% R . R
13-19% 11-16% ~25%
~12m? ~7m? ~8m?

source: EPIA 2010. Photon intemztionel, karch 2010, EFIA analysis. Elliciency based on Standard Test condilions.
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e. Historical and future evolution

Crystalline sllicen tachnologles have dominated the
market for the last 30 years. Amorphous silicon (a-
8i) has been the technology most used for
consumer applications (e.g. calculators, solar
watches) due to its lower manufacturing cost while
c-Si technclogies hava been used mainly in both
stand-alone and on-grid systems.

Within the ¢-Si technologies, mono- and mulii-
crystaline cells are produced in faly equal
proportion. However, multi-crystaline cells are
galning market share. Ribbon c-Si represents less
than 5% of the market,

While a-Si has been the preferred clear Thin-Fim
technology used over the past three decadss, s
market share has dscreased significanty
compared to more advanced and competitive
technologias. For example, CdTa has grown frem
a 2% market share in 2005 to 13% in 2010.

Techneclegies such as Concentrator PV {CPV),
organics and dye-sensitised solar cells are
beginning to enter the market. Thay are expected
to achieve significant market share In the next few
years, capturing around 5% of the market by 2020,

EFIA expects that by 2020 silicon wafer-based
tachnologies will account for about 61% cf sales,
while Thin Filrs will account for around 33%. CPV
and emerging technologies will account for the
remaining 6%.

FIGURE 12

HISTORICAL EVOLUTION OF
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2.3. The PV value chain

The PV value chain is typically divided into a
number of upstream and downstream activities.

a. The upstreamn part of the valua chain

Upstream activities include all steps frem the
manufacturing of equipment and materials to the
production of modules, inverters and other balance
of system (BOS) elements. Supply of certain
materials and equipment is concentrated in the
hands of a few very large players. For example:

= About 75 companies are active in polysilicon
production. However, in 2009, more than S0%
of the total supply was manufactured by seven
major players from Europe, the USA and
Japan. Nowadays many Chinese companies
are ramping-up capacity and are expected to
account for a larger share of the polysilicon
market over the next few yearss.

o The market Is more segmented and
competitive in the area of wafer and cell
manufacturing. More than 200 companies are
active in this secter. Around 1,000 companies
produced c-Si modules in 2010,

e Alsowith respact to inverter production, the top ten
companies produce more than 80% of the
Inverters sold on the market, even though there are
more than 300 compeanies active in this segment.

TABLE 9

NUMBER OF COMPANIES
WORLD-WIDE IN THE CRYSTALLINE
SILICON VALUE CHAIN

2009

2009

Number of

companies: 75 208
Production | 130,000

capacity: TONNES 15,000 MW
Effective 90,000

production:  : TONN=S 10,000 MW

source: ENargy Focus, Photon, JRC and EPIA,
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o |nths case of Thin Flm module manufacturing,
about 160 companies are active, About 130 of
these companies produce slicon-based Thin
Films. Around 30 produce CIGS/CIS Thin Films,
while a handful of companies are active in CdTe.

There are currently more than 50 companies
that offer tumkey ¢-Si production lines. Less
than 30 manufacturers provide the PV industry
with Thin Film production linegt,

TABLE 8

NUMBER OF COMPANIES
WORLD-WIDE IN THE THIN
FILM VALUE CHAIN

CdTe  a-Si a-Si/u-8i ' ClG)S
T i o 56
companies : 5
{as of 2009)
Production = 1,100 <300 <400 <200
in 2009

MW

MW MW MW

source: Energy Focus, Photon, JRC and EFIA,

239 29838
¢ 18,000 MW 18,000 MW
9,000 MW 7,000 MW



“The
consolidation
of the PV
sectoris
likely to end
the current
fragmentation
and facilitate
the emergence
of larger
industry
players.”

b. The downstream part of the value chain
The downstream part of the value chain includss:

o Wholesalers who function as intermediaries
between the manufacturers and the installer or
end customer.

= System devslopers who offer their services in
building turnkey PV installations.

s  Owners of PV installations that sell their power
to the grid.

Many small to medium enterprises {SMEs) are
involved In these aciivities and most are locally
organised. As such, this part of the value chain is
very fragmented and difficult to frack.

The engineering, procurement and construction
(EPC) companies invelved in the development of
PV systems are axperienced in cbtaining finance,
selecting the correct components and advising on
a suitable location and system design. Most are
familiar with local Isgal, administrative and grid
connection requirements. They can guide the PV
system owner through the different types of support
mechaniems. EPC companies also physically install
the PV system using efther internal personnel or
qualified subcontractors. As a result of the latest
technological developments in BIPY and GPV,
some developers have developed specific
axpertise and are now specialising In thase areas.

PV systems have a typical lifespan cf at least 25
years. At the end of iis life, ths system s
decommissionad and the modules are recycled. In
Europe, the PV CYCLE association established a
voluntary take back scheme with established already
a large number of collection points in different EU
countries where PV modules are collected are sent
1o specialised PV recycling facilities for recycling. The
recycled materals (such as glass, auminium,
semiconductor materials, ...} can then be re-used
for the production of PV or other products. For more
infarmation about PV CYCLE, see Solar benefits and
sustainabillity in part 67.

¢. Consolidation trends in the solar indusiry

For many years, most companies have grown by
gpecialising in a single activity within the value chain
(especially in the case of ¢-Si technologies). These

companies are known as "pure playsrs”, However,
there has been an increasing tendency to integrate
additional production steps into the same
company. Known as “integrated players”, these
companies cover a numbesr of acthvities ranging
from silicon to module production, Companies that
cover ll steps in the process are known as “fully
integrated players”. Beth approaches present
henefits and drawbacks. On the one hand, the
“pure players” may be mere competitive in thelr
core activity, but they can be highly dependent on
standardisation effarts and thelr suppliers. The
“integrated players” on the other hand have mare
security over their supply chain and are generally
more flexible financially, However, their research
and dsvelopment expenditure cannot be affected
to one specific part of the value chain.

While some of the top polysilicon preducers are
still pure players, many are also moving into the
wafer  production  business. Most  cell
manufacturers  secure  sales  through the
production of medules. Today, many large ¢-Si PV
companies are integrated players and soms have,
or intend to, become fully integrated. The Thin Film
manufacturing sector is not segmented to the
samea extent as the entire manufacturing process
is normally carried out at a single facllity.

Integration does not only occur in the upstream part
of the wvalue chain. About 30% of module
manufacturers  are currently aclive in  the
development of complete PV systems.* Moreover,
some system developers are also starting to own
systems and sell electrcity to grid operators. Thig is
known as the utility concept and the business model
is gaining support. This is especially true in the US,
where an increasing number of module producers
are entering the electricity generation market.

In recent years there have been a number of
mergers and acquisitions am'ongst PV companies.
A total of 81 such transactions weare reported in
the solar industry between July 2008 and March
20088, This cecnsolldation is likely to end the
current fragmentation of the solar PV market and
facilltate the emergence of larger industry players,
Companies having large produétion capacities at
their disposal will benefit from the conseguent
sconomies of scale. This will result into a further
decrease of the manufaciuring costs.

*

azacl on the mambearanip of EFIA, whicn can
esarative sampla of ali the playats In e
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SOLAR COST AND COMPETITIVENESS:
TOWARDS GRID PARITY




“Over the
past 30 years
the PV
industry has
achieved
impressive
price
decreases.”

Lad
fus]

conventional

The cost of PV systerns has been constantly
decreasing over time. Grid parity (traditionally
defined as the point in time where the generation
cost of solar PV electricity equals the cost of
electricity scurces) is already
achieved for some specific applications In some
parts of the world. Competitivenass is just around
tha corner.

This section outlines the factors that will affect the
PV industry’'s ability to achieve compstitivenass
with conventional electricity producers and retail
electricity prices.

3.1. Price competitiveness of PV

a. PV module price

Over the past 30 years tha PV industry has
achieved Impressive price decreases. The price of
PV modules has reduced by 22% each time the
cumulative installed capacity (in MW) has doubled
(see Figure 13).

The decrease In manufacturing costs and retail
prices of PV modules and systems (including
electronics and safety devices, cabling, mounting
structures, and installation) have come as the
industry has gained from econcmies of scale and
experience. This has been brought about by
extensive innovation, research, development and
ongoing political support for the development of
the PV market.

Large ground-mountsd
P\ systern in Spain.

FIGURE 13
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. PV system price

As explained above, the price of PV modules has
decreased substantially over the past 30 years.
The price of inverters has followed a similar price
learning curve to that of PV modules. Prices for
some balance of systems (BOS) elements have
not decreased with the same pace. The price of
the raw materials used in these elements (typically
copper, steel and stainless steel) has been more
volatile. Installation costs have decreased at
different rates depending on the maturllty of the
market and type of application. For example, some
mounting structures designed for specific types of
installations (such as BIPY) can be installed in half
the time it tekes to install a more complex version,
This of course lowers the total installation costs,

Reductions in prices for materials (such as
mounting sfructures), cables, land use and
installation account for much of the decrease in
BOS costs. Another contributer to the decrease of
BOS and installation-related costs is the increase
in efficlency at module level. More efficient
modules imply lower costs for balance of system
equipment, installation-related costs and land use.

Figure 14 shows as an example the price structure
of PV systems for small rooftop (3 KWp)
installations in mature markets, In only 5 years time,
the share of the PV modules in the total system
price has fallen from about 80-75% to as low as
40-60%, depending on the technclogy. The
inverter accounts for roughly 10% of the total
gystem price. The cost of enginesring and
procurement makes up about 7% of the total
system price. The remaining costs represent the
other balance of system components and the cost
of installation, ’

The forecasts for prices of large PV systems are
summarised In Figure 15, In 2010, the range
represants prices for large systems in Germany.
The rate at which PV system prices will decrease
depends on the installed PV capacity. By 2030
prices could drop to between €0.70/Wp to
€0.83/Wp. By 2050, the price could be even as
low as €0.56/Wp.

SOLAR COST AND
COMPETITIVENESS:

TOWARDS GRID

PARITY

FIGURE 1=

COSTS OF PV
SYSTEM ELEMENTS
%

c-5i ROOFTOP

MODULE PRICE

L] INVERTER PRICE

[ BOS+INSTALLATION

[0 ENGINEERING & PROCUREMENT

source: EPIA, EuPD,

Consutting, SclarBuzz,
note: Values based on
mature marlets.

FIGURE 15
EVOLUTION OF PRICES

OF LARGE PV SYSTEMS
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“By 2030
prices could
dron to
betwesn
<0.70/Wp to
£0.93/Wp.”



“Expecied
generaiion
costs for
large,
ground-
mounted PV
systems in
2020 are in
the range of
€0.07 1o
€0.17/kWh
across
Eurape.

¢. PV electricity generation cost

The indicator used to compare the cost of PV
electricity with other sources of electriclty generation
is the cost per Klowalt hour (KWh). The Levelised
Cost of Bleciricity (LOOE) is a measurement teol that
is used to compere different power generation
plants, It covers all investment and operaticnal costs
over the system lifetime, including the fuels
consumed and replacement of eguipmant,

Using LCOE makes it possible to compare a PV
installation with a power plant utilising a gas or
nuclear fuel scurce. Each systam has very different
lifetimes and investment costs which are taken into
account for the LCOE caleulation. The LOOE takes
this into account. Moreover, for PV systems, the
LCOE considers the location of the system and the
annual irradiation. For example, Scandinavia
typlcally receives 1,000 kWh/m2 of sunlight. In
southern Europe the irradiation can go over 1,800
KWh/mz2, while in the Middle East and in sub-
Saharan Africa sunlight irradiation can reach up to
2,200 KWh/m2,

Figure 16 shows current PV electricity generation
costs for large ground-mounted systems. The data
is based on the most competitive tumkey system
price and a typical system performance ratio {the
amount of KWh that can be produced per KWp
installed) of 85%.

For large ground-mounted systems, the generation
costs in 2010 range from around €0,28/kWh in
the north of Europe to €0.15/KWh in the south and
as low as €0.12/kWh in the Middle East.

According to EPIA estimations those rates will fal
significantly over the next decade. Expected generation
costs for largs, ground-mounted PV systems in 2020
are in the range of €0.07 to €0.17/kWh across
Europe. In the sunniest Sunbelt countries the rate could
be as low as €0.04/KWh by 2030,

EPIA forecasis that prices for residential PV
systems and the associated LCOE will also
decrease strongly over the next 20 years.
However, they will remain more expensive than
large ground-mounted systems.

FIGURE 16
LEVELISED GOST OF
ELECTRICITY (LGOE)
E£/KWh

€/kWh

850
1,050
1,250
1,450
1,850
1,850
2,060

OPERATING HOURS kWh/kWp

source: Greenpeacs/EPIA Solar generation V1 2010,



d. Eleciricity nrice avolutian
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Costs for the electricity generated in axisting gas
and coal-fired power plants are constantly rising.
This is a real driver for the full competitiveness of
PV. Energy prices are increasing in many regions
of the world due to the nature of the current energy
mix. The use of finite resources for power
generation (such as ail, gas, coal and uranium), in
addition togrowing economic and environmental
costs will lead to increased price for energy
generated from fossil and nuclear fuels.

An unfalr advaniage

Conventional elactricity prices do not reflect actual
production costs. Many governments  stil
subsidise the coal industry and promote the use
of locally-preduced coal through specific
incentives. The Eurcpean Union invasts more in
nuclear energy research (€540 million yearly in
average over five years through the EURATOM
treaty) than in research for all renewable energy
sources, smart grids and energy efficiency
measures combined (€335 milion yearly In
average over seven years through the Seventh
framework program). Actually today in Europe,
fossil fuels end nuclear power are still receiving four
times the level of subsidies that all types of
renewable energies dod.*

Given the strong financial and political backing
for conventional sources of electricity over
several decades, it is reasonable to expect
continuing financlal support for renewable energy
sources, such as wind and solar, untll they are
Tully competitive.

PV power plant in
Darro, Spain,

SOLAR COST AND
COMPETITIVENESS:

TOWARDS GRID
PARITY

Extzinal cosis of convantional

elsetrictiy generation

The external costs to scclety incurred from buming
fossll fuels or nuclear power generation are not
currently included in most electricity prices. These
costs are both local and, in the case of climate
change, global. As there is uncertainty about the
magnitude of these costs, they are difficult to
quantify and include in the electricity prices.

The market price of COz cerificates remains quite
low (around €14/tonne CO: end of 2010)1° but Is
expected to rise in the coming decades.

On the other side, the real cost of COs
was calculaied at €70/tonne CO» from 2010
to 20501,

Other studies consider even higher CO» costs, up
to US$160/tonne CO;4'2,

Taking a conservative approach, the cost of
carbon dioxide emissions from fossll fuels could
be in the range of US$10 to US$20/tcnne CO..
PV reduces emissions of COz by an average of 0.6
ka/KWh. The resulting average cost avoided for
every KWh produced by solar energy will thersfore
be in the range of US$0.006 to US$0.01 2/KWh.

The Stern Review on the Economics of Climalte
Change, published by the UK govemment in
2006, concluded that any investment made now
to reduce CO: emissions will be paid back in the
future as the extermal costs of fossil fuel
consumption will be avoided.

“Ceonventional
alectricity
prices do not
reflsct actual
production
costs.”



“In many
countries with
hign electricity
prices and
high sun
irradiation, the
competitive-
ness of PV for
residential
consumers
could aiready
he achieved
with low

PV system
cosis and the
simplification
of
administrative
procedures.”

PV generation cost is decreasing,
electricity prices are increasing

In many countries with high electricity prices and
high Sun iradiation, the competitiveness of PV
for residential systems could already be achisved
with low PV system costs and the simplification
of administrative procedures.

Figure 17 shows the historical development and
future trends of retail electricity prices compared 1o
ihe cost of PV eleciricity. The upper and lower parts
of the PV curve represent northem Europe and
southemn of Europe regpectively. The utllity prices
for electricity are split info peak power prices
{usually during the day) and bulk power, In southem
Europe, solar electricity is already or will bscome
cost-competitive with peak power within the next
fow years. Areas with less irradiation, such as
central Europe, will reach this point before 2020,
The trend is similar for most regions world-wide.
For example, in developing countries electricity
pricas are rising due to higher demand whereas PV
elactricity generation cost is already low and PV
often more cost-competitive.

FIGURE 17
DEVELOPMENT OF
UTILITY PRICES AND PV
GENERATION COSTS
£/KWh
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source: EFIA,
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COMPETITIVENESS:
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0

egments for PV

iV cansumer apgiicatians do not bensfit from
any support mechanism and have been on the
market for meny years. They have already praven
their competitiveness. Consumer applications
provide improved convenience, and often replace
environmentally non friendly batteries.

Oif-grid applications are already cost-
competitive compared to diesel generators,
which have high fuel costs, or the extension
of the electricity grld, which requires a
considerable investment.

Grid-connacted =zpplications are not vet
compstitive everywhere. A distinction must be
made  between  decentralised residential
applications and the more centralised utility-scale
ground-mounted systems.

FIGURE 18

PEAK LOAD DEMAND AND
ELECTRICITY SPOT PRICE
IN SPAIN ON 18 JULY 2007
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l.erge wiility-scele FV sysienis provide electricity
at a price that cannot be directly compared with
residentiel electricity prices but with the cost of
conventional (centralised) sources aof electricity. The
electricity generated in a large PV system is not
consumed directly, but sold on the electricity spot
market where it competes directly with other sources
of electricity. The evolution of prices cn the spot
market Is linked fo supply and demand factors.
These prices are also closely related to the energy
mix currently used for power generation.

The competitiveness of large-scale PV systems will
then be reached when the cumulative benefit of
selling PV electricity on spat markets matches that
of conventional electricity sources over the course
of a full year. In sunny countries, PV can compete
during the midday peak when gas powered plants
or specific peak-generation devices are used.
Figue 18 shows three scenarios for the
deployrment of PV eleciricity, the electricity demand
and electricity spot price in .Spain during the
summer. It cleady shows that PV produces
electricity during moments of peak demand when
the spot prices are the highest.
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For the residential segment, FUROSTAT FIGURE 18

estimates electricity prices in the EU-27 were in the  BANGE OF HOUSEHOLD
range of €0.09 and €0.27/kWh {including taxes) FNLEC?AT_?ILCCB)IFIEIERICES
during the second half of 2010. This is lower than  geeaawn

the cost of generating PV electricity. However, In
2010 the average housshold electriclty price in
Europe was 5% higher than in the seccnd hall of
2007. As a comparison, between 2007 and 2008,
the cost of PV electricity dropped by almost 40%

to an average of £0.22/kWh, AD e e

60 S

summer

Care must be taken when comparing the cost of
PV electricity across larger reglons as there might
be huge differences between countries and evenn ;.
within the same country. In some countries,
electricity prices are more responsive to demand e,
peaks, In California, Japan and some EU
countries, electricity prices increase substantially o— b e e
during the day. This is particularly true In the ¢ ¢ # 1® 24 hours
summer, as demand for electricity is the highsest
during this perfod. In other countries, the electricity
prices are the highest during winter periods.

T winter T T

[ LOW CONSUMPTION PERIOD
] PEAK CONSUMPTION PERIOD

source: Hyds, BSW-Solar, 2008.
In California however wheare during the summer
days the electricity prica is substantially higher than
during winter, PV is already competitive during
these summer peaks. The summer is also the
period when the electricity output of PV systems is
at its highest. PV therefore serves the market at
exactly the point when demand is the greatest,
Figure 18 shows the significant variation betwesn
regular and peak prices for housshold electricity in
the Californian market,

Workers Installing
PY madules,

Glass roof, a-si
amorphous silicon thin
film integrated In glass.



3.2, Faciors affecting PV system cost reduciion

The solar industry is constantly innovating in
order to improve products efficiency and make
materials use more envircnmentally friendly.
However, the cost of PV systems also needs to
be reduced to make them competitive with
conventional sources of electricity. EPIA balieves
this can be achieved through:

e Technological innovation

2 Production optimisation

= Economies of scale

e |ncreased performance ratio of PV
e Extended lifetima of PV systems

e Development of standards and specifications.

a. Technolagical innovation

One of the main ways the industry can reduce
manufacturing and electricity generation costs is
through efficiency. When PV modules are mors
efficient, they use less material (such as active
layers, aluminium frames, glass and other
substrates). This requires less energy for
manufacturing and also lowers the balance of

FIGURE 20
PHOTOVOLTAIC
TECHNOLOGY STATUS

AND PROSPECTS
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source: IEA PVPS,
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system (BOS) costs. With higher-efficiency
modules, less surface area iz needed. This
reduces the need for mounting structures, cables,
and other components. Al of these savings affect
the final generation cost.

However, efficiency is not the only factor that needs
to be studied. The PV sector has a primary goal to
introduce more envircnmentally friendly materials to
replace scarce resources such as silver, indium
and telludium, and materials such as lead and
cadmium. Lead-free solar cells are already available
in the market. However, a number of manufacturars
claim that by 2012 the cells are expected to be
lead-free without performance losses. Alternatives
to silver will be on the market by 2013 to 201518,

Ancther key area of research alims to reduce
material usage and energy requirements, The PV
sector is working to reduce costs and energy
payback times by using thinner wafers (see Table
9), more efficient wafers, and polysilicon substitutes
(for example, upgraded metallurgical silicon). In the
field of Thin Film technologies the top priorities are
o increase the substrate areas and depositions
speeds while keeping material uniformity.
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“The cost of
PV systems
neads to he
reduced to
make them
competitive
with
conventional
sourees of
slectricity.”
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manufacturing
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Wafer thickness and dimansion

A good example of technology evolution is the wafer dimension. The method of preducing the
wafers needs to be modifled so that thinner and larger wafers can be handled. This reguires
changes to the cell process and the technology used to bulld the maodule. For example, the
contacis will probably need to be moved to the back of the cell. Larger ‘solar celis reguire
modifications to other system components such as the inverter.

Wafer thickness is expected to be reduced from 180 to 200 um today, to less than 100 um by
2020. Reducing wafer thickness and kerf losses also reducss silicon usage. Gurrently solar cell
manufacturing technigues use about 7 g/W of silicon. This could drop to less than 3 a/W by 2020
(see Figure 21). Larger wafer sizes are expected from about 2015.

FIGURE 21
c-Si SOLAR CELL
DEVELOPMENT

wafar thickness in pm &
silicon usage in g/Wp

400 —

360 —f

320 —

240 — o [l N

200

160 — 8 IR

wafer thickness (um)
{dan/B) eBesn ucoys

120 —- 8

80 —.- -

P R

o < W o o 5§ «u w o
@ o o - - - - = d
@ O Qa o o o o o o
=) o oy NN N NN

source: EUJ PV Tachnology Platform Strategic
Ressarch Agenda, G-Si Roadmap [TPV, EPIA
roadmap 2004,

b. Production optimisation

As companies scale-up production, they use maore
automation and larger line capaciies. Improved
production processes can also reduce wafer
breakage and line downtime (periods of time when
the production line is stopped for maintenance or
optimisation). Production efficlency improvements
anable the industry to reduce the costs of solar
power madules.

¢. Economies of scale

As with all manufacturing industries, produsing
more products lowers the cost per unit,
Fconomies of scale can be achieved at the
following supply and production stages:

e Bulk buying of raw materials

e QObtaining more favourable Interest rates
for financing

e [fficient marketing.

Ten years ago, cell and module production plants
could remain viable by producing enough solar
modules to generate just a few MW of power each
year, Today's market leaders have plants with
capacity above 1 GW, several hundred times than
a decade ago, Capacily Increases, combined with
technological innovation and  manufacturing
optimisation, have radically reduced the cost per
unit. The decrease is approximately 22% each time
the production output is doubled (see Figures 18
and 22).

d. Increasad performance raftio of
PV systems

The cost per KWh Is linked to PV system quality
and reflected in its performance ratio {the amount
of electricity generated by the module compared
to the electricity measured on the AC side of the
meter). The lower the losses between the modules
and the point at which the system feads into the
grid, the higher the performance ratio. Typically,
system performance ratios are between 80 and
85%. If losses can ba reduced further, the cost per



kWh can be lowered. Monitoring of systems
enables manufacturers and installers to quickly
detect faults and unexpsacted system behaviour (for
example, due to unexpected shadows). This helps
to maintain high performance ratios of PV systems.

g. Extended life of PV sysiams

Extending the lifetime of a PV system increasss
overall electrical output and improves the cost per
kWh. Most preducers give module performance
warranties for 25 years, and this is now censidered
the minimum lifetime for a PV module.

The camponent that affects product lifetime the
most is the encapsulating material. Intense
research is being carried out in this field. However,
the Industry is caulious about intraducing
substitute materials because they need io be
tested over the long-term. Today, PV modules are
belng produced with lifetimes of at least 25 years.
The targst is to reach lifstimes of 40 years by 2020
(see Table 10).

TABLE 10
PV TECHNOLOGY — 10-YEAR OBJECTIVES

Solar Europe Industry Initiative: PV technology
roadmap for commercial technologies

SOLAR COST AND
COMPETITIVENESS:
TOWARDS GRID
PARITY

FIGURE 22
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deployment.”

Turnkey price large systems (€/Wp)*

PV electricity generation cost
in Southern EU (€/kWh)**

Crystalline silicon
Thin Films
Concentrators

Typical PV module
efficiency range (%)

Inverter lifetime (years)
Module lifetime (years)
Energy payback time (years)

Cost of PV + small-scale storage (€/kWh)
in Southern EU (grid-connected)™

2007 : 2010 2015 ! 2020
5 2585 2! 1.5
030060 014020 | 010017 007-012
ees 1510% | 1eas  tee
ik, Glow)  S14e, | 10168
0%  20-05% 25-80%  80-85%
e R
T |
5.8 1 05
o 0.35 | 0.22 <0.15

note: Numbars and ranges are indicativa bacause of the spread in technologies, system typss and policy frameworks,
* The prica of the system does not only depand on the technalogy improvement but also on the maturity of tha market

{which implies industry infrastructure as well as acministrative costs).

** LCOE varies with financing cost and location, Scuthem EU locations considered
herg ranga from 1,500 (.. Toulouss) to 2,000 kKWh/m? per year (e.g. Siracusal.
*** Estirated figures based on EUROBAT roadmaps.

source: Solar Furopa Industry Inftiztive Implementation Plan 2010-2012, Strategic Rassarch Agandz,



“Next
generaiion
Photovoltaic
present the
greatest
potential in
cost
reduction.”
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i. Developmeanti of standards
and specifications

The development of standards and consistent
technical specifications helps manufacturers to
work towards common goals. When widely
aoccepted by the industry standards, they
contribute to reduce costs in design, production
and deployment. Standards also foster fair and
transparent competition as all actors in the market
must play by the same rules.

The industry targets for PV technology
development in the period 2010 o 2020 are
summarised in Table 10 and Figure 20.

g. Next generation technologies

Next generation photovoltaics present the greatest
potential In cost reduction. The main research
activitiss in this field concentrate on increasing
stabllity over the time and increasing the solar cell
area. The industry targets for PV technology
development of next generation technclogies in
the period 2010 to 2020 are summarised in Table
11 and Figure 20.

TABLE 11

MAJOR 10-YEAR OBJECTIVES AND MILESTONES FOR EMERGING

AND NOVEL TEGHNOLOGIES

Solar Europe Industry Initiative: PV technolegy

roadmap for next generation technologies 2010: 2015 . 2020
Commercial module cost MNLA. N.A 0,5-0,8
for emetging technologies* (€/Wp)
Typical PV module Emerging technologies™ <7-12% 10-16% >10%
efficiency range (%) : L ab-scale** Lab-scale™*  Commercial****
<5% <10%
: Pre-Commerclal™** | Pre-Commercial™*
Novel technologies™ N.AG N.A. >25%
<5, 516 | >15

Performance stability {years)

note: Mumbers and ranges are indicative because of the spread in technologies, system types and policy frameworks.
* Emerging technologiss include organic photovoltaics, dye-sentisised solar cslls and advanced inorgaric Thin Film technologles.

= Novel technologies include quantum technologies and technologies using nanoparticles.

=+ | ab-soala: Cell Arga below 10cm?,

*++ Pra_pommersial: Sub-module area (combination of ~10 cells) below 0,1m? for consumer application.

=== Commercial: real scale moduls size >0.5m2,

source: Solar Europe Indusiry Inftiative [mplementation Flan 2010-2012, Sirategic Research Agenda,



3.3. PV in electricity networks
and energy markets

With the development of on-grid systems, the
integration of PV in electricity networks and energy
markets has become a major challenge. This
integration brings both benefits and issues for the
PV sector.

2. High penetration of PV in the grids

In a typical electricity grid, glectricity flows from the
generation plants to the consumption devices via a
distribution network, Heciricity can also be
transported between different areas to mest demand.

With small amounis of PV connected to the grid,
most of the electricity produced is consumed at
the site or in the immediate neighbourncod. As
more PV electricity is added to the system, the
transport network will also be used.

Arecent study' has evaluated how much PV can
be integrated into distribution networks without
changing the network topology. The study found
that Germany, which by end 2010 had more than
16,000 MW of PV electricity integrated info its
network, is still a long way from exceeding grid
limitations. Of course, local bottlenecks exist and
the number will rise with the increasing penetration
but this is not the general case. The study
recommends that PV could account for up to 20%
of supply without affecting the grid, under some
technical developments.

SOLAR COST AND
COMPETITIVENESS:

TOWARDS GRID
PARITY

Manzging varizbility

Electricity network managers must ensure that the
voltage and fraquency of the electricily in the grid
stays within predsfined boundaries. To achieve
this, managers must be able to forecast expacted
production and consumption each day to enable
them to balance variations. PV electricity is, by
nature, variable as it depends on Sun irradiation.
For electricity netwerk managers, predicting the
available solar irradiation is generally quite accurate
and easler than predicting wind patterns.

In large regions, the output from PV panels can be
predicted easlly and the network manager can
plan how to best balance power supply. Local
variability Is smoothed out on the regional scale.

On an even larger scale, for example across a
country, integrating large amounts of PV electricity
into the grid requires network managers to
dispatch balancing power in time to meet demand.
Recent studies confirm that including a
combination of different renewable energy sources
on a large scale {such as across the Euraopean
Union) can compensate for intermittent input from
solar and wind sources. This enables managers to
provide both peak load generation and also
medium and base load. Network managers must
also be able to dispatch part of the electricity load
throughout the day (called Demand Side
Management) to cope with the exira electricity
coming from varlable renswable sources,

“the
integration of
PV in
electricity
networks and
energy
markeis has
bescome a
major
challange.”



Virtual power plants (VPP)

Millions of small electricity generation devices,
such as PV panels, cannot be managed in the
same way as a handful of large power plants.
The virtual powear plant concept groups together
large numbers of small- and medium-sized plants
in the grid managemant system. This enables
network operators to easily manage the electricity
coming into the grid?s.

FIGURE 23
PRINCIPLE OF A 100% RENEWABLE
POWER SUPPLY SYSTEM
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[2. Fram centralised io dacantralised

energy genaration

In most developed countries electricity generation
has been mainly centralised. However, many
countries are now moving toward largely
decentralised electricity generation. With wind
trbines, small and medium biomass plants and
solar power plants, electricity can be produced in
alarge number of places anywhere on the natwork.

The decentralised model means that electricity grid
operators (DSO,* TSO™) must re-think how they
guarantes the quality of the electricity delivery. This
section discusses the maln areas that require
imprevement and development.

Fealk load shaving

The daily electricity consumption curve has one
peak at midday (in sunny countries) and
sometimes (mainly in northern countries) a second
peak in the evening. The pattern depends on
climate conditions but the trend is clear. Figures
24 and 25 show how PV can play a key role effect
on the midday peak. Known as peak shaving, the
technique reduces the high power demand on the
network at midday. Using storage systems, it Is
also possible to move some of the electricity
produced during the day so the evening peak can
also be shavad,

Fram smart grids to e~-maobility

New renewable energy sources, decentralisation,
and new ways of coneuming electricity which
modify load patterns require us to re-think grid
management. The use of heat-pumps for heating
(and cooling) and the fulure needs of electric
vehicles (EVs) and petrol-hybrid electric vehicles
(PHEVS) will require operators to improve ther grids.
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FIGURE 24
PEAK SHAVING
NORTHERN EUROPE
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FIGURE 25
PEAK SHAVING NORTHERN
EUROPE WITH STORAGE
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“The
enhancement
of inter-
conneciions
can smooth
the intermitient
nature of
renawable
anargy
sources.”

Super grid

The intermittent nature of renewable energy
sources can be smoothad and balanced over largs
regions. This requires the enhancement of
interconnections between countries and global
management of the grid. In this way, wind electricity
from windy countries can be mixed and balanced
with solar electricity from sunny countries.

Smart grids

Smart grids are electricity grids that are more
resilient and better able to cope with large shares
of decentralised and intermittent energy sources.
A better understanding of the demand and supply
of electricity, coupled with the ability to intervena
at the consumer level, enables supply to be
balanced across a smart grid.

Daceniralised storage

Decentralisation of electricity production also
requires the decentralisation of energy storage.
Today the major storage systems are hydro-pump
facilties. In the futurs, small batteries and
innovative concepts such as fly-whesls or
hydrogen fuel-cells will be used as decentralised
storage systems.

As electric-based transport develops, the many
small batteries in electric vehicles can act as
decentralised storage facllities while they charge
overnight. The concept is known as vehicle to grid
V2G) and requires intelligent charge and
discharge management.

Demand-side management (DSM)

Load shaving is already used by network managers
to reduce demand from large electricity consumers,
Instead of looking for new production capacity,
which is only used during peak periods, the concept
of demand-side management (DSM) applies load
shaving to almost every electricity consumer,

The time that many domesstic electrical appliances
ars used could be delayad (for example, heat-
pumps for washing machines, delaying =Y
recharge). This would be hardly noticeable to
consumers. However, the concept could be used
to help balance intermittent sources and better use
energy when it is available.

PV module, Moracco.

BV systemn Integrated
on & roof,
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“FiT have
been
introduced
around the
world and
helped to
develop new
markets

for PV.”
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&5

4. SOLAR POLICIES

4.1. Policy drivers for the development
of solar PV

Clear meaures are essential to create a successful
renewable enargy policy which provides long-term
stability and security of supgly?s. The four main
elements of a successful renewable energy
support scheme are:

1. A clear, guaranteed pricing system to lower the
risks for investors and suppliars and fo lower
costs for the industry

2. Clear, simple administrative and planning
permission proceduras

3. Priority access to the grid with clear
identification of who is responsible for the
connsction, and what the incentives are

4, Public acceptance and support.

a. Public awareness Feed-in Tariffs:
Key driver of solar success

[t is surprising that Germany, not a particularly
sunny country, has developed a dynamic solar
electricity market and a flourishing PV Industry. The
reason is that the government has introduced a
Feed-in Tariff (FiT) scheme that guarantees a price
for all renewable slactricity that is fed into the grid.
Wind-powered electricity in Germany is currently
up to 40% cheaper than in the United Kingdom??
because of tha FIT.

FiT have been intreduced around the world and
halped to develop new markets for PV. They have
been supported in key reports by the European
Commission (2005 and 2010 industry surveys's)
and the Stern Review on the Economics of Climate
Change. Globelly, more than 40 countries have
adopted some type of FT system, with most
adjusting the system to meet their specific needs.

Extending FT mechanisms is a comerstone to
promote the production of solar electricity in
Europe. The concept requires that producers of
solar electricity;

e Have the right to feed sclar electricity into the
public grid

e Receive a premium tariff per generated kKWh
that reflects the benefits of solar electricity
compared to electricity generated from fossil
fuels or huclear power

e Receive the premium tariff over a fixed period
of time.

All three points are relatively simple, but significant
gfforts were required to be achieved.

The key attributes to a successful FIT scheme are:

s Theyare a temporary measure. FT schemes are
only required for the pre-compstitive pariod until
solar PV reaches grid parity.

e (Costs are paid by utility companies and
distributed to all consumers. This ensures the
non dependence of the government budgets.

e [T dnve cost reductions. The tarilf should be
adapted each year, for the newly installed PV
systems.

e HT encourage high-quality systems. Tarlifs
reward people who generate solar electricity,
but not those who just install a system. It then
makes sense for owners to keep their output
high over the lifetime of the system.

o HT encourage PV financing. Guarantesing
incoms over the lifs of the system enables
people to gat loans to install PV. It also makes
this kind of loan structure more commaon and
simpler for banks and PV system owners,

Large Thin Film
power plant,
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FIGURE 26

FIT - HOW DOES IT WORK IN PRACTICE?

AN EXAMPLE OF THE MECHANISM OF A FEED-IN TARIFF
FOR SUSTAINED COMPETITIVE GROWTH

2. Renewable energy generator operator [RE]
key respon51h|lgt|es
« follows technical standards for grid connectlon
and operation {-> LG) :
= reports every technical fallura directly to LG
= operates the RE power plant

005060

6. Consum" T [GON]

3. Local grid operator [LG]

key responsibilities:

= guarantees grid connaction

= reports quantity of estimated RE
electricity (forecast) to TM

= reports quanity of produced RE
electriclty to TM

= pays Feed-in Taiiff to RE power plant

5. Distributor [DIS]
key responsibilities:
= collects money from consumer
{based on forecast of TM)
and transfers it to TM
= organizes billing for consumer
s distributes RE electricity

4. Transmission grid operator [TV]

key responsibilities:

e caloulates the total estimated RE electricity
generation based on forecasts from LG

= calculates ihe total generated RE electricity
based on infarmation from LG

= calculates needed total Feed-in Tariffs based
on estimated RE electricity production

e breaks down the additional costs per KWh for distributor

= collects the money from Distributors (DIS)

= distributes money to LG to pay Feed-in Tariffs
1o RE operators

Supply [generation] Demand [consumption] :

source: Greenpeacs Imernationzl.



“ltis
necessary

to foresee
changes

in market
conditions
and adapt
FiT to ensure
a sustainable
growth path.”
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Key Recammendations for sustainable support for PV

EPIA has developed the following key recommendations for policy-makers so they can implement
adequate support schemes for PV.

1. Use Feed-in Tarifis or similar mechanisms

Feed-in Tariff laws introduce the obligation for utiliies to conclude purchase agreements for the

- solar-electricity-generated by PV systems: The cost- of solar electricity purchased is-passed-oni-

through the electricity bill and therefore does not negatively affect govemment finances. In markets,

whers FiTs were introduced as reliable and predictable market mechanisms, they have proven their
abllity to develop a sustainable PV industry that has progressively reduced costs towards grid parity.
In order to be sustainable, it Is critical that FiTs are guaranteed for a significant period of time (at
least 20 years), without any p085|billty of retroactively reducing them.

Feed-in Premium (FiP) is a new mechanism that may prove to be a viable altermnative to FiTs. Under
the FIP, utilities pay a premium on top of the price of elsctricity while the invoice of the consumer

-is reduced by the amount of PV electricity produced- If PV electricity exceeds consumption, the

difference should be eligible for a feed-in tariff, However, the FIP concept is new and unproven but
should be considered and worked out in more detall before it is tested in the market.

With the growing penstration of PV in many countries, support polEcieS can be fine-tuhed to drive
the development of a specific market segment where this is useful. ‘

Direct consumption premiums, additional incentives for Building Integrated PV (BIPV), compensation

for regional irradiation variations, orientation premiums (East or West-oriented PV systems and

storage premiums are all examples of possible additional provnstons
2, Ensuring transparent electricily costs for consumers '

As the cost of renewable energy sources such as PV is very transparent to the consumer through
the FiT component on the elsctricity bill, it will be important going forward to create the same
transparency for the cost of generaling eleotricity from other, conventional, sources. Thess typically
benefit from significant government support schemes that are not always reflected inthe electricity
price but are financed through other public means; in particular taxes paid by those same
consumers but not accounted for on the electricity bill. On average, estimates suggest that
conventional sources of electricity generation benefit from seven fimes as much support as
renewable energy sources. In addition to this direct financlal support comes the Indirect support
of non=renewable energy through the lack of including transparent carbon costs.

The increased mix of energy from renewable sources such as PV has created a greater awarenass
among consumers about the nead to increase the efficiency with which they consume eleclricity. So
while the FIT has a visible impact on the electricity bill, it Is at lsast partially compensated by the
decrease of elactricity demand. In additicn, marginal cost of electricity produced from PV systems
after the explration of the FiT period Is close to zero which will benefit electricily prices in the long term.

Most importanty and in view of continued reduction of FiTs over time, the PV industry is committed
to significantly reducing the cost of PV systems to make it an affordable, mainstream source of power.

3. Encourage the development of a sustainable market by assessing profitability on a regular basis
and adapting support levels accordingly

Sustalnable market growth allows industry to develop and creates added value for the society and
the sconomy as a whale. A critical aspect of sustainable development is ensuring adsquate levels
of profitability that ensure the availability of capital for investments while avoiding speculative
markets. Overall, investments in PV projects need to be at par with other investments with
equivalent risk levels, The figure to the right llustrates market developments under different support
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strategies. The green line represents a sustainable market growth. The red line shows a rapid and
uncontrolled market peak, followed by a collapse due to sudden policy adjustment, while the blue
line illustrates a stagnating market due to an incentive deemed insufficient.

Assessing the profitability through IRR calculations. All available support scheme components
(including FiT, tax rebates and investment subsidies) must be taken into account when calculating
the Internal Rate of Return (IRR) of a PV investment. fts sustainability must be assessed considering
all local factors that impact the relative profitability of a PV investment. The table 1 presents an
estimate of average sustainable IRR levels in a standard European country. Those percentages
need to be adapted depending on local market conditions.

4. Gradual market development with the corridor concept

An uncontrolled market evolution tends to create “stop-and-go” policies that risk undermining
stakeholders' confidence in and investor appetite for PV. In that respect, there Is a need for a flexible
market mechanism that is able to take into account more rapid cost digressions in the market and to
adapt support schemes in order to ensure a sustainable growth path. The market coridor — as
introduced in Germany for example - regulates the FIT based on market development over the previous
period, thus allowing FiTs to be adepted so as to maintain growth within predafined boundaries, The
FIT level is decreased on a regular basis in relation to the curnulated market level over a period passing
below or above a set of predefined thresholds (quarterly or semi-annual revisions). The review periods
should typically be set at once a year to keep the administrative burden manageable for govemments
and to remain compatible with the visibility needed for investment cycles.

5. Developing a national roadmap to PV competitiveness

With the ongoing decrease in installed PV system costs and the increase in conventional electricity
prices, the use of financial incentives will progressively be phased out, as competitiveness is
reached. A realistic roadmap to grid parity should be defined for every country along with concepts
for market mechanismes that treat all electricity sources equally.

FIGURE 27 TABLE 12
PV MARKET DEVELOPMENT ILLUSTRATIVE INTERNAL RATE
UNDER DIFFERENT OF RETURN LEVELS

SUPPORT STRATEGIES

S , Insufficient  Sustainable Unsustainable

Support Support Support
" Support reduction /\' ST Private <6% < 6-8% - > 8%
announcement . I
—_ \\ investor i
2 / /\,\/ Business < 8% <8-12%! >12%
g investor i !
&

YEAR1 YEAR2 YEAR3 YEAR4 YEARS

— UNSUSTAINABLE
——- SUSTAINABLE
— INSUFFIGIENT

source: EFIA,
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“Streamlining
administration
procedures
help keep
project cosis
down and
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of FiT.”

“Grid
connection
agreements
are crucial
because
they give
confidence
to the
investor by
guaranteeing
that the
electricity
produced will
be sold and
transported.”
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b. Other drivers of a successful PV
market development

Streamlining administration procedures

To help keep project costs down and avoid
unnecessarily high levels of FiT, EPIA has made
three recommendations for the management
of FT schemss:

7. Assess the  administrative  process.
Policymakers should aim for a process that is
transparent, linear in approvals, simple,
cost-effective and proportional in effort for
the owner. Long administrative delays or
requirements that applicants contact multiple
agencies or government bodies increases the
lead tme and cost of new projscts. All
authorisations, certifications and  licensing
applications should be assessed and delivered
through a one stop-shap. In addition a reliable
monitoring system must be ensured.

2. Reduce administrative lead times (o a
reasonable period, Short lead times must be a
priority, especially for small-scale systems. Any
delay in the authorisation process means less
profitabllity for the investor. This reduces retum
and makes the project less attractive. Support
schemes should provide automatic approval for
small systems if no action is taken by the body
responsible within a reasonable time limit.

3. Simplify and adjust support schemes levels.
Once the administrative process has been
simplified, the FIT should be adapted (lowered)
when it has created cost reductions for
suppliers. If this is not done, PV projects
become too profitable, creating an
unsustainable market that is likely to crash.

Guaranteeing efficient grid connection

Grid connaction agreements are crucial because
they give confidence to the investor by
guaranteeing that the elactricity produced will be
sold and transported. However, grid connection is
often the most sevars roadblock on a PV project.
It can delay the project and dramatically increase
its overall cost. EFIA recommeands:

. Assess the grid connection process. The

assessment should focus on transparency,
providing comprehensive  information,  an
appropriate notfication reguirement, guaranteed
load times and cost-sharing between the
PV operator and the distribution system
operator DSO.

. Reduce grid-connection lead time to a few

waeks. Delays in the authorisation process
must be avolded to guarantee short lead times
and investor returns. Electricians should be
acoredited to connect small-scale systems to
the grid with only a notlfication to the
distribution system operator DSO.

. Ensure prionity access to the grid. Once ihe

connection permit has been granted, the
tfransport and distribution of the electricity
produced by PV systems should be
guaranteed for the lifetime of the installation.

. Deliver grid connection permits to reliable

project developers. Policy announcements can
be followed by a floed of grid connection
requests, in such a way that virtually all existing
capacity could be exhausted. To aveld such a
sftuation and counteract speculation, parmits
must only be Issued to reliable investors.
Validity of permits must be limited in time, and
large project developers can be asked for bank
guarantees to ensure they lve up to thelr
commitment.

. Ensure the financing of network operators. The

benefits that PV brings to electricity networks,
especially at the distribution level, come at a
cost, meaning that necessary Investments
must sccompany the development of PV and
its smooth integration on electriclty networks.
Ensuring funding for DSOs or TSOs can be
necessary to secure maintenance and upgrade
of the electricity grid.





