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MEXICO

Fig. 2 - PV Grid Connected system at Technological Museum of the Mexican National Utility CFE (photo: Conermex).

expected that a commercial version could be on the market in 2011.
With the support from the Global Environment Facility (GEF),
through the UN Development Program (UNDP), the Electrical Research
Institute continues teaching courses on grid-connected PV. These
courses are regularly attended by university professors, advanced
students, PV company technicians and engineers from the national
electric utility CFE.

ITMPLEMENTATION

Availability of financing schemes is still a major stumbling block for
the massive deployment of PV in Mexico, mainly in the grid-connected
modality. The Energy Ministry of the Mexican Government is analyzing
options to launch a pilot program to finance grid-connected PV
systems in the residential urban sector. Projects associated with
highway and toll-road construction, such as off-grid PV powered
luminaries and warning signals, are becoming popular, as their
financing is embedded in the road construction costs. PV powered

LED luminaries financed by municipalities are also becoming a common
scene in urban streets and parks. Rural electrification projects, on the
other hand, are highly dependent on government assistance programs.
The government-supported risk sharing trust fund FIRCO, which has
been a long time promoter of stand-alone PV water pumping systems
for productive applications in the agriculture and cattle sectors, is
planning to extend its financial support to grid-connected PV projects
of several kinds.

INDUSTRY STATUS

Companies assembling PV modules for the export market continue
with their business as usual aimed mainly at the US market. Two other
companies are now assembling modules for the internal market using
imported cells. Except for wires and other minor elements, BOS
components are mainly imported from various countries. As mentioned
earlier, it is expected that production of small inverters will start

in 2011.

MARKET DEVELOPMENT

PV capacity installed during 2010 is estimated at 5,58 MW and

the yearly figure is expected to continue growing as the market for
grid-connected systems expands. It is estimated that the capacity
installed in the year 2011 may reach 40 MW.

FUTURE OUTLOOK

Lack of financing and other incentives are critical elements that have
traditionally impeded a faster growth of the PV market in this country.
Nevertheless, some companies anticipate that their sales in 2011 may
grow two or three times with respect to their 2010 figures. This may
come true if the rural electrification program enters in operation and
some of the financing schemes under planning for urban applications
come into effect. On the other hand, it is expected that some of the
megawatt size projects will materialize in the coming months.
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THE NETHERLANDS

PV TECHNOLOGY STATUS AND PROSPECTS
OTTO BERNSEN, NL AGENCY, DIRECTORATE ENERGY & CLIMATE

Fig. 1 - PV Cold bended PV modules integrated in roof at the train station Zuilen
which is much appreciated by the travellers. Project partners Movares, ECN and
BRS Building Systems. This is a SBIR innovation solar program. A study by Ecofys
showed that more PV panels along the train tracks would possibly complicate
maintenance work and cause longer delays which would not be appreciated by
the same travellers.

GENERAL FRAMEWORK

In 2010 the centre - left government in the Netherlands was replaced
by a centre - right government with a change in energy and innovation
policies. The overall national goals for CO, reduction were lowered
but remain ambitious and well within the European Set Plan and
average.

Energy efficiency will become more prominent in achieving the
national goal of 14 % renewable energy production by 2020. The
renewable technology policy will be more focused on fewer and more
promising areas. In this new approach, solar PV still has an important
role to play especially in the mid and long term. In 2010 the share

of solar PV of the total amount of electricity consumption increased
from 0,03 % in the previous year to 0,04 %, (source: CBS Statline).

Although there was still a supporting scheme close to 94 MEUR in
place during 2010, for the next year 2011 the SDE subsidies for solar
power were cancelled in anticipation of a SDE plus scheme for only
larger systems above 15 kWp and with a maximum of 0,15 EUR cents.
The research funds have been concentrated under the newly formed
Ministry of Economic Affairs, Agriculture and Innovation.

In 2010, the export of the sector has maintained itself as a major
driver for both the manufacturers of production equipment and the
suppliers of high end and building integrated PV systems. In spite
of an economic recession and intensified competition in the sector
the modest growth, starting in 2008, has continued. In 2010, an
estimated value of 600 MEUR was exported by the Dutch PV sector,
outperforming all other renewable sectors.

Fig. 2 - Cold bended PV modules at roof train station Zuilen, see also
Figure 1. SBIR project partners ECN, Movares and BRS Building Systems.
The installation is in process.

The Dutch PV home market has grown at a moderate but steady
pace of approximately 10 MW installed capacity in 2010. This is
according to preliminary figures from CertiQ, the entity that supplies
green certificates. That signifies an increase of nearly 15 % against the
20 % growth in 2009. The total amount of accumulated PV installed
capacity in the Netherlands in 2010 is estimated at 77,5 MW.

The Dutch companies are represented all through the PV value
chain. The Netherlands form a small but innovative market. The main
cell producers are Solland Solar and Scheuten Solar. Equipment
providers like OTB (in 2010 acquired by Roth and Rau), Smit Ovens
and Tempress account for a substantial portion of the export
numbers.

Dutch companies are rapidly developing more sophisticated PV
applications with semi-transparent solar panels, small scale solar
concentrated systems, building integrated systems and targeting
specific market segments. Despite this agility and diversity of the
industry and the strong research community the PV innovation
system in the Netherlands remains fragile due to its relative small
home market, the lack of major international players and changing
policies.

PV systems are still seen by the public as a relatively expensive
option for renewable energy and this is mainly due to the high
upfront costs and longer pay back periods. It is within the Netherlands
national culture to find solutions for these financial bottlenecks.
Several local initiatives are setting up new forms of organisation to
deal with these ranging from lease and mortgage constructions to
cooperatives and virtual power plants. For the public appreciation of
PV aesthetics play an important role. People want to feel good about
PV in all aspects.



NATIONAL PROGRAMMES

In 2010, a total SDE budget PV of 94 MEUR was planned, of which
69 MEUR went to the category of small PV installations (up to

15 kWp) and 24 MEUR went to the category of larger systems. These
amounts correspond to 20 and 5 MW installed capacity, respectively.

In the fourth quarter of 2010 it was announced that the SDE subsidies
for solar power in 2011 were cancelled in anticipation of a SDE plus

scheme for only larger systems above 15 kWp and with a maximum

of 0,15 EUR cents.

The Energy Research Subsidy (EOS) scheme covers the entire range
from fundamental research, applied research to demonstration
projects. Other organisations that fund PV research are STW, NWO
and the Joint Solar Program JSP. Direct funding is available at the
research institutes ECN and TNO.

While the previous yearly amount of EOS and ECN combined has
diminished to 9,8 MEUR in 2010, the total amount of RTD funds
has risen due to the contributions of STW, regional funds and an
additional 3 MEUR in the SBIR for BIPV. A broader calculation,
including the RTD project not labelled as PV but related to the
subject, gives a much higher number of research expenditure. The
Solliance Initiative was financed by the Province of Noord Brabant
with a contribution of 28 MEUR which will be matched by industry
(Source Solar Magazine).

In 2008, the IPZ innovation program for solar PV was launched
which is now in its last year. In this program an SBIR call was
published in 2010 with a total budget of 3 MEUR as part of the
Innovation Program Solar PV (IPZ).

The SBIR call focused on PV in the built environment and also
targeted new products and services on specific bottlenecks for the
large scale roll out like:

1. The lack of standardisation

2. Uniform connections

3. Integrated building practises

4. Regulation

In the local scheme “more with less" (MMM) a national part could
be acquired in addition to the local budget. This scheme works with
assigning energy labels to houses and investments.

RESEARCH AND DEVELOPMENT ACTIVITIES

In the Netherlands, the most important research areas are still
crystalline (cSi), thin film Silicium, thin film CIS/CIGS, thin film
organic and new materials/techniques such as quantum dots. Besides
research into the solar cells and its mass production, the amount

of research and into PV applications is increasing as well as the
socio-economic research. The result is that solar related research is
becoming more diverse, complimentary and also moving up the
innovation S curve. The additional SBIR call in 2010 is an example

of this and targets a national priority of BIPV. The integral energy

THE NETHERLANDS

Fig. 4 - International members of the Novasil research project from the TU
Eindhoven and TU Delft. The project is about thin-film crystalline silicon

on glass. The process developed is based on high-rate deposition of amorphous
silicon using the expanding thermal plasma CVD and subsequent solid-phase
crystallization. The next step of amorphous silicon development could be
tandem cells.
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Fig. 5 - HELICO project concept model. Project partners Helianthos and ICOPAL.

research groups are another example, which were formed at several
universities in 2010. They bring together researchers from different
disciplines and bundle their efforts. At the TU Delft energy expertise
centre ETIS started and at the TUE the Eindhoven the Energy Institute
(EEI). At the University of Amsterdam and faculty of Law the Centre
for Energy Issues was opened.

The amount of research and educators is steadily rising over 200

FTE in the Netherlands. The bulk of these researchers are located at
ECN and TNO/Holst with a considerable staff at TUD, TUE and UU in
the range of 20 FTE's each. Smaller teams are active at the RUG,
FOM, UvA, WUR and Radboud University of Nijmegen. The national
academies for professional education are not included in this number
and neither is the Solar Academy that offers courses for managers,
engineers and operators.

In 2010, the research alliance Soliance started with the participation
of ECN, the Holst Centre, the Technical University of Eindhoven and
TNO. It is well placed in the so called ELAT region between Aachen

in Germany, Leuven in Belgium and Eindhoven in the Netherlands. Its
focus on PV process and production technology, integrated systems
and PV applications and its approach is the open innovation model.
Several spin offs from the universities have become active in PV.

INDUSTRY STATUS

As in all other European countries, the PV sector is undergoing
profound changes. The international consolidation, noted already in
earlier annual reports, is still continuing with the acquisition of OTB
by the German Roth & Rau as the latest example. In 2010, there was
also a notable interest of especially German project developers for
the Dutch market. Several set up shop in the Netherlands bringing
with them an experience and know how. The year 2010 also showed
clear signs of the industry becoming more mature and gradually
moving out of the pioneering phase.

The industry cluster around Eindhoven has become much more active
and seems to have found it role in the value chain. The developing
agencies BOM and LIOF from the provinces of Noord Brabant and
Limburg deserve special mentioning for their stepped up activities.
Together, they also bring the PV industry closer to the semiconductor
and chemical industries that are located in these areas. In much the

Fig. 6 - HELICO project combining thin film and roof materials for a
watertight fit. Project partners Helianthos and ICOPAL. A demonstration
project involves IKEA.

same way, each province brings specific skills and experiences to

the table. The province of Gelderland in the mid east has a strong

and active energy cluster and the KEMA, a leading authority in
energy testing and consulting located near Arnhem, has set up a solar
PV group. The Northern provinces united in Energy Valley have set
ambitious goals for solar PV and develop specific applications for the
agricultural and near the waterfront sectors.

This increasing regional activity in the provinces and cities reinforces
and complements the national endeavours and often bridges the gaps
between science and business. The opening of an ECN office in these
southern provinces testifies to this new reality.

DEMONSTRATION PROJECTS

There are many demonstration projects at the local level. Some cities
such as Lochem and Meppel are starting and some earlier initiatives,
such as the City of the Sun in the townships of Heerhugowaard,
Alkmaar and Langedijk, and are in their last phase. There are special
projects for schools and the University of Groningen (RUG) has an
equipped travelling bus for science projects including PV. Students
themselves can make simple solar cells using titanium sulfide and
graphite. Also from the North comes the Solar Challenge initiative,
which is a solar power driven boat race through a picturesque
landscape.

At Rotterdam Central Station, almost one third of the roof will be
covered with PV panels; setting a record when it is finished in 2012
for train stations in Europe with PV. Public funds from the Province
were used and the Rotterdam Climate Initiative financed part of the
project. However, the bulk of the budget will come from the Prorail,
which is responsible for the railway infrastructure.

IMPLEMENTATION AND MARKET DEVELOPMENT
The DEN (Sustainable Energy Netherlands) program targets specific
bottlenecks in the large scale roll out of PV; such as the lack of
standards, connections, regulation and monitoring systems. It also
gives advice to the parties involved in these scenarios.

The Dutch PV home market has grown at a moderate but steady
pace to approximately 10 MW installed capacity in 2010, according
to preliminary figures from CertiQ. The total amount of accumulated
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PV installed capacity in the Netherlands in 2010 is estimated at
77,5 MW which is still a very modest 0,04 % of the total electricity
production. This amount may change later this year since a
considerable part of the PV installation does not receive a feed in
tariff and is not registered by Certiq.

Still, the export market is the largest driver for PV activities in the
Netherlands. This export oriented industry consists of solar cell
manufacturers, equipment manufacturers and, to a lesser extent,
module makers and installation companies.

Dutch companies are rapidly developing more sophisticated PV
applications with semi-transparent solar panels, small scale solar
concentrated systems, building integrated systems (BIPV) and are
targeting specific market segments with these new products. They
are represented throughout the value chain.

Several cities in the Netherlands have their own PV projects in newly
built areas or renovation projects. In the North of the Netherlands
several cities and Provinces have joined forces in Energy Valley for a
large scale roll out of PV. The benefit lies in the bundling of demand
and the stronger negotiating position of the joint partners.

FUTURE OUTLOOK

Will the modest growth of the Dutch home market continue or

slow down? The subsidy scheme for smaller installations has stopped
but there are still substantial amounts of already granted projects in
the pipeline from previous years that have not been installed yet.
Still these may never be realized if prices are thought to stay too
high. The new subsidy scheme SDE Plus for larger systems is under
way and may give a new impulse to the thinking about PV in the
Netherlands, for medium sized applications (ranging between 15 kWp
and several MWp). The maximum tariff of 0,15 EUR cents will oblige
parties to look for additional and maybe alternative forms of
financing.

The growth of the export market depends heavily on the emerging
markets and the global economy which is expected to reach a
conservative 30 % for the PV markets. Dutch companies are well
positioned to take advantage of this growth and to help develop
these markets.

The Netherlands itself offers a small but diverse and innovative home
market with still a strong research position all along the value chain.
This position will continue to attract foreign investments and help to
keep activities based in the Netherlands, while the industry is rapidly
becoming global. Increased regional activities in the provinces will
strengthen this position with a focus on integrating PV in the built
environment and innovative production lines. However, without
strong international connections and partnerships this balancing act
can easily be disturbed.
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Fig 1. - Oseana: To be finished spring 2011. The building has the largest BIPV system (60 kWp) in Norway so far. The curved wall-roof construction will be covered

with PV modules.

GENERAL FRAMEWORK

The Norwegian electricity system is mainly supplied by hydropower,
but at the same time highly integrated in the Nordic power market.
Despite a net population increase in recent years, the power
consumption is relatively stable, due to energy efficiency measures
and reduced activity in the aluminium and ferro alloy industry.
Focus on environmental issues, security of supply etc. has lead to an
increased interest in renewable electricity production, such as wind
and small hydro, but also in bioenergy and heat pumps as substitutes
to electric space heating.

Enova SF, a public agency owned by the Ministry of Petroleum and
Energy, was established in 2001. With annual budgets of about

200 MEUR in 2010, Enova is the main instrument with regard to
improve energy system efficiency and increase renewable energy
production.

Norway has still no public schemes for supporting PV systems.
Consequently, there are few large PV systems, and the main market
for PV in Norway continues to be related to off-grid recreational
applications and special areas such as lighthouses and telecom.

The state owned company Innovation Norway promotes nationwide
industrial development, and helps release the potential of different
districts and regions by contributing towards innovation,
internationalization and promotion. During the last ten years,
Innovation Norway has contributed with approximately 12 MEUR
to the establishment of several PV-related industries. The NorSun
wafer production facility in Aardal is among the recipients.

NATIONAL PROGRAMME

The energy research programme RENERGI in the Norwegian Research
Council (NRC) funds industry oriented research, basic research and
socio-economic research within the energy field, including renewable

energy sources. Another NRC programme within new materials

and nano technology, NANOMAT, also supports fundamental research
tied to development of new materials of relevance for future PV
solutions. Finally also the programme BIA - User-driven Research
based Innovation finds projects within the field of photovoltaics. The
focus in the latter programme is improvement and optimization of
fabrication and processes for manufacturing PV-cells.

The total funds for PV-related R&D projects were appr. 144 MNOK
(18,5 MEURO) for 2010. Most of the R&D projects are focused on the
silicon chain from feedstock to solar cells research, but also related
fundamental material research and production processes.

By 2010, the Norwegian Research Centre for Solar Cell Technology
completed its first full year of operation (www.solarunited.no). All of
Norway's leading research groups and industrial partners in solar cell
technology participate in the centre. The research activities are
grouped into six work packages, five of which involve competence-
building: mono- and multi-crystalline silicon, next-generation
modeling tools for crystallizing silicon, solar-cell and solarpanel
technology, new materials for next-generation solar cells, and new
characterization methods. The sixth is a value-chain project that will
apply the findings of the other five work packages to produce working
solar cell prototypes. The centre is expected to receive annual budgets
around 20 MNOK in the coming seven years.

RESEARCH AND DEVELOPMENT

Research activities on PV in Norway are focused on issues relating to
silicon feedstock for crystalline cells and wafer- and cell-production
technologies. Minor activities deal with system integration issues.
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There are five main R&D groups in the universities and institute

sector of Norway:

« IFE (Institute for Energy Technology): Focuses on silicon solar
cell design, production and characterization and investigations of
the effect of material quality upon solar cell performance.
PV-systems activity is linked to research on distributed renewable
energy hydrogen systems.

- University of Oslo (Ui0), Faculty of Mathematics and Natural
Sciences: The Centre for Materials Science and Nanotechology
(SMN) is coordinating the activities within materials science,
micro- and nanotechnology.

« NTNU (Norwegian University of Science and Technology)
Trondheim: Focusing on silicon feedstock, refining and
crystallisation.

« SINTEF Trondheim and Oslo: Focus on silicon feedstock, refining,
crystallisation, sawing and material characterisation.

« Agder University (UiA): Research on silicon feedstock with Elkem.
Renewable Energy demonstration facility with PV, solar heat
collectors, heat pump, heat storage and electrolyser for research
on hybrid systems.

Institute for Energy Technology (IFE) is an autonomous research
foundation with about 550 employees. (IFE), near Oslo, is working on
R&D tied to solar cell production technology. IFE has an international
expertise on characterization, development and processing of solar
cells based on crystalline silicon. The PV-related activities at IFE are
closely tied to the new solar cell laboratory that was inaugurated in
2009. The solar cell laboratory contains a complete production line
for the manufacturing of wafer based solar cells and advanced
processing equipment for thin film technologies. There is also a
well-equipped characterization lab for solar cells.

University of Oslo (UiO), The Centre for Materials Science and
Nanotechology (SMN). New materials for solar cells and for utilization/
transport of electricity, is a focus point for activities in photovoltaics
and semiconductor physics. SMN holds relevant and high level
expertise in semiconductor physics, Si-components, defect chemistry/
physics, materials chemistry, thin film technology, theory and
modelling. This competence will help developing Si-based solar cells
of more conventional design towards higher energy efficiencies, and

it provides the materials science basis for very high energy efficiencies
in third generation solar cells. Among materials/components in focus
are Zn0 and SiC. The activity at SMN spans from synthesis by means
of CVD to characterization, components and theory.

NTNU (Norwegian University of Science and Technology) NTNU's
solar cell research is mainly carried out by the PV-Solar Cell Materials
Gemini Centre. This centre represents the unifying organizational
structure for solar cell materials research at NTNU and SINTEF, which
includes their joint laboratory facility "Heliosi." The main scientific-
and market related research areas for the Gemini Centre are:
production, characterisation, modelling, fabrication and/or use of
materials in the solar cell manufacturing system.

At SINTEF Architecture and Buildings, PV research has been done
on building integration and PV in urban planning. One project activity
is innovative use of solar cells in buildings, where the solar cells are
integrated in the building structure and energy system. Participation
in PVPS Task 10 “Urban Scale PV Applications,” ended in 2010.

SINTEF Materials and Chemistry. The research at SINTEF Materials
and Chemistry has its main focus on casting, crystallization and
characterisation of silicon-based materials, primarily for use in solar
cells. The researchers are engaged in both experimental and theoretical
research and development of crystallization processes, furnace
technology, processes for improvement of materials and characterization
methods. The laboratories contain both laboratory and full scale
furnaces for production of multi and mono crystalline Si-ingots and
blocks. In addition, researchers are capable of determining chemical
composition and electronic properties of PV materials by means of

a series of established techniques and methods during development.
The research team works within both competence building and
strategic national research programmes, and towards short- and long-
term assignments for the Norwegian and international PV-industry.
They are also involved in a number of projects financed by the EU.

University of Agder (UiA). In August 2010, 2500 engineering, nursing
and teacher education students moved into Norway's newest higher
education campus in Grimstad, in southern Norway. Along with the
ten year old energy park with a 20 kW photovoltaic array installation,
the new facility has laboratories for development of PV technology.

A PhD-programme continues in partnership with Elkem Solar.
Upcoming activities include degradation of solar grade silicon, third
generation PV concepts and solar spectrum measurements. The
research group on PV technology has about 8-10 people; including
2 professors, 1 Postdoc and 4 PhD students. The university has a
study program in renewable energy at bachelor and master levels.

IMPLEMENTATION

The market for PV in Norway continues to be related to off-grid
applications, primarily the leisure market (cabins, leisure boats) and
to a more limited extent, the professional market (mostly light-
houses/lanterns along the coast and telecommunication systems).

In the 1990, PV powered coastal lighthouses emerged as a significant
new market. Even north of 70°, lighthouses may be powered by PV,
provided the battery bank has sufficient capacity. During 1982-2001,
the Norwegian Coastal Administration made approximately 1 840
installations with a total of 3 600 PV-modules. The smallest are
equipped with one single module of 60 W, the largest with arrays
counting up to 88 modules. The average is 135 W per installation.
The cumulative installed PV capacity seems to remain at a level of
315 kW.

Norway does not have any incentive schemes supporting the
installation of PV systems, and consequently the use of PV technology
in Norway is limited compared to other countries. Norway's largest
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building integrated PV project so far commenced construction in
2010. The 60 kWp, 470 sq metre system is integrated as part of the
roof and southern wall in "Oseana;" a combined culture- and arts
centre located in Os, 30 km south of Bergen, on the Norwegian west
coast. Facing south on the waterfront, towards the beautiful
Bjoernafjord, the building represents the latest in modern architecture,
combined with energy efficient building principles. The complex is
expected to become a landmark and a major tourist attraction when
it opens in June 2011. Norwegian Getek AS has delivered the

PV installation.

INDUSTRY STATUS

Elkem Solar Through the developed metallurgical route, ES has the
potential to be an important player in this market. During the last
years of development, feedstock from ES has been tested industrially.
Silicon from ES (Elkem Solar Silicon®) has been tested thoroughly by
one of the main customers, Q-Cells. The obtained solar cell efficiencies
are similar to what is obtained with polysilicon and Q-Cells has
decided to use Elkem Solar Silicon® as a 100 % product. From being
a research organization, ES is now building up production capabilities.
4,2 BNOK has been invested in an industrial production plant in
Kristiansand. The plant started ramp up production during 2009.

The ramp-up phase continued in 2010 with high costs and planned
production stops. The production stopped at 400 Mt in first quarter,
348 Mt in second quarter, and 598 Mt in third quarter 2010. Elkem
reported new contracts with leading solar energy companies, for
deliveries in 2011 and 2012.

Renewable Energy Corporation (REC) REC is among the world's
largest producers of polysilicon and wafers for solar applications,
and a rapidly growing manufacturer of solar cells and modules. REC
is also engaged in project development activities in selected PV
segments. More than 4 100 employees work in REC's worldwide
organization. REC is thereby among the leading vertically integrated
players in the solar energy industry.

The production facilities include the silicon materials plants in
Moses Lake, Washington and Butte, Montana, in the USA. The wafer
production sites are located in Glomfjord and Hergya, in Norway and
Tuas, Singapore. The solar cell production is in Narvik, Norway and
Tuas, Singapore, and solar modules are produced in Tuas, Singapore.
The head office is located in Oslo. REC has signalled that its solar
module plant in Glava, Sweden will be taken out of operation.

In November 2010, REC opened its new integrated wafer, cell and
module plant in Tuas, Singapore. The 1,3 BEUR plant, represents the
largest investment REC has done so far. REC experienced 2009 as a
year characterized by challenging markets and considerable declines
in average selling prices, brought about by modest demand growth
and oversupply. REC's average selling prices for modules declined

36 percent from 2008 to 2009. Although revenues grew from

8 191 NOK in 2008, to 9 156 MNOK in 2009, the operating profit
of 2 529 MNOK in 2008, dropped to minus 1 824 MNOK in 2009.
The results from 2010 are not yet published (January 2011).

NorSun AS is a Norwegian solar energy company that manufactures
and markets high performance monocrystalline silicon ingots

and wafers. Annual production capacity at the company's modern
production facilities in Ardal, Norway and Vantaa, Finland exceeds
200 MWp. The company has a third production facility under
construction in Singapore. When phase one is completed in 2013,
the Norsun Jurong plant is expected to reach a capacity of more
than 500 MWp.

Metallkraft AS The wafer cutting process requires large amounts

of cutting slurry. The slurry consists of abrasive silicon carbide particles
and glycol, and is quickly polluted during the cutting process by silicon
shavings, metal particles from the saw wires and water. Metallkraft
AS has developed a technology that turns the spent slurry into com-
mercially interesting products. Metallkraft has factories in Kristiansand
in Norway and Yangzhou, both in full production. A third plant in
Singapore starts serving REC with the Metallkraft recycling services as
of April 2010. The Singapore plant was officially opened November 1,
2010.

Fesil Sunergy AS. FESIL Sunergy AS is a joint venture between
FESIL AS and DELTA NV and has developed a proprietary process for
the production of solar grade silicon, specifically designed for the
solar industry. The process directly produces solar grade silicon
with high cell efficiencies being achieved. FESIL Sunergy claims its
SOLSILC process represents a number of commercial advantages
compared to competing processes, including 65-80 % lower capex,
20-40 % lower opex, a significantly reduced CO2 footprint and an
accelerated ramp-up time.

Innotech Solar AS (ITS). ITS specializes in returning rejected cells to
their capacity through a multi-step testing and optimization process.
The company turns such cells into solar modules and also assemble
entire solar power plants. The ITS-cell processing plant is located in
Narvik, in northern Norway.

CruSiN AS, a start up company evolving from the SINTEF/NTNU R&D
environment in Trondheim, aims at producing silicon nitride crucibles
for ingot manufacturing. In February 2009, CruSiN GmbH was founded
as a wholly owned subsidiary of CruSiN AS. CruSiN GmbH deals with
production and R&D under the auspices of CruSiN AS.

SIC Processing AS is owned by the German company SiC Processing
GmbH, a provider of conditioning of used slurry from the photovoltaic
industry and the semiconductor industry. In Norway, the company has
two plants, adjacent to REC Wafers operations at Hergya and
Glomfjord.
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Fig. 1 - 12 kWp CIS array at LNEG parking lot (photo: LNEG).

GENERAL FRAMEWORK

In 2010, the Council Resolution 29/2010 revised the energy policy
framework in line with the European Union Directives, namely those
related with the 20-20-20 Climate-Energy Package. The main
objectives of the national energy strategy are:

i) To reduce fossil fuel energy dependency to 74 % in 2020
(currently about 85 %);

ii) To ensure compliance with EU commitments in the framework
of the European climate change policy;

i) To reduce imports by 25 % through the use of endogenous
sources (renewables);

iv) To create value and build energy clusters in the renewable energy
sector in Portugal, generating 100 000 more jobs and a significant
impact on the GDP;

v) To develop an industrial cluster associated with the promotion
of energy efficiency;

vi) To promote sustainable development by creating conditions for
achieving the GHG emission reduction targets assumed by
Portugal in the European framework.

The government programme for deployment of renewable energy
sources (RES), in accordance with the recently approved 2009/28/EC
Directive, is described on the Renewable Energy Action Plan, approved
in June 2010. Portugal has to meet the EU mandatory target of 31 %
for the overall share of energy from renewable sources in gross final
consumption by 2020. In particular for the electric sector (RES-E), this
represents an additional installed capacity of about 9,6 GW. Table 1
shows the power breakdown by source

PORTUGAL

NATIONAL PROGRAMME

A feed-in tariff mechanism is the main instrument for promoting
renewable electricity. Some of the existing PV frameworks (see Table 2)
under the special regime production (the Independent Power Producer
(IPP), in force since 1988, the Producer-Consumer (2002) and the
Micro-generation scheme (2007)) were revised in 2010: Decree 118-
A/2010, micro-generation (capacity up to 10 kW), substitutes for Group
| installations in the producer-consumer framework. Mini-generation
(capacity up to 250 kW) will substitute the remaining 68/2002.

TABLE 1 - RES-E TARGETS

RENEWABLE CA]E;J;$$N2TOI o TARGET 2020
SOURCES (MW) (L215)
Large Hydro 4 800 8 800
Wind onshore 4 260 6 800
Solar (PV + CSP) 160 1 500
Mini-hydro 600 750
Solid biomass 175 250
Wave 5 250
Biogas 34 142
Wind offshore 0 75
Geothermal 25 75



TABLE 2 - CURRENT PV FRAMEWORK
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Fig. 3 - 82 kWp a-Si PV System - Oliveira do Bairro (photo: courtesy SolarPlus).

Under the IPP framework, which practically granted no licences since
2005, a 150 MW capacity (75 blocks of 2 MW each) were awarded
through a public tender adopted by the Government in October 2010.
The three main conditions for tendering were:
« Power plants should be connected to pre-determined substations;
« Competitors should provide a minimum payment of EUR 800 000
for each 2 kW block in favour of the Portuguese state;
« Monthly feed-in tariff of 0,257 EUR/kWh, updated at inflation
rate and secured for 20 years or until a power generation of
34 GWh/MW were attained.

A significant number of national and foreign companies responded,
forcing the award decision to be taken based on the amount the
promoters were willing to pay for each one of the 2 MW blocks.

A new support regime for PV systems with installed power up to

250 kW (but higher than micro-generators), special oriented to SMEs
(tertiary, commerce and industry), was approved in December 2010 and
will likely be launched during the first quarter of 2011. With a 500 MW
target by 2020, i.e., 50 MW/year, this so-called mini-generation
scheme substitutes the consumer-producer framework which didn't
attract promoter's interest. The licensing process as well as the feed-in

tariffs will be established according to three different capacity ranges:
« 1strange - up to 20 kW;

« 2nd range - from 20 to 100 kW;

« 3rdrange - from 100 to 250 kW.

Besides the feed-in tariff schemes, other market development
mechanisms for renewables include VAT rate of 12 % on renewable
equipment, custom duties exemption and income tax reductions
(up to about 800 EUR for solar equipment).

RESEARCH, DEVELOPMENT AND DEMONSTRATION
Fundamental research activities are carried out in a dozen public
institutes and university R&D units and address mainly thin film
technologies, crystalline silicon ribbon and organic cells.

Applied research, demonstration and dissemination are performed in
several institutions such as Public Research Institutes (LNEG - National
Laboratory for Energy and Geology; IN+ - Centre for Innovation,
Technology and Policy Research), Energy Agencies (ADENE and regional
agencies), utilities (EDP, the largest national energy company) and
private research institutes (INESC Porto - Institute for Systems and
Computers Engineering).



TABLE 3 - PV MODULE MANUFACTURERS

Associations such as SPES (National Solar Energy Society) and
APISOLAR (solar manufacturers and installers association), LNEG and
energy agencies are also involved in dissemination activities.

European and international PV Standards are monitored by the
national technical committee on Photovoltaic Systems (CTE 82).

Among the R&D projects underway, involving universities, national
laboratories industry and utility consortiums, the following deserve
emphasis:

« "SolarSell project”: development of a Dye Sensitized Solar Cell,
using an innovative seal, for potential application in BIPV.
Consortium: FEUP (Porto University), EFACEC, CIN and EDP.
"MagPower project”: development and demonstration of an
innovative high-concentration PV system (CPV), based on Ill-V
triple junction cells and Fresnel concentrating optics. Consortium:
MagPower and EDP.

Photovoltaic Acoustic Barriers: installation of photovoltaic modules
in existing highway acoustic barriers. EDP's project.

Sunlab: demonstration of the correlation between climatic
variables, module position and energy production in different sites
and for different PV technologies, along Portugal. EDP's project.
"Solar Tiles project”: development of a fully-integrated PV ceramic
tile based on thin films, directly deposited on the tile. The project
is being carried out by an industry-university consortium and is
expected to produce the first prototypes in 2011.

“NanoSi - PVCELLS": Development of Nano-structured Si PV
devices. Consortium: FCTUNL University and SolarPlus, S.A.

ITMPLEMENTATION

In 2010, about 10 MW additional capacity was realised under the
IPP framework, including 3 large scale solar projects in the south

of Portugal: 6,3 MW in Almodévar, 1,3 MW in Mértola and 1 MW in
Ferreira do Alentejo. Following a public tender specially oriented to
schools and private social solidarity institutions, a capacity of about
670 kW was also installed.

Under the micro-generation scheme, as of 31st December 2010, about
9 191 systems with 3,5 kW average unit capacity were installed and
operating, with the following share:

Cumulative PV Power Capacity Installed

(2000-2010)
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Fig. 4 - Cumulative PV Power Capacity Installed in Portugal (2000-2010).

« PV:9 011 units (98,0 %)

«  Wind: 156 units (1,7 %)

o Hybrid PV+Wind: 21 units (0,2 %)
« Micro-hydro: 3 units (0,03 %)

The total installed power under this scheme is near 32,6 MW, 98 %
of which are PV (31,9 MW). About 19 MW PV systems started
operation in 2010.

LNEG added to the existing on-grid installation (12 kW ¢-Si on the
facade + 6 kW a-Si on the parking lot) an additional 12 kW PV
system based on CIS modules (Figure 1). The modules also serve as
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*Data for off-grid installation are estimated

shading devices in the parking lot. The Solar XXI office and laboratory
towards zero-energy) building, where these different PV technologies
are being demonstrated together with other passive solar strategies,
has now a total installed PV power of 30 kWp.

—_

INDUSTRY STATUS

There are currently five PV module manufacturers in Portugal (c-Si
and a-Si) as shown in Table 3, with a total production capacity of
about 140 MW. A new company will start producing CIGS modules
in 2011.

Two companies are developing and manufacturing concentration

systems: WS Energy and Magpower.

WS Energy:

Concentration systems based on different registered technologies:

- DoubleSun®: low concentration ratio (1,93x CPV, aluminium
flat-plate reflectors, mono-crystalline Si modules. The modules
can be are mounted either on one-axis solar trackers (Horizon)
or two-axis solar trackers (T1000). The tracker's control is
performed through SungravityControl® with web-based
diagnosis. The annual manufacturing capacity is 40 MW for
the one-axis tracking system, and 15 MW for the two-axis
tracking system. In 2010, WS Energy produced 300 DoubleSun
systems totalling about 500 kWp.

«  HSUN®: medium concentration ratio (22x CPV, aluminium
curve reflectors). A 1 MW line of production (expandable to
10 MW) will be built in 2011.

MagPower:

« CPV systems based on Ill-V triple junction cells and Fresnel
concentrating optics (Figure 2). The company uses a fully
robotized line of production for manufacturing the CPV and
assembly of panels and trackers, designed for a production
capacity of 54 MWp/year. In 2011, MagPower expects to
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provide about 43 MW for different projects, either in Portugal
and abroad. The current system prices (not including installation)
range from 3 to 3,5 MEUR/MW.

MARKET DEVELOPMENT

The Portuguese PV market grew 22 % in 2010, achieving a total
cumulative PV power capacity of about 131 MW (see table 4 and
Figure 4). The new additional capacity came mainly from on-grid
micro-generators (19 MW) and IPP generators (10 MW). 98 % of
the total installed systems are grid-connected.

FUTURE OUTLOOK

The new framework introduced by the government in 2010, aligned
with the EU climate-energy strategy and the corresponding RE
mandatory target, for which the contribution of PV will be very
significant (1,500 MW by 2020), will allow a much quicker deployment
of PV during the next decade.

The new rules established under the IPP law - public tenders for 75
blocks of 2 MW each, to be likely adopted every 2 years - will allow
an installation rate of 75 MW/year, i.e, 750 MW by 2020. On the
other hand, the annual 25 MW cap for micro-generation together
with the 50 MW cap for mini-generation, if realised, will provide
the remaining 750 MW to reach the 2020 target.

Given the difficult economic situation the country is currently facing

and will likely face in the near future and the fact that RES-E

represent an additional burden for electricity consumers, who support

the extra cost of renewables in their electricity bills, the main future

challenges for PV in Portugal are:

« to maintain a stable framework, attractive enough for promoters
and minimize investment risks

« to consolidate the PV industrial cluster.
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SEPA

THE SOLAR ELECTRIC POWER ASSOCIATION

TOM NICHOLAS, SEPA REGIONAL UTILITY OUTREACH, REGIONAL DIRECTOR, CENTRAL USA

UTILITY SOLAR TRENDS
Despite the economic downturn, the solar electric power industry
continued to grows - a clear indication of the technology's

staying power. From single-panel micro-systems and residential
and commercial rooftops to the opening of the country's largest
photovoltaic power plant, the solar industry continued to expand,
in part, because of a new level of electric utility involvement.

Focusing only on the amount of new solar generation coming online
is a simplification of the underlying maturation of the solar industry
and its relationship to electric utilities, as there is far more to the
story. Solar is changing and quickly.

As identified by SEPA, here are the most important solar trends of
the year that impacted utilities:

Declining Photovoltaic Prices

Photovoltaic system prices have dropped significantly in the last
two years - more than 40 percent in many cases - largely due to
solar panel oversupply, but also from a combination of manufacturing
expansion, the economic downturn, and international incentive
programs. As a result, the solar industry faced a buyer's market last
year, in stark contrast to the seller's market of just a few years ago.
With these price declines, solar is beginning to reach retail "grid
parity” in some locations where electricity prices are high. Solar
installations, however, are still driven by incentives. These rapid price
changes, combined with existing or potential state and federal
policies, are leading more utilities to think strategically about solar
in the near-term.

Utility-Scale Solar

In the utility industry, "utility-scale” generation had traditionally
meant centralized power generation on the transmission system, but
that definition has begun to change.

For solar, concentrating solar power (CSP) has always been considered
a "utility-scale” technology. While only 5 MW of new CSP generating
capacity came online - bringing the total U.S. capacity to 424 MW -
plans for new plants expected to generate gigawatts of power were

announced.

Now, in addition to CSP, “centralized" photovoltaic (PV) projects

are beginning to reach "utility-scale." In the past, PV projects in the

range of 1 MW drew industry attention. Today, 1 - 5 MW systems

are commonplace, with “newsworthy" projects being even larger in
scale.

« Recently, a 25 MW PV system - the largest in the United
States - was commissioned in DeSoto County, Florida. It is owned
by Florida Power & Light Company.

« A 21 MW project was completed in Blythe, California, with
Southern California Edison purchasing its output.

« Utilities across the country have announced plans to own or
purchase the electricity from centralized PV projects that will
range from 10 - 250 MW, with many in the 10 - 30 MW range
outside of California, the market leader.

= -

Fig. 1 - DESOTO Next Generation: 25 MW plant in Florida, owned by Florida
Power and Light. Annual estimated generation is about 42,000 megawatt-hours
or enough power to serve about 3,000 homes. The plant consists of more than
90,500 solar panels.

In one of the most significant trends of the year, distributed solar is
becoming utility-scale. Traditionally, distributed PV has referred to
customer systems connected to the utility's grid. However, several
utilities announced or started construction of “distributed plants"
that will provide, in aggregate, up to 500 MW each. A large portion
of these will be utility-owned and managed as a single project -
hence distributed, but "utility-scale.”

These trends demonstrate that the utility industry's involvement
in solar power is just beginning to unfold, and will become more
strategically important to our electric power supply in coming years.

Diverse Solar Business Models

The third key trend is the growing diversity of business models being
applied to support the solar programs of electric utilities. Rather
than taking a reactive approach to the rapidly changing solar market,
utilities are now developing business models that offer direct cost
savings and other benefits from integrating solar power into their
generation portfolios.

Many investor-owned utilities have announced utility ownership

of solar assets either on the utility's or the customer's property.
Beginning with Southern California Edison, this model has now been
mirrored by others on the West and East Coasts. Most of these are



Fig. 2 - WAPA: Western Area Power Authority (WAPA) - new, 2-megawatt,
ground mounted solar photovoltaic array occupies the site of a former landfill
at Ft. Carson, Colorado. Covering 12 acres, the system will generate 3,200
megawatt-hours of power annually, according to the Department of Energy, or
enough to power the equivalent of 540 Fort Carson homes per year.

utilizing the “distributed power plant” model to varying scales.
Arizona Public Services' "Community Power Project” is using solar
ownership, the smart grid, and fixed-price solar tariffs as a
demonstration project on a single distribution feeder, looking to

the future for a unique business and grid management opportunity.
Several public power utilities, including the utilities of Ellensburg,
WA, Sacramento, CA, and St. George, UT, and United Power in
Colorado are offering customers variations on a "community solar”
model. Customers can invest and benefit from a locally sited project,
rather than individually on each home.

These varied business models offer value to the utility and customers,
and provide paths for other utilities to follow.

SEPA, through its Utility Solar Business Models Project (USBM), has
been reporting on a variety of approaches where utilities can become
more integrally involved in the solar value chain over time. To learn
more, visit: http://tinyurl.com/UtilitySolarBusinessModels

Solar Integration: A Utility-Wide Engagement

For many utilities, solar is no longer just the purview of the distribution
engineer or renewable energy program manager who is interconnecting
customers' net-metered systems. Solar is moving up and across
utility divisions.

This expansion, driven by declining prices, federal and state policies,
and utility interests, is moving solar deeper into the utility's business
planning and strategic development units. Even if the projects are
not coming online today, the planning aspects of these customer and
utility programs require utilities to be proactive with their solar
strategies across departments and divisions - a trend reflected by the
number and types of utility employees engaging with SEPA.

MEMBER ENGAGEMENT: UTILITIES AND

THE SOLAR INDUSTRY

Learning about utility solar business models, the latest in technologies,
and policy requires in-person and virtual "face time." SEPA creates

Fig. 3 - Solar Panel Inspection SMUD: Solar Panel Inspection by Sacramento
Municipal Utility District, Sacramento, California.

the forums that bring utility leaders together with one another and
with the solar industry.

Solar Power International

SEPA's flagship event - Solar Power International - presented in
partnership with the Solar Energy Industries Association (SEIA), is
North America's largest solar event. This trade show doubled in size
between 2008 and 2010 with more than 900 exhibitors representing
all segments of the solar industry.

Total attendance at the show topped 27,000, with more than 6,500
attending educational sessions. Throughout the week-long event,
SEPA offered programming addressing solar topics of most interest
to utilities. SEPA members participated in more than 60 sessions on
topics ranging from micro-inverters to feed-in tariffs.

Utility Solar Conference

In 2010, SEPA presented its second annual Utility Solar Conference

- the only solar conference in which attendance is restricted to
utilities only. Created by utilities for utilities, the conference explored
how to develop a viable long-term solar strategy of benefit to

the utility and its customers, shareholders, and stakeholders. The
conference provided a new forum for 150 utility professionals,
ranging from executives to engineers, to share information, exchange
ideas, and talk through solar developments with their utility peers.

MARKET INTELLIGENCE AND ANALYSIS

SEPA's best-in-class research offers solar intelligence that helps
utility employees across departments make educated decisions about
solar programs and projects.

Throughout the year, SEPA's research team serves as an extension of
our members' own staffs, providing answers to questions related to
solar energy and producing research reports and data.

105
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Fig. 4 - 4,6 MW of solar at the Springerville Generating Station Solar System
(SGSSS) in northeastern Arizona by Tucson Electric Power. This site generates
enough electricity to power about 700 homes. Total array coverage area is
44 acres with 34,980 panels.

Utility Solar Business Models Project
Another exciting area of SEPA research is the ongoing Utility Solar
Business Models Project (USBM) which began in 2007.

In 2009 and 2010, the USBM Project focused on tracking and sharing
the innovative solar projects and programs initiated by utilities in

20 summary sheets, posted on SEPA's member-only USBM web
page.In addition, the project held a series of webinars for members,

a session at the Utility Solar Conference, a round-table breakfast at
Solar Power International, and a number of presentations by staff

at utility and solar events. A final report and new USBM web page
was released in mid-2010. To learn more, visit: http://tinyurl.com/
UtilitySolarBusinessModels

Other Research Reports included:

« Utility Solar Tax Manual

« Photovoltaic Incentive Programs Survey: Residential Participant
Demographics, Motivations and Experiences

« Distributed Photovoltaic Generation for Requlated Utilities

« Decoupling Utility Profits from Sales: Issues for the Photovoltaic
Industry

« Utility Solar Procurement Study

OUTREACH

Supported in part by a cooperative working agreement with the U.S.
Department of Energy and a grant from the American Public Power
Association, SEPA's outreach and interaction programs encompass

a wide range of activities.

Regional Directors

2010 marked the second year that SEPA members had a full 12 months
of one-on-one support from Regional Directors in the United States.
The Regional Directors - one each for the Western, Central, and
Eastern regions of the nation - utilized their many years of experience
and knowledge, from working at and with electric utilities, to provide

Fig. 5 - Xcel Energy: Colorado

technical assistance and share best practices with SEPA's utility

members. Examples of one-on-one support include:

- Facilitated utility cross-department solar strategy sessions.

« Provided guidance to utilities on how best to work with solar
companies in preparation for submission of a proposal for
regulatory approval.

- Facilitated utility employee peer exchange with other utilities
that had solar programs they wanted to replicate.

«  Worked with a utility's economic development team to determine
the value of a solar program to the local community.

» Coordinated meetings for utilities within a state to discuss solar
issues.

SEPA Website and Solar Toolkit

SEPA's new website contains a comprehensive Solar Toolkit. The

Toolkit is a resource portal which allows visitors to intelligently filter

through hundreds of documents, multimedia items, news, and events

by technology, market sector, job function, and other options. In
addition, the Solar Toolkit features a RFP section where utilities can
post their renewable RFPs and four other distinct tools of value to

SEPA members:

« Solar Data & Mapping Tool - A powerful resource that provides
both extensive project data and a visual overview of the distribution
of photovoltaic (PV), concentrating solar power (CSP), and solar
project announcements in the United States.

« Solar Solutions Tool - An online evaluation tool that helps utilities
think strategically about solar electricity options.

« Solar Networking Tool - The Solar Networking Tool lets members
make contact with other solar and utility professionals.

« Utility Case Studies Tool - A tool that allows members and non-
members to search and filter utility solar case studies based on
the criteria selected, generating a list of studies best suited to
= fit a utility's needs.
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PHOTOVOLTAIC TECHNOLOGY STATUS AND PROSPECTS
ANA ROSA LAGUNAS ALONSO, CENTRO NACIONAL DE ENERGIAS RENOVABLES, CENER

Fig. 1 - BIPV in a Cultural Centre in Alcobendas (Madrid) (photo: Martifer Solar).

GENERAL FRAMEWORK

During 2010, Renewable Energies have covered the 35 % of the total
electrical demand in Spain, 6 points more than in 2009. Wind energy
is the clear leader on that fact (16 % of total demand) while PV
production was responsible for the 2,5 %, with a peak of 4 % in
June (values estimated from data out of CNE and grid operator REE).
Nevertheless, uncertainties with the regulatory frame for the tariffs
have led to a slow down on certain potential initiatives.

Specifically on the side of the Photovoltaic Solar Energy and after
the explosive growth of PV installed in 2008, subsequent modifications
of the requlatory frame have reduced significantly the annual
installations during 2009 and 2010. Recent new laws in November
(important reduction of tariffs for new PV installations) and December
(limitation of equivalent working hours on installations) are going to
have impact on future plans of PV professionals and the industry in
general.

NATIONAL PROGRAMME

The PANER (Plan Nacional de Energias Renovables) 2011 - 2020

has adopted the objectives established in the European Parliament
directive 2009/28/CE, with respect to Renewable Energies. According
to this directive, by 2020 every member State should achieve a

20 % of primary energy supply coming out of Renewable Energies,
and 10 % for transportation.

The proposal from the Spanish Government through the IDAE
(Instituto para la Diversificacion y el Ahorro de la Energia) following
that directive has been to achieve a 22,7 % of total energy supply in
Spain, as of 2020, provided by Renewable Energies. That number will
imply a 42,3 % of electricity obtained out of RREE.

With this goal in mind the Ministry of Industry, Tourism and
Commerce has studied the different alternatives and elaborated
a plan in order to accomplish the proposed objectives. Global and
sector objectives have been identified and the means in order to
achieve the goals, listed clearly.

There are mostly requlatory and financial types of actions oriented
to public and private institutions, but a key point among all of them
is the impulse for development of new energy evacuation structures
that might handle the important volume of renewable energies
expected.

Being also part of the PANER initiatives, and specifically for PV

development, the next points have been considered:

« simplification of administrative procedures for the authorization
of the PV installation

« support to R&D activities

« promotion of building integration projects

« establishment of an adequate frame for net metering and auto
consumption.

R&D, D

During 2010, the R&D activities with respect to PV in Spain have
been developed through national and regional support initiatives
(apart from the 7th FP of the EU). The most relevant ones come out
of the CDTI (Centre for Technical and Industrial Development). The
high level goal of those initiatives is the reduction of the cost of
the kWh generated by PV. The basic working scheme is based on the
creation of a consortium to develop specific knowledge, or specific
products. In most of the cases the consortium is lead by industrial
partners that use the possibilities of the basic and applied R&D
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PV tariff evolution in Spain
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Fig. 2 - PV tariff evolution in Spain.

provided by the research centres, to complete their development

initiatives. Specific mention should be made to projects with respect

to next subjects:

« CPV technologies and components development

« Thin film technology, mostly CIGS but also a-Si and Organic
based PV

« Improvements of wafer based Silicon to enhance efficiency and
lower material consumption

« New materials on PV module construction

. BIPV

LR

All those initiatives are aligned with the Strategic Energy Technology
Plan (SET P|an] of the EU; that was presented in October 2010. Fig. 3 - BIPV installation on a building in Paseo de la Castellana (Madrid)
The Plan, considered as a tool to coordinate R&D in the member (photo: Martifer Solar).

states, has specific routings for establishing PV as a competitive
energy technology, with a goal of 12 % of total electricity consumption
in Europe being produced by PV by 2020.

IMPLEMENTATION

The installed PV capacity at the end of 2010 in Spain was close to
3,800 MW. That power has been able to cover 2,5 % of the total
electricity demand for the year 2010.

The impressive growth in the PV installed in 2008 coming from
the very good tariff conditions has been modulated for subsequent
modifications on the regulatory frame. First, there was the tariff
reduction (roughly 30 %) of RD 1578/2008 and the establishment
of a limit to 500 MW. Recently (November 2010), the issue of
RD1565/2010 with another feed in tariff reduction for new PV
installations (-45 % floor installations, -25 % BIPV installations, Fig. 4 - 34 MW PV plant in Arnedo (La Rioja) (photo: T-Solar).
-5 0 small BIPV installations) was made. Figure 2 represents the

evolution of tariff with the subsequent regulatory frames.

On top of that, the RDL14/2010 of December 24th establishes a
production limit for applying the tariff on PV produced energy.



SPAIN 109

Planned evolution of PV installed power
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Fig. 5 - Planned evolution of PV installed power in Spain.

INDUSTRY STATUS

The requlatory frame modifications applied to PV have impacted on
the Spanish industry in the sense that there has been a net lost

of jobs in the sector, mostly on the PV installations activity. On

the other hand, and with respect to the production of components,
the activity has continued on the already active module and inverter
companies, and new plants have been opened for thin film (a-Si)
technologies and announced for CIGS. In those cases, the thin film
technology has been thought as having a potential application on
BIPV.

Finally, and based on the good experience of Spanish R&D organizations
on the CPV technology, and on the support from public subvention Fig. 6 - 10 MW a-Si PV installation in Saelices (Cuenca) (photo: T-Solar).
to product development initiatives, manufacturers in the sector for
components and measurement tools have opened recently activity.

MARKET DEVELOPMENT

Traditionally, the market development in Spain has been modulated
by the tariff conditions. Once they were clearly established, and even
after the important tariff reduction of 2008, the optimum design of
the installation and choice of components could make the projects
still attractive from economical point of view.

Nowadays, and after the recent new tariff modification of November
2010, a new exercise of project optimization must be done.

The application of all requlatory frame restrictions and the value
approved by the Spanish Congress of Deputies for PV installed in Fig. 7 - CPV trackers various manufacturers (photo: ISFOC).
2020, as part of the PANER, presents the evolution for installed
power, which appears in Figure 5.

FUTURE OUTLOOK

As of today, based on the quotas extracted from PANER (Plan
Nacional de Energias Renovables 2011-2020) for PV installation in
Spain, and in the recently established feed in tariff conditions, the
future appears more favourable to BIPV type of installations.

Nevertheless, the effort on technology developments, with all cost
reductions obtained and achievable, can allow for grid parity level
very soon. In that circumstance, there is a large amount of electricity
needs (isolated or not) that might be viable with own PV generation.
Auto consumption and net metering are going to play important
roles in the future of PV development in Spain.

Fig. 8 - PV installation in the fagade of CENER building (Sarriguren).
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SWEDEN

PHOTOVOLTAIC TECHNOLOGY STATUS AND PROSPECTS
LINUS PALMBLAD, SWEDISH ENERGY AGENCY; MONIKA ADSTEN, ELFORSK AB; JOHAN LINDAHL, UPPSALA UNIVERSITY

Fig. 1 - PV demonstration system by the Bixia utility company at Néds
conference estate (photo: DP Engineering AB).

GENERAL FRAMEWORK

Carbon emissions from the Swedish electricity production
(approximately 150 TWh per year) are low in comparison to other
developed countries. About 45 % of the electricity is generated by
nuclear power whereas hydropower accounts for 40-45 %,
depending on precipitation. Wind power is one of the most rapidly
growing power production technologies at the moment, and there
are ambitious targets for a further expansion of the technology in
the coming years. The main market mechanisms for introducing
renewable energy sources in Sweden are the national renewable
electricity certificate system and a tax on CO, emissions. But neither
of these are suited for promotion and the deployment of PV systems.

The aim of the Swedish energy policy is to secure the supply of
electricity and other forms of energy at internationally competitive
prices, both in the short and the long term. The current guideline to
accomplish this is to create favorable conditions for efficient use of
energy and cost-efficient power and heat production with minimum
negative impact on health, environment and climate.

The PV market is still small in Sweden compared to many other
countries. However, there is a long tradition of using PV in off grid
applications. Additionally Sweden hosts world renowned researchers
coupled to increasing industrial activities with a lot of potential.

NATIONAL PROGRAMME

The Swedish Energy Agency (www.swedishenergyagency.se) is the
national authority for issues regarding the supply and use of energy.
Its main task is to implement the Swedish energy policy programme,
which is decided by the Swedish Parliament. The aim of the
programme is to develop a sustainable energy system and to secure

Fig. 2 - PV system at the As school in Krokom (photo: DP Engineering AB).

energy supply. The main emphasis is on energy efficiency and on the
development and promotion of renewable energy such as biomass,
hydropower, wind power and PV.

There are no national goals or official visions for solar energy in
Sweden. However, the strategy of the Swedish Energy Agency is that
PV should become an established technology in the energy system, a
natural part of the urban environment. Furthermore, there should be
a successful Swedish PV industry with a strong connection to the
Swedish state of the art research.

PV is part of the national long-term energy research programme,
which is managed by the Swedish Energy Agency. The annual budget
for the programme is about 100 MEUR. The agency provides funding
for PV research, co-financed technological development, demonstration
and business development. About 5 MEUR of the budget for 2010 was
allocated for PV projects. Additional funding for PV R&D in Sweden
can be received from e.g. the Swedish Research Council, the Nordic
Energy Research programme, the Agency for Innovation Systems,
private foundations and the industry.

RESEARCH, DEVELOPMENT AND
DEMONSTRATION

PV R&D in Sweden is mostly focused on 2nd and 3rd generation PV
concepts. CIGS thin film, dye sensitised and polymer solar cells are
three examples of topics with world class Swedish research groups.
The thin film CIGS research at Uppsala University started in the 1990s
(www.asc.angstrom.uu.se). The aim of the university research is to
achieve high performance and simultaneous cost reduction whilst
utilising processes and materials that minimise the impact on the
environment. For the development of the next generation CIGS
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Fig. 3 - PV system at the Royal Institute of Technology in Stockholm (photo: Direct Energy AB).

technology, elimination of cadmium from the buffer layer, replacing
rare metals in the absorber layer with more common ones and
increased process speed are the main objectives. Recently, there are
a couple of new industrial actors working with CIGS that are starting
up and that are interested in the results of this research.

Uppsala University, the Royal Institute of Technology and the public-
private partnership company Swerea IVF AB are connected through
The Center of Molecular Devices (www.moleculardevices.se) and

they have a research project on dye sensitised solar cells. The aim

is to develop efficient nanostructured dye sensitised solar cells and
modules that can be manufactured at a very low cost per Watt.

There are several research groups in Sweden, for example at Linkdping
University and Chalmers University of Technology that are working

on polymer solar cells.

At the division of Energy and Building Design at the University of
Lund, research is conducted primarily on solar energy integration into
buildings. One example is the project Solar Energy and Architecture,
Task 41 within the IEA Solar Heating and Cooling implementing
agreement, where the operating agent is placed at the University of
Lund. This project deals with architectural integration of solar energy
systems. The goals are to help in achieving high quality architecture
for buildings integrating solar energy systems and improving the
qualifications of the architects.

The SolEl programme is a national R&D programme with a focus on
PV systems and their applications. The programme is financed by the
Swedish Energy Agency, Swedish utilities, manufacturing companies
(PV and other) as well as building companies and property owners.
The current phase continues until the end of 2011 with a budget of

approximately 0,4 MEUR per year. The programme is managed by
Elforsk AB, which is the Swedish electricity utilities' R&D company.
The main objectives of the SolEl programme are to support
technological development, demonstration of applications, analysis
of performance and costs of PV systems (both technical and non-
technical) as well as dissemination of information.

As a part of the efforts in disseminating information, the SolEl
programme follows and reports to Swedish organisations on the
international development of PV, and serves as a reference group for
participation in the IEA PVPS. The programme is used as a national
forum for exchange of information about PV to different actors.
Examples of projects funded by the programme are studies regarding
building-integrated photovoltaics (BIPV) and city planning, policy
instruments (e.g. net-billing), various activities for raising the awareness
of PV, as well as monitoring of the performance of grid-connected
systems (www.solelprogrammet.se).

The interest in the programme from the building industry has
increased during the last couple of years, due to the rapid international
development of BIPV, a general trend for companies to profile
themselves as environmental friendly and also due to EU directive on
nearly zero-energy building [1]. This has led to a shift of focus towards
BIPV, with planning tools for architects and builders being developed.
Other examples of projects and activities are regional PV seminars,
international study tours, handbooks and guidelines.

IMPLEMENTATION AND MARKET DEVELOPMENT
The market for PV in Sweden has traditionally been dominated by
domestic stand-alone PV systems and as a result, the market for
these systems has been stable in Sweden. However, the market for

Note: [1] Directive 2010/31/EU
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Fig. 4 - the Micasa real estate company has invested in a PV system on the roof of a health center (photo: Direct Energy AB).

grid-connected PV systems relies completely on supporting incentives.
Since 2005, there have been specific subsidies for grid connected
PV systems in Sweden, first from 2005 until 2008, only for public
buildings and now since 2009, available for anyone. Grid-connected
systems represent about half of the installed capacity today and the
annual market is larger than for off grid systems so the situation is
about to change towards a domination of grid connected system.
2009 became a year of waiting for the actors on the Swedish PV
market due to the late start of the new subsidy programme.
However, during 2010 there has been full activity again. But some
projects have been delayed due to long waiting times for materials
(e.g. inverters).

With the Swedish subsidy programme it is possible to get up to

60 % of the total investment cost as a grant. The budget is about

6 MEUR per year for 2009-2011. The interest for the subsidy has been
considerable. Due to the high interest it was decided by the government
to add an additional 5,5 MEUR to the budget for 2009 and they

have also announced a suggestion to prolong the subsidy programme
until 2012.

The current support program has gained a lot of interest from

private households. One key issue for private households with small
scale power production is how they should be compensated for the
electricity that they feed into the grid. The regulatory framework has
been improved somewhat during 2010 for systems below 43,5 kWp,
they no longer have to pay the fixed cost that is required in order

to sell electricity to the grid. But it is still the producers' responsibility
to find a buyer of the electricity. Net-billing has been proposed as a
simple solution by many actors, and the consequences of net-billing
have been investigated by the Swedish Energy Markets Inspectorate

during 2010. However, the proposal in the resulting report was only
a partial net-billing system due to tax issues. The report is now on
remission and it will then be up to the politicians to decide what to do.

In 2010 we saw the first example of a small scale feed-in tariff for
PV in Sweden, when the small utility company Sala-Heby Energi made
a deal with an economical association to buy the electricity from the
two PV systems that the members of the association owns for

4,5 SEK/kWh (0,48 EUR/kWHh) during 10 years.

INDUSTRY STATUS

There are five module producers in Sweden that mount imported
crystalline silicon solar cells. Almost all of the produced modules are
exported since the internal market volume is very small compared to
the combined module production capacity of the companies. Several
of the Swedish PV module manufactures have experienced difficulties.
Géllivare Photovoltaic went through a financial reconstruction in
the beginning of 2010 and 330 workers lost their jobs when REC
Scanmodule decided to close down their module factory in Sweden
and move the module production to their new factory in Singapore.
The facilities have however been purchased by a newly formed
company called Perfekta Solar AB. The size of the production and
how many of the former employees that will find a job in the new
company are still unclear.

There are currently no feedstock or cell manufacturers in Sweden,
but there are plans for production of thin-film CIGS cells by the
company Midsummer AB. The founders of Midsummer AB have
experience from e.g. the thin film and semiconductor industries at
Midsummer and they have developed a production process for CIGS
solar cells. Their aim is to reduce the production cost of CIGS cells
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Fig. 5 - The Svenska Bostdder real estate company has built a PV system on one of their local offices in Stockholm (photo: Direct Energy AB).

by combining knowledge from these industries, experience from
mass production and a high throughput manufacturing process.
Midsummer is currently working on scaling up their production
process from pilot scale to full scale production.

Another example of a company with a new approach to PV is NLAB
Solar AB. They are developing transparent dye sensitised solar cells
for integration in glass windows.

A growing number of small to medium-sized enterprises exist,
which design, market and sell PV products and systems. Many of
these companies depend almost exclusively on the Swedish market.
The new subsidy programme from 2009 has resulted in more
activity among these companies and since there has been a lot of
interest from private households there are several companies that
are marketing products specified for this market segment.

Low-concentrating combined photovoltaic/thermal systems is a
Swedish niche, in which research and development has been
conducted for more than ten years. Absolicon AB are marketing
their X10 system, a tracking PV/thermal module adapted for large
building with a need for both heat and electricity. Solarus has
developed a low concentrating solar panel adapted for roof
mounting. The Solarus solar panels are available in three different
setups, solar thermal, PV/thermal-hybrid and PV.

FUTURE OUTLOOK

Many of the Swedish PV module manufacturers have had difficulties,
but there are still many good opportunities for a Swedish PV industry
with several start-up companies and a lot of promising research.

The big challenge for Swedish industry and Swedish researchers is
to commercialise these opportunities into products and services for
the PV market.

Currently there are several urban development projects with
ambitious environmental goals and targets for local energy supply
that are taking shape in Sweden. PV will play an important part in
these projects and it will help the PV technology to become a more
natural part of the building and the city planning processes.

The PV subsidy programme is now in full swing after a stop and

go situation in 2009. But the end of the current subsidy programme
is already closing in, although, the government has announced

a prolongation of the current PV subsidy for 2012. However, there
is still uncertainty regarding long term support for a Swedish PV
market. The key issue is a stable and long term framework that can
create transparent and secure conditions for all actors at the same
time as being effective. There is a need to develop a long term
strategy for supporting PV in Sweden. There is potential for PV to
both build a successful industry and, in the long run, become an
important energy technology in Sweden.

It is interesting to see that many actors are developing products
and system packages for the household market. With an increased
interest from the household market, it will also be highly interesting
to follow the political discussion about grid-connection of PV
systems and compensation for excess electricity. This is a decisive
issue if PV is going to be a future alternative for the Swedish
households.
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SWITZERLAND

PV TECHNOLOGY STATUS AND PROSPECTS
STEFAN NOWAK, NET NOWAK ENERGY & TECHNOLOGY LTD.

AND STEFAN OBERHOLZER, SWISS FEDERAL OFFICE OF ENERGY (SFOE)

Fig. 1 - The PlanetSolar boat in Miami after crossing the Atlantic. The boat is 31 m long and 15 m wide; with further extensions

it has space enough for more than 500 m? of solar panels with a total power of 93 kWW. The energy is stored in 648 Li-ion
batteries which give the boat an autonomy of about three days. (photo: © PlanetSolar).

GENERAL FRAMEWORK

The development of the photovoltaic sector in Switzerland builds

on a strong research base, an increasing industrial activity and,

more recently, an acceleration of the market deployment efforts.

A comprehensive research programme covers R&D in solar cells,
modules and system aspects. The Swiss energy research strategy is
defined by an energy RTD master plan updated every four years, with
2010 as the third year of the present period 2008 - 2011. The master
plan developed by the Federal Commission for Energy Research
(CORE) in cooperation with the Swiss Federal Office of Energy (SFOE)
is based on strategic policy goals (energy & environment, science &
education, industry & society) (www.energieforschung.ch). It confirms
the important position of photovoltaic RTD in the Swiss energy

RTD landscape.

Market deployment continued at a moderate level, thanks to the
feed-in-tariff scheme which became effective the year before.

The size of the Swiss photovoltaic market is however limited by the
cap on the amount of support attributed to photovoltaic projects
and many projects are presently on a waiting list. To support the
deployment of renewable electricity through the feed-in tariff model,
a levy up to presently 0,9 cCHF per kWh consumed electricity is
being perceived, yielding a total annual amount up to 480 MCHF.
This amount is divided into maximum contributions for different

i

renewable energy technologies (hydropower up to 10 MW, biomass,
photovoltaics, wind and geothermal energy) depending on their
specific generation costs. Concerning photovoltaics, these maximum
contributions begin with 5 % of the available financial envelope and
can increase over time, as the photovoltaic generation costs come
down, up to a maximum of 30 %. Both the total envelope as well as
the possible contribution by photovoltaics are thus capped.

NATIONAL PROGRAMME

Switzerland has a dedicated national photovoltaic RTD programme
which involves a broad range of stakeholders in a strongly coordinated
approach (www.photovoltaic.ch). This national photovoltaic programme
focuses on R&D,D in a system and market oriented approach, from
basic research, over applied research, product development, pilot and
demonstration projects all the way to accompanying measures for
market stimulation. Activities in pilot and demonstration projects
continued to be limited during 2010. On the technical level, thin film
solar cells and building integration continue to be the topics of
highest priority. The programme is organised along the entire value
chain and addresses the critical gaps from technology to the market
place. Through component and system analysis aim at increasing
efficiency and performance. Accompanying measures to raise the
quality and reliability of photovoltaic power systems include work
on standards and design tools.




Fig. 2 - Edisun Power 840 kW PV on 3 different roofs at the PISTOR facility in
Rothenburg (photo: PISTOR).

RESEARCH, DEVELOPMENT AND
DEMONSTRATION

In the third year of the present RTD master plan, around 65 projects,
supported by various national and regional government agencies

and the private sector, were conducted in the different areas of the
photovoltaic energy system. Innovative solutions, market orientation,
cost reduction, industrial viability and transfer as well as increased
efficiency and reliability are the main objectives of the technical R&D.

For solar cells, the main focus remains on thin film solar cells with
projects in a wide variety of materials (amorphous and microcrystalline
silicon, compound semiconductors, dye-sensitised and organic solar
cells). Work on thin film silicon at the Swiss Federal Institute of
Technology (EPFL) in Neuchatel concentrated on micromorphous solar
cells with a particular emphasis on silicon oxide intermediate reflector
layers. Significant progress was also achieved in the area of high-
efficiency heterojunction silicon solar cells. Industry co-operation was
extended with various companies. Based on these co-operations, the
Oerlikon Solar company announced a new record efficiency of 11,9 %
for micromorphous solar cells.

With regard to CIGS solar cells, the Swiss Federal Laboratories for
Materials Testing and Research EMPA focused the work on high
efficiency flexible CIGS cells on plastic and metal foils. As a highlight,
a new record efficiency of 17,6 % was announced for CIGS solar cells
on plastic substrate. For dye-sensitised solar cells, work continued
at EPFL on new dyes and electrolytes as well as high temperature
stability of the devices. Exploratory work was undertaken on new
solar cell concepts (organic and extremely thin absorber (ETA) cells)
at EMPA. An increasing interest for photovoltaic technology can be
observed for various research institutions as well as from industry.
In line with the international trend to a broader scientific and
technological base, increased activities take place in the fields of
nanotechnology, chemistry and numerical modelling.

On the part of application oriented research, emphasis continues

to be given to building integrated photovoltaics (BIPV), both for new
solutions involving thin film solar cells as well as for new mounting
systems and structures for sloped roofs and facades. A dedicated
website deals with the topic of BIPV (www.bipv.ch) and includes
information about available products.

With the ongoing market development, quality assurance and
reliability of products and systems, as well as standardisation, continue
to be of high priority. The Swiss centres of competence at the

Fig. 3 - Solar Impulse flying near Mont Blanc in July 2010.
(photo: © Solar Impulse).

Technical Universities of Burgdorf and Lugano carefully evaluate
products such as PV modules, inverters and new systems. The test
infrastructure is continuously expanding and recently includes the
largest solar simulator for inverter testing up to 100 kW capacity
(Burgdorf, www.pvtest.ch) as well as a new test centre for IEC
module certification (Lugano, www.isaac.supsi.ch/pv/labo). Long term
experience with the operation of photovoltaic power systems is
carefully tracked for a number of grid-connected systems, ranging
between 10 and 25 years of operation. Continuous development of
system solutions has resulted in a number of industrial products
well positioned in the export market.

From vision to reality: The first prototype of the solar powered
airplane Solarlmpulse (www.solar-impulse.com) by Bertrand Piccard
has reached a major milestone by achieving a first 26 hour non-stop
flight. On the other hand, the solar powered boat PlanetSolar
(www.planetsolar.org) finished its construction phase early in the
year and started its world tour in September in Monaco. The boat
reached Cancun right in time for the 16th United Nations Climate
Change Conference in December 2010.

International co-operation continues to form a strong pillar of the
R&D activities with 18 projects running in the 7th framework RTD
programmes of the European Union during 2010. During 2010, a
second joint call was terminated together with other European PV
RTD programmes in the field of grid integration of photovoltaics. The
co-operation within the IEA PVPS programme has remained a further
strategic activity.

On the programme level, international co-operation is also taking
place through the European PV-ERA-NET project (www.pv-era.net),
the European Photovoltaic Technology Platform (www.eupvplatform.org)
and the European Solar Industry Initiative.

INDUSTRY STATUS

Since a few years, Swiss industrial PV products cover the full value
chain starting from materials, production equipment and small scale
manufacturing of solar cells, over diverse components and products
all the way to system planning and implementation.

On the PV industry supply side, different products count among the
world leaders, e.g. for wiresawing machines from Meyer Burger as
well as from Applied Materials Switzerland ; and measuring equipment
for PV module manufacturers from Pasan (now a part of Meyer
Burger Group). Solar plugging systems are offered by Multicontact
as well as Huber & Suhner.
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Fig. 4 - Building integrated systems benefit from higher feed-in tariffs and represent 25 9% of the systems installed: 46,8 kW system on a farm house in Uettligen (Berne)

(photo: Swiss Federal Office of Energy).

Industrial activities evolve in the field of process equipment

(oc oerlikon) and products based on thin-film technology (Flexcell®
from VHF-Technologies, FLISOM, Pramac). Furthermore, Swiss Solar
Systems (3S) is building some of the world's largest PV module
laminators whereas Komax is active in various steps of the module
manufacturing chain. 3S and Meyer Burger have merged their
activities thereby becoming the largest PV industry group in
Switzerland.

In the inverter area, some products have achieved a high export
rate. The Sputnik Company produces grid-connected inverters at

a capacity of 800 MW/year and presently ranks as number 3 in the
European market. The Studer Company produces stand-alone
inverters and is also very successful in exporting.

Based on the long term experience and the large number of
installed systems, considerable know-how is available amongst
engineering companies for the design, construction and operation
of a large variety of different applications, ranging from small scale,
stand alone systems for non-domestic, professional applications
and remote locations, over small domestic grid-connected systems
to medium and large size grid-connected systems in various types
of advanced building integration. The export volume of Swiss
photovoltaic products continues to be high and is estimated at
more than 2 000 MCHF in 2010.

Besides an increased interest from the manufacturing industry,

the finance sector continues to promote financial services directed

towards renewable energy. Increased investments have occurred in

the renewable energy sector, including photovoltaics, and dedicated
funds are operated by important finance organisations. This trend is
manifested by the regular investment analysis reports published by

the Bank Sarasin (www.sarasin.ch).

MARKET DEVELOPMENT

The market development, which was formerly mainly driven by

green power marketing schemes of utilities, has experienced a strong
development in the framework of the new feed-in tariff support
scheme. The Swiss legislation explicitly foresees the possibility of
switching between the feed-in tariff and the voluntary green power
marketing approach.

The feed-in tariff for PV systems distinguishes between three
different categories of systems, namely ground based, building
applied and building integrated systems (BIPV) for which the highest
tariff can be obtained. The applicable feed-in tariff also depends on
the size of the PV system. In this way, a differentiated scheme is
used which is based on regular market analysis to follow the dynamics
of the market. Due to the tariff applied for BIPV systems, this market
segment corresponds to 25 % of the installed systems. The majority
of systems are realised as building applied systems (74 %) whereas
ground based systems only account for 1 %.

The annual market volume for grid-connected systems is estimated
to a value around 30 MWop. The total installed capacity has thus
risen to more than 100 MW (Figure 5), corresponding to more than
13 W/capita. The PV energy statistics have been established by
tracking the energy produced by grid-connected PV systems and
their statistical distribution since 1992 (Table 1). The total energy
production of grid-connected photovoltaic systems up to 2009 is
thus approaching 50 GWh.

FUTURE OUTLOOK

The photovoltaic sector in Switzerland developed considerably in

the year 2010, be it in research and technology, industry or the market.
On the technology front, the key competence centres continued their
efforts in their respective domains (solar cells, modules, systems)
while increasing their cooperation with industry and on the
international level.
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Fig. 5 - Evolution of the installed photovoltaic capacity in Switzerland between 1984 and 2010 (total and grid-connected, estimated values for 2010).

The support of the national PV RTD programme can be expected TABLE 1: SWISS PHOTOVOLTAIC ENERGY
to continue with a focus on innovative research activities, rapid STATISTICS FROM 1989 - 2009
technology transfer, industrial developments, new products for niche (GRID-CONNECTED SYSTEMS)

markets and ongoing international involvement. For solar cells and
modules, the efforts to bring Swiss technology to the market place is
expected to materialise in further industrial activity. Efforts in the
technology development will concentrate on short to medium term
market oriented approaches and continuous quality assurance. In
parallel, the more basic and longer term research activities are being
increased.

The strategy to promote international co-operation on all levels will
continue, related to activities in the 7th Framework Programme of the
European Union, the European PV Technology Platform, the IEA PVPS
programme and increasingly in technology co-operation projects.
Stronger co-operation with other European PV RTD Programmes and
further joint projects will be established in the framework of the
PV-ERA-NET project.

Based on the experience with the feed-in tariff scheme and as a
result of the ongoing policy discussion, the next years will be most
interesting concerning the domestic market development. On the
supply side, new players can be expected, leading to increased
competition. On the demand side, stronger marketing activities and
end-user orientation will need to take place in order to reach and
satisfy new customers.
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TURKEY

PV TECHNOLOGY STATUS AND PROSPECTS
NEW HORIZONS FOR THE TURKISH PV SECTOR

PROF. DR. SIDDIK 1CL1*, PROF. DR. METIN COLAK*, METE CUBUKCU*

* TURKISH PV TECHNOLOGY PLATFORM, 1ZMIR, TURKEY

Fig. 1a - Module fabricated at GUNAM facility, Ankara.
Fig. 1b - GUNAM's a-Si solar cell laboratory, Ankara.

GENERAL FRAMEWORK

Having a surface area of 78 Mha and 73 Million population, Turkey's
production and consumption based on primary energy resources are
projected to increase by 76 % during 2010-2020 period according to
the "Blue Book" published by Turkish Ministry of Energy and Natural
Resources at the end of 2010. (http://www.enerji.gov.tr/yayinlar
raporlar/Mavi_Kitap 2010.pdf)

Gross electric energy consumption of Turkey in 2009 decreased by
2,4 % while the production decreased by 2,0 % in reference to 2008.
These figures are 193,3 billion kWh and 194,1 billion kWh respectively.
Total installed capacity of electricity is 46 126 MW as of July 2010.
Total electric production in 2009, broken down by specific resources,
stands at 48,6 % natural gas, 28,3 % coal, 18,8 % hydro, 3,4 %
liquid fuels and 1,1 % renewables. The cumulative installed PV power
in Turkey at the end of 2010 was estimated to be about 6 MW.

NATIONAL PROGRAM
The law titled "Utilization of Renewable Energy Resources for
Electrical Energy Production” has been consented by the Parliament
in 2005. Incentives amendment to this law remained in the agenda
of the Parliament since 2008 and approved at the end of 2010. A
purchase guarantee of 13,3 USDcent/kWh is given for solar electric
energy production for ten years. Some supplementary subsidies for
domestic products are as follows:
« PV module integration and mechanical solar construction,

(+0,8 USDcent/kWh)
« PV modules, (+1,3 USDcent/kWh)
. Constituent cells of PV module, (+3,5 USDcent/kWh)
« Inverter, (+0,6 USDcent/kWh)
« Material focusing solar energy on PV modules, (+0,5 USDcent/kWh)

Fig. 2 - 17,2 kWp Solar Water Pumping Project by Merk Energy Ltd.,
Meseler-Ankara.

Another step is, The Electricity Market Regulatory Authority's (EPDK)
bylaw of license exemption rules for grid connected facilities with
500 kW maximum installed power. The bylaw prescribes the financial
procedures and principles for supplying energy to the grid, as well

as the legislative issues concerned. Another bylaw defining the grid
connection guidelines is currently being prepared by the EPDK.

R&D

Among the R&D centers founded with state subsidies by the
universities and/or public enterprises, the environment and energy
themed ones get the 7,8 % share for 2003-2011 period.

PV technologies related projects started in the past and supported

in 2011 are listed below:

« Solar Energy Research Center (GUNAM), Middle East Technical
University (ODTU), 6,92 MEUR, 2009-2011. GUNAM aims to be a
national and international center of excellence in the area of
solar energy science and technology. It has received significant
financial support through the State Planning Organization (SPO)
and Ministry of Industry and Commerce of Turkey. The primary
mission of GUNAM is to carry out research programs towards
development of state of the art PV based solar energy conversion
system. GUNAM is forming a graduate level research and education
program in the field of PV science and technology. Research
activities include developing fundamental knowledge on the
production techniques, characterization and methods and
applications of photovoltaic solar cells including single crystal
based solar cells, a-Si/mc-Si, CIGS and CdTe/CdS based thin film
solar cells, dye synthesized solar cells, organic solar cells, third
generation solar cells based on semiconductor nanocrystals (see
Figure 1) (More details: www.gunam.metu.edu.tr).

« Nanoscience and Nanotechnology Advanced Research Institute,
Istanbul Technical University, 11,44 MEUR, 2008-2012.

« Advanced Lithographic Methods Laboratory, Istanbul University,
2,15 MEUR, 2010-20M

« Infrastructure Laboratories Center, Mugla University, 19,90 MEUR,
2007-2011.

« ENAR Program, Republic of Turkey Ministry of Energy and Natural
Resources (ETKB), 3,89 MEUR, 2008-2013.

« Energy Data and Technology Management Center (EBITEM),
General Directorate of Electrical Power Resources Survey and
Development Administration (EIE), 7,69 MEUR, 2010-2013.

« Environmental Tests Center, TUBITAK-UME, 11,44 MEUR,
2009-2011.

« Electrical Energy Storage Technologies R&D, Diagnosis and Risk
Evaluation Center, TUBITAK-MAM, 3,89 MEUR, 2010-2011.

Some major projects starting by 2011 are as follows:

« Renewable Energy Technologies Center (YETMER), Ege University
Solar Energy Institute (EU-SEI), 3,58 MEUR, 2011-2013. YETMER
aims to make type approval tests for products and conformity
certification for services for photovoltaic, wind, solar thermal,
biomass and geothermal energy facilities. Vocational education
and certification in mentioned areas are also in the target of
the center.



Fig. 3 - PVPS test application by Bati Enerji Co. & Motif Proje Ltd., Burdur.
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Fig. 4 - 15 kWp grid-connected PVPS by Solimpeks Ltd. at the KCETAS building,
Kayseri.

« Ege University Solar Energy Institute (EU-SEI) has been granted
Energy Efficiency Organo-opto-electronics and PV Technologies
Research Center, 0,84 MEUR, 2011-2012.

« Photonics Research Center, Gazi University, 5,25 MEUR,
2011-2013.

« GAP Renewable Energy and Energy Efficiency R&D Center, Harran
University, 4,06 MEUR, 2011-2013.

In addition to these highlights, the Turkish PV Technology Platform
(UFTP), founded in 2008 and run by EU-SEI, continues its endeavors
to bring related bodies together on a common platform and facilitate
information flow. One of the results is that the National Qualifications
Authority (MYK) has signed a protocol with EU-SEI for preparing
vocational qualification standards of basic renewable energy (wind,
PV, solar thermal, biomass) jobs. One other development on PV side,
establishing a vocational test center for PV jobs has been initiated
by Aegean Region Industry Chamber (EBSO) and EU-SEI with the
support of MYK. EU-SEI has also become a partner of EU project titled
"Benchmark of National Knowledge and Experiences to Improve
Quality of Vocational Education in Renewable Energy Sector”.

Established in 2009, Interaktif Ltd., is a young company carrying on
R&D and production operations in SME Support Administration
(KOSGEB) incubation center in the Ege University campus. Company
designs new state of the art power electronic interfaces to be used
in/for renewable energy systems. Their flagship is the grid connected
inverter for wind turbines, more efficient and lightweight and smaller
than its competitors. This new product having necessary national/
international certification is expected to be on the market by the

last quarter of 2011.

TMPLEMENTATION

With the stimulation of the incentives amendment made to the

renewables law by the end of 2010, many companies waiting to

invest in the sector accelerated their works.

« Solar Watchtowers: Izmir Forestry Administration's "Renewable
Powered Watchtowers at the Summits of Forests" project is
supported by the Izmir Development Agency (IZKA). Within the
context of the project, nine 12x170 = 2040 Wp mobile PV power
systems have been projected.

TURKEY

Fig. 6 - PV power system (PVPS) application by Ekosolar Ltd. in Gazi University,
Ankara.

Green Hospital: Turgutlu State Hospital with 300 bed capacity
has been tendered by Health Ministry via Housing Development
Administration of Turkey (TOKI) to DOYAP A. S./Gork Ltd. consortium
and the foundation has been laid at the beginning of 2011. The
consortium spokesman said if the preliminary project proposal is
approved, Turgutlu State Hospital will be the first “Green Hospital”
of Turkey. A small scale PV plant has been installed at the
construction site.

Water Supply: Akademi Enerji Ltd. installed a facility utilizing

a solar pump at the Gordes province of Manisa to provide potable
water to the Sahinkaya village. Since the drilling point is 6 km
away from the village transformer substation, the solar potable
water system costs one third of the expenditure for a new power
line and transformer installation, with a substantially reduced
operation cost.

Gazi University: 32x170 = 5,440 Wp on-grid PV power system
has been projected.

Kocaeli University: 6x60 = 360 Wp grid-connected photovoltaic
power system including thin film modules has been under operation
in Kocaeli University from March 2010. R&D activities on PV power
inverters, power quality and grid connection issues are continued
on power electronics and power quality research laboratories

in Kocaeli University. Kocaeli Metropolitan Municipality and Kocaeli
University Researchers have developed a 3 kW solar tracking
photovoltaic power production system. The system installation

is still actively working in the garden of Kocaeli Metropolitan
Municipality. The produced photovoltaic energy transferred

to the grid network is about 9 MWh yearly. The system has twenty
150 Wp photovoltaic panels, for a total power of 3,000 W. Solar
tracking PV system provides about 45 % more energy production
compared to a fixed PV system.

Solarcity: Antalya Metropolitan Municipality has officially started
the program for creating Antalya's Solarcity identity on July 2010.
This long running program involves defining the PV roadmap for
Antalya.

GSM RTU Applications.
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Fig. 7 - 3 kWp Solar Tracking PVPS application in the garden of Kocaeli
Metropolitan Municipality.

Fig. 8 - 42 kWp stand-alone PVPS application by Global Tower in Ozdere-Izmir.

Some attractive PV applications which were installed in 2010 are
shown in Figures 2 - 8.

INDUSTRY STATUS

Having IEC 61215 certification for their PV modules, the ANEL

Group plans to increase the capacity of their fully automated module
manufacturing line commissioned in 2009. The current capacity

of 15 MW/y will be increased to 75 MW/y. ANEL produces various
goods for known European brands with TUV, IEC, CE, ISO 9001 and
ISO 4001 certifications. (http://www.anelenerji.com.tr)

Another module manufacturer, Tera Solar Ltd., produces 5 W to
250 W mono- and poly-crystal modules and has a 5 MW/year
production capacity soon to be increased to 10 MW/year.

Trakya Cam Co. as a leading flat glass supplier in the region and
one of the largest glass producers in Europe is increasing sales for
Solar Glass. The mother company, Sisecam, which has around 3 BEUR
in sales, is composed of four groups involved in glassware, glass
chemicals, glass packaging and flat glass. The solar glass business
group is a part of the Trakya Cam flat glass company, which has been
active in the solar glass market for years. Trakya Cam is producing
two types of tempered, patterned solar glass in both 3,2 mm and

4 mm thickness called DURASOLAR P+. Durasolar P+ is tested and
certified by the SPF Institute and is also certified as U1 class
(http://www.trakyacam.com.tr/Islenmis_Camlar/en/).

MARKET DEVELOPMENT

Although the PV sector is in its infancy in Turkey, thanks to UFTP
endeavors since 2008, significant developments are being made.
Numerous parameters has been carefully and seriously studied and
examined long before the sector matured. As an example, UFTP

initiated a workgroup with the Turkish Standards Institute for
translation of international PV standards. This movement evolved in
an official PV Mirror Committee - MTC116 and continues the job
independently.

One of the most popular and awaited convention among all parties,
the Solar Energy and Technologies Fair will be held on 10-13 March,
2011. (http://www.solarfuari.com/).

Due to the declared incentives, financing and credit viability issues

of energy production facilities and systems are brought into finance
bodies' agenda. Numerous financial institutions come forward with

special finance plans for renewables.

Grant donators such as the SME Support Administration (KOSGEB)
and development agencies are prioritizing the renewable themed
projects. In the near future, it is expected that they shall open calls
directly under the title of renewable energy resources.

FUTURE OUTLOOK

The Turkish Electricity Transmission Company (TEIAS) prepared

a projection considering the supply and demand data and warned,
“Unless the necessary steps are taken, electricity supply will not
meet the demand in 2016."

With this warning also in mind, along with the environmental
responsibility issues, public awareness gradually increased over the
last five years and alternative energy resources have become a new
area of interest.

As a tangible target, the Energy and Natural Resources Ministry
2010-2014 Strategic Plan aims to reach a 30 % share of renewables
(incl. hydro) in electric energy production by 2023. In the light of
this striking projection, a rapidly growing market in the near future
in Turkey will not be surprising.

To pave the road for domestic and foreign investors and companies,
UFTP takes the lead by holding an international convention on

16t February 2001, in Istanbul, aiming towards experience sharing
among parties; with the contribution of IEA-PVPS Task 1 Experts.

For More Information:
Tel/Fax.: +902323391128

E-mail:  siddik.icli@ege.edu.tr, metin.colak@ege.edu.tr,
mete.cubukcu@ege.edu.tr,
Web: http://eusolar.ege.edu.tr, www.uftp.org.tr
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Fig. 1 - 14,84 kWp, St. Silas Church, London by Solar Technologies Ltd.

GENERAL FRAMEWORK

Climate Change, Greenhouse Gases and Renewable Energy have

been re-occurring topics in newscasts and politics in the UK over

the past few years and even more so in 2010. This is also reflected

in the government policy documents, statutory targets and the active
mechanisms. The UK government through the Climate Change Act
2008 has set the UK's targets to reduce greenhouse gas emissions

by at least 80 % by 2050 , against a 1990 emission baseline, through
domestic and international action. Another aspect of the Act is a
carbon budgeting system which caps emissions over five year periods,
commencing with the period 2008-2012. Three budgets are set at a
time to establish a trajectory to 2050 [1]. In May 2009, the levels of
the first three carbon budgets were approved by Parliament and so
are set in law.

Pursuant to the Climate Change Act, the Government set up the
Committee on Climate Change (CCC) and Adaptation Sub Committee.
These bodies are involved in policies such as the Carbon Budgets.
Alongside the Climate Change Act, the UK government's other initia-
tives to address climate change include documents within planning
policies, the Planning Act, the Energy Act and Securing the Future -
the UK Sustainable Development Strategy.

In order to attain the government's challenging renewable energy
production, and CO, and total Greenhouse Gas reduction targets,
the UK also released the Low Carbon Transition Plan in July 2009
and the document Warm Homes, Greener Homes.

UNITED KINGDOM

NATIONAL PROGRAMME
The EU Renewable Energy Directive set a target for renewable energy
to provide 15 % of the country's energy by 2020 [2]. Based on this,
the Renewable Energy Strategy released in July 2009 highlights how
the UK can produce more than 30 % of electricity from renewables
against a backdrop of approximately 5,5 % in 2009. Also, whilst noting
that the UK housing stock is a large emitter of emissions, Warm
Homes, Greener Homes was released to set out plans for achieving

a target reduction of 29 % of non-traded carbon emissions from the
household sector.

The Department for Energy and Climate Change (DECC) is involved in
drivers such as the Feed-In-Tariff. The Committee on Climate Change
(CCC) and Adaptation Sub Committee were setup independently to be
involved in the associated issues and as such have reported on multiple
issues. As part of its role the CCC provides annual reports to Parliament
on the progress the government is making in meeting carbon budgets
and in reducing emissions of greenhouse gases. The Government
commissioned the Committee on Climate Change to provide a number
of study reports including:

- Carbon Budgets.

« Building a low-carbon economy - the UK's innovation challenge.
This report considers the effectiveness of current policy measures
and institutional arrangements to deliver the technologies
required to meet the UK's 2050 emissions target.

« 'How well prepared is the UK for climate change?' - an Adaptation
Sub-Committee report.

Additionally, the Building Research Establishment (BRE) is involved
in policies such as the mandatory levels of the Code for Sustainable
Homes (CODE), and the commercial equivalent - Building Research
Establishment Environmental Assessment Method (BREEAM).

Regional development agencies pushed activity into assessments

and reporting of local issues surrounding renewable energy, although
these players were disbanded in late 2010. In summary, it is evident
that the UK Government believes that Renewable Energy is an excellent
way forward to tackle many of the present and future issues.

IMPLEMENTATION

The Renewable Obligation (RO) that started in 2002 was still in effect
during 2010 with support available until for a maximum of 20 years
(up to the end date of the RO in 2037). Currently PV receives 2 ROC's
for every MWh produced [3], although this is superseded (financially)
by the newly introduced Feed-in-Tariff (FIT), which creates a better
financial outlook for PV installations. More than 4 000 installations
registered under the RO have migrated over to the FIT [4].

The FIT is arguably the most prominent and influential Government
implementation of 2010 for UK PV. The scheme was put into effect
in April 2010 putting to a stop the Low Carbon Buildings Programme.
The FITs scheme provides incentives for gross generation from
renewable and low carbon technologies; the incentives being
dependent on technology and scale of generator. An additional
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Fig. 2 - 50,125 kWp, Ferrier Point, London, Sundog Energy Ltd.

payment is also given for electricity exported to the network. The
finance comes directly from electricity suppliers

In terms of PV, the scheme is index linked for 25 years to provide
further incentive to the market, with a diminishing tariff level
depending on the year of installation and in line with a predicted fall
in system prices due to economies of scale and technology progression.
The mechanism applies to all microgeneration technologies producing
up to 50 kW of electricity. Generators greater than 50 kW but up to
5 MW can opt to access either the FIT or register under the RO. The
new coalition Government has reaffirmed that the FIT will only be
retrospectively applicable to the schemes installed after the 14th of
July 2009 [5]. The FIT rates have been set for new entrants up to
2021. The FIT rates for 2010/11 are presented in Table 1. Further
details can be obtained from http://www.decc.gov.uk.

TA B L E 1 - TARIFF LEVELS FOR PV
FINANCIAL INCENTIVES UNDER UK FIT
1/4/10 - 31/3/11

SYSTEM SIZE GBP PER KWHP

4 kW (new build) 0,361
4 kW (retrofit) 0,413
>4 - 10 kW 0,361
>10 - 100 kW 0,314
>100 kW - 5 MW 0,293

Standalone system 0,293

As a result of the FIT, the UK has seen the creation of PV farms.
Several more have received planning permission, predominantly in the
Devon and Cornwall areas due to high solar radiation in those areas.
There are also plans to install very large PV arrays onto industrial
buildings. In February 2011, the Secretary of State for Energy and
Climate Change announced that the scheme would be reviewed.

The Low Carbon Buildings Programme (LCBP) was closed to new
applicants in February 2010 due to the introduction of FIT. It was able

Fig. 3 - 9,9 kWp, All Saints Church, Buckinghamshire, Freewatt Ltd.

to provide a relatively small contribution to the industry, with a
combined total from the whole scheme for 2010 being 2 733 PV
installations [6] with approximately 8,2 MGBP grants being committed
in the year.

A similar scheme to the FIT is the Renewable Heat Incentive (RHI),
whereby microgeneration technologies producing heat energy will
be provided funding for doing so. RHI will incentivise solar thermal
installations up to 200 kWth capacity at a rate of 8.5p per KWth
for a period of 20 years, for non domestic installations. We will
consider introducing support for solar installations above this scale
from 2012.

In addition to the Feed-in-Tariff, a number of funding options have
been available to both homeowners and community groups. Funding
for the Energy Saving Scotland home renewables grant scheme was
fully allocated on 14 July 2010, placing any new enquiries on a waiting
list, while local community groups were still catered for by the
Community and Renewable Energy Scheme (CARES). Both initiatives
were established in 2009 as an evolution of the Scottish Community
and Householder and Renewables Initiative (SCHRI).

The Community Sustainable Energy Programme launched in 2008,
which closed on 17th December 2010, provided grants towards the
cost of microgeneration technologies and energy efficiency measures,
with a total of 8 MGBP being available from the Big Lottery Fund.
Community organisations could apply for up to 50 KGBP or 50 % of
the project cost (whichever is lower). This funding was typically used
in conjunction with the LCBP or equivalent to meet a significant
proportion of the costs of microgeneration installation. There are

no more rounds of funding planned.

Private utility companies, predominately the electricity and gas
suppliers award grants for community oriented PV and other
renewable energy projects. There are also local initiatives supporting
PV installations in some parts of the country.

Other policies and initiatives that have affected PV in the UK over

2010 were:

« Building Regulations: Building regulations were tightened.
Changes to the approved documents (Part L1) in October 2010
provided tighter target emission rates of dwellings and commercial
property, providing another avenue for PV to be implemented.



Fig. 4 - 6,16k Wp, Nonnington, Kent, Nu-Sustainable Ltd.

« The Code for Sustainable Homes (CODE) - Standards for
development of low carbon, and more environmentally sustainable
homes, including promoting the role of renewable technologies.
The CODE was launched in December 2006. CODE level increases
for social housing developers.

R & D, D

UK RD&D funding encompasses a broad array of measures from
fundamental research through to industry development and installer
training programmes. Currently considerable attention is focused on
developing technologies and processes for rapid, cost-effective solar
cell fabrication, particularly organic and nanostructured materials
suitable for roll-to-roll production.

The approach to research in the UK is similar to that of Germany,
the US and Japan where there is more emphasis on central research
facilities for PV.

At national level, the Engineering and Physical Sciences Research
Council (EPSRC), the Department for Business, Innovation and Skills
(BIS), the Technology Strategy Board (TSB) and the Carbon Trust are
the four prominent bodies enabling Research in the UK, in terms of
finance, capacity building, information dissemination and information
exchange.

These organisations and a handful of other UK Government
departments support a large number of energy research and
innovation programmes. These range from incubation research,
development and pilot scale demonstration, through to capital
grants assisting full scale deployment of near-market technologies.

The UK Energy Research Centre (UKERC) Research Register provided
by the Science and Technology Facilities Council details solar sector
research activities that are publicly funded - the details are available

at http://ukerc.rl.ac.uk.

The push for zero carbon homes has stimulated research in
incorporation of PV into buildings, raising efficiency and lowering
maintenance requirements of systems. A private entity Corus

UNITED KINGDOM

Fig. 5 - Multicrystalline blocks inside a wire saw, PV Crystalox Solar Plc.

Colors, the Low Carbon Research Institute and the Welsh Assembly
Government have collaborated to form an institution named the
Sustainable Building Envelope Centre in North Wales. Their aim is to
develop energy generating technologies that are also the fabric of
the building.

INDUSTRY
There are four prominent manufacturers in the UK related to PV:
PV Crystalox Solar, Sharp, Romag and GB-SOL.

PV Crystalox Solar manufactures silicon ingots in Oxfordshire. The
company has a formidable output of multicrystalline silicon ingots.
Production had risen 46 % in 2010 to 350 MW, with approximately
75 % of the ingots being exported to Asia, and the remaining 25 %
shipped to Europe. Production capacity of the plant is currently
500 MW.

Sharp's plant in North Wales manufactures a broad range of
monocrystalline and polycrystalline modules for supply to UK and
Europe. Production volume is 220 MW per annum, or some 4 000
modules per day.

Romag in Northern England is an established specialist glass company
serving a number of sectors including solar PV. Their products are
marketed under the PowerGlaz brand and encompass glass/glass
laminates, louvres, roof integrated tiles, solar charging canopies as well
as standard modules from 165 W to 235 W.

GB-SOL is a relatively small company based in South Wales, which
manufactures bespoke solar modules including glass-glass laminates
for architectural applications. The company also manufactures
standard modules from 5 W to 200 W and a range of 'flexi' panels
based on anodised aluminium sheets.

The register of solar PV installer companies listed on the Micro-
generation Certification Scheme (MCS) website identifies 1 338 MCS
certificated installation companies throughout the UK. This number
has increased considerably since the advent of the FITs in April 2010.
See http://www.microgenerationcertification.org/mes-consumer/

installer-search.php
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MARKET DEVELOPMENTS

The cumulative installed PV capacity had risen to 29,6 MWp at

the close of 2009. A shortage of supply of inverters and modules in
2010 has meant that fewer installations have taken place than
planned, although the UK has seen a huge leap forward in installations
regardless of the logistics issues. The interest in FITs has meant a
larger number of installations being planned and installed despite the
difficulties faced by installers to find products. Figures for 2010 are
not yet available.

According to the Office of Gas and Electricity Markets (OfGEM), the
UK's electricity ombudsmen, there were also 6 500 new photovoltaic
installations registered between 1 April 2010 and 30 September 2010,
representing approximately 23 MWp of newly installed capacity to

the same date. Should this trend prevail, the UK could see figures in
the region of 75 to 80 MWp of total cumulative installed capacity

to the end of 2010.

FUTURE OUTLOOK

There may be some changes to the UK Carbon budgets due to
the continually changing factors and drivers. The Government will
propose draft legislation for the fourth budget in Spring 2011.

The potential introduction of the Renewable Heat Incentive previously
outlined, may stimulate the PVT industry a little. Changes to the
Building Regulations (Part L1) in October 2010 will provide another
avenue for PV to be implemented, although more influencing will be
the raised mandatory levels of the Code for Sustainable Homes, which
will also enable the promotion of all renewable technologies, especially
within developments of the social housing industry.

Green Investment Bank: The Government states that they will provide
2 000 MGBP in funding for a green investment bank, as part of efforts
to make the UK a leader in the low-carbon economy. The Green Party,
a small opposition party, is advocating a need for a three-fold increase
in this funding.

DECC and HMT have published proposals [7] to reform the electricity
market to help deliver security of supply and the decarbonisation

of the electricity sector. These proposals incorporate all four of the
Coalition Agreement commitments relating to this area, which will
be judged against the published criteria of cost-effectiveness,
durability, practicality, and coherence:

« Feed in Tariffs;

« Carbon price support;

« Emissions Performance Standard; and

« Capacity payments.

The aim of the Electricity Market Reform programme is to undertake
fundamental reforms to the electricity market to ensure the UK can
attract the investment needed to meet its carbon emission reductions
targets and have a secure, affordable supply of electricity towards
the end of this decade and in the longer-term.

The consultation closes on the 10 March 2011 and will be followed
by a White Paper. DECC's intention is to legislate for the reforms

before the end of Parliament to encourage new investment to come
forward during the remainder of this decade.

On 12th July 2010, the Government announced a consultation on

a new Microgeneration Strategy. This Strategy will look forward to
2020 and cover England only, and seeks to tackle the non financial
barriers to the development of microgeneration technologies, including
PV. It seeks views on four key areas: quality, skills, technology
development and information/advice. Rather than follow recent
practice and produce a document on which interested parties can
comment, DECC invited those with the greatest knowledge and
expertise in the field to contribute to the development of a
consultation document which was published on 22 December 2010.
The consultation closes on 16 March 2011.

2011 is set to see the largest uptake of photovoltaics in the UK, as
knowledge of the FIT scheme and its financial advantages becomes
more widespread. The Government has indicted that it was looking
to cut payments from the FIT to large-scale PV. If this policy is
implemented, it may hamper the progression of UK PV. If the FIT
remains as it is, the local planning teams will certainly see more
applications for PV farms, however, the UK Government has made
clear that they do not want large greenfield-based solar farms to
distort the available funding for domestic solar technologies. The
situation is therefore likely to be reviewed to ensure this is not the
case going forward.

In short, there are many to stimulate renewable energy in the UK
with the FIT being the most influential by far. Although total installed
PV capacity in the UK has doubled in the first 6 months due to the
FIT, the PV industry believes the public needs to be well informed of
its availability, merits and demerits. Solar PV will have a role to play
in the coming years, and in 2010 has shown itself to be a potentially
influential technology in the UK, providing it is given a helping hand.

Endnotes:

[1] Climate Change Act, found at;
http://www.statutelaw.gov.uk/content.aspx?LegType=All+Legislationéttitle=cli
mate+change&Year=2008&searchEnacted=0&extentMatchOnly=0&confers
Power=0&blanketAmendment=0&sortAlpha=0&TYPE=QS&PageNumber
=1&NavFrom=0&parentActiveTextDocld=3539938&ActiveTextDocld=3539942
&filesize=7840 accessed19/05/09

[2] DECC website found at;
http://www.decc.gov.uk/en/content/cms/what_we_do/uk_supply/energy mix
/[renewable/ored/uk_action plan/uk_action plan.aspx accessed 13/12/10

[3] http://www.decc.gov.uk/assets/decc/what%20we%20do/uk%20energy%
20supply/energy%20mix/renewable%20enerqgy/ored/25-nat-ren-energy-
action-plan.pdf page 114

[4] http://www.ofgem.gov.uk/Sustainability/Environment/fits/Newsletter/
Documents 1/FIT%20Update%20Issue%202.pdf page 4

[5] Source:
http://www.publications.parliament.uk/pa/cm201011/cmhansrd/cm
100916/debtext/100916-0001.htm#10091616000017 accessed 7/1/11

[6] BRE and Energy Saving Trust

[7] The EMR consultation runs 16 December 2010 - 10 March 2011:
http://www.decc.gov.uk/en/content/cms/consultations/emr/emr.aspx. HMT's
consultation on the Carbon Floor Price runs from 16 December 2010 -

11 February 2011: http://www.hm-treasury.gov.uk/consult carbon_price
support.htm
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Fig. 1 - The SETP funds projects along the technology pipeline, from Material and Device Concepts to Market Transformation activities.

GENERAL FRAMEWORK

In 2010, the solar PV installations in the United States grew by 92 %
compared to 2009, for a total of approximately 900 megawatts (MW)
installed this year [1]. The major Federal policy driver of growth in
U.S. PV installations was the U.S. Department of Treasury Grant In
Lieu of the Investment Tax Credit Program (Sec. 1603), funded through
the American Recovery and Reinvestment Act (Recovery Act). This
program, where applicants receive a 30 % cash grant for installed PV
costs, is intended to make up for the lack of tax equity due to the
downturn in the U.S. economy.

To spur additional large-scale solar project development, the U.S.
Department of the Interior (DOI) and the U.S. Department of Energy
(DOE) announced a comprehensive environmental analysis that
identified proposed “solar energy zones" on public lands in six
western states most suitable for environmentally sound, utility-scale
solar energy production. Also spurring development was the DOE
Loan Programs Office, which entered in to several loan guarantees
for solar manufacturing and power-generation projects. Awards
under this program, which accelerates the domestic commercial
deployment and manufacturing of innovative and advanced clean-
energy technologies, are also funded through the Recovery Act.

The state- and local-level policy environments in 2010 saw both
positive developments and challenges for the solar industry, including
the expanded adoption of strong net metering and interconnection
rules, aggressive renewable portfolio standards (RPS), as well as legal
challenges for both municipal Property Assessed Clean Energy (PACE)
programs and state-level feed-in tariffs.

Outside of direct responses to policy, businesses put more emphasis
on sustainability, which led to numerous PV installations on lkea,

Kohls, Walmart, and other “big box" stores as well as high-visibility

[1] Based on preliminary data from several financial analysts.

installations on large sports stadiums in New York, Philadelphia, and
Massachusetts. Also in 2010, President Obama announced plans to
install solar panels on the White House in Spring 2011, continuing
to highlight the commercial readiness of solar.

“SUNSHOT” NATIONAL PROGRAM

DOE accelerates the research, development, and deployment of all
solar energy technologies through its Solar Energy Technologies
Program (SETP) with 225 MUSD in 2010 and an additional 117 MUSD
in funding from the Recovery Act. In 2010, SETP held workshops

with industry and other stakeholders to develop a roadmap to reach
the goal of 1 USD per watt installed price of PV systems by 2020.
Information from these workshops was used to develop the "dollar-
a-watt" or "SunShot" initiative, whose main objective is to enable
solar energy to achieve grid parity in the United States without
subsidies by the end of the decade, thus becoming competitive with
fossil fuel throughout the United States and the world. The SunShot
Initiative was formally launched in February 2011 and includes
investments by the Advanced Research Projects Agency - Energy
(ARPA-E) and the Office of Science. Initial cost targets for the dollar-
a-watt target are 0,50 USD/W for modules, 0,10 USD/W for power
electronics, and 0,40 USD/W for balance of systems. Throughout
2011, DOE will actively engage industry through additional workshops
and will issue additional Funding Opportunity Announcements to
meet these aggressive goals. All research programs described below
will also be restructured to ensure that they are meeting the SunShot
objectives.

RESEARCH, DEVELOPMENT, AND
DEMONSTRATION

Photovoltaics Research and Development

To bridge the gap between basic and applied solar research, SETP
in 2010 funded the third and final year of the Next Generation



program projects - primarily at universities - to develop innovative,
revolutionary, and highly disruptive PV approaches. DOE funded more
than 20 projects in 11 different areas (see Fig. 2). For example, the
University of Delaware worked on the development of a highly
efficient, wide bandgap CIS/CIGS technology, which is necessary for
polycrystalline tandem devices.

MNext Generation ($21.7 Million)
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Fig. 2 - In 2010, the U.S. Department of Energy funded more than 20 Next
Generation program projects in 11 different areas.

In 2010, SETP also continued to fund domestic PV startups through
its PV Incubator Program for promising technologies that have been
proven on a laboratory scale and are ready to transition to commercial
production. SETP made four new PV Incubator awards to Alta
Devices, TeraSun, Solar Junction, and Sempris. Previous awardees,
including Innovalight, Abound Solar, and CaliSolar, are rapidly scaling
manufacturing capabilities toward hundreds of MW of annual
production and the creation of hundreds of new jobs.

Through 24 new Supply Chain and Cross-Cutting technology projects,
SETP partnered with industry and universities to develop technologies
that provide cost reductions and performance improvements with
broad application across the industry and can be adopted directly
into the current manufacturing process. These technologies range from
a new moisture-resistant polymeric ultra barrier to replace glass, to
laser manufacturing techniques and novel solar printing mechanisms.

Currently in its final of three years of funding, the Technology
Pathway Partnerships projects have accelerated industry's progress in
developing specific system approaches that address total PV system
lifecycle costs. Awardee accomplishments included the development
by Dow Chemical of a shingle that integrates with asphalt shingle
roofs for the residential market; high-performance utility-scale CPV
systems by Amonix; and industry's highest performing one sun (non-
concentrating) PV system by SunPower.
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Fig. 3 - PV Incubator projects accelerate commercialization of new manufactur-
ing processes that have been proven at the laboratory scale.
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Fig. 4 - Supply Chain projects develop technologies that reduce cost, improve
performance, and have broad application across the PV industry.

In 2010, SETP released a Funding Opportunity Announcement for a
5-year, 25 MUSD/year PV Manufacturing Initiative (PVYMI) to support
the creation of a robust U.S. PV manufacturing base and supply
chain, develop a highly trained workforce with the required technical
skills, and speed the implementation of new cutting-edge technologies.
The initiative intends to accelerate the coordination of stakeholders
and fund technology development across the U.S. PV industry.
Applicants could apply under either a university-focused topic for
industry-relevant research and development projects conducted by
universities, or an industry-focused topic for collaborative or facility-
based approaches to accelerate the development and implementation
of PV manufacturing-related technologies. DOE is planning to fund
the PVMI for 125 MUSD over 5 years to allow all awardees to reach
financial self-sufficiency. Award winners will be announced in 2011.

Systems Integration

SETP's Solar Energy Grid Integration Systems (SEGIS) project
advanced into its third and final stage, with 9,2 MUSD of funding
for demonstration of inverters with advanced functionality and




Fig. 5 - The Amonix 7700 Solar Power Generator received an R&D 100 Award
for innovation in 2010.

communications to enable high grid-penetration levels for PV
systems. Demonstrations were conducted by teams that included
utilities and inverter, energy storage, and communications
equipment suppliers.

With Recovery Act funding, SETP also continued funding for High
Penetration Solar Deployment activities to study the effects of high
penetration levels of PV on the electrical grid. Activities by project
awardees include developing modeling tools and a database of
experience with high-penetration scenarios of PV on a distribution
system; developing monitoring, control, and integration systems to
enable cost-effective widespread deployment of small modular PV
systems; and demonstrating integration of PV and energy storage
into Smart Grid applications.

DOE also established a new partnership with the National Oceanic
and Atmospheric Administration to advance the utilization of
atmospheric and oceanic renewable energy resources in energy
generation by improving our understanding of these resources.

U.S. national laboratories continued work on testing and evaluation,
component and system reliability, system modeling, and codes and
standards. Through the funding of the Solar America Board for Codes
and Standards (SolarABCs), SETP conducted research and published
findings on wind loading, permitting, and flammability.

Market Transformation

Under its Market Transformation Activities, SETP worked with DOI
to complete a draft Programmatic Environmental Impact Statement
designed to assess the environmental impacts of utility-scale solar
projects on public lands and lands administered by the Bureau of
Land Management. This inter-agency initiative was aimed at
accelerating the deployment of large-scale solar installations on
federal lands in six western states - Arizona, California, Colorado,
Nevada, New Mexico, and Utah.

Under the Solar America Communities [2] (SAC) program, DOE used
Recovery Act funding to facilitate the development and field testing
in 16 cities of innovative financing approaches for distributed PV,

[2] Formerly known as Solar America Cities, this program was rebranded to Solar
America Communities in 2010 to recognize the importance of counties as well
as cities in furthering solar market development.
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including community solar financing, group purchasing, PACE
financing, and public-private partnerships between local governments
and solar lease/power purchase agreement (PPA) providers. For
example, DOE worked with the cities of San Jose, California, and
Portland, Oregon, to develop a group purchasing program that resulted
in 1,7 MW of PV installed capacity at residential sites throughout
these cities. DOE also began work with the City of Seattle, Washington,
to implement a community solar program and conducted economic
feasibility analyses for the cities of New York City, New York, and
Houston, Texas.

Through its SAC program, DOE also issued an updated guide for U.S.
communities to provide best practices and aid in PV implementation
projects, including best practices for streamlining the solar
permitting process and updating building and zoning codes for solar
technologies.

IMPLEMENTATION

In addition to support from federal policies and agencies, solar
energy also saw significant advances in the adoption of various state
and local policy instruments, including improved net metering and
interconnection rules, regulatory acceptance of third-party financing
models, renewable portfolio standards (RPS), and performance-based
incentives. Net-metering activity included a new California law that
raised the aggregate cap on net metering from 2,5 % to 5,0 % of

a given utility's peak load. West Virginia adopted an improved
net-metering policy that raised the capacity limit for commercial
and industrial customers to 500 kW and 2 MW respectively, with an
overall program capacity of 3 % of utility peak load. Utah improved
its statewide interconnection rule by introducing standard
interconnection agreements, based on system type, and raising the
system capacity limit from 25 kW and 2 MW for residential and non-
residential systems to a uniform 20 MW. Meanwhile, by the end of
2010, 19 states plus Puerto Rico explicitly allowed third-party PPA
financing, up from only 8 states at the end of 2009.

Colorado raised its RPS to 30 % by 2020 with a solar “set-aside"
increased to 3 %. Massachusetts included in its RPS a PV set-aside
requiring 400 MW of PV to be installed in-state. In October 2010,
Hawaii joined nine other jurisdictions and utilities in the United States
that have adopted a feed-in tariff (FIT). The FIT structure employs a
three-tier rate schedule differentiated by system capacity and
technology, guarantees a fixed rate over a 20-year contract, and
sets maximum system size caps by island and by technology.
Colorado now allows community net metering or “solar gardens” in
investor-owned utility service territory up to 2 MW, while California's
Renewable Auction Mechanism will require requlated utilities to
procure a minimum of 1,000 MW of capacity from renewable energy
projects up to 20 MW in size.

Despite these successes, 2010 also yielded significant challenges for
other state and local renewable energy policy instruments. In Florida,
for example, four separate incentives for renewable energy expired: a
capacity-based solar rebate program, a production-based tax credit,
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Fig. 6 - Sempra’s 48-MW Copper Mountain Solar Facility in Boulder City, Nevada, became the United States' largest solar power plant in 2010.

a capacity-based investment tax credit, and a sales-tax exemption
for renewable energy equipment. Funding for the solar rebate program
had been exhausted since mid-2010, with no extensions approved by
the state legislature.

The PACE model, whose adoption by local jurisdictions had accelerated
in 2009, was dealt a significant setback following a statement in
mid-2010 from the Federal Housing Finance Authority (FHFA). As
most PACE programs require a priority lien over existing mortgages,
the FHFA took the position that such loans present significant risk
to lenders and secondary markets. Since the statement's release,
local jurisdictions have placed their PACE programs on hold pending
further clarification. The legality of feed-in tariffs had also been
challenged before the Federal Energy Regulatory Commission (FERC)
in proceedings involving the California Public Utilities Commission
and three California utilities. A FERC order issued in October resolved
the uncertainty by providing clarifying validation, within strict
parameters, for a state-level feed-in tariff.

INDUSTRY STATUS

Production

Module shipments, a measure of production, more than doubled in
2010, from 409 in 2009 to 1 049. Although 2010 numbers are not
yet available, the following numbers show the percentage of world
production by technology produced in the United States: mono-Si -
1 %; poly-SI - 1 %; ribbon Si - 79 %; a-Si - 36 %; CdTe - 13 %j;
CIS/CIGS - 53 %.

Acquisitions

With the upward trend in acquisitions, it appears that several PV
firms are assuring demand for their products by expanding into or
acquiring actors in the project development arena. Sharp acquired
Recurrent Energy for 305 MUSD and brought in 2 GW of projects
under development, including 330 MW under contract. First Solar,
with the acquisition of NextLight Renewable Power for 297 MUSD,
now has a 2,1 GW contracted utility-scale North American pipeline.
SunPower acquired SunRay Renewable Energy's 1,2 GW mostly
European pipeline for 277 MUSD.

In addition to expanding in the project development space, several
companies made technology acquisitions. For 66 MUSD, MEMC
Electronic Materials acquired a 100 % stake in Solaicx, which has a
proprietary process to manufacture silicon ingots using the CZ
(Czochralski) process. For 20 MUSD, Konica Minolta Holdings Inc.
acquired a stake in Konarka Technologies Inc., a U.S. manufacturer of
solar cells made of printable organic semiconducting material. For
50 MUSD up front, Advanced Energy Industries acquired PV Powered,
a developer and manufacturer of inverters.

MARKET DEVELOPMENT

Despite the recession, U.S. solar PV markets grew by an estimated
92 % to reach 900 MW installed, according to the most recent data
from various financial analysts. In 2010, California and New Jersey
dominated the installation market, with Nevada, Colorado, New
Mexico, Pennsylvania, Arizona, and Florida completing the top eight
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state markets. Preliminary market segment data show that Sources of Information for the USA IEA PVPS 2010 Annual Report are:
commercial-scale projects constituted over 50 % of the market, U.S. Department of Energy .
residential systems about 25 %, and utility-scale projects the U-5. Department OfE.nergy So(m.Energy Technologies Program

i Solar Energy Industries Association
remainder. National Renewable Energy Laboratory

Interstate Renewable Energy Council

Notably, 2010 saw accelerated development in the utility-scale solar Ernest & Young
market. NRG Energy, a wholesale power generator, committed to Barclays Capital

Greentech Media/GTM Research

several utility-scale projects that included modules from PV industry PV Technology, Inc

leaders SunPower and First Solar and concentrating solar power

Navigant
tower technology from BrightSource Energy. Other major firms with Bloomberg New Energy Finance
significant solar projects under development or construction include Renewable Energy World
Edison International, Sempra Energy, NextEra Energy, and Duke Sandia National Laboratories

Energy. Pacific Gas & Electric Corporation (PG&E) announced a five-
year solar PV program to facilitate the development of 500 MW with
projects ranging from 1 MW to 20 MWs in PG&E's territory.

In December 2010, Sempra Generation's Copper Mountain Solar
Facility in Boulder City, Nevada, became the largest operating

PV power plant in the United States, surpassing the 25 MW DeSoto
Next Generation Solar Energy Center in Arcadia, Florida. Utilizing
First Solar's Cadmium Telluride thin-film PV panels, the 48 MW
Copper Mountain plant is located near Sempra's existing 10 MW El
Dorado solar power plant, giving the area the capability to generate
58 MW. All power from both facilities is sold to PG&E.

First Solar and SunPower dominated the U.S. utility-scale PV market
in 2010, but were not the only contenders, with an estimated 55
different project developers and at least 25 more that have not yet
signed any off-take agreements.

FUTURE OUTLOOK

Several financial analysts have projected U.S. PV installations to
increase to 2,63 GW per year by 2012. Sustained growth in U.S.
installations is likely to be driven by a confluence of factors, including
state-level policies, the Grant In Lieu of the Investment Tax Credit
(Sec.1603), and the 100 % first-year bonus depreciation for eligible
property under the Modified Accelerated Cost-Recovery System
(MACRS). Eligibility for both the Sec. 1603 Grant and the 100 %
bonus depreciation were set to expire at the end of 2010, but were
extended.

With over 600 MW (AC) of new utility-scale projects expected to
come under operation in 2011, this sector is expected to dominate
the market, growing to close to 50 % of market share. While total
megawatts in the residential sector are expected to grow, residential
market share is expected to decline to significantly less than 25 %.
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COMPLETED TASKS
TASK 2 - PERFORMANCE, RELIABILITY AND ANALYSIS

OF PHOTOVOLTAIC SYSTEMS

OVERALL OBJECTIVE

The objective of Task 2 was to provide technical information on

PV operational performance, long-term reliability and costs of PV
systems, which is very important for an emerging technology. This
service was given to a diverse target audience including PV industry,
research laboratories, utilities and manufacturers, system designers,
installers, standardisation organisations and the educational sector.
Task 2 aimed to provide performance data for both general
assessments of PV system technologies and improvements of system
design and operation.

MEANS

Task 2 work was structured into seven subtasks in order to achieve
the objectives.

These were achieved through the development and continuous
update of the PV Performance Database, an international database
containing information on the technical performance, reliability and
costs of PV power systems and subsystems. Task 2 also analysed
performance and reliability data for PV systems and components
in their respective countries. Activities included the work on the
availability of irradiation data, performance prediction for PV
systems, shading effects and temperature effects as well as long-
term performance and reliability analysis, monitoring techniques,
normalised evaluation of PV systems, user's awareness and quality
aspects of PV system performance.

Subtasks 1, 5, 6 and 7 were terminated at the end of 2007, while
Subtask 3 was concluded in 1999 and Subtasks 2 and 4 were
terminated in 2004. Task 2 was officially concluded in 2007.

SUBTASK 1: PV PERFORMANCE DATABASE
Participants worked on the development and update of a

PV Performance Database, an international database containing
information on the technical performance, reliability and costs of
PV systems and subsystems located worldwide. The information
was gathered and presented by means of standard data collection
formats and definitions. The database allows the comparison of
components' quality, long-term operational results, analysis of
performance and yields, long-term operational results, analytical
calculations, yield prediction and checking of design programmes.
A collection of such a variety of high quality operational data
presents a unique tool for PV system performance analysis. The
performance data are available at the IEA PVPS website:
www.iea-pvps.org. In addition, the complete database programme
can be downloaded from the same website.

SUBTASK 2: ANALYSIS OF PV POWER SYSTEMS
(FROM 1999 TO 2004)

Participants analysed performance and maintenance data for

PV power systems and components in their respective countries, both
in order to ensure the quality and comparability of data entered in
the database under Subtask 1 and to develop analytical reports on
key issues such as operational performance, reliability and sizing of
PV systems. Participants also compared existing data on operational
reliability and developed recommendations on maintenance aspects.

SUBTASK 3: MEASURING AND MONITORING
APPROACHES (FROM 1995 TO 1999)

Participants worked on a handbook covering PV system monitoring
techniques, normalised analysis of PV systems and national
monitoring procedures in the [EA member countries. This document
covered measuring and monitoring in the context of PV systems and
expanded in breadth and details the issue of monitoring. It helped
orientating and relating technical explanations and details of existing
experiences and guidelines. Available documentation on measuring
and monitoring approaches was brought together and assessed for
their scope and contents.

SUBTASK 4: TIMPROVING PV SYSTEMS
PERFORMANCE (FROM 1999 TO 2004)

Participants worked on recommendations on sizing of PV power
systems and suggested improvements for better PV system
performance. Participants identified tools to process and analyse data
for performance prediction and sizing purposes. Applied energy
management schemes were analyzed from the energy and operating
cost points of view. Participants took account of the work performed
in other Subtasks and worked in collaboration with Task 3.

SUBTASK 5: TECHNICAL ASSESSMENTS AND
TECHNOLOGY TRENDS OF PV SYSTEMS
Participants analysed and validated expertise and performance
results from grid-connected (GCS), stand-alone (SAS) and PV-based
hybrid systems. The aims of this subtask were to demonstrate up-
to-date performance validation criteria for a qualitative ranking

of PV grid-connected, stand-alone and PV-based hybrid systems.

It also identified high performance products, technologies and design
methodology in order to foster the development of maximum
conversion efficiency and optimum integration of PV. Activities
included evaluating PV performance over time and failure statistics,
analysing the end-user's consciousness on PV system performance
and the use of satellite images for PV performance prediction.

SUBTASK 6: PV SYSTEM COST OVER TIME

Task 2 identified and evaluated the important elements, which are
responsible for the life cycle economic performance of PV systems
by investigating economic data for all key components of PV systems
and by gathering information about real life costs of maintenance
of PV systems. Participants worked on national case studies on
performance and costs in their countries to provide a good insight
of performance and cost trends of PV systems for a 10-year-period.

SUBTASK 7: DISSEMINATION ACTIVITIES

Task 2 put enhanced efforts to disseminate Task 2 results &
deliverables to target audiences on the national and international
level using websites, workshops & symposia as well as presentations
at conferences and seminars. Task 2 deliverables range from the PV
Performance Database to technical reports and conference papers.
The public PVPS and Task websites enabled downloads and technical
information to be provided quickly and cost-effectively to the users.
The Task 2 website is available in eight different languages spoken

by the Task delegates. For gaining information on the user profile and
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customers of Task 2 deliverables, monthly download statistics were
prepared on a reqular, biannual basis.

Activities included seminar presentations, training courses for
system designers and installers (Italy), European master course and
university seminars to advanced students (France, Germany),
conference contributions for national and international audiences as
well as presentations and distributions of the Performance Database
programme and other Task 2 deliverables.

Task 2 developed a web based educational tool in close cooperation
with Task 10 that is available at www.bipvtool.com. This tool
represents a detailed, practical source of information on building
integrated PV from the idea to the long-term operation of PV
systems.

TASK 2 REPORTS AND DATABASE
Task 2 produced the following technical reports, workshop
proceedings and database programme from 1997 to 2007:

Database
IEA PVPS Database Task 2, T2-02:2001 http://www.iea-pvps-

task2.org

Task 2 Technical Reports

1. Analysis of Photovoltaic Systems, T2-01:2000, April 2000

2. Operational Performance, Reliability and Promotion
of Photovoltaic Systems, T2-03:2002, May 2002

3. The Availability of Irradiation Data, T2-04:2004, April 2004
Country Reports on PV System Performance, T2-05:2008,
December 2004

5. Cost and Performance Trends in Grid-Connected Photovoltaic
Systems and Case Studies, T2-06:2007, December 2007

6. Performance Prediction of Grid-Connected Photovoltaic Systems
Using Remote Sensing, T2-07:2008, March 2008

Task 2 Internal Reports

1. Handbook on Monitoring and Monitoring Approaches,
ECN, Netherlands, November 1998

2. Proceedings of Workshop “PV System Performance,
Technology, Reliability and Economical Factors of the
PV Industry”, ISFH, Germany, October 2005

3. Report on Users' Awareness of PV System Performance,
AIST, Japan, September 2007.

DELIVERABLES - WHERE TO GET THEM?

All technical reports are available for download at the IEA PVPS
website:

http://www.iea-pvps.org and the Task 2 website: http://www.iea-

pvps-task2.org/

PARTICIPANTS

Thirteen countries supported Task 2 activities:

Austria, Canada, European Union, EPIA, France, Germany, Italy, Japan,
Poland, Sweden, Switzerland, United Kingdom, United States.

Participants represented the following sectors: research &
development, system engineering, PV industry and utility.

CONTACT INFORMATION
For information, contact the former Task 2 Operating Agent or visit
the PVPS website:

Ms Ulrike JAHN

Senior Scientist

Renewable Energies

TOV Rheinland Energie und Umwelt GmbH
Test Centre for Energy Technologies

Am Grauen Stein, D-51105 Kéln, Germany

Tel: +49 221 806 2232, fax: +49 221 806 1350
Email: ulrike.jahn@de.tuv.com



IEA - PVPS ANNUAL REPORT 2010

COMPLETED TASKS

TASK 3 - USE OF PHOTOVOLTAIC POWER SYSTEMS

IN STAND-ALONE AND ISLAND APPLICATIONS

OVERALL OBJECTIVE

Task 3 was established in 1993 to stimulate collaboration between
IEA countries in order to improve the technical quality and cost-
effectiveness of photovoltaic systems in stand-alone and island
applications.

When the first programme (1993-1999) was approved, the stand-
alone photovoltaic sector was largely comprised of solar home sys-
tems for rural electrification, remote 'off-grid' homes in industrialised
countries and PV consumer goods. PV hybrid systems and niche off
grid applications such as PV powered bus shelters were also being
introduced in certain countries.

As part of this programme, a number of documents were published
as information about installed stand-alone PV systems worldwide.
These included a lessons learned book featuring case studies from
each country, as well as a survey of PV programmes in developing
countries.

Task 3's second programme (1999-2004) was initiated against
this background with the following overall objectives:

Considering all types of stand-alone photovoltaic systems, ranging
from small PV kits to power stations supplying micro-grids, the main
objective of Task 3 is to improve the technical quality and cost-
effectiveness of PV systems in stand-alone and island applications.

TASK 3 Aimed:

» To collect, analyse and disseminate information on
the technical performance and cost structure of PV systems
in these applications

« To share the knowledge and experience gained in monitoring
selected national and international projects

- To provide guidelines for improvement of the design, construction
and operation of photovoltaic power systems and subsystems

« To contribute to the development of improved photovoltaic
systems and subsystems”

The main target audience of Task 3 activities were technical groups
such as project developers, system designers, industrial manufacturers,
installers, utilities, Quality organisations, training providers, end
users.

The 1999-2004 work programme included the following subtasks
and activities:

SUBTASK 1: QUALITY ASSURANCE

Activity 11: Critical Review of Implementation of Quality
Assurance Schemes

To develop quality assurance schemes that will lead to a warranty
for all system installations at reasonable cost.

Activity 12: Technical Aspects of Performance Assessment on
Field - Quality Management

To identify and establish practical performance assessment
guidelines.

SUBTASK 2: TECHNICAL 1SSUES

Activity 21: Hybrid Systems

To contribute to cost reduction through standardisation and modularity
in order to facilitate large scale dissemination of PV hybrid systems.

Activity 22: Storage Function
To provide recommendations to decrease the cost of storage in
PV and PV hybrid systems.

Activity 23: Load/Appliances : Load Management and

New Applications

To provide a technical contribution to cost reduction by showing
the cost efficiencies associated with effective load management and
efficient appliance selection.

Collaborative activities had to develop knowledge based on project
implementations, technological improvements from the equipment
manufacturers, R&D programmes results, and feed-back coming
from the field.

PUBLICATIONS
Task 3 publications can be downloaded from the IEA PVPS website

www.iea-pvps.org and are listed below:

TECHNICAL REPORTS PUBLISHED BY TASK 3 DURING
THE PERIOD 1999-2004

TITLE REFERENCE NUMBER
Survey of National and International Standards, IEA-PVPS T3-07:2000
Guidelines and Quality Assurance Procedures
for Stand-Alone Photovoltaic Systems
Recommended Practices for Charge IEA-PVPS T3-08:2000
Controllers

Use of Appliances in Stand-Alone Photovoltaic |IEA-PVPS T3-09:2002
Systems: Problems and Solutions
Management of Lead-Acid Batteries used in IEA-PVPS T3-10:2002
Stand-Alone Photovoltaic Power Systems

Testing of Lead-Acid Batteries used in Stand-Alone  |EA-PVPS T3-11:2002
Photovoltaic Power Systems - Guidelines
Selecting Stand-Alone |IEA-PVPS T3-12:2002
Photovoltaic Systems - Guidelines

Monitoring Stand-Alone Photovoltaic Systems: |IEA-PVPS T3-13:2003
Methodology and Equipment -
Recommended Practices

Protection Against the Effects of Lightning |IEA-PVPS T3-14:2003
on Stand-Alone Photovoltaic Systems -

Common Practices

Managing the Quality of Stand-Alone Photovoltaic  |EA-PVPS T3-15:2003
Systems - Recommended Practices

Demand Side Management for Stand-Alone IEA-PVPS T3-16:2003

Photovoltaic Systems

Selecting Lead-Acid Batteries Used in Stand-Alone  IEA-PVPS T3-17:2004
Photovoltaic Power Systems - Guidelines

Alternative to Lead-Acid Batteries in Stand-Alone
Photovoltaic Systems

|IEA-PVPS T3-18:2004



COMPLETED TASKS

SCOPE FOR FUTURE ACTIVITIES
A proposal was introduced at the 23rd |[EA PVPS Executive Committee
Meeting in Espoo, Finland, in May 2004.

The newly proposed programme objective has lead to the initiation
of the new Task 11, "PV Hybrid Systems within Mini-Grids;"

which received approval for its Workplan at the 26th [EA PVPS
ExCo Meeting, October 2005.

DELIVERABLES - WHERE TO GET THEM?

All Task 3 reports are available for download
at the IEA PVPS website:

WWW.iea-pvps.org

PARTICIPANTS

Thirteen countries supported Task 3 activities:

Australia, Canada, France, Germany, Italy, Japan, Norway, Portugal,
Spain, Sweden, Switzerland, the Netherlands, United Kingdom.

The Netherlands and Spain, due to national decisions during this
period, halted their participation; respectively in 2001 and 2002.

CONTACT INFORMATION
For information, contact the former Task 3 Operating Agent or visit
the IEA PVPS website.

Former Task 3 Operating Agent:

Mr. Philippe JACQUIN

PHK Consultants

17 bis, Rue Jean Marie Vianney

FR-69130 Ecully

Tel.: 33-(0) 4 78 33 3614

Fax: 33-(0) 4 78 33 3808

Email : philippe. jacquin@phkconsultants.com
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COMPLETED TASKS
TASK 5 - GRID INTERCONNECTION OF BUILDING INTEGRATED AND OTHER

DISPERSED PHOTOVOLTAIC SYSTEMS

OVERALL OBJECTIVE

The objective of Task 5 was to develop and verify technical
requirements, which served as the technical guidelines for grid inter-
connection with building-integrated and other dispersed PV systems.
The development of these technical requirements included safety and
reliable linkage to the electric grid at the lowest possible cost. The
systems to be considered were those connected with a low-voltage
grid, which was typically of a size between one and fifty peak
kilowatts. Task 5 was officially concluded in 2003.

MEANS

Participants carried out five subtasks; Subtasks 10,20,30,40 and
50 in order to achieve these objectives. The objectives of each
subtask were as follows:

SUBTASK 10: Review of Previously Installed PV Experiences
(From 1993 to 1998)

To review existing technical guidelines, local regulations and
operational results of grid interconnection with building- integrated
and other dispersed PV systems to aid Subtask 20 in defining existing
guidelines and producing concepts for new requirements and devices.

SUBTASK 20: Definition of Guidelines to be Demonstrated
(From 1993 to 1998)

Utilizing the results of Subtask 10 and a questionnaire, existing
technical guidelines and requirements to be demonstrated will

be defined, and concepts for new requirements and devices will

be developed; with safety, reliability, and cost reduction taken into
consideration.

SUBTASK 30: Demonstration Test Using Rokko Island and/or
Other Test Facilities (From 1993 to 1998)

To evaluate, by demonstration tests, the performance of existing
and new technical requirements and devices defined in Subtask 20.

SUBTASK 40: Summarizing Results (From 1993 to 2001)

To summarize the results of Task 5 and to produce a general
report for all participating countries of Task 5, as well as for the
ExCo members.

SUBTASK 50: Study on Highly Concentrated Penetration of Grid
Interconnected PV Systems (From 1999 to 2001)

To assess the net impact of highly concentrated PV systems on
electricity distribution systems and to establish recommendations
for both distribution and PV inverter systems in order to enable
widespread deployment of solar energy.

TASK 5 REPORTS AND WORKSHOP PROCEEDINGS:
Task 5 produced the following reports and workshop proceedings:
Task 5 Reports
1. "Utility aspects of grid interconnected PV systems", IEA-PVPS
T5-01: 1998, December 1998
2. "Demonstration tests of grid connected photovoltaic power
systems", IEA-PVPS T5-02: 1999, March 1999
3. "Grid-connected photovoltaic power systems: Summary of Task V
activities from 1993 to 1998", [EA-PVPS T5-03: 1999, March 1999
4. "PV system installation and grid-interconnection guideline in
selected IEA countries", IEA-PVPS T5-04: 2001, November 2001
5. "Grid-connected photovoltaic power systems: Survey of inverter
and related protection equipments"”, IEA-PVPS T5-05: 2002,
December 2002

6. "International guideline for the certification of photovoltaic
system components and grid-connected systems", IEA-PVPS
T5-06: 2002, February 2002

7. "Probability of islanding in utility networks due to grid
connected photovoltaic power systems", IEA-PVPS T5-07: 2002,
September 2002

8. "Risk analysis of islanding of photovoltaic power systems within
low voltage distribution networks", IEA-PVPS T5-08: 2002,
March 2002

9. "Evaluation of islanding detection methods for photovoltaic
utility-interactive power systems", IEA-PVPS T5-09: 2002,
March 2002

10. "Impacts of power penetration from photovoltaic power systems
in distribution networks", IEA-PVPS T5-10: 2002, February 2002

11. "Grid-connected photovoltaic power systems: Power value and
capacity value of PV systems", IEA-PVPS T5-11: 2002,

February 2002

Task 5 Internal Reports (Open to Public)

1. "Grid-connected photovoltaic power systems: Status of existing
guidelines and regulations in selected IEA member countries
(Revised Version)", IEA-PVPS V-1-03, March 1998

2. "Information on electrical distribution systems in related IEA
countries (Revised Version)", IEA-PVPS V-1-04, March 1998

Proceedings of Final Task 5 Workshop
1. Introduction and table of contents
Flyer of the workshop
List of participants of the workshop
Final programme of the workshop
Key note speech
Islanding detection methods
Probability of islanding in power networks
Risk analysis of islanding
Conclusions of task V islanding studies
Recapitulation of first day
Overview of (inter)national interconnection guidelines for
PV-systems
. State of the art inverter technology and grid interconnection
. Impacts of PV penetration in distribution networks
. Power value and capacity of PV systems
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DELIVERABLES - Where to get them?

All reports are available for download at the IEA PVPS website:
http://www.iea-pvps.org

A Task 5 CD-ROM including all the reports was published for
distribution. This can be ordered at the contact address below.

CONTACT INFORMATION

For information, contact the former Task 5 Chairman or visit
the PVPS website:

For the Task 5 Chairman:

Mr Tadao ISHIKAWA

CRIEPI

2-11-1 Iwato-kita Komea-shi

JPN - 2018511, Tokyo

Email: ishikawa@criepi.denken.or.jp
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COMPLETED TASKS

TASK 6 - DESIGN AND OPERATION OF MODULAR PHOTOVOLTAIC PLANTS

FOR LARGE SCALE POWER GENERATION

OVERALL OBJECTIVE

Task 6 officially completed its activities in May 1998. The main
objective of this Task was to further develop large-scale modular
photovoltaic plants for peaking and long-term baseload power
generation in connection with the medium-voltage grid.

MEANS

The Task 6 work was performed by structural engineers and PV
industry experts. The work was structured into four sub-tasks, for
a total of fifteen activities.

SUBTASK 10: Review of Design and Construction Experiences

of Large-Scale PV Plants

To perform, on the basis of the Paestum Workshop results, an
in-depth review of existing large-scale PV plants aimed both to
identify the remarkable technical solutions adopted in such plants
and the main common criteria applied for their design, installation,
operation, monitoring, and to perform a detailed cost analysis of the
plants taken into account.

SUBTASK 20: Review of Operational Experiences in Large-Scale
PV Plants

To perform, also utilising the work in progress of Subtask 10 and

on the basis of the Paestum Workshop results, an in-depth

review of operational experiences in existing large-scale PV plants.
The analysis of the acquired data was focused on the comparison
between the expected and actual results, both technical and
economical; the information flow was continuously updated through
acquisition of data from all the plants in operation.

SUBTASK 30: Development of Improved System Design and
Operational Strategies for Large-Scale PV Plants

Based on the work of Subtasks 10 and 20, the evaluation work,
together with the information gathering activity, let the assessment
of most appropriate, innovative technical options for modular design
of large-scale PV plants. Both PV and BOS components were dealt
with, taking into account: performances improvement, costs
reduction, and realisation simplification.

The co-operation among utilities and industries of many countries
offered the opportunity to review in detail the performance data and
the technical aspects which determined the design approach of the
largest PV plants in the world, and to develop improved system
design, and operational strategies for such plants.

SUBTASK 40: Outlook of Perspectives of Large-Scale PV Plants
Based on the assumption that large grid connected PV power plants
have proven their applicability under the technical point of view, the
Subtask was aimed at identifying the path in order to let such plants
become a substantial option and play an increasing role in a future
oriented energy concept in OECD countries, as well as in developing
countries.

TASK 6 REPORTS AND WORKSHOP PROCEEDINGS
Task 6 produced the following reports and workshop proceedings
from 1993 to 1998:

1. The Proceedings of the Paestrum Workshop.

2. A PV Plant Comparison of 15 plants.

3. The State of the Art of: High Efficiency, High Voltage, Easily
Installed Modules for the Japanese Market.

4. A document on "Criteria and Recommendations for Acceptance
Test."

5. A paper entitled: "Methods to Reduce Mismatch Losses."

6. Report of questionnaires in the form of a small book containing
organized information collected through questionnaires
integrated with statistical data of the main system parameters
and of the main performance indices.

7. The "Guidebook for Practical Design of Large Scale Power
Generation Plant," edited by the Japanese expert.

8. The "Review of Medium to Large Scale Modular PV Plants
Worldwide."

9. Proceedings of the Madrid Workshop.

DELIVERABLES - Where to get them?
All reports are available for download at the IEA PVPS website:
http://www.iea-pvps.org

CONTACT INFORMATION

For information contact the former Operating Agent of Task 6 of visit
the IEA PVPS website:

Mr Alberto lliceto

CESI S.p.A.- SFR/ERI

Via Rubattino, 54

20134 Milano

Italy

Fax: +39 (0)2 2125.5626

Email: iliceto@cesi.it

Web: http://www.cesi.it
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COMPLETED TASKS
TASK 7 - PHOTOVOLTAIC POWER SYSTEMS IN THE BUILT ENVIRONMENT

OVERALL OBJECTIVE

The objective of Task 7 was to enhance the architectural quality,

the technical quality and the economic viability of PV systems in the
built environment. The objective was also to assess and remove
non-technical barriers for their introduction as an energy-significant
option.

It is expected that successful integration of PV systems into the built
environment (BIPV) will contribute significantly to the future spread
of PV.

For this, active involvement of urban planners, architects and
building engineers is required. Task 7 motivated the collaboration
between these groups and PV system specialists, utility specialists,
PV and building industry and other professionals involved in photo-
voltaics.

Task 7 considered all grid connected systems other than classified
as "ground based arrays". Primary focus of this Task was on the
integration of PV into the architectural design of roofs and facades
of residential, commercial and industrial buildings and other
structures in the built environment (such as noise barriers, parking
areas and railway canopies), and on other market factors, both
technical and non-technical, that need to be addressed and resolved
before wide spread adoption of PV in the built environment will
occur. Task 7 officially started on January 1, 1997 and finished end
2001. In 2002, the last reports and deliverables were published. At
the end of 2003 there remained only one outstanding issue: the
publication of the book "Designing with Solar Power". This book is
expected in Spring 2005.

SUBTASK 1: Architectural Design of Photovoltaic Power Systems
in the Built Environment

Participants worked on the improvement of the architectural design
of PV systems as an integral element in buildings and other
structures in the built environment. For this purpose, existing PV
projects were documented. In addition, case studies were followed
and evaluated by the Task Participants. Many of these case studies
were realised as demonstration projects.

SUBTASK 2: Systems Technologies for Photovoltaic Power
Systems in the Built Environment

Participants worked on the development of new concepts for
photovoltaic power systems in the built environment that can
enhance the electrical performance or the performance of the PV
system as a building component. New concepts, developed by

the Participants shall enhance market opportunities for the industry.
This Subtask aims for a number of standardised and certified PV
elements for integration in buildings and other structures in the built
environment. The Subtask will also provide a number of options to
effectively utilise PV electricity and to connect PV systems safely and
reliably to the electricity grid, as far as this topic is not addressed

by Task 5 of the PVPS Implementing Agreement.

SUBTASK 3: Non-Technical Barriers in the Introduction of
Photovoltaic Power Systems in the Built Environment

Participants assessed the non-technical barriers to be removed to
make PV in the built environment an energy-significant power supply

option. The purpose of this Subtask was to identify the barriers on
one side and the (technical, economic, market) potential of PV in
the built environment on the other. The main result of this Subtask
will be an executive IEA report on strategies for barrier removal and
utilisation of the PV potential.

SUBTASK 4: Demonstration and Dissemination of Photovoltaic
Power Systems in the Built Environment

The results of the other Subtasks were brought to the market by
dissemination of collected information and the demonstration of
new concepts. Demonstration of mounting and system concepts
takes place through the EPFL Demosite. Results are disseminated
by the use of different media (ranging from papers, books, and
brochures to new media such as a CD-ROM or a WWW-site).
Dissemination will also occur through the second and third
International Solar Electric Buildings Conferences and national
workshops in conjunction with the semi-annual meetings of the
Task. Furthermore, the possibility of a training and education
program was assessed and resulted in a CD-ROM.

TASK 7 REPORTS
Task 7 produced the following reports from 1999 to 2002:

1. Literature Survey and Analysis of Non-technical Problems for
the Introduction of BIPV Systems, B. van Mierlo & B. Oudshoff,
IVAM Environmental Research, 1999. To be ordered at IVAM
Environmental Research, NL, Fax + 31 20 525 58 50

2. PVin Non Building Structures - A Design Guide, M.A. Romero,
EcoCode-Miljo och Architectur, 1999. To be ordered at
Energiebanken, SE, Fax: +46 652 13 427

3. Potential for Building Integrated Photovoltaics, M. Gutschner,
NET Nowak Energie & Technologie AG, 2001. To be ordered
at NET, CH, Fax: +41 26 49 40 034

4. Guidelines for the Economic Evaluation of Building Integrated
Photovoltaics, P. Eiffert, National Renewable Energy
Laboratories, 2002. To be ordered at NREL, USA, website:
www.nrel.gov/buildings/highperformance.

5. Market Deployement Strategies for Photovoltaics in the Built
Environment, R. Haas, Technische Universitdt Wien, 2002.

To be ordered at Technische Universitat Wien, AT,
Fax: +43 1 588 013 7397

6. Innovative electric concepts, H. Wilk, Energie AG, 2002. To be
ordered at Energie AG, AT, Fax: +43732 9000 3309

7. Reliability of Photovoltaic Systems, H. Laukamp, Fraunhofer
Institute fiir Solar Energiesysteme, 2002. To be ordered at
Fraunhofer Institute fiir Solar Energiesysteme, GE,

Fax: +49 761 4588 217

8. PV/Thermal Solar Energy Systems, Status of the Technology
and Roadmap for future Development, H. Sorensen, Esbensen
Consulting, 2002, To be ordered at Esbensen Consulting
Engineers, DK, Fax: +45 33 26 73 01

11. Executive Summary Report - Non-technical Barriers to the
commercialisation of Photovoltaic Power in the Built
Environment, P. Eiffert, National Renewable Energy
Laboratories, to be ordered at NREL, USA, website:
www.nrel.gov/buildings/highperformance
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DELIVERABLES - Where to get them?

All reports are available for download at IEA PVPS

website: www.iea-pvps.org.

In addition, all reports and many other deliverables are summarized
on CD-ROM, which can be ordered at Novem, The Netherlands.

Task 7, Project Results and Documents.
To be ordered at:

Novem, Publication Centre

PO Box 8242

3503 RE Utrecht

The Netherlands

Tel.: +31 30 2393493

Email: publicatiecentrum@novem.nl.

Task 7 book: Designing With Solar Power"
To be ordered at:

The Images Publishing Group Pty Ltd

6 Bastow Place

Mulgrave, Victoria 3170, Australia

PARTICIPANTS

In total, 14 countries participated in Task 7, with representatives
from all targeted groups: architects, building and PV industry, PV
and building specialists and utilities.

CONTACT INFORMATION
For information contact the former Task 7 OA or visit the websites:

Former Task 7 Operating Agent:
Mr van Schalkwijk

Ecofys, Utrecht, the Netherlands
Email: M.vanSchalkwijk@ecofys.nl

Task 7 deliverables: www.iea-pvps.org

Task 7 website: www.task7.org

Task 7 demosite: www.demosite.ch

PV Projects database: www.pvdatabase.com
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COMPLETED TASKS
TASK 10 - URBAN SCALE PV APPLICATIONS

OVERALL OBJECTIVE

The objective for Task 10 was to develop the tools, analysis and
research required to mainstream PV in the urban environment. The
Task 10 products render the explosive market growth experiences
from many countries into an array of relevant information for the
multiple stakeholders required to continue PV growth in the world's
energy portfolio.

The definition for urban scale PV applications:

Urban-scale applications include small, medium and large installations
on both existing and new buildings, homes, sites, and developments
as well as point-of-use, targeted load solutions on a distributed basis
throughout the high density urban environment.

MEANS

There were four Subtasks in Task 10. The total range of deliverables

was designed comprehensively to include and meet the various needs

of the stakeholders who have been identified as having value systems

which contribute to urban-scale PV. Through developing and producing

these deliverables, Task 10 contributed to achieving the vision of

mainstreaming urban-scale PV. Targeted stakeholders were the:

« Building Sector: builders and developers, urban planners,
architects, engineers, permit and code authorities;

« End-Users: residential and commercial building owners;

« Government: supporting, regulatory and housing agencies;

« Finance and Insurance Sector: Banks, insurance companies,
loan for houses;

« PV Industry: system manufacturers, PV system supply chain,
retail sector;

« Electricity Sector: network and retail utilities; and

« Education Sector.

SUBTASK 1: Economics and Institutional Factors

This subtask provided opportunities for stakeholders to look beyond
a single-ownership scenario to the larger multiple stakeholder values
of the PV technology. In this way, utility tariffs, community policy,
and industry deployment strategy could be used to create scenarios
which combined all stakeholder values to the PV system investor
through sustained policy-related market drivers.

SUBTASK 2: Urban Planning, Design and Development

This subtask focused on infrastructure planning and design issues
needed to achieve the vision of a significantly increased uptake of
PV in the urban environment. The subtask worked to integrate PV
with standard community building, development and infrastructure
planning practices.

In 2009 the book, Photovoltaics in the Urban Environment: Lessons
learnt from Large Scale Projects, was published and launched at the
2009 EU - PV Solar Exposition and Conference in Hamburg, Germany.
The book contains case studies of 15 existing and 7 planned urban
PV communities, as well as information on regulatory framework and
financing and design guidelines.

The report Urban Photovoltaic Electricity Policies was also published
in 2009. The report provides information and analysis on both direct
and indirect urban policies relating to PV.

SUBTASK 3: Technical Factors

This subtask concentrated on technical development factors for
mainstream urban-scale PV. Large-scaled urban integration of BIPV
systems face technical challenges related to synergetic use as
building material and for energy supply purposes. Other challenges
involved the potentially negative impact on the grid and obstacles
posed by the regulatory framework. The aim of this subtask was to
demonstrate best practices and to advocate overcoming those
barriers associated with extensive penetration of BIPV systems on
urban scale. The deliverables focused on the broad set of
stakeholders required to achieve the vision such as the building
product industry, builders, utilities and PV industry.

An extensive body of work was finalised into a report on grid issues,
Overcoming PV Grid Issues in Urban Areas. The report documents

the issues and countermeasures relating to integrating PV on the
grid. The report also provides three case studies of high penetration
urban PV projects in Japan, France and Germany.

SUBTASK 4: Targeted Information Development and
Dissemination

This subtask focused on the information dissemination of all
deliverables produced in Task 10. The range of activities in this task
included workshops, educational tools, databases, and reports. An
innovative deliverable involved holding two marketing competitions
for urban-scale PV designs and application targeted at urban
solutions. Both competitions were sponsored by industry.

TASK 10 KEY DELIVERABLES

Reports

« Analysis of PV System's Values Beyond Energy -by country,
by stakeholder,

« Promotional Drivers for Grid Connected PV

« Urban PV Electricity Policies

« Municipal utility forward purchasing

» Residential Urban BIPV in the Mainstream Building Industry

«  Community Scale Solar Photovoltaics: Housing and Public
Development Examples Database

« Qvercoming PV Grid Issues in Urban Areas

« Compared assessment of selected environmental indicators
of photovoltaic electricity in OECD cities

« Lisbon Ideas Challenge |

« Lisbon Ideas Challenge Il

Book
Photovoltaics in the Urban Environment: Lessons learnt from Large
Scale Projects
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Databases

Educational Tool of BIPV Applications from Idea to Operation
www.BIPVtool.com

Database of community and BIPV applications, www.pvdatabase.com

PowerPoint
Network Issues and Benefits Visual Tool

Workshops

2nd nternational Symposium - Electricity From the Sun, Feb. 11,
2004 Vienna, AUS

PV integration in urban areas, Oct.6, 2005, Florence, ITA
Photovoltaics in Buildings - Opportunities for Building Product
Differentiation, Mar.16, 2005, Lisbon, POR

Photovoltaic Solar Cities - From global to local, June 1, 2005,
Chambéry, FRA

International Workshop: Photovoltaic in Cities, Sept 13, 2006,
Malmo, SWE

Lisbon Ideas Challenge (LIC I) Final Ceremony, Nov. 23, 2006,
Lisbon, POR

PV in the Urban Planning Process, Oct 24, 2007, Madrid,

ESP (PV-UP-Scale)

PV international experiences towards new developments,

May 13, 2009 Rome ITA

DELIVERABLES - WHERE TO GET THEM?
All reports are available for download at the IEA PVPS website:
http://www.iea-pvps.org and the Task 10 website: http://www.iea-

pvps-task10.org

PARTICIPANTS

Fifteen PVPS members supported Task 10 activities:

Australia, Austria, Canada, Denmark, France, Italy, Japan, Korea,
Malaysia, European Union, Norway, Portugal, Sweden, Switzerland
and the USA. Moreover, through PV-UP-Scale, Germany, The
Netherlands, Spain and the United Kingdom made contributions
to Task 10 work.

CONTACT INFORMATION
For information, contact the former Task 10 Operating Agent or visit
the PVPS website:

Ms Christy HERIG

Regional Director- East Director
Solar Electric Power Association
1220 19th Street, Suite 401
USA- Washington, DC 20036
Tel: 001 (0) 202 559 2020

Fax: 001 (0) 202 59 2035
cherig@solarelectricpower.org
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ANNEX A

1EA PVPS EXECUTIVE COMMITTEE

AUSTRALITA - Ms Muriel WATT
IT Power Australia

Tel: 61(0)2 4382 4738

Cell: 61(0)4 2772 7368
muriel.watt@itpau.com.au

Mr Greg WATT - Alternate
Australian PV Association
Tel: 61(0)2 6587 6116
tallowood @westnet.com.au
gwatt@efa.com.au

AUSTRITA - Mr Hubert FECHNER
Renewable Urban Energy Programme
University of Applied Sciences
Technikum Wien

Tel: 43(0)133 3407 7564

Cell: 43(0)66 4619 2572
fechner@technikum-wien.at

Mr Heinrich WILK - Alternate
Energie AG

Tel: 43(0)732 9000 3514
Fax: 43(0)732 9000 3309
heinrich.wilk@energieag.at

CANADA - Mr Josef AYOUB
CanmetENERGY

Tel: 1(0)45 0652 1981

Fax: 1(0)45 0652 5177
jayoub@nrcan.gc.ca

Mrs Lisa DIGNARD-BAILEY- Alternate
CanmetENERGY

Tel: 1(0)45 0652 5161

Fax: 1(0)45 0652 5177
lisa.dignard@nrcan.gc.ca

CHINA - Mr Xu HONGHUA
Electrical Engineering Institute
Chinese Academy of Sciences
Cell: 13701021351

Tel: 86 10 825 47008

Fax: 86 10 825 47028
hxu@mail.iee.ac.cn

Mr Wang SICHENG - Alternate
Energy Research Institute

Cell: 13901388270

Tel: 86 10 825 47025

Fax: 86 10 825 47028
wangsc@eri.org.cn

DENMARK - MrFlemming KRISTENSEN
EnergiMidt A/S

Tel: 45(0)7 015 1560

Fax: 45(0)7 658 1111

fvk@energimidt.dk

Mr Peter AHM - Alternate
PA Energy A/S

Tel: 45(0)8 693 3333
Fax: 45(0)8 693 3605
ahm@paenergy.dk

EUROPEAN UNION - Mr Fabio BELLONI
Directorate-General for Research

New & Renewable Energy Sources

Tel: 32 (0)229 52472

Fax: 32 (0)229 94991
fabio.belloni@ec.europa.eu

Mr Pietro MENNA

European Commission
Office: DM24 3/116

Tel: 32(0)2 295 4512

Fax: 32(0)2 296 6221
pietro.menna@ec.europa.eu

EPIA - Ms Eleni DESPOTOU

European Photovoltaic Industry Association
Tel: 32(0)2 465 3884

Fax: 32(0)2 400 1010
e.despotou@epia.org

FRANCE - Mr Yvonnick DURAND

ADEME - Network and Renewable Energy Division
Tel: 33 (0)4 939579 11
yvonnick.durand@ademe.fr

GERMANY - Mr Christoph HUNNEKES
Deputy Chairman

Forschungszentrum Jiilich GmbH

Tel: 49(0)24 6161 2227

Fax: 49(0)24 6161 2840
ch.huennekes@fz-juelich.de

Mr Lothar WISSING - Alternate
Forschungszentrum Jiilich GmbH
Tel: 49(0)24 6161 4843

Fax: 49(0)24 6161 2840
l.wissing@fz-juelich.de

ISRAEL - Mr Avraham ARBIB

Division of R&D, Ministry of National Infrastructures
Tel: 972(0)2 531 6127/8

Fax: 972(0)2 531 6017

aarbib@mni.gov.il
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Mr Dan WEINSTOCK - Alternate Mr Ahmad Hadri HARIS - Alternate

Better Place MBIPV Project

Tel: 972(0)3 644 8655 Ministry of Energy, Green Technology and Water
Cell: 972(0)50 620 6077 Tel: 60(0)3 8921 0864

Fax: 972(0)3 644 8699 Fax: 60(0)3 8921 0911
dan.weinstock@betterplace.com hadri@mbipv.net.my

ITALY - Mr Salvatore CASTELLO MEXICO - MrJaime AGREDANO DIAZ
ENEA - Casaccia Instituto de Investigaciones Electricas -
Tel: 39 06 3048 4339 Energias no Convencionales

Fax: 39 06 3048 6486 Tel: 52(0)77 7362 3811 ext. 7771
salvatore.castello@enea.it Fax: 52(0)77 7362 3808

agredano@iie.org.mx
Mr Salvatore GUASTELLA

RSE S.p.A. (Ricerca Sistema Elettrico - RSE S.p.A.) Mr Jorge M. HUACUZ VILLAMAR - Alternate
Fax: 39 02 3992 5626 Instituto de Investigaciones Electricas -
salvatore.guastella@erse-web.it Energias no convencionales
Tel: 52(0)77 7318 3806
Mr Fabrizio PALETTA - Alternate Fax: 52(0)77 7318 3808
RSE S.p.A. (Ricerca Sistema Elettrico - RSE S.p.A.) jhuacuz@iie.org.mx
Fax: 39 02 3992 5626
fabrizio.paletta@erse-web.it NETHERLANDS - Mr Willem VAN DER HEUL
Ministry of Economic Affairs
JAPAN - Mr Masamichi YAMAMOTO Tel: 31(0)7 0379 6413
New Energy and Industrial Technology Fax: 31(0)7 0379 6872
Development Organization (NEDO) w.vanderheul@minez.nl
Tel: 81(0)4 44520 5277
Fax: 81(0)4 4520 5276 Mr Otto BERNSEN - Alternate
yamamotomsm@nedo.go.jp NL Agency
Directorate, Energy & Climate Change
SECRETARY to ExCo Japan Tel: 31(0)8 8602 9023
Mr Masanori ISHIMURA Fax: 31(0)7 0373 5650
New Energy and Industrial otto.bernsen@agentschapnl.nl
Technology Development Organization (NEDO)
Tel: 81(0)4 4520 5277 NORWAY - Mr Trond MOENGEN
Fax: 81(0)4 4520 5276 Research Council of Norway
ishimuramsn@nedo.go.ip Tel: 47 (0)952 73 220
Fax: 47 (0) 2203 7362
KOREA - Mr Donggun LIM trond.moengen@energidata.no
Chungju National University
Tel: 82(0)43 841 5172 Mr Knut-Erik MADSEN - Alternate
Fax: 82(0)43 841 5160 E-CO Vannkraft AS
dglim@cjnu.ac.kr Tel: 47(0)2 411 6905
Fax: 47(0)2 411 6901
MALAYSIA - Mrs Badriyah Abdul MALEK knuterik.madsen@e-co.no
Sustainable Energy Division
Ministry of Energy, Green Technology and Water PORTUGAL - Mr Pedro SASSETTI-PAES
Tel: 60(0)3 8883 6251 EDP - Energias de Portugal, S.A.
Fax: 60(0)3 8889 1335 Tel: 351(0)2 1002 1563
badriyah@kettha.gov.my Fax: 351(0)2 1002 1387

pedro.paes@edp.pt
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SEPA - Ms Christy HERIG Mr Sener OKTIK - Alternate

Solar Electric Power Association Arikanli Holding

Tel: 001 (0) 202 559 2020 Tel: 90(0)21 2358 5223

Fax: 001 (0) 202 59 2035 Fax: 90(0)21 2257 7970
cherig@solarelectricpower.org sener.oktik@arikanliholding.com

Ms Julia HAMM - Alternate UNITED KINGDOM - Mr Paul ROCHESTER
Solar Electric Power Association U.K. Department of Energy and Climate Change
Tel: 001 (0) 202 559 2025 Tel: 0044 (0) 300 068 5109

Fax: 001 (0) 202 59 2035 paul.rochester@decc.gsi.gov.uk

jhamm@solarelectricpower.org
USA - Ms Kathleen BOLCAR

SPAIN - Ms Ana Rosa LAGUNAS ALONSO U.S. Department of Energy

Photovoltaic Department Office of Energy Efficiency and Renewable Energy
CENER (National Renewable Energy Centre) Tel: 1(0)20 2586 2820

Tel: 34(0)9 4825 2800 Fax: 1(0)20 2586 8148

Fax: 34(0)9 4827 0774
alagunas@cener.com

SWEDEN - Mr Mattias BLOMBERG
Energy Technology Department

Swedish Energy Agency

Tel: 46 (0)16 544 22 52
mattias.blomberg@energimyndigheten.se

Mrs Monika ADSTEN - Alternate
ELFORSK

Tel: 46(0)8 677 2735

Fax: 46(0)8 677 2535
monika.adsten@elforsk.se

SWITZERLAND - Mr Stefan OBERHOLZER

Sektion Energieforschung
Bundesamt fiir Energie

Tel: 41(0)3 1325 8920

Cell: 41(0)7 9231 4850
stefan.oberholzer@bfe.admin.ch

Mr Stefan NOWAK
Chairman

NET - Ltd.

Tel: 41(0)2 6494 0030

Fax: 41(0)2 6494 0034
stefan.nowak@netenergy.ch

TURKEY - Mr Siddik ICLI
Solar Energy Institute

Tel: 90(0)23 2388 6023/111
Fax: 90(0)23 2388 6027
siddik.icli@ege.edu.tr
s_icli@yahoo.com

kathleen.bolcar@ee.doe.gov

Mr Ward BOWER - Alternate
Sandia National Laboratories
Solar Technologies

Tel: 1(0)50 5844 5206

Fax: 1(0)50 5284 2529
wibower@sandia.gov

EXCO SECRETARY

Mrs Mary Jo BRUNISHOLZ

NET - Ltd.

Waldweg 8

CHE - 1717 St. Ursen

Tel: 41(0)2 6494 0030

Fax: 41(0)2 6294 0034
mary.brunisholz@netnenergy.ch

1TEA DESK OFFICER

Mr Takatsune ITO

Renewable Energy

Implementing Agreement Desk Officer
International Energy Agency

9, rue de la Fédération

F-75739 Paris Cedex 15

Tel: 33 (0) 1 4057 6562
takatsune.ito@iea.org
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ANNEX B

1EA - PVPS OPERATING AGENTS

TASK 1 - EXCHANGE AND DISSEMINATION
OF INFORMATION ON PHOTOVOLTAIC POWER
SYSTEMS

Mr Greg WATT

Australian PV Association

P.0. Box 146

AUS - Wauchope NSW 2446

Tel: 61(0)2 6587 6116

gwatt@efa.com.au

TASK 8 - STUDY ON VERY LARGE SCALE
PV POWER GENERATION SYSTEMS

Mr Keiichi KOMOTO

Mizuho Information & Research Institute Inc.
Environment, Natural Resources and Energy

2-3 Kanda-Nishiki-cho, Chiyoda-ku, Tokyo

JPN - 101-8443

Tel: 81(0)3 5281 5286

Fax: 81(0)3 5281 5466

keiichi.komoto@mizuho-ir.co.jp

Prof Kosuke KUROKAWA - Alternate

Tokyo Institute of Technology
2-12-1-16-25 Ookayama, Meguro-ku, Tokyo
JPN - 152-8550

Tel: 81(0)3 5734 3754

Fax: 81(0)2 5734 3754
kurochan@iri.titech.ac.jp

TASK 8 SECRETARY

Mr Masanori ISHIMURA

Project Coordinator

New Energy and Industrial

Technology Development Organization (NEDO)

18F Muza Kawasaki Building, 1310, Omiya-cho, Saiwai-ku,
JPN - Kawasaki City Kanagawa 212-8554

Tel: 81(0)4 4520 5277

Fax: 81(0)4 4520 5276

ishimuramsn@nedo.go.jp

TASK 9 - DEPLOYING PV SERVICES FOR
REGIONAL DEVELOPMENT

Ms Anjali SHANKER

Directeur Général Délégue

IED

2, chemin de la Chauderaie

F - 69340 Francheville (Lyon)

Tel: 33 (0)4 72591320

a.shanker@ied-sa.fr

TASK 11 - PV HYBRID SYSTEMS
WITHIN MINI-GRIDS

Mr Konrad MAUCH

KM Technical Services

1358 Sea Lovers Lane

CAN - Gabriola BC VOR 1X5

Tel: 1(0)25 0247 9577
konrad.mauch@ieee.org

TASK 12 - PV ENVIRONMENTAL, HEALTH
AND SAFETY (E,H&S) ACTIVITIES

Ms Eleni DESPOTOU

European Photovoltaic Industry Association

Rue d'Arlon 63-65

B - 1040 Brussels

Tel: 32(0)2 465 3884

Fax: 32(0)2 400 1010

e.despotou@epia.org

Prof Vasilis FTHENAKIS

Head, PV Environmental Research Center

Brookhaven National Laboratory and Columbia University
USA - Upton, NY 11973

Tel: 1(0)63 1344 2830

vmf@bnl.gov

TASK 13 - PERFORMANCE AND RELIABILITY
OF PHOTOVOLTAIC SYSTEMS
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