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Fig. 4 - PV installation at Powerhouse Kjorbo, delivered by Direct Energy. The system has a capacity of 310 kWp (See also www.powerhouse.no).

in Oslo. In 2013, REC was split into two different companies. The
production of silicon gases and polysilicon is located in the new
company REC Silicon, whereas the production of wafers, cells modules
as well as the systems division is located in REC Solar. The production
facility of REC Silicon is in the USA, while REC Solar has its factory in
Singapore and the main office for its systems division is in Munich.
The group in Oslo, Norway, was also shut down at the end of 2013.

Elkem Solar is based on the so called metallurgical route; Elkem Solar
has invested in a silicon production plant in Kristiansand in southern
Norway. With a design capacity of 6 000 tons of solar grade silicon
per year, the plant started to ramp up production during 2009.

The production technology is now tested and verified, and according
to Elkem, it enables the company to produce silicon with just 1/4

of the energy consumption compared with traditional technology.
During 2012 and 2013, Elkem Solar's solar grade silicon was in
production for only 6 months. During the stand-still, Elkem Solar
developed and tested an even lower cost and more environmental
friendly production method for SoG-Si feedstock. In January 2014,
Elkem announced that they would start production again.

NorSun AS manufactures high performance monocrystalline silicon
ingots and wafers at its plant in Ardal on the Norwegian west coast.
Annual production capacity at the company's facilities in Norway
exceeds 320 MWp with around 170 employees. Capacity utilization

in 2013 has been close the maximum, a situation continuing so far in
2014. A full financial restructuring was carried out in 2013. The market
conditions continue to be challenging with very low prices due to
global overcapacity.

Norwegian Crystals: In September 2013 the newly established
company Norwegian Crystals acquired the former REC Wafer
production facility for mono crystals in Glomfjord. The capacity of

the factory is approximately 200 MW/y and by the end of the year the
factory was able to ramp up to almost 50 % of its capacity. Norwegian
Crystals produce mono crystalline silicon blocks for the international
market.

Scatec Solar is a provider of utility scale solar (PV) power plants.
The company operates in the whole value chain including project
development, financing, engineering, construction and operation

and maintenance. The company has its head office in Oslo, but
operates in the international market. In the past years, Scatec Solar
has built several power plants in Europe, but in 2013 a major milestone
was achieved with the accomplishment of the first power plant in
South Africa: The 75 MW Kalkbult Power Plant. Another 115 MW is
under construction in South Africa.

Despite the fact that the number of employees in the solar business
has been reduced with the shutdown of the REC and its factories,

the number of solar companies has increased. In a survey done by the
Energy21 Solar Task Force Group, it was found that the number of
companies involved in the solar business had grown from 40 in 2010
to 52in 2013.

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 lighthouses/
lanterns along the coast and telecommunication systems).

PV powered coastal lighthouses represents a significant user category.
The Norwegian Coastal Administration (NCA) operates a total of 3 083
PV installations. The average is 110 Wp per installation, yielding a total
installed PV capacity of 338 kW.

Aside from the leisure market, few new PV installations of significant
size were installed in 2013. The largest grid connected system in 2013
was a 70 kWp roof mounted system at Hagskolen i Hedmark, Avdeling
Evenstad. However, construction of even larger systems, such as the
Powerhouse Kjorbo (310 kWp), started, and these systems will be grid
connected in 2014. Contracts for other systems have been signed, and
several people in the Norwegian solar community consider 2013 to be
the year when they finally saw the beginning of a very small, albeit
growing PV market in Norway.

Annual sales of PV systems in Norway in 2013 are estimated to be 620
kWp, mostly as stand-alone systems. The total installed PV capacity is
estimated to be 10,57 MWp.
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Fig. 1 - 5 kWp residential microgeneration project.

GENERAL FRAMEWORK AND IMPLEMENTATION

In April 2013, a revised Renewable Energy Action Plan - REAP
(2009/28/EC Directive) was published. The main purpose of the revision
was to adjust measures and goals to the current financial situation,

as foreseen in the MoU signed between the Portuguese government
and the International Monetary Fund, the European Commission and
the European Central Bank.

In the scope of this revision, taking into account the electricity supply
retraction observed over recent years, the goal for total renewable
power capacity was reduced. Keeping in mind the target of 31 %

for the overall share of energy from renewable sources in gross final
consumption by 2020, the total renewable capacity target has been
reduced from 19 200 MW to 15 800 MW.

Simultaneously, the main concern was to adjust the goals for different
technologies taking into consideration the costs of each technology.
Since hydro, wind and biomass energy generation technologies
comprise lower costs, the goal for solar technologies was one of the
most affected by this reduction. Concretely, the 2020 goal for solar
installed capacity was reduced from 1 500 MW to 720 MW.

In the meantime, the legal process to grant connection points to the
grid under the Independent Power Producer framework, regardless

of the technology, has been officially suspended since 2012 (exceptions
made for micro and mini-generation). According to the revised REAP
this suspension will be reassessed in 2015.

In the meantime, the micro and mini-generation schemes continue,
although feed-in-tariffs (FiT) have been cut over the years at a very
high rate.

fig. 2 - 46 MWp PV plant in Amareleja, Portugal.

NATIONAL PROGRAMME

There are three major programs that concern grid-tied PV systems:
the Independent Power Producer, the micro-generation scheme

and the mini-generation scheme, all of which foresee a FiT, applicable
to the total production.

The Independent Power Producer framework is currently officially
suspended. This isn't a new situation, as over the years the government
has adopted very specific tender procedures in the scope of this
framework, for particular technologies, mainly for R&D purposes. Yet,
there are still new PV systems being connected in the scope of this
framework, which concern 2009 and 2010 tenders.

The micro-generation scheme is aimed at systems up to 5,75 kW

(or 11,04 kW for condominiums). This initiative has been a success,
with a total of 89 MW installed since it was launched in 2007 with a
FiT of 650 EUR/MWh. FiTs have since been consecutively cut, and in
2013 new PV micro-generators were awarded a FiT of 196 EUR/MWh
in the first eight years of operation and 165 EUR/MWh in the
following seven years.

The mini-generation scheme is aimed at systems up to 250 kW and
was launched in 2011. Since then, about 45MW of PV systems have
been installed. The FiT is based on a bidding system with an upper
limit, which has gone down from 250 EUR/MWh to the current

151 EUR/MWh, valid for 15 years.



TABLE 1 - 2013 PV FRAMEWORK

RESEARCH, DEVELOPMENT AND DEMONSTRATION
Fundamental research activities are carried out in a dozen public
institutes and university R&D units, and address most aspects of the
PV value chain, such as alternative materials for solar cells, innovative
manufacturing processes but also topics regarding PV systems and
grid integration.

Applied research, demonstration and dissemination are performed

in several institutions such as public research institutes (LNEG -
National Laboratory for Energy and Geology), energy agencies
(ADENE and regional agencies), utilities (EDP, the largest national
energy company), private research institutes (INESC Porto - Institute
for Systems and Computers Engineering) and private companies
such as EFACEC.

Associations such as APISOLAR (Portuguese Association for Solar
Industry), IPES (Portuguese Institute for Solar Energy) and APESF
(Portuguese Association for Solar Photovoltaic Energy) are mainly
focused in the promotion and protection of the solar energy sector.
Most significant R&D projects underway, involving universities,
national laboratories industry and utility consortiums include:

«  WinDSC: Development of a Dye Sensitized Solar Cell, using an
innovative seal, for potential application in BIPV. Consortium:
FEUP (Porto University), EFACEC, CIN and EDP.

CZTS Project: Joint development of CZTS technology.
Consortium: LNEG, Crystalsol and EDP.

Sunlab: Demonstration of the correlation between climatic
variables, module position and energy production in different
sites and for different PV technologies, along Portugal. EDP.
SS-DSC: Organic Materials for Solar Cells. LNEG.




MWp

INDUSTRY AND MARKET DEVELOPMENT

The PV sector in Portugal has benefited from the programs launched
by the Portuguese government, as PV installed capacity has registered
a 67 % growth since 2003. This growth, especially concerning the
micro and mini-generation systems, has fostered the creation of
several SMEs, which work in the design, installation, operation and
maintenance of PV systems.

Currently, there are over 500 companies working in this sector.
However, the successive cuts of the FiT are raising some concern and
there has been some pressure to develop a specific framework oriented
for self-consumption systems, with and without power injection in
the public grid.

Under the scope of micro and mini-generation schemes a decline
of new installed systems is expected. Therefore, the future outlook
of PV depends greatly on whether this new framework is published Fig. 4 - 46 MWp PV plant in Amareleja, Portugal
promptly and how effective it proves to be.

Cumulative PV Power Capacity Installed TABLE 2 - CUMULATIVE PV POWER CAPACITY
in Portugal (2004-2013) INSTALLED IN PORTUGAL (2004-2013)*
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Fig. 3 - Cumulative PV Power Capacity Installed in Portugal (2004-2013).

*Remark: Data for off-grid installations is estimated.
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GENERAL FRAMEWORK

Photovoltaic solar energy deployment in Spain for 2013 has continued
in the same mode as in 2012. A revision of the global panorama of
electricity generated by renewable sources is shown in Figure 1, where
the evolution in percentage of demand coverage since 2008 has been

NATIONAL PROGRAMME

The National Programme for PV is aligned with consigns of the
European Parliament concerning 20 % of primary energy supply
coming out of RREE by 2020 (and 10 % for transportation). Goals
proposed consider also energetic efficiency and a 2 % annual

represented for the different renewable energies (Hydraulic, Wind,
Solar Photovoltaic, Solar Thermoelectric, Renewable Thermal and other
low carbon sources). For 2013, it is important to mention that the total
demand coverage value already reached 41,5 %, representing almost
10 points more than in 2012. That important difference is mostly due
to the hydraulic contribution (15,1 %) with 7 points more than in 2012
and wind energy (19,8 %), which is more than 2 points higher than
previous year.

reduction of the final energetic intensity in the period between 2010
and 2020 (for a moderate economic growth).

In these circumstances, the objective of gross electricity generation
out of RREE for 2020 was established at 38,1 %’. However, for 2013,
based on the preliminary data from grid operator REE, the demand
coverage out of RREE has been 41,5 % in generation and was
accompanied by 2,3 % reduction that originated a lower demand.
These numbers show that the goal established for 2020 has already
been exceeded. Moreover, these values could be circumstantial due to
the lower industrial activity in the country during the last year, lower
demand. The more optimistic economic perspectives announcing

These results are related to the specifically good meteorological
circumstances for these renewable energies and to the fall in electricity
demand (2,3 %) in 2013. The classification and values correspond to
the preliminary data reported by grid operator REE (Red Eléctrica de
Espafia) as of December 2013 for both peninsular and extra-peninsular

the end of economical crisis might make a change in these numbers.
However, if the situation remains as in 2013, goals should be revised

territories. and modified if necessary.
. - R&D, D
Renewable Thermal Solar PV Hydraulic " R . . .
B Solar Thermal B Wind Energy The traditional ggod R&D actmty in Spam concerning ph.otovoltalc
45,0 % solar energy continues, and for financing, apart from national
400 % programs, is now being focused on the new Horizon2020 calls.
35,0 % . . .
In this sense, the Spanish photovoltaic technology platform
30,0 % FOTOPLAT has made an effort to align strategy with the European
250 % Energy Research Alliance (EERA) on its photovoltaic section. During
2013, FOTOPLAT has been renewed and a new board of directors
20,0 % . . .
and executive committee are trying to re-group efforts towards
150 % PV development in Spain. All players in the PV world, industries,
10,0 % - technological centers, universities and public institutions dedicated to
5001 work on PV energy are welcome to participate. The idea is to mobilize
SR | the innovation activity in the whole PV sector and with that objective,
0.0 ) T T T T T 1

the work has been reoriented in 3 different groups: Technology,
2008 2009 2010 2011 2012 2013 Markets and Strategy.
Fig. 1 - Spain’s evolution of percentage of demand coverage from renewable
energies during the last six years. The Technology Group's areas of interest are aligned with EERA
(European Energy Research Alliance) premises in order to be ready for
participation on new and promising calls coming for Horizon 2020.
There are 6 technology subgroups dedicated to: Crystalline Silicon,
Thin Film Technologies, Organic Photovoltaics, Systems, CPV and
Infrastructures. Each subgroup is led by an institution with expertise in

the subject and also well known worldwide.

Specifically, photovoltaic solar energy is third in the ranking with

a contribution to demand coverage of 3,1 %, a similar value than
previous year, which is to be expected if we take into consideration
that there has not been any big installation activity and only 287 MW
new PV power added during 2013. Meteorological aspects also have
influenced this. The Markets Group has, apart from their goals of technology
surveillance and market prospection, specific points concerning
international standards and off-grid requirements. Finally, the Strategy
Group has, as a long range objective, to contribute to saving the
industry, the R&D and the installer companies that are still working

on one hand, and to pave the way for initiating export activities in
equipment, systems and services related to PV in general, on the other.

From 2013 on, Spain is PV market grid connected, but without any
feed-in tariff. Therefore, following the electricity prices, grid parity has
been achieved in certain areas and for some distributed generation
applications.

' PER 2011-2020, approbed by Ministers Council 11/11/2011



The platform is supported by Spanish Ministry of Economy and
Competitivity (MINECQ) and the Center for Technological and
Industrial Development (CDTI).

Apart from the good orientation of the new recently launched
FOTOPLAT, the main relevant activities concerning the R&D and D

in Spain (CPV developments, BIPV products, upgraded metallurgical
silicon use, OPV, etc.), have continued their development during 2013.
However, some projects have suffered the poor performance

of companies dedicated to PV components fabrication. The bankruptcy
of PV cells and module manufacturer ISOFOTON (filed in August

2013) forced some changes in the R&D projects that they were leading
or participating in. The same situation happened to the thin film

PV module manufacturing company SOLIKER that was driving the
Spanish PV technology platform before, as well as in the case of smaller
equipment manufacturers that decided to quit R&D projects due to
unsatisfactory perspectives of near market for their developments.

Nevertheless, the efforts in R&D continue showing good results.
In this sense, new FP7th projects led by Spanish institutions have
started last year. For example, the ETFE-MFM for development of
a BIPV product based on ETFE polymer with lighting integrated
on it, NANOMATCELL, for dye sensitized technology development
and PVCROPS dedicated to cost reduction, reliability, operational
performance, prediction and simulation of PV systems.

As can be seen, together with the innovation on new materials

and products, the effort on development has continued on improving
operation and maintenance of big plants already in production,

and understanding the potential evolution of defects. This knowledge
of the PV plants real performance for long periods of time and their
optimization are going to be key aspects for driving the expected
development of large size PV plants grid connected, announced at

a "zero" feed-in-tariff. These are going to be the real demonstration
of achieved grid parity.

Research and Development also exists in projects related to consumer
products and lower cost/lower efficiency type of technologies.

IMPLEMENTATION

The installed PV capacity in Spain at the end of 2013 was 4,681 GW.
This is 6,5 % higher than previous year. The absolute number of

MW installed was 287. In that scenario, the total electricity produced
by PV means has been 8,397 GWh (including extra-peninsular
production), a 2,4 % more than the previous year, but the demand
coverage due to PV has remained around 3,1 % (data from the grid
operator REE). Figure 2 presents the evolution of installed PV in Spain.

Annual Installed

CC/kWh
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T T T T T T T T T T T T T
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Fig. 2 - Evolution of PV power installed in Spain (Source: REE).

Historically, the rate of PV power installation in Spain has been
driven originally by the feed-in-tariff conditions. After successive
feed-in-tariff reductions, including retroactivity in some cases, since
January 2012 there is no feed -in tariff at all. The drop in PV installed
yearly is clearly related to this fact. However, out of the 287 MW
installed in 2013, 67 MW are left from previous years when feed-in
tariff still existed. Figure 3 shows the evolution of feed-in-tariff for

the different types of PV plants in Spain during the last 7 years. Value
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comparison is done with respect to the average price ccEUR/kWh paid

for electricity generated (pool price) as of 2013.
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Fig. 3 - PV feed-in-tariff evolution in Spain (Source: UNEF).

The total 4,681 MW installed in Spain are split around the country, in
an uneven way; mostly depending on the irradiation conditions
of every region.



Figure 4 shows the capacity installed per autonomous community,
as of December 2013. Castilla la Mancha (920 MW) and Andalucia
(868 MW) are the Communities having the highest number of MW
installed and are the same as in the previous year, which might

be expected as they are also among the ones with the highest levels
of irradiation (Figure 5).

Power Connected by CC.AA

1000

total: 4644 MW

Fig. 4 - PV capacity installed per autonomous communities in Spain, 2013
(Source: CNE-UNEF).

Fig.5 - PV power (MW) installed per autonomous community as of December
2013 (Source: CNE-UNEF).

INDUSTRY STATUS

During 2013, the photovoltaic industry in Spain has continued its
reduction in activity with the closure of some more PV manufacturing
facilities. T-SOLAR, thin film silicon manufacturer in Galicia, closed its
activities after a few months of low or no production at all. In August
2013, ISOFOTON, the pioneer PV cells and modules manufacturing
company, filed for bankruptcy after having tried to demonstrate
profitability through various investors.

Fig.6 - BIPV installation in the “Lucia” Building, Miguel Delibes Campus of Valladolid
University (2013) (Source: ONYX SOLAR).

As a summary, the manufacturing industry is following the same
tendency as in Europe. Production is delocalized towards lower costs
regions or closer to countries where the big plants are announced. Only
a couple of start-up companies on the CPV technology (BSQ, Valldoreix
Greenpower) or BIPV companies building projects all around the world
(ONYX Solar) are the positive note in a quite sad panorama for the
Spanish PV industry at the moment.

Concerning promotion and installation, most of Spain's big players are
already global and they are installing all around the world. The activity
of PV promoters and installers is in Eastern Europe, Central Asia,
America, Africa and Middle East, which appear to be the areas under
development.

Only some small installations (few MW or even kW) are still being
developed in Spain.

MARKET DEVELOPMENT

Due to Spain's generally good irradiation conditions, the lower price
of components and the high price of electricity, grid parity has been
already achieved in some regions. In this situation, the potential
development of the market in Spain could go two different ways:
On one hand, those conditions allow to plan for installation of big
sized PV plants (on the order of hundreds of MW) with the purpose
of selling electricity to the grid at "pool” price. On the other hand,
and also as a conclusion of the same circumstances, small industries,
or private houses in good irradiated areas could install PV modules
on their roofs or build houses with BIPV elements in order to take
advantage of the irradiation to produce their own energy.

These could have been the ideal circumstances for PV development in
some regions of Spain, even with the new regulation of January 2012
eliminating all feed-in-tariffs for PV.

The first option "Big PV plants - No feed-in-tariff - Grid connected”
has been the object of a lot of interest already: As of December 2012,
38 GW out of a total of 168 plants had demanded access to the grid.
The distribution of power was related to the high irradiation areas in
the country.

«  North West: 517 MW
«  Central: 8,818 MW
«  North East: 260 MW
o Fast: 1,339 MW
«  South East: 6,204 MW
«  South: 11,295 MW

o West: 9,465 MW



However, the steps for achieving the final grid connection
documentation are various and complicated, and some of the plants
have fallen off the list along the way. Out of that interest shown, the
access filled was for 14,406 MW shared among 75 plants. In the next
step, the final grid connection demand corresponded to only 10 plants.
Finally, with all the documentation in order, the grid connection plants
filled were 6 with a total of 2,200 MW.

As of December 2013 the only connection announcement in these
circumstances corresponded to a 2,5 MW plant, the first step for a
10 MW plant to be built in Seville.

Fig.7 - First 2,5 MW PV plant grid connected at no feed-in Tariff in Seville
(December 2013).

However, 2014 is expected to be the year for more announcements
of plants starting operation in the same mode since the other
complicated part of the equation, financing, appears to have better
perspectives.

In the case of the small PV plants and installations for self-consumption,
the long time expected net-metering regulation, when finally

issued, has not been positive for the potential users. Even where grid
parity was clearly attained, the mandatory taxes make the whole
self-consumption business very uneconomical. In this sense, a big

PV growth in that sector is not immediately expected. However,

there is still hope on a modification of the established net-metering
structure.

Both aspects can be the drivers of market development in the future.
Moreover, as the local manufacturing industry has almost disappeared,
the activity is not going to create a big benefit for the country, unless
some recovery of it can be made.

Annual Power (MW)
~
<

Figure 8 shows the projections from IDAE (Institute for development
and saving of energy) for yearly PV power installation until 2020,

in order to accomplish the National Programme goals. This scenario
does not seem to consider the option of big plants grid connected
for market development, as a maximum increase per year is only

400 MW. On the other hand, those values appear to be quite high for
self-consumption installations, as well.

Evolution of Annual and Accumulated PV Power
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Fig. 8 - Annual and accumulated PV power evolution in Spain (Source: IDAE).

FUTURE OUTLOOK

The future outlook for PV technology in Spain might be considered

with two different approaches:

«  With the actual price of components and electricity prices,
the big PV plants for selling energy to the grid are a clear
opportunity.

«  Unless the law changes and taxes for grid connection reduce,
the expected self-consumption based on net-metering
strategy has a difficult path for taking off. PV based energy
efficiency in buildings initiatives and the micro-grid approaches
might not have a bright future as a result of the established
self-consumption regulation.

«  The R&D community continues with a high level of activity and
initiatives.

Finally, concerning the PV industry, the actual situation is not
optimistic at all with respect to development in the country. However,
the main PV players have started activity in the hot installation regions
nowadays; some of them are even starting manufacturing activity
there in order to take advantage of the local content requirement in
the countries.
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Fig. 1- The first Swedish MW-installation was constructed during 2013.
Solar trackers are rather untypical for Sweden, and the site is participating
in a monitoring study (Photo: Bengt Stridh, ABB/Mdlardalens hégskola).

GENERAL FRAMEWORK AND IMPLEMENTATION

The vision of Swedish energy policy is social, economic and ecological
long-term sustainability of the energy system, while maintaining
security of supply. This is to be achieved via an active energy policy,
incentives and research funding. Already today, CO,-emissions related
to electricity production are relatively low, since hydro, nuclear, bio
and wind energy are the main contributors.

About 20 9% of the PV installations in place in Sweden are small
off-grid systems in remote locations, mainly recreational houses in the
countryside. PV remains a competitive option without subsidies for
use in such locations.

Since a capital subsidy was introduced in 2009, the number

of grid-connected installations has increased rapidly. The original
subsidy covered up to 60 % of the costs of a PV system, but following
decreasing prices this level has been lowered to 35 % in 2013.

The subsidy has been successful and the volume of applications is
much greater than the available funds. The cumulative installed
grid-connected power has grown from only 250 kW in 2005 to

34,7 MW in 2013. However PV still accounts for only 0,03 % of the
Swedish electricity production.

A net-metering commission presented its results in June 2013.

The result is that a net-metering scheme is not compatible with
regards to the EU's VAT rules. For this reason the commission instead
recommends a tax reduction on solar electricity. The proposal is
now being processed by the Ministry of Enterprise, Energy and
Communications.

There is solid public support for PV technology in Sweden, and about
80 % of the population thinks that efforts towards implementation
should increase.

Fig. 2 - Solar panels on barn roof (Photo: PPAM.se Sweden AB).

NATIONAL PROGRAMME

The Swedish Energy Agency is the governmental authority responsible
for most energy-related issues. In 2012, a new strategy for energy
research was formulated. It states that PV research in Sweden should
continue to cover several different subjects. It has been suggested that
2 TWh should be produced from PV in Sweden in 2020; however this
figure is not a confirmed national target.

The Swedish Energy Agency is responsible for the national energy
research programme. In 2012 a new research programme was
launched, covering PV, concentrated solar power, and solar fuels.

The budget was 3 MEUR for 2013 and will be raised from 2014 and
onwards. So far, two different calls have been performed, one focusing
on outstanding research, and one focusing on more applied research.

In 2013, a new call was finished in SolEl-programmet; an applied
research program in cooperation with the industry. Five projects,
all of them relevant to the current PV deployment in Sweden, were
approved.

The Swedish Energy Agency funds solar cell research via its main
energy research program, and a yearly total of about 4,5 MEUR

are channelled to PV related research. Additional resources to PV
research come from several research councils, universities and private
institutions. Sweden is also a member in the newly formed Solar

ERA NET, where a first call was held in 2013. A new pre-proposal call
opened in January 2014.

R&D

There are strong academic environments doing research on new types
of solar cells, such as CIGS thin film, dye sensitized solar cells, polymer
solar cells, nanowire solar cells and more. There is also research on
enhancement techniques for conventional silicon cells.



Fig. 3 - Fagade integrated thin film modules in the city of Uppsala (Photo: Thomas
Zaar, White Arkitekter AB).

Comprehensive research in CIGS and CZTS thin film solar cells is
performed at the Angstrdm Solar Center at Uppsala University. The
objectives of the group are to achieve high performing cells while
utilizing processes and materials that minimize the production cost
and the impact on the environment. The Center collaborates with the
spin-off company Solibro Research AB, and Midsummer AB.

At Lund University, the division of Energy & Building Design studies
energy-efficient buildings and how to integrate PV and solar thermal
into those buildings. There is research at the same university on multi-
junction nanowire solar cells. The research is performed in collaboration
with the company Sol Voltaics. Sol Voltaics is using nano-wires in order
to enhance solar cell performance. They have developed a product
called Solink in recent years which is designed to be compatible with
existing crystalline silicon or thin film production lines.

An ongoing collaboration between Linkdping University, Chalmers
University of Technology and Lund University, under the name Center
of Organic Electronics, carries out research on organic and polymer
solar cells. Different areas of use are being investigated, such as
sunshade curtains with integrated solar cell.

Research on dye-sensitized solar cells is carried out at the Center

of Molecular Devices, which is a collaboration between Uppsala
University, the Royal Institute of Technology (KTH) in Stockholm and
the industrial research institute Swerea IVF. A scientific highlight is the
discovery and development of a new effective electrolyte based on
cobalt.

Others which are involved in PV research are the Universities of
Chalmers, Dalarna, Karlstad and Mélardalen.

Fig. 4 - PV modules on several apartment buildings. 624 kW in total (Photo PPAM.se
Sweden AB).

INDUSTRY AND MARKET DEVELOPMENT

The installed capacity in Sweden in 2013 was 43,1 MW, with three
times as much grid-connected installations compared to off-grid
installations. These 43,1 MW can produce approximately 39 GWh in a
year, which leaves a large potential for growth. It has been estimated
that the potential for electricity produced by roof-mounted solar cells
in Sweden amounts to several tens of TWh per year.

Today, there's only one active module producer, namely SweModule.
Two years ago, in 2012, several other module producers in Sweden
filed for bankruptcy, leaving only one producer left.

There are two companies exploring newer types of solar cells.
Midsummer AB inaugurated their factory in 2011, where they produce
thin-film CIGS cells to develop their manufacturing equipment, which
is their main product. Exeger Sweden AB is developing transparent
dye sensitised solar cells for integration in glass windows, and are
presently launching a new pilot plant. A few innovative companies
exist that develop balance-of-system equipment, e.g. inverters.

A growing number of small to medium-sized enterprises exist,

that design, market and sell PV products and systems. Many of these
companies depend almost exclusively on the Swedish market. The
capital subsidy programme 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 market products
specified for this market segment. Several utilities are selling turnkey
PV systems, often with assistance from PV installation companies.



PV TECHNOLOGY STATUS AND PROSPECTS
STEFAN NOWAK, NET NOWAK ENERGY & TECHNOLOGY LTD.
AND STEFAN OBERHOLZER, SWISS FEDERAL OFFICE OF ENERGY (SFOE)

GENERAL FRAMEWORK AND IMPLEMENTATION

There is a general consensus in Switzerland that solar photovoltaics
will play an important role in the long term future Swiss electricity
supply. According to the official scenarios, 10 - 12 TWh should
come from photovoltaics by 2050. Compared to the annual national
electricity consumption of close to 60 TWh in 2013, this would
represent close to 20 9% of this value. The Swiss solar industry claims
such contributions to be achievable much sooner than 2050.

In 2013, on the levels of Swiss policy and administration, work
continued extensively regarding the preparation of the various
measures in conjunction with Switzerland's phase-out of nuclear
energy decided in 2011 in the framework of the new energy strategy
2050. These measures will have impacts on all levels from research
to implementation and use, as well as regarding legislative and
normative issues. Before coming into force, there will likely be a
public vote on the new energy strategy, expected in 2016.

While the final form of the new energy strategy 2050 and its set

of policy measures continue to be defined and shaped, a number

of decisions have already been made by the national parliament in
view of this strategy. These concern, for instance, an action plan for
an increased energy research activity throughout all relevant energy
technologies. In 2013, seven national energy research competence
centres have been called for, six of which have been decided and
established by the end of the year. The goal of these centres is to build
up new permanent research capacities and institutional networks

in the different technology areas. Alongside this structural measure,
important additional financial means have been decided to support
research activities in the different areas on the project level. Moreover,

the financial means for pilot and demonstration projects have been
further increased, aiming at speeding up the technology transfer from
research into industrial processes, products and applications.

On the implementation level, support continues to be provided by

a quickly evolving regulatory framework. In 2013, important decisions
have been made by the national parliament in view of moderately
accelerating the deployment of photovoltaic power systems in the
short term, namely up to 2016. These measures are also meant

to relieve a long waiting list in the feed-in-tariff scheme and should
increase the overall efficiency of the support schemes. By the end

of 2013, more than 20 000 systems were on this waiting list. The
changes will come into force in early 2014. Besides the feed-in-tariff
scheme used since 2009 with decreasing tariffs and increasing shares
attributed to photovoltaics, systems between 2 and 10 kW will in the
future benefit from a onetime investment subsidy and will not be
supported in the feed-in-tariff scheme any longer. Systems between
10 and 30 kW may choose between the investment subsidy and

the feed-in-tariff whereas systems below 2 kW will have no support
at all at the federal level. Systems of 30 kW and more will continue
to benefit from the feed-in-tariff as before. As an additional new
element, self-consumption of the electricity produced will be
allowed and accounted for.

The development of the photovoltaic sector in Switzerland builds

on a strong research and technology base, a diversified 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



Fig. 2 - Farmhouse in Sempach , Switzerland. 171 kW roof-integrated PV system
(Photo: Schiirch-Egli AG).
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Fig. 3 - Office bU//d/ng from Flumroc Ltd. PV-fagade and on-roof system, 128 kW in
total (Photo: Viridén + Partner AG).

is defined by an energy RTD master plan updated every four years.

The master plan developed by the Federal Commission for Energy
Re-search (CORE) in cooperation with the Swiss Federal Office of
Energy (SFOE) is based on strate-gic policy goals (energy & environment,

science & education, industry & society) (www.energy-research.ch).

Concerning market implementation, the photovoltaic sector in
Switzerland further developed in the year 2013, whereas the industrial
activities suffered from the capacity and competition issues affecting
the global PV industry. Nevertheless, activities in the Swiss PV supply
industry remain high with an increasing emphasis on technology
development and innovation. R&D activities in the public sector confirm
this increasing trend. On the technology front, the key competence
centres continued their efforts in their respective domains (solar cells,
modules and systems) while increasing their cooperation with industry
and on the international level.

The support of the national PV RTD programme can be expected

to continue with a focus on innovative research activities, rapid
technology transfer, industrial developments, new products for niche
markets and ongoing international involvement. Due to the strong
Swiss currency, global competition for the heavily export oriented

Fig. 4 - Migros Logistics Centre, Neuendorf, Switzerland. 5,2 MW on-roof PV system
(Photo: Tritec AG).

industry remains an issue. Nevertheless, the efforts to bring Swiss
technology to the market place continue. Efforts in the technology
development will concentrate on short to medium term market
oriented approaches and continuous quality assurance.

The strategy to promote international co-operation on all levels
continued, related to activities in the 7 Framework Programme of the
European Union, the European PV Technology Platform, the IEA PVPS
programme and in technology co-operation projects.

With a strong research base in various PV technologies, an ongoing
diversified industrial base along the entire value chain, an increasing
market deployment activity and an overall favourable policy
framework, the signs continue to be positive for an increased role of
PV from research over industry all the way to the market.

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, process and product development,
pilot and demonstration projects all the way to accompanying
measures for market stimulation. On the technical level, thin film,
tandem and heterojunction solar cells, their variations 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. Thorough
component and system analysis, as well as testing, 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.

RESEARCH, DEVELOPMENT AND DEMONSTRATION

In 2013, more than 75 projects, supported by various national

and regional government agencies, the European Commission and
the private sector, were conducted in the different areas of the
photovoltaic energy system. Innovative solutions, cost reduction,
increased efficiency and reliability, industrial viability and transfer as
well as adequate market orientation are the main objectives of the
technical R&D.
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For solar cells, the main focus remains on thin film solar cells with
projects in a wide variety of materials (crystalline silicon, 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 Neuchétel is being concentrated

on micromorphous solar cells with a particular emphasis on silicon
oxide intermediate reflector layers. Significant progress is also

being achieved in the area of high-efficiency heterojunction silicon
solar cells, reaching efficiencies above the 22 % mark. Industry
co-operation has been extended with various companies. In 2013, with
important support by the Swiss Confederation, CSEM (Centre Suisse
d'électronique et microtechnique) has established a new photovoltaic
technology centre in Neuchéatel. The mission of this PV technology
centre is to accelerate the transfer of innovative PV technologies

to the industry by an increased collaboration and a dedicated
infrastructure.

With regard to CIGS solar cells, the Swiss Federal Laboratories for
Materials Testing and Research EMPA focuses the work on high
efficiency flexible CIGS cells on plastic and metal foils. As a highlight,
a new record efficiency of 20,4 % was announced in 2013 for CIGS
solar cells on plastic substrates, thus representing a substantial
increase of the last record of 18,7 % achieved the year before. This
efficiency record is slightly higher than that for CIGS cells on glass
and in the range of best multicrystalline silicon solar cells.

For dye-sensitised solar cells, work continues at EPFL on new dyes
and electrolytes as well as high temperature stability of the devices.
Important progress has been achieved at the Laboratory of Photonics
and Interfaces at EPFL concerning perovskite-sensitized solar cells.
Using sequential deposition for the formation of the perovskite
pigment, solar cell efficiencies of more than 15 % were achieved in
2013 and have since reached values of 17 %. Perovskite-sensitized
solar cells have thus demonstrated the steepest efficiency increase

in recent years and attract a large interest by the global PV research
community.

Fig. 5 - Ski station, Laax, Switzerland. 21 kW PV-fagade with CIS modules (Photo: Solarmarkt GmbH).

Organic solar cells are the research subject at the Swiss Federal
Laboratories for Materials Testing and Research EMPA, the University
of Applied Sciences in Winterthur (ZHAW) as well as at CSEM in

the Basel region. In this technical area, CSEM coordinates the large
European project Sunflower.

An increasing interest for photovoltaic technology can be observed
at 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. Related to BIPV systems in the
market support schemes, the requirements for the recognition as
BIPV systems have been clarified. Various other PV applications on
built infrastructure, e.g. ski lifts or snow avalanche protections, have
recently been proposed and realised in pilot installations.

As a recent topic rapidly gaining relevance in some countries and
regions, grid integration has continued to generate interest and recent
projects have extensively analysed the implications of PV on the
distribution grid. Methods to considerably increase the share of PV in
distribution grids have been identified based on detailed modelling
work. High levels of PV penetration in distribution grids are thus no
longer considered as insurmountable barriers.

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 Universities of Applied Sciences of Lugano and Burgdorf carefully
evaluate products such as PV modules, inverters and new systems.
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Fig. 6 - EPFL Campus, Lausanne, Switzerland. 2 MW on-roof PV systems featuring different kinds of technologies (Photo: Romande Energie).

The test infrastructure is continuously expanding and includes the
accredited test centre for IEC module certification (Lugano,
http://www.supsi.ch/isaac/swiss_pv_module test centre.html) as
well as the largest solar simulator for inverter testing up to 100 kW
capacity (Burgdorf, www.pvtest.ch). Long term experience with

the operation of photovoltaic power systems is carefully tracked

for a number of grid-connected systems, ranging between 10 and
more than 30 years of operation. Continuous development of system
solutions has resulted in a number of industrial products well
positioned in the export market.

Work continued on the second prototype of the solar powered airplane
Solarlmpulse (www.solar-impulse.com) by Bertrand Piccard, André
Borschberg and their team. Meanwhile, further flight ex-perience was
gained with the first prototype with a flight across the USA. The solar
powered boat PlanetSolar (www.planetsolar.org), after its tour around
the world by solar energy completed in 2012, accomplished the 2013
DeepWater expedition, a scientific mission across the Atlantic ocean
contributing to the understanding of the gulf stream relevant for
climate research.

International co-operation continues to form a strong pillar of the
R&D activities with more than 20 projects running in the 7" framework
RTD programmes of the European Union during 2013. The co-operation
within the IEA PVPS programme has remained a further strategic
activity.

Regarding international co-operation on the programme level, the

new European SOLAR-ERA.NET project (www.solar-era.net) coordinated
by Switzerland launched its first joint call for projects covering both PV
and concentrated solar power (CSP) which had a high resonance in the
research community. The response to the call from Swiss R&D groups
was good with four full proposals in total, two from PV and two from
CSP. The collaboration with the European Photovoltaic Technology

Platform (www.eupvplatform.org) continued throughout the year,
establishing a new strategy of this relevant European platform.

INDUSTRY AND MARKET DEVELOPMENT

For 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. Due to the

fierce competition and the ongoing consolidation in the global PV
industry, important changes have taken place in the Swiss PV industry
landscape as well. Due to the decreased investment in new production
facilities world-wide and slower market growth in Europe, the export
volume of Swiss photovoltaic products has somewhat reduced. Due to
a strongly growing domestic PV market at the same time, the export
share is presently estimated at 50 % of the total turnover.

On the PV industry supply side, different products count among

the world leaders. The largest equipment supplier for complete PV
module manufacturing lines and advanced PV module technologies
continues to be Meyer Burger. Leading wire-sawing machines are also
produced by Applied Materials (AMAT) Switzerland. Roth & Rau, largely
acquired by Meyer Burger, has intensified its Swiss R&D activities into
heterojunction silicon solar cells. Measuring equipment for PV module
manufacturers is produced by Pasan (now a part of Meyer Burger
Group). Komax, another important player in the module manufacturing
chain, has decided to sell its solar business in 2013. Solar plugging
systems are offered by Multicontact as well as Huber & Suhner.

Industrial activities evolve in the field of process equipment and
products based on thin-film technology. TEL Solar (previously oerlikon
solar), while continuing operations throughout 2013, has recently
announced to withdraw from the PV module production business.

In 2013 also, AMAT and TEL have announced their worldwide merger
planned for 2014, leading to one of the most important global
suppliers of the semiconductor industry.

Flisom, a company active in the CIGS technology, has announced
the funding for a 15 MW pilot production in Switzerland. Flisom
continues to work closely with the Swiss Federal Laboratories for
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Fig. 7 - Evolution of the installed photovoltaic capacity in Switzerland between 1984 and 2013 (total and grid-connected, estimated values for 2013).

Materials Testing and Research EMPA. Further companies are active
in the manufacturing of coloured PV modules (swissinso) and
dye-sensitized solar cells (glass to energy, Solaronix).

In the past, inverters have proved to be an export success. Due

to the recent slower market development in Europe, this segment

has also suffered. Sputnik Engineering produces grid-connected
inverters with a capacity of up to 700 MW per year. Studer Innotec
has had comparable success with their stand-alone inverters. ABB has
entered the inverter market and closed its deal of acquiring the US
manufacturer Power One during 2013, thereby becoming a leading
inverter supplier.

With an increasing PV capacity being installed in Switzerland, a

clear growth of the number of companies as well as that of existing
businesses involved in planning and installing PV systems can be
observed. 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. System sizes have increased over the past years
with up to 5 MW systems being installed on building complexes.
Formerly mostly driven by utilities own green power marketing
schemes, there has been a strong development in the framework of
the new feed-in tariff support scheme in recent years. This PV feed-in
tariff 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 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 limited
financial volume available within the feed-in tariff for PV systems up
to now, many systems could not benefit from the feed-in tariff and
are on a waiting list (see also introduction). This has lead to a variety
of intermediate support schemes by regional governments and
utilities, thereby diversifying the possible market support.

The combination of the various support schemes and the increased
cost-competitiveness of PV systems have lead to an annual market
volume for grid-connected systems greater than 300 MWp, thus
representing a roughly 40 % market growth compared to 2012. The
total installed capacity has thus risen to about 740 MW (Figure 7)
corresponding close to 100 W/capita. With this installed capacity,
roughly 1 % of the annual national electricity consumption can now
be covered by photovoltaics in Switzerland.
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GENERAL FRAMEWORK

Turkey has a reliable growth potential for the massive expansion of the
photovoltaic installation and production activities. The advantages of
Turkey are summarized below:

o Steady growth of the Turkish economy over the last ten years [1].

« 16" largest economy in the world and 6th largest economy
compared with the EU in 2012 (GDP at PPP, IMF WEOQ).

«  The economy grew with an average annual real GDP growth
rate of 5 percent over the past decade between 2002 and
2012.

«  According to the OECD, Turkey is expected to be the fastest
growing economy of the OECD members during 2012-2017,
with an annual average growth rate of 5,2 %.

«  Adynamic and mature private sector with 153 BUSD worth
of exports and an increase of 325 % between 2002 and 2012
(TurkStat).

«  High growth potential of the Turkish energy sector.

«  With a population reaching 76,7 million [2], Turkey's
electricity production and consumption based on primary
energy resources are continuing to increase. Gross electric
energy consumption of Turkey was 245,5 TWh in 2013 [3].

«  The Turkish Electricity Transmission Company (TEIAS) warned
that "unless the necessary steps are taken, the electricity
supply will not meet the demand in 2016" [4].

«  The total amount of investments to be made to meet the
energy demand in Turkey until 2023 is estimated around
130 BUSD [1].

«  Advantage of Turkey operating as an energy hub between Europe
and the Middle East.

« Inorder to establish a common energy market with the EU,
Turkey plans to interconnect its energy system with UCTE
(Union for the Coordination of Transmission of Electricity)
grid [1].

« Increase in the share of the private sector through the
privatization of state-owned generation assets.

«  Privatization of regional distribution companies (finalized at the
end of 2013) will allow for an independent merchants' market.

«  High potential supply of solar energy technologies.

«  Solar energy is the most important alternative clean energy
resource in Turkey. The yearly average solar radiation is
1311 kWh/m? per year and 3,6 kWh/m? per day. The total
yearly insulation period is approximately 2 460 hours per
year and 7,2 hours per day. The energy yield potential for
a PV plant is 1 300 -1 600 kWh/kWp.

NATIONAL PROGRAM

Turkey is still dependent on imported natural gas. The total installed
capacity of electricity was 64 044 MW at the end of 2013 and can

be broken down by the following resources as 34,8 % hydro, 4,3 %
wind, 0,5% geothermal and 60,4 % thermic (natural gas, coals, liquid
fuels etc.) [3]. In the face of increasing oil prices and the need for
national energy security, it is widely recognized that it is imperative
for Turkey to increase the contribution of renewable energy resources
rapidly. This recognition obliged Turkey to have targets for the next

years. As a tangible target, the Energy and Natural Resources Ministry
Strategic Plan aims to reach a 30 % share of renewables (incl. hydro) in
electric energy production by 2023 in Turkey. Within this target, Turkey
aims to use 20 000 MW wind and 600 MW geothermal energy by 2023.
Although there is not a certain target for solar electricity generation
by 2023, Turkey is willing to use its high potential. The Law 6094
entitled: "Utilization of Renewable Energy Resources for Electrical
Energy Production” and related regulations prescribe the technical and
financial procedures and principles for supplying energy to the grid.
According to the Law 6094, a purchase guarantee of 13,3 USDcents/
kWh is given for solar electric energy production for ten years. Some
supplementary subsidies for domestic products are as follows:
« PV module installation and mechanical construction,

(+0,8 USDcents/kWh)
« PV modules, (+1,3 USDcents [kWh)
o PVecells, (+3,5 USDcents/kWh)
< Inverter, (+0,6 USDcents/kWh)
«  Material focusing solar energy on PV modules,

(+0,5 USDcents/kWh)

IMPLEMENTATION

In 2013, the most positive prospects were found in the small-scale
PV market, since projects under 1 MW are not required to obtain

a production license. 199 PV power projects covering about 62 MW
in total were applied to the Turkish Distribution Corporation (TEDAS)
and 6 MW of them received the preliminary acceptance at the end
of 2013 [see Table 1]. It proves there has been an acceleration since

TABLE 1 - THE STATUS OF THE PROJECT APPLICATIONS
TO TEDAS AS THE UNLICENSED PROJECTS [5]



Fig.1 - 1,8 MW grid-connected PV system in Polatli, Ankara.

the cumulative grid-connected installed PV power was about 2,5 MW
at the end of 2012. The annual PV installation in 2013 tripled the
cumulative capacity of the previous years. As seen in Table 1, over

62 MW of new photovoltaic capacity was projected to be installed in
Turkey in 2014 via such unlicensed projects.

Some investors preferred to setup MW scaled PV plants in total by
covering a few unlicensed plants (see Figure 1).

Additionally, in the first license application round, a total of 600 MW
PV projects larger than 1 MW have been completed, thus exceeding
the proposed capacity by 15 times with 496 applications made to

the Energy Market Regulatory Authority (EPDK) reaching 8,9 GW in
total. The tender and license procedures will be concluded in 2014.
These MW-scaled plants are expected to be put in operation until 2015.
The Ministry of Council will determine the new capacity after 2015.

INDUSTRY STATUS

Regarding PV manufacturing activities, currently there are not

any feedstock, ingots and wafers manufacturers in Turkey. China
Sunergy Co. Ltd. (CSUN) which is a specialized solar cell and module
manufacturer, announced that the company has set up a new
manufacturing facility in istanbul, Turkey, with a local partner, Seul
Energy Investment Corp. (SEUL Energy). The new plant covering more
than 22 000 square meters has been set up in facilities in the Trade
Free Zone in Istanbul, Turkey. CSUN announced its 300 MW/y capacities
for both of the cell and module production lines. The company aims to
reach 600 MW/y production capacities and 1 200 employees in 2015.
The currently operating PV module manufacturing plants in Turkey are
listed by GUNDER (ISES-TR) [see Table 2].

There are also a few PV module constituents (glass, frame etc.)
manufacturers in Turkey. For instance, the Trakya Cam Co. is a leading
flat glass supplier in the region and one of the largest glass producers
in Europe that is increasing sales for solar glass. It's mother company,
the Sisecam Group, is in a leading position in business lines covering all
basic fields of glass such as float glass, glass household articles, glass
packaging and glass fiber as well as soda and chromium compounds.
(www.trakyacam.com.tr).

MARKET DEVELOPMENT

Europe has dominated the global PV market for years but the rest

of the world clearly has the biggest potential for growth. This was
highlighted by market developments that saw Europe's share of the
global market being reduced from 74 % in 2011 to 55 % in 2012.
Driven by local and global energy demand, the fastest PV growth is
expected to continue in China and India, followed by Southeast Asia,
Latin America and the Middle East and North Africa (MENA) countries.
The PV potential of the Sunbelt countries - where PV can already
compete with diesel generators for peak power generation without
financial support - could range from 60 to 250 GW by 2020, and from
260 to 1 100 GW in 2030. Additionally, with the faster than expected
price decrease that the industry experienced in 2011 and 2012, even
more countries will see PV becoming competitive before the end of this
decade [6]. Within this expectation, solar energy demand in the MENA
region is attracting the attention of the global solar market, as the
industry begins to diversify existing demand from feed-in tariff markets
with demand from markets that offer fundamental solar drivers such
as insolation, grid prices and electricity needs. On the back of these
fundamental drivers, GTM Research, in collaboration with the Emirates

TABLE 2 - THE OPERATING MODULE MANUFACTURERS
IN TURKEY LISTED BY GUNDER




Fig. 2 - "PV Investor's Day in Turkey," December 18t, 2013, istanbul.

Solar Industry Association (ESIA), forecasts the annual solar market in
MENA countries to reach nearly 3,5 GW by 2015 and comprise close to
8 % of the total demand globally in 2015, as well. The clear majority

of demand in the MENA region will originate in Saudi Arabia and
Turkey, according to GTM's report, "Middle East and North Africa Solar
Market Qutlook, 2013-2017." Saudi Arabia promises to be the region's
first gigawatt-scale market by 2015. The report forecasts Turkey to

be the second strongest market in the region in 2015 and beyond, as
favorable renewables policies and previous wind installation experience
is expected to translate into greater solar demand [7].

The Turkish Solar Energy Associations (such as GUNDER, GENSED, UFTP)
continued their endeavors to facilitate information flow for a healthy
market development. One of the events organized by GUNDER and
UFTP entitled "PV Investor's Day in Turkey" was concluded in Istanbul
on December 18™, 2013. The main goal of this summit was to bring
together Turkey's related stakeholders with the experienced institutions
and discuss collaboration strategies to achieve bankability for solar

PV projects and standardize best practices (see Figure 2).

FUTURE OUTLOOK

Within the context summarized in this report, a rapidly growing
market in Turkey and its neighboring countries will not be surprising.
In this phase it is essential to ensure prosperous, but at the same time,
sustainable market growth guaranteeing a long-term high quality

of solar energy generation. To achieve this goal, adequate policy
measures and quality infrastructure have to be in place. Turkey has the
opportunity to consider the existing international experience in order
to find an efficient approach to tackle the potential pit falls.

New control, protection and management strategy requirements
(Collection and monitoring of system performances, load management
etc.) for the successful grid operation with unconventional generation
systems should be reviewed and reported.

The share of the grid-connected PV power systems shall grow year by
year in the next decade.
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GENERAL FRAMEWORK, IMPLEMENTATION & NATIONAL
PROGRAMME

From the release of the recent document: UK Solar PV Strategy

Part 1: Roadmap to a Brighter Future, in October 2013, it is clear that
the UK Government believes that solar PV has the potential to form

a significant part of our renewable energy generation mix.

Currently the UK has over 3 GW of installed solar PV capacity in
operation and analysis indicates that the market should achieve

a cumulative total of 10-20 GW of solar PV by 2020 (equivalent
9-18 TWh generated energy). Whilst smaller scale (less than 50 kW)
solar PV installations, supported through the UK's Feed-in-Tariff (FiT)
scheme, were the main driver for the growth in solar PV capacity up
until the first FiT reductions in 2012, 2013 was a relatively quiet year
for this sector with larger systems beginning to take over. The now
predictable FiT degression policy has helped to stabilise the market
and the PV sector as a whole performed well.

Following the global trend, the solar PV sector saw dramatic cost
reductions between summer 2011 and mid 2013, with installed costs
estimated to have fallen by up to 60 %. The ability to deliver further
reductions in the installed costs of solar PV will determine the level
of sector growth and the ability for the levelised cost of solar PV to
continue to gain ground against other low-carbon electricity sources.
The UK Government has introduced a cost-control mechanism for
the FiT scheme to promote a predictable and stable environment
conducive to sustainable cost reduction.

Solar PV benefits from being easy to install on domestic and

many commercial buildings, as well as on the ground. With 85 %
public support, it has a role in connecting individuals, communities
and businesses with future deployment of renewable energy and the
transition to the low-carbon economy. Further growth of solar PV
generation will present new challenges to grid balancing but this will
be aided by generation used onsite, along with potential improvements
in storage technology and active network management.

UK Deployment

Although the UK has less sunshine (and therefore lower load factors)
than some countries, our climate is similar to that in Germany, where
deployment of solar PV is considerably higher. Figure 1 shows the UK
map of FiTs solar PV deployment: The number of domestic photovoltaic
installations per 10 000 households by Local Authority. As at June
2013, the regional data shows the majority of installations are focused
in South West England.

Wales, the East Midlands and the Scottish Borders also show
significant deployment. Deployment in the UK has grown rapidly since
the FiT scheme was established in April 2010 to 3 GW of operational
installed capacity by the end of the 3rd quarter of 2013, with the
majority of current PV deployment at smaller scale installations less
than 50 kW. This situation started to change rapidly in 2013, with
evidence of substantial activity now underway, including both large
commercial rooftops and ground mounted schemes. For example, a

large scale UK developer and installer commissioned a 5,2 MW system
(over 20 000 modules) on the Bentley car factory roof, creating the
UK's largest solar rooftop array (see case study below). Global analysis
showed the UK to rank 6th for deployment in the first 6 months

of 2013.

Feed In Tariffs in the UK

63 to 103 (63

Key
n o mm  231to 787 (65)
mm 177 to 231(63)
mm 134to 177 (59)
mm 103 to 134 (64)
(63)
(66)

Greater London

Notes:

1. There are 8,374 domestic photovoltaic installations that have
not been allocated to Local Authorities.

2. For Scotland, areas are represented as Council Areas.

fig. 1 - Feed-in Tariffs in the UK - Number of domestic PV installations per
10,000 households by Local Authority, as at end of June 2013.
Source: ONS, Crown copyright 2004. Crown copyright material is reproduced with

the permission of the controller of HMSO. Contains data from OfGem



Case Study - The Bentley Factory, Crewe

The Bentley Factory in Crewe built in the 1940s is ideally situated to
generate solar power as the "saw tooth" factory roofs are south facing
at an angle of 20 degrees. It is the UK's largest rooftop solar PV array,
owned and operated by solar power generator, Lightsource Renewable
Energy and installed by main contractor Solarcentury.

Over 20 000 solar PV panels have been installed generating enough
electricity adequate to power over 1 200 households covering

3,45 hectares of roof space which would otherwise be un-utilised.
Lightsource Renewable Energy entered into a power purchase
agreement with Bentley Motors, making it possible for the electricity
generated during working hours to be used directly by the factory and
for the electricity generated at weekends and times of low demand,
to be fed back into the National Grid. At peak generation times, the
system will produce up to 40 % of Bentley's energy requirements.

The installation on Bentley's factory demonstrates the potential for
solar energy to be generated on commercial roof-tops in the UK and
is a clear example of how businesses can gain greater pricing certainty
for the future whilst reducing their carbon footprint. With the build
only taking 16 weeks, it shows the speed at which installations of this
size can be completed even when constructed in tandem with existing
business activity.

SOLAR STRATEGY

The UK's Department of Energy and Climate Change (DECC) wants

to set out a clear vision for solar through to 2020, and do so in a way
which gives industry confidence to invest. In October 2013, DECC
produced the first part of its solar PV strategy, “The Roadmap”, in
which the Government's strategic approach to solar PV was outlined.
The detailed strategy is expected to be released in Spring 2014. The
approach reflects both Government and industry perspectives as to
the main challenges facing the deployment of solar PV. It will consider
the scope for small-scale, community-owned, commercial and utility
scale deployment in the UK and identifies the barriers to growth that
need to be addressed in each case. The Roadmap sets out four guiding
principles, which form the basis of Government's strategy for solar PV.

These principles are:

I. Support for solar PV should allow cost-effective projects to
proceed and to make a cost-effective contribution to UK
carbon emission objectives in the context of overall energy
goals - ensuring that solar PV has a role alongside other energy
generation technologies in delivering carbon reductions, energy
security and affordability for consumers.

IIl.  Support for solar PV should deliver genuine carbon reductions
that help meet the UK's target of 15 % renewable energy from
final consumption by 2020 and in supporting the decarbonisation
of our economy in the longer term - ensuring that all the carbon
impacts of solar PV deployment are fully understood.

Il Support for solar PV should ensure proposals are appropriately
sited, give proper weight to environmental considerations such
as landscape and visual impact, heritage and local amenity,
and provide opportunities for local communities to influence
decisions that affect them.
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IV. Support for solar PV should assess and respond to the impacts
of deployment on: grid systems balancing; grid connectivity; and
financial incentives - ensuring that the challenges of deploying
high volumes of solar PV are addressed.

RESEARCH, DEVELOPMENT & DEMONSTRATION
Innovation is key to improving performance and efficiency of mono/
polycrystalline and hybrid panels in order to bring down the cost of
production.

Developing cost-effective storage solutions could also make a step-
change in affordability and long-term potential for solar PV in the UK.
A National Solar Centre has been established in Cornwall and is already
becoming known as a centre of excellence for the development of
solar technology.

UK Research Councils generally spend approximately £10 m annually
on solar energy research. They expect similar annual expenditure

till 2014. As part of that, the Engineering and Physical Sciences
Research Council (EPSRC) awarded a £4 m grant to SUPERSOLAR Solar
Energy Hub which is a consortium led by Loughborough University
(together with Universities of Bath, Liverpool, Oxford, Sheffield and
Southampton) that is aimed at research on new materials and systems
performance.

SUPERSOLAR intends to set up a national solar cell efficiency
measurement facility for the benefit of the solar PV community in
the UK. EPSRC is also funding research improvements in solar cell
efficiency, overall system performance, and analysis of whole life
system costs via the SUPERGEN programme.

Going forward, DECC has stated that it will be working with industry,
the Research Councils and other members of the UK's Low Carbon
Innovation Coordination Group (LCICG) to understand progress of the
research undertaken and the outcomes, in order to influence policy
developments and encourage deployment.

SOURCES OF FURTHER INFORMATION

DECC Renewables Statistics

Provides annual tables on capacity and generation across renewable
electricity, heat and transport. Also includes quarterly information on
deployment of renewable electricity and liquid biofuels from Energy
Trends.

https://www.gov.uk/government/publications/renewables-section-
6-energy-trends

Feed-in Tariff Statistics
Quarterly and Monthly data on capacity and installations

https://www.gov.uk/government/organisations/department-of-energy-
climate-change/series/feed-in-tariff-statistics
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GENERAL FRAMEWORK AND IMPLEMENTATION

The United States (U.S.) photovoltaic (PV) market development is
supported by both national and state level financial incentives,

yet state and local policies in support of increased solar deployment
are more varied than national policies. Over the course of 2013,
members of the national government outlined the potential for a
national level clean energy standard that would mandate a certain
percentage of the nation's energy portfolio be derived from “clean”
sources. To date a national level mandate has not been implemented,
however there have been individual state mandates successfully
executed. Despite the lack of a unified national framework, existing
policy at the national and state level has enabled PV to continue
growing rapidly in the U.S. as a result of local and state initiatives,
with the U.S. adding approximately 4,8 GW,. of PV capacity in 2013.
At the end of 2012, cumulative installed PV capacity in the U.S.
totaled approximately 7,3 GW, bringing the U.S. cumulative installed
total to approximately 12,1 GW [1].

U.S. Annual PV Installations
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Fig. 1 - U.S. Annual PV Installations. Sources: 2006-2009: IREC, U.S. Solar Market
Trends. 2010-2013: GTM Research/ SEIA, Q4 2013: U.S. Solar Market Insight.
March 2014.

Several policy and financing mechanisms are emerging that have

the potential to incite further solar market expansion through the
establishment of widespread local and utility programs. Such policies
include state level feed in tariffs and time of use rate structures.
Third-party ownership has also gained significant popularity for
financing the installation of PV systems, particularly in the residential
sector, where in some markets it has achieved 70-80 % market
penetration. In 2013 several third-party PV ownership companies
issued innovative financing mechanisms to raise cheaper sources of
capital through the public markets.

NATIONAL PROGRAM

The U.S. supports the domestic installation and manufacturing of
PV generating assets for domestic consumption. Financial incentives
for U.S. solar projects are provided by the national government,
state and local governments, and some local utilities. Historically,
national incentives have been provided primarily through the U.S.
tax code, in the form of a 30 % Investment Tax Credit (ITC) (which

[1]  GTM Research/ SEIA. Q4 2013: U.S. Solar Market Insight. March 2014.

applies to residential, commercial, and utility-scale installations) and
accelerated 5-year tax depreciation (which applies to all commercial
and utility-scale installations and to third-party owned residential,
government, or non-profit installations.

In 2011, two additional national programs supporting PV expired.
They included the grant in lieu of tax credit through Section 1603 of
the American Recovery and Reinvestment Act of 2009 (ARRA), as well
as the temporary loan guarantee program through the Department
of Energy (DOE), which provides loan guarantees for renewable
energy installations and manufacturing facilities for renewable energy
components. Because the Section 1603 grants allow businesses to
receive a grant for projects which began construction in 2011 but

are completed before the end of 2016, this program continued to
fund the deployment of solar assets in 2013. In addition, many of the
manufacturing and solar installations which received loan guarantees
in 2011 or earlier, continued construction or operation of those assets
in 2013. Through this program the two largest PV installations in

the U.S., as of January 2014, were completed; the 250 MWAC Agua
Caliente Project in 2012, and the 250 MWAC California Valley Solar
Ranch in 2013.

State incentives in the U.S. have been driven in large part due to the
passage of Renewable Portfolio Standards (RPS). An RPS, also called
a renewable electricity standard (RES), requires electricity suppliers
to purchase or generate a targeted amount of renewable energy by
a certain date. Although design details can vary considerably, RPS
policies typically enforce compliance through penalties, and many
include the trading of renewable energy certificates (RECs). A clean
energy standard (CES) is similar to an RPS, but allows a broader range
of electricity generation resources to qualify for the target. In 2013
Minnesota amended their RPS to include a mandatory amount of
solar energy. As of January 2014 seventeen states and Washington
D.C. had RPS policies with specific solar provisions.

The U.S. government also supports PV manufacturing and deployment
through its work at the Department of Energy's SunShot Program,
discussed in the Research and Development section below.

RESEARCH, DEVELOPMENT & DEMONSTRATION

The DOE is one of the primary bodies that support research,
development, and demonstration (RD&D) of solar energy technologies.
In February 2011, the Secretary of Energy launched the SunShot
Initiative, a program focused on driving innovation to make solar
energy systems cost-competitive with other forms of energy. To
accomplish this, the DOE is supporting efforts by private companies,
academia, and national laboratories to drive down the cost of
utility-scale solar electricity to about USD 0,06 per kilowatt-hour,

and distributed solar electricity to at or below retail rates. This in

turn could enable solar-generated power to account for 15-18 % of
America’s electricity generation by 2030 (assuming other systemic
issues are addressed as well) [2]. By funding selective RD&D concepts,
the SunShot Initiative promotes a genuine transformation in the ways
the U.S. generates, stores, and utilizes solar energy.

[2]  US. Department of Energy (DOE). (2012). SunShot Vision Study.
DOE/GO-102012-3037. Washington, DC: U.S. Department of Energy.
Accessed 2013: http://www1.eere.energy.gov/solar/pdfs/47927.pdf




Fig. 3 - 67 kW (STC rating) photovoltaic array at the Mesa Verde Visitor and Research Center in Montezuma County, Colorado. The array consists of 286 Schott Poly 235 watt solar

modules (13,8 % efficiency) wired in 22 series strings of 13 modules per string. Coupled with a micro-hydro system and solar water heating, the on-site renewable energy systems

are capable of providing 95 % of the building energy requirements (Photo: Dennis Schroeder / NREL).

To achieve these goals the SunShot Initiative focuses on removing

the critical barriers for the system as a whole, including technical

and non-technical barriers to installing and integrating solar energy
into the electricity grid. In addition to investing in improvements in
solar technologies and manufacturing, the department focuses on
integrating solar generated energy systems into the electricity grid
and reducing installation and permitting costs. The DOE focuses on
innovative technology and manufacturing process concepts as applied
to PV. It also supports PV systems integration, by developing radically
new approaches to reduce the cost and improve the reliability and
functionality of power electronics; by supporting industry development
through test and evaluation standards; and by developing tools for
understanding grid integration issues. Emphasis is also placed on
market transformation areas to quantitatively address non-hardware
related balance-of-system costs including streamlined permitting,
inspection, and interconnection as well as performing key analyses

of policy options and their impact on the rapid deployment

of solar technologies.

Examples of SunShot Initiative funded research and development

activities in 2013 include:

«  Working with small businesses to eliminating market barriers
and reduce non-hardware costs and to encourage technology
innovation to support SunShot goals.

«  Working with industry, national laboratories and university
researchers to advance the state of the art for solar forecasting,
speed solar energy innovation, and lower costs and improve grid
inter-connection.

«  Working with utilities to develop adaptable and replicable
practices, long-term strategic plans, and technical solutions to
sustain reliable operations with large proportions of solar power
on the grid.

Fig. 2 - Breakdown of Solar Energy Technologies Program FY 13 R&D Activities.

[3]  GTM Research/ SEIA, Q4 2013: U.S. Solar Market Insight. March 2014.
[4]  Ibid.
[5]  Ibid.

INDUSTRY AND MARKET DEVELOPMENT

From 2010-2013, the U.S market increased its annual installation by
approximately 1 GW more than the previous year; growing in annual
installations from 0,9 MW in 2010 to 4,8 MW in 2013 [3]. Much of
the growth came from utility-scale installations. PV capacity continues
to be concentrated in a small number of states, such as California,
Arizona and New Jersey, each with more than 1 GW of cumulative
installed PV. However, this trend is changing slowly as 15 states
currently have 100 MW or more of PV capacity and 11 states each
installed more than 50 MW in 2013 alone [4]. With more than

3,6 GW of PV projects under construction as of February 2014, that
have individual capacities above 1 MW in size, total installations

in 2014 are expected to increase yet again. Though some incentive
programs in the U.S. have expired or been reduced, many projects
currently under construction have already qualified to receive an
award. In addition, PV component pricing, globally, has reached
historic lows, which should further drive U.S. demand in the near
future. Finally, state RPS targets require a larger amount of renewable
energy additions in 2014 than in previous years, encouraging more
growth within the market.

U.S. PV manufacturing, which had grown in shipments 10x from 2003-
2010, continued to have challenges in 2013. Due to overcapacity issues
in global PV manufacturing, which caused a rapid decline in price, many
U.S. companies have found it challenging to stay competitive. In 2013
US. PV cell production was 478 MW, on par with 2011 and 2012 but

22 % below the 2010 peak of 611 MW. In 2013 U.S. PV module
production was 988 MW, on par with 2012 but 25 % below the 2011
peak of 1,323 MW [5].

However, U.S. manufacturing has a significant presence in other

part of the PV value chain, including polysilicon, encapsulants, wiring,
and fasteners. Since 2010, the number of U.S. solar manufacturing
jobs has increased by 20 9%, or approximately 5,000 employees [6].
Additionally, manufactured hardware is only a portion of the total
solar value chain. Industry-wide, approximately 50,000 jobs relating

to solar were added from 2010 to 2013, growing to 143,000 employees
(48 9% of which were added in 2013 alone). The growth rate from

2012 to 2013 is ten times faster than what the overall U.S. economy
experienced during that same time period [7].

[6]  Solar Foundation. (2014). National Solar Jobs Census 2013. Washington,
DC: The Solar Foundation.
[7]  Ibid.






COMPLETED TASKS

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: IMPROVING 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 regular, 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. This tool represented 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
|EA PVPS Database Task 2, T2-02:2001

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

4. 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

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

SCOPE FOR FUTURE ACTIVITIES

TITLE REFERENCE NUMBER

Survey of National and International Standards,
Guidelines and Quality Assurance Procedures
for Stand-Alone Photovoltaic Systems

IEA-PVPS T3-07:2000

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 > 13:09:200

Management of Lead-Acid Batteries used in

Stand-Alone Photovoltaic Power Systems IEASRVPS 15-10:2002

Testing of Lead-Acid Batteries used in Stand-Alone

Photovoltaic Power Systems - Guidelines IEASPVES 151152002

Selecting Stand-Alone

Photovoltaic Systems - Guidelines IEASRVPS 15-12:2002

Monitoring Stand-Alone Photovoltaic Systems:
Methodology and Equipment -
Recommended Practices

IEA-PVPS T3-13:2003

Protection Against the Effects of Lightning
on Stand-Alone Photovoltaic Systems -
Common Practices

IEA-PVPS T3-14:2003

Managing the Quality of Stand-Alone Photovoltaic

Systems - Recommended Practices IEASPVES T5-15:2003

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 > 13 o0

Alternative to Lead-Acid Batteries in Stand-Alone

. IEA-PVPS T3-18:2004
Photovoltaic Systems
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A proposal was introduced at the 23 |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 26" [EA PVPS
ExCo Meeting, October 2005.

DELIVERABLES - WHERE TO GET THEM?
All Task 3 reports are available for download
at the IEA PVPS website:

WWWw.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:

M. 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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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
interconnection 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
pea 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», [EA-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 [EA countries», IEA-PVPS T5-04: 2001, November 2001
5. "Grid-connected photovoltaic power systems: Survey of inverter
and related protection equipments", [EA-PVPS T5-05: 2002,
December 2002

6. “International guideline for the certification of photovoltaic
system components and grid-connected systems", [EA-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", [EA-PVPS T5-08: 2002, March
2002

9. "Evaluation of islanding detection methods for photovoltaic
utility-interactive power systems", [EA-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 [EA 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
2. Flyer of the workshop
3. List of participants of the workshop
4. Final programme of the workshop
5. Key note speech
6. Islanding detection methods
7. Probability of islanding in power networks
8. Risk analysis of islanding
9. Conclusions of task V islanding studies
10. Recapitulation of first day
11. Overview of (inter)national interconnection guidelines for
PV-systems
12. State of the art inverter technology and grid interconnection
13. Impacts of PV penetration in distribution networks
14. Power value and capacity of PV systems

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 subtasks, 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

[taly

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 photovoltaics.

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 [VAM
Environmental Research, NL, Fax + 31 20 525 58 50

2. PViin Non Building Structures - A Design Guide, M.A. Romero,
EcoCode-Milj6 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 flr Solar Energiesysteme, 2002. To be ordered at
Fraunhofer Institute fir 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 [EA 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 demosite: www.demosite.ch



COMPLETED TASKS

TASK 10 - URBAN SCALE PV APPLICATIONS

COMPLETED TASKS

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

o 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

«  Overcoming 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

Databases

Educational Tool of BIPV Applications from Idea to Operation.
Database of community and BIPV applications.

PowerPoint
Network Issues and Benefits Visual Tool

Workshops

2" International 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, 20086,
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

Segue Energy Consulting
17609 1t St. E

St. Petersburg, FL 33708 USA
Tel: 001 (0) 727 319 2405
cherig@tampbabay.rr.com



COMPLETED TASKS

TASK 11 — HYBRID SYSTEMS WITHIN MINI-GRIDS

COMPLETED TASKS

INTRODUCTION

Task 11 was concerned with PV based hybrid electricity generation

and distribution systems that combine PV with other electricity generators
and also energy storage systems. A particular focus was on mini-grid
systems in which energy generators, storage systems and loads are
interconnected by a “stand-alone" AC distribution network with relative
small rated power and limited geographical area. The mini-grid concept
has potential applications that range from village electrification in less
developed areas to "power parks” that offer ultra-reliable, high quality
electrical power to high tech industrial customers. These systems can
be complex, combining multiple energy sources, multiple electricity
consumers, and operation in both island (stand-alone) and utility grid
connected modes.

TASK 11 STRATEGY AND ORGANIZATION

In general, Task 11 followed a strategy, similar to previous PVPS Tasks,

in which the current states of technology and design practice in the
participating countries were first assessed and summarized. Further work
then focused on those areas where technology improvements or better
design practices are needed. This may require new research or data, or
simply an expert consensus on best practices.

Task 11's Workplan was divided into four subtasks and a number of detailed
work activities on key aspects of PV hybrid and mini-grid technology and
implementation.

SUBTASK 10: Design Issues
Subtask 10 addressed PV hybrid system design practices. Tradeoffs have to
be made between first cost, energy efficiency, and reliability. The correct
choice of components and system architecture is critical. The subtask had
the following three activities:
e Review, analysis and documentation of current hybrid mini-grid
system architectures;
e Evaluation and comparison of software based design tools for
PV hybrid systems and mini-grids;
® Documentation of best practices for design, operation, and
maintenance of PV hybrid projects.

SUBTASK 20: Control Issues
Subtask 20 addressed the need for new coordinating control mechanisms
in hybrid mini-grids to maintain grid stability and to optimize the
contribution of all generation sources. It had the following five activities:
® Investigation of existing methods for stabilizing voltage and frequency
in mini-grids and recommendations for further development;
® |nvestigation of data communication architectures and protocols
for mini-grids;
e Evaluation of supervisory control parameters and strategies for
mini-grids;
® Evaluation of the role of energy storage technologies to stabilize
mini-grid operation;
Investigation of technical issues associated with autonomous
and interconnected operation of mini-grids and a main utility grid.

SUBTASK 30: PV Penetration in Mini-Grids

Subtask 30 addressed the goal of increasing the use of the PV resource in

PV hybrid systems and displacing fossil fuel resources. It had the following

two activities:

® Development of performance assessment criteria for PV hybrid
systems that allow objective comparison of different systems;

* Development of recommendations to increase the solar fraction in
hybrid systems through demand side management and optimization
of the battery energy storage system.

SUBTASK 40: Sustainability Conditions

Subtask 40 addressed the social, political, economic, and environmental

factors necessary for successful implementation of PV hybrid power

systems within mini-grids. It had the following three activities:

* Documentation of field experience and learning that demonstrate
the social and political framework for successful operation of PV
hybrid systems within mini-grids;

e Evaluation of the financial aspects of PV hybrid power systems,
considering both first costs and operating costs, and determining the
conditions for economic sustainability;

e Evaluation of the environmental impacts and benefits of PV hybrid
systems with focus on greenhouse gas emission mitigation and
potential for recycling of system components.

TASK 11 KEY DELIVERABLES

Task 11 completed the majority of its Workplan. The following deliverable

reports were published:

1 Worldwide Overview of Design and Simulation Tools for PV Hybrid
Systems - T11-01:2011

2 The Role of Energy Storage for Mini-Grid Stabilization - T11-02:2011

3 Sustainability Conditions for PV Hybrid Systems: Environmental
Considerations - T11-03:2011

4 COMMUNICATION BETWEEN COMPONENTS IN MINI-GRIDS:

Recommendations for communication system needs for PV hybrid
mini-grid systems - T11-04:2011

5 Social, Economic and Organizational Framework for Sustainable
Operation of PV Hybrid Systems within Mini-Grids - T11-05:2011

6 Design and operational recommendations on grid connection of
PV hybrid mini-grids - T11-06:2011

7 PV Hybrid Mini-Grids: Applicable Control Methods for Various
Situations - T11-07:2012

8 Overview of Supervisory Control Strategies Including a MATLAB®
Simulink® Simulation - T11-08:2012

DELIVERABLES - WHERE TO GET THEM?

Task 11 deliverable reports have been published electronically on the

IEA PVPS website http://www.iea-pvps.org and on the Task 11 website

at http://www.iea-pvps-task11.org. Additional conference papers and
presentations on Task 11 Activities are also available on the Task 11 website.

PARTICIPANTS

In the final year of the Work Plan, eleven IEA PVPS countries participated
in Task 11: Australia, Austria, Canada, China, France, Germany, Italy, Japan,
Malaysia, Spain, and the USA. The management of the Task - the Operating
Agent - was executed by Canada.

SUBSEQUENT ACTIVITY
PVPS Task 9 has taken on the dissemination and further development of
several of the Task 11 results and activities.

CONTACT INFORMATION
For information, contact the former Task 11 Operating Agent or the Task 9
Operating Agent, or visit the PVPS website:

Mr Konrad MAUCH

Task 11 Operating Agent

KM Technical Services Task 9 Operating Agent

1358 Sea Lovers Lane Directeur Général Délégue

CAN - Gabriola BC VOR 1X5 IED

Tel: 1(0)25 0247 9577 2, chemin de la Chauderaie

konrad.mauch@ieee.org FRA - 69340 Francheville (Lyon)

konrad.mauch@gmail.com Tel: 33 (0)4 72591320
a.shanker@ied-sa.fr

Ms. Anjali SHANKER
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AUSTRALIA

Ms Muriel WATT

IT Power Australia

Unit 6, 9 McKay St
Turner

AUS - ACT 2612

(or this address)

PO Box 6127

0'Connor

AUS - ACT 2602

Tel:  61(0)2 6257 3511
Cell: 61(0)4 2772 7368
muriel.watt@itpau.com.au

Mr Mark TWIDELL - Alternate
Managing Director

SMA Australia

PO Box 645

North Ryde BC NSW 1670

AUS - NSW 1670

Tel:  61(0)2 9491 4200

Fax: 61(0)2 9491 4290
mark.twidell@SMA-Australia.com.au

AUSTRIA

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

Giefinggasse 6

AUT -1210 Vienna

Tel:  43(0)1 33340775 72

Cell:  43(0)6 6461 92572
hubert.fechner@technikum-wien.at

BELGIUM

Mr Bart HEDEBOUW

Vlaams Energieagentschap
Koning Albert ll-laan 20 bus 17
BEL - 1000 Brussels

Tel:  32(0)2 5534 627

Fax:  32(0)2 5534 601
bart.hedebouw @vea.be

Ms Leen VAN LISHOUT
Projectbeheerder, Directie Energie
Leefmilieu Brussel - BIM
Gulledelle 100

BEL - 1200 Brussels

Tel:  32(0)2 5634 297

Fax:  32(0)2 5634 326
Ivanlishout@leefmilieu.irisnet.be

Ms Laurence POLAIN

Attachée, Research Team

Service Publique de Wallonie - DGO4
Direction de la Promotion de I'Energie durable
Chaussée de Liege, 140-142

BEL - 5100 Jambes

Tel:  32(0)8 1486 342

Fax:  32(0)8 1486 303
laurence.polain@spw.wallonie.be

All three of Belgium's regions represented by:

Mr Achim WOYTE

3E nv/sa

R&D Manager

Vaartstraat 61

Rue du Canal

BEL - 1000 Brussels

Tel:  32(0)2 2175868 & 32(0)2 2291 526
Fax:  32(0)2 2197 989
Achim.Woyte@3E.eu

CANADA

Mr John GORMAN

President

CANSIA

Canadian Solar Industries Association
150 Isabella Street, Suite 605

CAN - Ottawa, ON, Canada, K1S 1v7
Tel: 1613 736 9077 Ext. 223
Toll free: 1866 522 6742 Ext. 223
j.gorman@cansia.ca

Ms Lisa DIGNARD-BAILEY - Alternate
Director, Integration of Renewable and
Distributed Energy Resources Program
Natural Resource Canada - CanMET Energy,
Government of Canada

1615, Lionel-Boulet

Varennes, Québec, Canada, J3X 156

Tel: 1450652 5161

Fax: 1450652 5177
lisa.dignard@nrcan.gc.ca

Mr Wesley JOHNSTON - Alternate
Vice President

Canadian Solar Industries Association
150 Isabella Street, Suite 605
Ottawa, Ontario, Canada, K1S 1V7
Tel: 16137369077
wjohnston@cansia.ca

CHINA

Mr Xu HONGHUA

Deputy Director

Electrical Engineering Institute
Chinese Academy of Sciences
No. 6 Bei-er-tiao
Zhongguancun

Haidian Dist.

CHN - 100190 Beijing China
Cell: 1370 102 1351

Tel: 86 10 825 47008

Fax: 8610 825 47028
hxu@mail.iee.ac.cn

Mr Wang SICHENG - Alternate
Researcher

Energy Research Institute
National Development and
Reform Commission, China
No. 6 Bei-er-tiao
Zhongguancun

Haidian Dist.

CHN - 100190 Beijing China
Cell: 1390 138 8270

Tel: 86 10 825 47025
Fax: 8610 825 47028
wangsc@eri.org.cn

COPPER ALLIANCE

Mr Fernando NUNO

Project Manager

CEDIC Copper Alliance
International Copper Association
Calle Princesa 79 - 19

28008 Madrid, Spain

Tel: 346708046 37
fernando.nuno@copperalliance.es

Mr Hans De KEULENAER - Alternate
Director - Energy & Electricity
European Copper Institute

Avenue de Tervueren 168 B 10

1150 Brussels, Belgium

Tel:  32(0)2 777 7084
hans.dekeulenaer@copperalliance.eu

DENMARK

Mr Flemming KRISTENSEN
EnergiMidt A/S

Tietgensvej 2 - 4

DEN - 8600 Silkeborg

Tel:  45(0)7 658 1130

Cell:  45(0)2 086 9638
fvk@energimidt.dk

Mr Peter AHM - Alternate
Director, PA Energy A/S
Snovdrupvej 16

DEN - 8340 Malling

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

EUROPEAN UNION

Mr Fabio BELLONI

European Commission

Directorate-General for Research & Innovation
Rue du Champ de Mars 21

BEL - 1049 Brussels, Belgium

Tel:  32(0)2 2952 472

Fax: 32(0)2 2994 991
Fabio.BELLONI@ec.europa.eu

Mr Pietro MENNA

European Commission
Directorate-General for Energy
Office: DM24 3/116

BEL - 1049 Brussels, Belgium
Tel:  32(0)2 2954 512

Fax:  32(0)2 2966 221
Pietro.MENNA@ec.europa.eu

EPIA

Mr Reinhold BUTTGEREIT

Secretary General

European Photovoltaic Industry Association
Rue d'Arlon 63-67

BEL - 1040 Brussels

Tel:  32(0)2 400 1011

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

Mr Ga&tan MASSON - Alternate

Head of Business Intelligence

European Photovoltaic Industry Association
Rue d'Arlon 63-67

BEL - 1040 Brussels

Tel:  32(0)2 4001 058

Fax:  32(0)2 4001 010
g.masson@epia.org

FRANCE

Mr Yvonnick DURAND

PV R&D and Market Engineer

ADEME - Service Réseaux et Energies Renouvelables
500 route des Lucioles

FRA - 06560 Valbonne, France

Tel:  33(0)4 9395791

yvonnick.durand @ademe.fr

Mr Paul KAALJK - Alternate

ADEME- Département Energies Renouvelables (DER)
Direction des Energies Renouvelables,

des Réseaux et des Marchés Energétiques
(DERRME)500 route des Lucioles

FRA - 06560 Valbonne, France

Tel:  33(0)4 9395 7914

Fax:  33(0)4 9365 3196

paul.kaaijk@ademe.fr
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GERMANY

Mr Christoph HUNNEKES - Deputy Chair
Forschungszentrum Jilich GmbH
Projekttrager Jilich - EEN

DEU - 52425 Jilich

Tel:  49(0)2 4616 12227

Fax:  49(0)2 4616 12840
ch.huennekes@fz-juelich.de

Mr Klaus PRUME - Alternate
Projekttrdger Jilich - EEN

DEU - 52425 Jilich

Tel:  49(0)2 4616 19174

Fax:  49(0)2 4616 12840
k.prume@fz-juelich.de

1SRAEL

Mr Gideon FRIEDMANN
Technologies & Renewable Energy
Section Manager

Ministry of National Infrastructure,
Energy & Water Resources
Government of Israel

ISR - 9136002 Jerusalem

Phone: 972 2 5316 020

Mobile: 972 5 8533 7565

Fax: 9722 5316 017
gideonf@energy.gov.il

1TALY

Mr Salvatore CASTELLO

ENEA - Casaccia

Via Anguillarese, 301

ITA - 00123 S.Maria di Galeria - RM
Tel:  39(0)6 3048 4339

Fax: 39(0)6 3048 6486
salvatore.castello@enea.it

Mr Salvatore GUASTELLA

RSE S.p.A. (Ricerca Sistema Energetico S.p.A.)
via Rubattino, 54

ITA - 20134 Milano

Fax:  39(0)2 3992 5626
salvatore.guastella@rse-web.it

JAPAN

Mr Hiroyuki YAMADA - Deputy Chair
Director

Solar Cells and System Technology

New Energy Technology Dept.

New Energy and Industrial Technology
Development Organization (NEDO)

18F Muza Kawasaki Building, 1310, Omiya-cho,
Saiwai-ku,

JPN - Kawasaki City Kanagawa 212-8554
Cell:  81(0)8 0410 39831

Tel:  81(0)4 4520 5277

Fax:  81(0)4 4520 5276
yamadahry@nedo.go.jp

Mr Masanori ISHIMURA - Alternate
Project Coordinator

Solar Cells and System Technology

New Energy Technology Dept.

New Energy and Industrial

Technology Development Organization (NEDO)
18F Muza Kawasaki Building, 1310, Omiya-cho,
Saiwai-ku,

JPN - Kawasaki City Kanagawa 212-8554

Cell:  81(0)8 0410 39756

Tel:  81(0)4 4520 5277

Fax:  81(0)4 4520 5276
ishimuramsn@nedo.go.ip

KOREA

Mr Donggun LIM

Korea National University of Transportation
50 Daehak-ro, Chungju-si

KOR - Chungbuk 380-702, Korea

Tel:  82(0)4 3841 5172

Fax:  82(0)4 3841 5160

dglim@ut.ac.kr

MALAYSIA

Mr Zohari AKOB

Deputy Secretary General (Energy)

Ministry of Energy, Green Technology and Water
Block E 4/5, Parcel E

Pusat Pentadbiran Kerajaan Persekutuan

MAS - 62668 Putrajaya

Tel: 603 8883 6111

Fax: 603 8889 1335

zohari@kettha.gov.my

Mrs Datin Badriyah Binti Abdul MALEK - Alternate

Chief Executive Officer

Sustainable Energy Development Authority Malaysia
Galeria PjH, Aras 9, Jalan P4W, Persiaran Perdana, Presint 4

MAS - 62100 Putrajaya, Malaysia
Tel: 603 8870 5800

Fax: 603 8870 5900
badriyah@seda.gov.my

MEXICO

Mr Jaime AGREDANO DIAZ
Instituto de Investigaciones Electricas
Energias no Convencionales

Reforma 113 Colonia Palmira

MEX - Cuernavaca, Morelos 62490
Tel:  52(0)7 77362 3811 ext. 7771
Fax: 52(0)7 77362 3808
agredano@iie.org.mx

Mr Jorge M. HUACUZ VILLAMAR - Alternate
Instituto de Investigaciones Electricas

Energias no Convencionales

Reforma 113 Colonia Palmira

MEX - Cuernavaca, Morelos 62490

Tel:  52(0)7 77318 3806

Fax:  52(0)7 77318 3808

jhuacuz@iie.org.mx

NETHERLANDS

Mr Hans Th. CAHEN
Ministry of Economic Affairs
P.0. Box 20401

NLD - 2500 EK Den Haag
Tel: 3170379 7849

Fax: 3170379 6872
H.T.Cahen@minez.nl

Mr Otto BERNSEN - Alternate
Netherlands Enterprise Agency RVO
Energy Innovation

Directorate, Energy & Climate

The Hague

P.0. Box 93144

NLD - 2509 AC Den Haag

Tel:  31(0)8 8602 9023

Fax:  31(0)7 0373 5650
otto.bernsen@rvo.nl

NORWAY

Mr Bjorn THORUD
Multiconsult

P.0. Box 265

Skoyen

NOR - 0213 Oslo

Tel:  47(0)2 1585 528

Cell:  47(0)4 8181 266
bjorn.thorud@multiconsult.no

Ms Lisa HENDEN GROTH - Alternate
Senior Consultant

Middelthunsgate 29

P.0. Box 5091 Majorstua NOR - 0301 Oslo
Tel: 479771 5939

Fax: 47 22959888

lhg@nve.no

PORTUGAL

Mr Jodo Gongalo MACIEL

EDP Inovagdo

Av. Sidénio Pais, 24 - 20 Esq.
PRT - 1050-215 Lisboa (Portugal)
Tel: 351938 193039

Fax: 351210018990
joaogoncalo.maciel@edp.pt

Mr Pedro SASSETTI PAES - Alternate
EDP - Energias de Portugal, S.A.

Praca Marqués de Pombal, 13 - 60

PRT - 1250-162 Lisboa (Portugal)

Tel: 351210021563

Fax: 351210021387
pedro.paes@edp.pt

SEPA

Ms Julia HAMM

President & CEQ

Solar Electric Power Association
1220 19" Street, Suite 800

USA- Washington, DC 20036 USA
Tel:  1(0)2 0255 92025

Fax:  1(0)2 0259 2035
jhamm@solarelectricpower.org

SEIA

Mr. Tom KIMBIS

Vice President, External Affairs

and General Counsel

Solar Energy Industries Association SEIA
505 9t Street, NW, Suite 400

USA- Washington, DC 20004

Tel:  1(0)2 0246 93737

Cell:  1(0)2 0271 43737
tkimbis@seia.org

Mr John P. SMIRNOW - Alternate

Vice President of Trade & Competitiveness
Solar Energy Industries Association

505 9th Street, NW, Suite 400
Washington, DC 20004

Tel:  1(0)2 0255 62906

Cell:  1(0)2 0221 36084

JSmirnow @seia.org

SPAIN

Ms Ana Rosa LAGUNAS ALONSO
Photovoltaic Department Director

CENER (National Renewable Energy Centre)
Ciudad de la Innovacion 7

ESP - 31621 Sarriguren-Navarra

Tel: 34948252800

Fax: 34948270774
alagunas@cener.com



SWEDEN

Ms Sara BARGI

Energy Technology Department
Swedish Energy Agency

P.0. Box 310

Kungsgatan 43

SWE - 631 04 Eskilstuna

Tel:  46(0)1 6544 2170
sara.bargi@energimyndigheten.se

Mr Tobias WALLA - Alternate
Programme Manager

The Swedish Energy Agency

Energy Technology Department

Box 310

SWE - 631 04 Eskilstuna

Tel:  46(0)1 6544 2054
tobias.walla@swedishenergyagency.se

SWITZERLAND

Mr Stefan OBERHOLZER
Sektion Energieforschung
Bundesamt flir Energie

CHE - 3003 Bern

Tel:  41(0)3 1325 8920

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

Mr Stefan NOWAK - Chairman
NET - Ltd.

Waldweg 8

CHE - 1717 St. Ursen

Tel:  41(0)2 6494 0030

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

THAILAND

Mr Pramoul CHANPONG

Director General

Department of Alternative Energy Development and Efficiency
17 Kasatsuk Bridge, Rama 1 Road

Pathumwan District

THA - Bangkok 10330

pramoul@dede.go.th

Mr Papon KITICHANTAROPAS - Alternate

Executive Director, Bureau of Solar Energy Development
Department of Alternative Energy Development and Efficiency
17 Kasatsuk Bridge, Rama 1 Road

Pathumwan District

THA - Bangkok 10330

prapon_k@dede.go.th

Ms Kulwaree BURANASAJJAWARAPORN - Alternate
Director, Innovation Group, Bureau of Solar Energy
Development

Department of Alternative Energy Development and Efficiency
17 Kasatsuk Bridge, Rama 1 Road

Pathumwan District

THA - Bangkok 10330

kulwaree_b@dede.go.th

Ms Thanyalak MEESHAP - Alternate

Practitioner Engineer, Innovation Group

Bureau of Solar energy Development

Department of Alternative Energy Development and Efficiency
17 Kasatsuk Bridge, Rama 1 Road

Pathumwan District

THA - Bangkok 10330

thanyalak_m@dede.go.th

Ms Thidarat SAWAI - Alternate 1EA DESK OFFICER

Practitioner Scientist, Innovation Group Mr Yoshiki ENDO

Bureau of Solar energy Development Renewable Energy

Department of Alternative Energy Development Implementing Agreement Desk Officer
and Efficiency International Energy Agency

17 Kasatsuk Bridge, Rama 1 Road 9, rue de la Fédération

Pathumwan District FRA - 75739 Paris Cedex 15

THA - Bangkok 10330 Tel:  33(0)1 4057 6562
thidarat_s@dede.go.th yoshiki.endo@iea.org

TURKEY

Mr Mete CUBUKCU

Assistant Professor

Ege University Solar Energy Institute
TUR - 35100 Bornova - Izmir

Tel. & Fax: 90 232 3391128
mc@solarmena.com.tr

Mr Sener OKTIK - Alternate

President of Research and Technological Development
Turkiye Sise ve Cam Fabrikalari A.S.

is Kuleleri Kule 3, Kat: 22

TUR - 34330 4.Levent/istanbul

Tel: 902123503434

Fax: 90212 350 44 34

SEOKTIK@sisecam.com

UNITED KINGDOM
Mr Jonny WILLIAMS
BRE National Solar Centre
Foundation Building

Eden Project

Bodelva

St Blazey

Cornwall PL24 2SG

Tel:  44(0) 1726 871830
WilliamsJJ@bre.co.uk

Mr Steve PESTER

BRE and BRE National Solar Centre
Bucknalls Lane,

Watford,

Hertfordshire WD25, 9XX

Sat Nav Postcode WD25 9NH

Tel: 44 (0) 1923 664 729
PesterS@bre.co.uk

UNITED STATES OF AMERICA
Ms Lidija SEKARIC

Program Manager, Technology to Market
and Strategic Initiatives

Solar Energies Technologies Program
US Department of Energy

1000 Independence Avenue, SW
Washington, DC 20585, USA

Tel: 1202 287 5247

Fax: 1202287 1417
Lidija.Sekaric@ee.doe.gov

EXCO SECRETARY

Mrs Mary BRUNISHOLZ

IEA PVPS

NET - Ltd.

Waldweg 8

CHE - 1717 St. Ursen

Tel:  41(0)2 6494 0030

Fax:  41(0)2 6294 0034
mary.brunisholz@netenergy.ch
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ANNEX B

1EA-PVPS OPERATING AGENTS

TASK 1 - STRATEGIC ANALYSIS AND OUTREACH
Mr Gaétan MASSON

148, Vieux Chemin de I'Helpe

BEL - 1332 Genval, Belgium

Cell: 32478280511

g.masson@iea-pvps.org

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

Mr Keiichi KOMOTO

Mizuho Information & Research Institute Inc.

Environmental and Energy Division 2

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 - PHOTOVOLTAIC SERVICES
FOR DEVELOPING COUNTRIES

Ms Anjali SHANKER

Directeur Général Délégue

IED

2, chemin de la Chauderaie

FRA - 69340 Francheville (Lyon)

Tel: 33 (0)4 7259 1320
a.shanker@ied-sa.fr

TASK 12 - PV ENVIRONMENTAL,

HEALTH AND SAFETY (E, H & S) ACTIVITIES
Mr Garvin HEATH

National Renewable Energy Laboratory

15013 Denver West Parkway

USA - Golden, CO 80401

Tel:  1(0)303 384 7460

garvin.heath@nrel.gov

Ms Carol OLSON (Deputy OA)

Energy Research Center of The Netherlands (ECN)
Westerduinweg 3

1755 LE Petten, The Netherlands

Telephone: +31 88 515 48 56

olson@ecn.nl

TASK 13 - PERFORMANCE AND RELIABILITY
OF PHOTOVOLTAIC SYSTEMS

Ms Ulrike JAHN

TOV Rheinland Energie und Umwelt GmbH

Am Grauen Stein

DEU - 51105 KoIn, Germany

Tel:  49(0)2 2180 62232

Fax: 49(0)2 2180 61350

ulrike.jahn@de.tuv.com

Mr Nils REICH

Internationalisation & Acquisition Group PV Power Plants
Division Photovoltaic Modules, Systems and Reliability
Fraunhofer Institute for Solar Energy Systems ISE
Heidenhofstrasse 2, 79110 Freiburg, Germany

Tel:  49(0)7 6145 885826

Fax: 49(0)7 6145 889217

nils.reich@ise.fraunhofer.de

TASK 14 - HIGH-PENETRATION

OF PV SYSTEMS IN ELECTRICITY GRIDS
Mr Roland BRUNDLINGER

AIT Austrian Institute of Technology GmbH
Giefinggasse 2

AUT - 1210 Vienna

Tel: 43 50550 6351

Fax: 43 50550 6390
roland.bruendlinger@ait.ac.at

Mr Christoph MAYR

AIT Austrian Institute of Technology GmbH
Giefinggasse 2

AUT - 1210 Vienna

Tel: 43 50550 6633

Fax: 43 50550 6390
christoph.mayr@ait.ac.at
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