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Preface

The European Photovoltaic Technology Platform published its Strategic Research Agenda for
Photovoltaic Sclar Energy Technology (SRA) in 2007 [SRA 2007]. It describes what R&D
work the EU and its Member States should fund to make PV a very widely used technology
generating significant economic returns for Europe. This Implementation Plan follows on from

the SRA, describing how to put into practice the SRA's findings and recommendations.

like the SRA, the Implementation Plan has been developed fo serve as a reference document
for individuals and organisations involved in PV R&D. The contents of this Plan reflect the
outcome of detailed discussions and analyses by the members of the Working Group on Sci-
ence, Technology & Applications of the Platform, as well as the feedback received in a public
consultation. Both documents are available on the Platform’s website, www.eupvplatform.org.
The page where an electronic version of this document, and links to supporting information,

can be found is www.eupvplatform.org/documents/ip.html.

On behalf of the Working Group,

Prof. Dr. Wim C. Sinke
Chairman, Science, Technology & Applications Working Group

August 2009

Members of the Science, Technology & Applications Working Group:
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Summary

The European Photovoltaic Technology Platform published its Strategic Research Agenda for Photovoliaic
Solar Energy Technology (SRA) in 2007 [SRA 2007]. It describes the development fargets of the European
PV sector and the research & development [R&D) needed to achieve those targets. The SRA was developed
fo serve as a reference document for PV R&D programming by the EC and the EU member states, thus
increasing the efficiency and effectiveness of the joint European efforts in this area. This Implementation
Plan complements the SRA by quantifying the R&D needs, by recommending adequate instruments for R&D
funding, by describing interactions with other technology sectors that may help fo accelerate innovations

in the PV sector and by making recommendations for atiracting people to work in the industry.
The main conclusions and recommendations from this Implementation Plan are:

The basic principle of the SRA, ‘creating a PV revolution through accelerated evolution” sfill stands.
To reach the energy policy fargets that the EC and the Member States set in 2007 {amongst which,
a 20% share of renewable energy in final energy consumption) will need additional acceleration. In
other words, it is important to develop PV technologies that will come to market in the short, medium
and long ferm to sustain the sector’s robust and continuous growth. The coming decade, when global

competition will infensify, prices will fall, and large-scale deployment may really take off, is a crucial

one for the European PV sector. But it is also essential fo have a strafegy for the longer term and to

explore the potential of fechnologies that could be highly competitive after 2020.

The priorities set in the SRA have been fully adopted in this Implementation Plan, but they have been
grouped according fo the drivers of technology development:

- Enhancing performance

- Improving manufacturability

- Promoting sustainability

- Addressing applicability

These drivers are derived from the overall farget of achieving low-cost, sustainable generation of
electricity using PV. Each research category consists of a number of fopics (which can be thought of
as 'projects’ or ‘programmes’), classified according to the amount of time needed before their results
will be exploited in commercial products |'shortterm’, ‘medium-erm’ and ‘longterm’). A "topic type’
is assigned to each topic, indicating the nature of the research project (basic, applied, industrial),
so is an estimate of the total budget required over the period 2009-2013 and of the relative sizes
of public and private confributions to this budget. VWWhen defining the budgets needed, the ambitious
technology development and deployment targets defined by the European Photovoltaic Industry As-
sociation (EPIA) in ‘SET for 2020 have been taken as a reference [SET 2009]. By summing budgets

per fopic, estimates of tofal budgets have been obtained.

The total spending on R&D required over the next 5 years is 6.6 bn EUR (billion euros). This implies
a substantial increase compared to the budgets seen in the past 5 years. This is a consequence
of the adoption of the ambitious technology development and deployment targets outlined in ‘SET
for 2020" and is consistent with rapid growth of the global and the European PV sector. Of the

Novel solar module based on rear-contact solar cells © ECN



fotal amount, 55% will have to be confributed by the private secfor, while 45% consists of public
contributions. The total budget for shortHerm R&D is 3.5 bn EUR, for mediumterm 2.2 bn EUR and
longterm 0.9 bn EUR.

Instruments for research funding need to evolve with the PV secfor. To be able to face the great
challenges in the period to 2020 (and beyond) it is necessary fo infroduce new instruments while
keeping successful existing instruments and best pracfices. New insfruments need to fit the needs of a
rapidly innovating industry operafing in a global setting and o access further the research potential
of Europe. Flexibility, rapid response and crossborder cooperation of funding agencies and research

organisations are some of the features of these new insfruments.

The PV secior may benefit substantially from intensified communication and cooperation with other
industrial secfors. Solutions to specific challenges might be found outside the PV sector. The large-
scale deployment of PV depends on, amongst other things, successfully integrating PV in buildings,
infegrating PV in the grid at high penetrations and finding better materials for PV products, requiring
a concerted exchange with the construction and electricity sectors and the chemical indusiry.

Realising PV's full potential relies on awareness of the technology increasing and on greater numbers
of people having in-depth knowledge of it. Therefore education and training are indispensable parts
of the Implementation Plan. Through its work on the R&D topics identified in the Plan, the indusiry
will be afforded an excellent opportunity to educate and train the personnel it requires fo take the
R&D results through to commercial exploitation and to educate and train other professionals needed

by a growing PV sector.

This Implementation Plan has been prepared by the members of Working Group 3 of the EU PV Tech-
nology Platform, who are a group of experts from public and private organisations, with backgrounds

in different technologies. The Implementation Plan describes the consensus that was reached within

the group and includes many of the comments that were made during a public consultation.
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Introduction

Photovoliaic solar energy (referred to as PV throughout this document) is a versatile, sustainable fech-
nology with a huge potential. PV systems can be connected to the grid in systems with peak outputs
ranging from few hundred watts fo tens of megawatts or more. They can also meet the needs of those
who demand electricity, but who have no access to the grid, whether companies, communities or
individuals. The pace at which scientific and technical understanding of PV has progressed over the
past three decades is impressive and has resulted in dramatic cost reduction. Today, several kinds of PV
technology are available commercially. Many more, at earlier stages of development, are to be found

in the laboratory and in pilot production.

The price of PV systems is low enough for PV electricity fo undercut the price of peak power in many
gridconnected applications and the cost of electricity from dieselgenerators in off-grid applications,
but it is not less than the prices paid by large or small consumers of grid electricity. A substantial further
reduction in the prices of turnkey systems is therefore needed and fortunately possible. ‘A Vision for
Photovolfaic Technology’ [VIS 2005], published in 2005 by PV TRAC (the PV Technology Research
Advisory Council, which was the forerunner of the EU PV Technology Platform) demonstrated this (Fig.
1). Two years later, the Plafform developed a ‘Strategic Research Agenda for Photovoliaic Solar Energy
Technology’ [SRA — Fig. 2), which indicated that the generation cost of PV electricity can soon fall
below the refail price of electricity!. This situation is generally referred to as the aftainment of ‘grid par-
ity’, expected within five years in some southern European countries and in most of Europe by 2020.
PV technology will be much more widely deployed after 2020 taking generation costs to parity with
the prices paid by bulk electricity consumers and then taking them even lower. Increases in the cost of
electricity (for example as a result of infernalising the societal cost of carbon emissions, or of rises in the

cost of fuel for the plant) will make PV competifive sooner.

1. 'Cost' and "price’ have specific meanings in this context. The owner of [or investor in) a PV system is initially confronted with

the (tunkey) price of that system. The owner also has the alternative of paying retail prices for electricity purchased from the grid.
When a PV system is feeding eleciricity info the grid, the system price franslates fo generation costs. ‘Grid parity” refers to the point
where generation cosfs equal retail prices. Generation costs will have to fall below refail prices for system owners to make enough
margin for the market for PV technology fo be self-sustaining.
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3.1 Recent developments: the Solar Europe Industry Initiative

Since the publication of the SRA in 2007, the PV indusiry represented by the European Photovoltaic
Industry Association (EPIA) has prepared a roadmap for ambitious PV deployment in Europe: ‘SET for
2020'. Implementation of the roadmap targets is supported by the ‘Solar Europe Industry Inifiative” (SEIl)
that has been developed in close cooperation with the EU PV Technology Platform. ‘SET for 2020’
and the SEll are key elements of the EU PV sector’s response fo the challenge of meeting Europe’s
2020 energy policy targets [which include the goal of a 20% contribution of renewable energy in
fotal final energy consumption). The two initiatives aim to make “PV a mainstream source of clean and
competitively-priced electricity within the next decade”. The temporary continuation of ambitious market
support programmes in those EU Member States that currently have them is a necessary condition for
further growth, as is the establishment of such schemes in Member States that do not yef have them.
'SET for 2020" and the SEll, however, aim fo make PV independent of such programmes as soon as
possible. ‘SET for 2020 sets out three different scenarios:

A Baseline Scenario with a 4% contribution to the total EU electricity demand by 2020. It requires
full cooperation from the whole industry to achieve price reductions in solar modules and balance-of-

system (BoS| components. It does not require changes fo the exisfing elecricity system.

An Accelerated Growth Scenario with a 6% contribution by 2020. In addition fo the conditions
ouflined for the Baseline scenario, it requires minor changes fo the existing electricity system, for the

industry fo optimise its supply chain and to cooperate with the utilities on infrasfructure changes.

A SEllenabled Paradigm Shift Scenario with a 12% contribution by 2020. It requires the adoption
of technologies 1o store PV electricity and ‘smart grid” technology fo manage the dispatch of loads
af times when the supply of PV electricity is plentiful, together with an optimised strategy for cost

reduction, supply chain management, and operations and marketing.
Three strafegic objectives are at the heart of the Paradigm Shift Scenario:

To bring the PV industry steadily fowards to full cost competitiveness? in all market segments (resi-
dential, commercial, and industrial] by 2020;

To establish conditions that allow the integration of distributed PV electricity within the European
grid af high penefration;

To carry out large scale demonstration and deployment projects. The Scenario holds research and
fechnology development fo be necessary but insufficient ingredients for success. It is research and
Techno|og\/ deve|opment that this |mp|emenfoﬁon Plan is concemned with, not demonstration and

deployment projects.

2. There is not yef a straightforward definition of ‘competitiveness’ in relation to grid-connected PV capacity. ‘Competifiveness’
depends on where the boundary is drawn around the system, and on how cost savings realised from the presence of PV on the
grid are allocated between the PV technology and the rest of the generation and disfribution infrastructure connected to grid.



3.2 The Strategic Research Agenda and the Implementation
Plan

The SRA set targets for the performance of PV technology by 2020 and 2030. The 2020 fargets have
been tightened to meet the aims of the SEIl {Table 1).

Table 1: Milestones for PV technology as described in [SRA 2007], updated to include the targets
of the Solar Europe Industry Initiative. The lower end of the range for “typical turn-key system
price” corresponds to prices that could be reached for large ground-mounted systems, while

the upper end is for small building-mounted systems. There will be variation, too, between the

Member States for installations with the same characteristics.

ROUNDED,
INDICATIVE FIGURES*

Long term
potential

1980 1995 2009 2020 2030

Typical turn-key system price

Typical electricity generation 0.20 - 0.10-
costs @ 1300 kWh/kW -year*** =2 24 0.30 0.15 =007 08

Commercial flat-plate module

efficiencies up to 8% upto 12% | upto20% | upto23% | upto25% | upto40%

Sl (107 | 0p1020% | upi030% | upto35% | uplo40% | upio 60%

efficiencies

System energy pay-back time @
1300 kWh/kWP-yeur [ > 10 >5 <2 <1 0.5 0.25

* Monetary quantities are expressed in EUR at 2009 values.
** The range covers power plants (af the lower end of the price range), large systems on buildings (middle of
the range] and small systems on buildings (upper end of the range).
*** Calculated using the PV TP's 'NIPV./FiT" model [NPVTP] with the paramefers of amortisation over 25 years,
6% cost of capital, 1% O&M & insurance costs

If PV meets the milestones in Table I, it will become a major component of Europe’s and the world’s
energy supply system. To get the technology to that point, European countries are supporting PV with
incentive schemes and R&D programmes. The SRA itemised the R&D work that needs to be done. This
Implementation Plan describes how to undertake it as an appropriately-funded, co-ordinated, joint effort
between industry and research centres. As part of its analysis, it discusses the instruments that are used to
fund European-evel research, the benefits of approaching other fields of fechnology fo find answers to
the technological challenges faced by PV, and the sector’s requirement for human resources. The policies

and instruments related to PV market deve|opmenf are be\/ond the scope of the |mp\ement0ﬁon Plan.
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The structure of the document is outlined here:

Chapter 4 sefs out the main features of the global PV research landscape. It compares Europe's
R&D policies with those of other parts of the world.

Chapter 5 quantifies the R&D needs associated with the research areas defined in the SRA, taking
account of the need to meet the SElI's Paradigm Shift targets. It provides data on the money that
must be spent now on research for the short, medium and long term, and on the relative roles of the

public and private sectors in funding this research.

Chapter 6 offers guidelines for efficiently funding R&D. It describes best practice and the lessons
learned from European as well as Member State programmes, and where and how new approaches

to funding research could be useful.

Chapter 7 looks at other sectors that link or could link to the PV secfor, either because they are
part of the same offering to the end-consumer (in the case of building-infegrated PV), or because
there are synergies to be exploited further upstream. The chapter describes where and how closer

inferaction may be beneficial.

Chapter 8, deals with education and training. The rapidly growing PV sector requires an ever
increasing number of well educated and trained workers at all parts of the value chain: from scien-
fists, process engineers and plant managers fo system insfallers, business developers and financial

specialists.



R&D strategies for PV: Europe
compared to the rest of the world

4.1 Different countries - different strategies

The PV indusiry of today looks very different to the industry of five years ago. Production has increased
fivefold and new producers like China and Taiwan have taken major shares of the production market.
Meanwhile, an increasing number of emerging players like India, Korea, Singapore and Malaysia
are sfrengthening their R&D base in PV to support the growth of their own PV industry. This state of af-
fairs calls for a reevaluation by those countries/regions of the world with longerstanding positions in
manufacturing (e.g. Europe, the USA and Japan) of the relative importance of inferational competition
and cooperation, and of policies on licensing intellectual property, technology transfer, and other issues
arising from the rapidly changing global situation. On the one hand, the availability of low-cost, high-
quality PV fechnology, wherever it is produced, is a prerequisite for any ambitious deployment scenario.
On the other hand, the European PV sector has the responsibﬂir\/ and the ambition to maintain a strong
position on the global market and to derive economic benefit for the EU taxpayer, who has nursed PV

technology through the expensive, initial stages of its development.

It is interesfing to note that Europe’s competitors are approaching these topics quite differently. The focus
of national aftention varies from pure industry policy fo promote the build-up of capacity and utilisation
of economics of scale in order to improve manufaciuring advantages to a focus on research to develop

the technology further.
4.2 Europe

The Member States of the European Union administer their own programmes for research, development,
demonstration and deployment, but have also indirectly funded research and demonstration projects
in PV on an EWevel since 1980 through the contributions that they pay to the budget of the European
Commission. The European Commission re-distributes this money as grants using an instrument known
as the Framework Programme for Research, Development and Technical Demonstration ('Framework
Programme’ for short]. The Framework Programme’s budget accounts for roughly 6% of total spending on
PV R&D, according to figures that are soon to be published by the Institute for Prospective Technological
Studies in the European Commission's Joint Research Centre. 35% of fotal spending is by the Member
States directly (although this share could be higher because it does not include institutional funding for
research centres for every Member State), and 59% comes from the private sector. Germany leads in
Member State spending, followed by France, ltaly, the Netherlands and the UK. These proportions were

calculated on the basis of 2007 figures. The piciure could have changed substantially since then.

Europe has a strong and prolific workforce of PV researchers. The Framework Programme plays an
important role in mainfaining a ‘European Photovoltaic Research Ared’, i.e. in connecfing groups of
these researchers in different countries and guiding the R&D strategy of a number of Member States. A
large number of research institutions — from small university groups fo large research centres, covering
everything from basic materials research to the optimisation of industrial processes — are involved and

contribute to the progress of PV. The focus of this work is to reduce cost.
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4.3 India

India’s first National Action Plan to tackle climate change was published in 2008, identifying eight
‘National Missions to develop and use new technologies. In April 2009, the National Sclar Mission
was finalised. The actions it calls for for PV are R&D collaboration, technology transfer and capacity
building. The overall mission is to make India a global leader in solar energy (PV and solar thermal
power plants) and to install a solar generation capacity of 20 GW by 2020 [probably 10 GW of
each fechnology), 100 GW by 2030 and 200 GW by 2050.

So far, R&D has aimed af the development of materials for solar cells and modules, different types of
device structures, module designs and components, and systems and sub-systems, with the overall aim
of reducing the costs and improving system efficiency. Production-oriented research is financed by the

emerging PV industry rather than publicly.

India has an excellent research base in materials science and semiconductors. As a White Paper
published in 2009 by the PV group of the Indian branch of SEMI showed, with proper publicly- and
privatelyfunded R&D programmes for focused, collaborative, goaldriven R&D, India could develop a
substantial PV industry [SEM 2009]. Investing in production capacity alone, it seems, would not enable

India o achieve its full pofenﬂo|.
4.4 Japan

Japan’s ‘New Energy Development Organisation’ (NEDO) is responsible for devising and executing
that country’s R&D strategy [NED 2007], which is a combination of support for R&D and ‘industricl
policy’. In R&D, cost reduction is, not unexpectedly, the prime concern. There are programmes on future
technology (in and outside NEDO) where participation of Japanese insfitutes or companies is by invita-
fion only. NonJapanese partners can participate in ‘future development projects’ and the NEDO Joint

Research Programme, which mainly deals with fundamental R&D.

Examples of the kind of the research and demonstration that receives public funding are ‘Field Test
Projects’, Verification of Grid Stabilisation with Large-scale PV Power Generation Systems’, ‘Research
and Development of Nexi-generation PV System Technologies’, ‘Research and Development on Innovative
Solar Cells” and ‘Research and Development of Common Fundamental Technologies for Photovoltaic
Generation Systems’. More details about the running projects and the programmes that fund them can
be found in the annual JRC Photovoltaic Status Report [JRC].

Like Europe, Japan e><p|ores many different Techno\og\/ options in poro||e| without picking winners and
losers (Fig. 3]. The country’s ‘industrial policy’ aims af creating viable, independent and susfainable
businesses along the whole length of the PV value chain, from raw material production to cell, module

and BoS component manufacturing.

As part of an agenda to export its technology, Japan is keen to participate in committees seffing infer-

national fechnical standards.



PV ELECTRICITY COST \ 23 JPY/kWh | 14 JPY/kWh || 7 JPY/kWh |

2003 2005 2010 2015 2020 2025 2030

Economical Improvement

‘ Advanced Concept PV Cells ‘

Module Cost Reduction ‘ : 100 : 75 | 50
| High-Productivity JPY/W/|__Next Gene. Process JPY/W GW Mass-Prod. Demo JPY/W
Higher Efficiency Higher Ef‘ficiency Higher éfﬁciency |
‘ New Typ; Mod. Higher DL;rabili?y ( S0
Better Durability : | | Year

Long Life Inv. & Battery Life

Purified Si Supply, Very Thin Wafer Handling l

1 Indium-Free Materials ‘

Wider Adaptability ; l Low Cost & Multi Function Inv./ Batt ‘

Stable Si Supply

Less-
Burden

for Grid

I Higher Autonomy Interconnection ‘

{ Clustered PV | ‘ Active Network Control - Energy Network Control [ VISPV
Higher Autonomy h - = Applications
‘ Hybrid with Other RE | Community / Broader Net. |
: ‘ ‘ ‘ i VLS PV, PV-Hydrogen
= = | Wider Range Modules, e.g. Light/Flexible Mass 3 : :

Edencec foplcoions | Advanced Array | : (Applicution : : :

: ‘ BIPV / Factory Roof Integ s |
‘ Baseline R&D ‘ ‘ Monitc;ring, Energy Forécust, Recycle/Rel‘;se, Certification,‘Added Value, etc‘, ‘

Figure 3: Diagram summarising Japan’s ‘PV Roadmap towards 2030" [PVR 2004]. Notice the deployment
targets alongside the research themes. At the time of printing 1 EUR = 134 JPY.

4.5 People’s Repulic of China

The National Outlines for Medium- and Llong-term Planning for Scientific and Technological Development
(2006-2020) and the National Medium- and Long-Term Renewable Energy Development Plan describe

solar energy development and ufilisation as a priority [NDRC].

Within the National Basic Research Programme of China, the so-called ‘973 Programme’, there is

support for research into ‘large-area, low-cost and longife solar cells” [NBRB].

With the support of national ministries and commissions, China has reached a PV cell efficiency of
21% in the laboratory. Commercial PV components (modules] and normal commercialised cells have
respective efficiencies of 10— 13% and 14 = 15%. The price of Chinese cells has gradually fallen from
40 R/\/\B/\/\/p (4.40 EUR/\/\/p)3 in 2000 to 33 R/\/\B/\/\/p (3.62 EUR/\/\/p) in 2003 and 27 RMB/
\/\/p (2.57 EUR/\/\/p]4 in 2004, which is not only crucial fo the growth and maturity of China's domestic
solar energy market but also significant in connection with the international PV market. It is estimated
that by 2010, the electricity generation cost with solar PV systems will decline to some 1 RMB,/kWh
(0.089 EUR/kWHh)*, reaching or approaching the price of power on eleciricity markets.

3. Exchange rate 2003: 1 RMB = 0.11
4. Exchange rate 2004: 1 RMB = 0.095
5. Exchange rate 2008: 1 RMB = 0.089
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4.6 South Korea

In January 2009, the Korean government announced ifs third national renewable energy plan, under
which renewable energy sources will steadily increase their share of the energy mix to 4.3% in 2015,
6.1%in 2020 and 11% in 2030. The plan covers such areas as investment, infrastructure, technology

development and programs fo promote renewable energy.

The Korea Insfitute of Energy and Resources Technology Evaluation and Planning’ (KETEP) manages
energy R&D. The focus of R&D has recently shified away from development work on interconnections,
electrical standards, mounting systems and other know-how related to PV installations and towards im-
proving manufacturing fechnology. This research ranges from cost reduction and efficiency improvement
in ¢Si cells to novel thinilm solar cells and high-efficiency concentrating cells. A parallel adjustment
has been made in power generation system research, away from the pursuit of high performance and

fowards the pursuit of cost effectiveness.
4.7 Taiwan

To promote ifs solar energy industry (PV and lowtemperature solar thermal), the Taiwanese government
has decided to subsidise manufacturers engaging in R&D and will offer incentives to consumers 1o use
PV electricity. About a dozen manufacturers have expressed an intenfion to manufacture thinfilm PV
modules and eight of them will set up their own plants to process the products. Moreover, the Industrial
Technology Research Institute (ITRI], a governmentbacked research organisation, is going fo import

advanced foreign technology for local manufacturers.

ITRI has drawn up an R&D strategy for Taiwan with the aim of lowering module costs to around 1 USD/
W_ between 2015 and 2020. The strategy includes a doubling of Taiwan's annual spend on PV R&D
within the next four years. The research will span increasing the efficiency of various waferbased and
thinfilm cells, concentrator concepts and novel devices. Despite the push for R&D, Taiwan's focus is on

helping its industry increase production and improve its manufacturing technologies.



4.8 USA

PV research in the US is funded under the U.S. Department of Energy’s [DOE| Solar Energy Technologies
Programme [DOE SETP]. The main components of this programme are the Solar America Initiative (SAI)

and the National Centre for Photovoliaics at the National Renewable Energy Laboratory.

The Solar America Initiative is an effort to make solar electricity (PV and concentrating solar power)
costcompetitive with conventional forms of electricity by 2015. The goal is to bring down the cost of
electricity from grid-connected PV systems from 0.25 USD/kWh in 2005 to 0.09 USD/kWh in 2015
(af 2005 dollar values). The SAl's strategy on PV is fo accompany the expected increase in deployment

of this technology with R&D on cost reduction.

The SAl'is organised as a multitiered, multi-phased programme addressing near-, medium-, and long-
ferm technological advances for improved performance, lower cost, and improved reliability of PV
system components (Fig. 4).

YEAR 7 8 9
Accelerated Ev Disruptive Revolutionary N
(3 years, (3-10 years) (10 years and beyond)
INDUSTRY DRIVEN
1# & 2™ Generation PV 2" & Advanced 1+ Generation PV 3 Generation PV
o Lower Si feedstock prices Thin films Quantum dots
© Thinner Si wafer technology Concentrators Nanotechnology
o Thin films Organics Multi-multijunctions
* Improved processing Si wafers < [00pm Thermophotonics
* Improved integration Si cell beyond 25% Infermediate band
* Advanced packaging Bio-inspired

Figure 4:  Multiiered approach of the Solar America Inifiative. Source: EERE, Solar America Initiative, 2007

To support the SAI, fen PV technology roadmaps were developed in 2007 by NREL, Sandia National
Laboratories, DOE, and experts from universities and private industry [SAI 2007]. They summarise the
current status and future goals of specific technologies. The roadmaps for infermediate band PV, multiple-
exciton-generation PV and nano-architecture PV are still drafts.
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5 PV research topics: who should
do what with how much?

5.1 Introduction

The SRA presented research areas categorised according fo device technology and system-level tech-
nology. This chapter, by contrast, groups the work identified by the SRA into four broad themes [see
bulleted list below), then for each one indicates the nature of the research projects or programmes to
be carried out, the fotal resources that need o be committed o them and how this commitment might

be shared between private and public budgets.

As discussed in the SRA, a range of cell and module technologies can be found in commercial produc-
tion and in the laboratory. Rather than attempt to identify a ‘winner’ within these technologies, the SRA
adopted the approach of identifying the technical advances needed in each in order fo meet general
performance and cost targets (Table 1, page 11). The Implementation Plan follows the same approach.
Whilst it is possible that some fechnologies will ultimately fail, it is not possible now to identify which
ones those are. The most likely scenario for the period up to 2030 is that the market will see a changing

mix of technologies, each with specific advantages for particular applications.

"Zomitza’, Bulgaria’s first large gric-connected PV system (200 kW) near the town of Sandanski © CLSENES




The four themes used in this Implementation Plan are as follows:

Enhancing Performance — research that leads to higher device outputs and improved system per
formance

Improving Manufacturability — research that addresses the ease and cost of component manufactur-
ing and of system operation

Promoting Sustainability — research that aims to bolster PV's green credentials

Addressing Applicability — research that develops products and technology to meet specific

market needs

The main barrier to widespread implementation of PV technology is acknowledged to be cost, which
can be addressed by a combination of improved performance and lower manufacturing costs, so it is
not surprising that most research topics come under the first two of these themes. In some cases, fopics
in different themes are interlinked.

5.2 A summary of our findings

In practice, the real budget required for each of the fopics mentioned in the tables that follow will be
worked out case-by-case as projects are put forward o cover them, as will the confributions of public
and private funding fo the projects. Our approach has been to give a range for the likely overall cost
of accomplishing the research work for each individual topic. Based on the assumption that when
aggregated, the values corresponding fo the middle of these ranges for topics within a particular

category represent the overall spend for the category, the total budget for the research proposed here

is around 6.6 billion EUR up to 201 3.
5.2.1 Funding by technology segment

Just over three quarters of R&D funds are allocated at the cell and module level, with the remainder
going fo all aspects of PV system development, from components and system design to grid integra-
fion, environmental assessment and standards. Within cell and module development, the highest
allocations are made fo crystalline silicon {30%) and thindilm (29%) technologies. Concentrator and
emerging and novel fechnologies follow with 10% and 6% respectively (rightmost column, Fig. 5).
This order reflects the expected order in market share between different cell/module technologies
in 2020. Future market shares cannot be inferred from these figures, but thin films might capture up
fo 30% of the market by this dafe, with concentrator technologies increasing their market share and
perhaps reaching 10%. Emerging and novel technologies are not expected to claim more than 1%
of the market in the next decade, but it is important fo dedicate resources to them fo assess their
longterm potential. The budget levels assigned 1o each secfor are not a statement of their relative

importance, but a statement of their current needs.

The allocation of a high percentage of funds 1o the crystalline silicon and thinfilm sectors reflects
the fact that many of the actions with the highest budgetary requirements involve the development
of advanced production equipment for those technologies. This work is funded to a high degree by
industry, has a short- to medium-term impact and tends to be at a higher funding level than basic
research projects. The distribution of funds looks different if it is broken down into work with short-,

medium- and long-erm impact (Fig. 6).
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Share of budget

100% —
[] Systems and
implementation
- B Al technologies
80% |— [] Concentrators
— _
[ B Emerging & novel
e [ ] Al thin films
60% ]
[] Wafer Si
40% |
20% |
0% | | | |
Shortterm  Mediumterm  Longterm Overall
R&D R&D R&D

Figure 5: Budget distributions for R&D with short, medium- and long-term impact and overall across all timescales
for exploitation

N.B.
The Systems and implementation segment includes not only BoS components, but also system design and
operational issues, together with grid integration, environmental, socio-economic and standardisation aspects
All technologies refers to actions that, if carried out, would benefit all PV technologies.
The PV Technology Platform believes all the research mentioned in this Implementation Plan must be funded
before 2013. 'Short', ‘medium” and ‘long’ refer to ‘exploitation timescales’, i.e. the length of time that will likely
elapse between the research being funded and its results being taken up in commercially-available PV products.

Crysfalline silicon research, together with that for system-related issues, will mainly have a short- and
mediumerm commercial impact, whereas thinfilm fechnology will have an impact in the longer term.
The relative share of funding for concentrator and emerging technologies is largest for research with
longterm commercial impact. The smaller share of funding for concentrator technologies for research
with medium-erm impact compared fo its share for shortterm research in fact corresponds fo a funding

requirement that is larger in absolute terms.



5.2.1 Funding by source and theme

-
s
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Around 55% of the funding is expected to come from the private sector and around 45% from public 2
=
funds, but this varies depending on the timescale by when the results of the research are intended o 3
be applied commercially (Fig. 6). o
<
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Figure 6: PV R&D funding requirements by timescale for exploitation

The majority of the budget (around 55%) is allocated fo the first theme, Enhancing Performance, as

might be expected. As well as fundamental research to identify and overcome any performance losses

in PV devices [40% of the budget for research with a longferm impact], this category includes novel
production equipment fo franslate advances in performance achieved in the laboratory into commercial

production [almost two thirds of the overall budget for research with a shortterm impact).
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The theme Improving Manufaciurability receives around 35% of the budget for each of the three exploita-
tion timescales, reflecting the need of all cell technologies to address these issues in current and future
products. Promoting Sustainability also has a similar share for each exploitation timescale (of around
5%), which is explained by the fact that it is necessary o address the issues of lifecycle assessment and
recycling across all PV technologies as developments occur. Finally, Addressing Applicability receives
around 5% of the budget on average, but with an increasing allocation to research for the longer ferm

as new applications are developed.

Whilst this section has considered the overall budget for the development of PV technology in line with
the performance and cost targefs outlined previously in the SRA, some consideration has also been
given fo the enhancement of the sector in line with the current targets for renewable energy utilisation
and the imperatives of the climate change agenda. In particular, the objectives of the Strategic Energy

%)
O
o
(©)

=
O
—
O
()
%)
()
—

>

(a1

Technology Plan of the European Union ('SET Plan’) [ECS 2007] have been taken into account in ar-
riving af the indicative budget levels. The proposals of EPIA in regard to the SEll are a necessary part
of the R&D required, but this document covers a wider range of projects and identifies a budget that is
also consistent with the ambitious targets that the PV sector must reach in the coming years.
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5.3 Research themes

5.3.1 Guide

In the tables that follow, research fopics first presented in the SRA have been grouped by theme, then

by subthemes within each theme.

The second column of each fable contains a research topic or reformulation of a set of research top-
ics taken from the SRA. A more detailed description of the research work implied by the entries in this
column, including the purpose of the work, can be found in the SRA. The four columns that come after

it confain the following information:

Topic type: the projects are allocated to Basic, Applied or Indusfrial research and development

according to their nature.

Basic Applied Industrial

o 5 »

Public/private funding split: depending on the nature of the project, it is expected that the funds

required will be provided from a combination of sources, both public (European Commission, na-
fional or regional government) and private (industry, other private funding). One of five indicative

combinations of public and private funding were assigned to each research topic.
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The category of 12.5/87.5 includes many research projects that might be funded with 0% public
money and 100% private money. Such work is included in this category because it is possible, too,
that there are projects in the category that receive as much as 25% public funding. It is difficult to
generalise about the public cofunding of industry-led projects, so 12.5/87.5 is our best guess of
an average funding level.

Funding level: the indicative funding level is given, using the following categories:
€: up to 20 M EUR

€€: 20050 M ELR

€€€: 50-100 M EUR

€€€€: 100-200 M EUR

€€€€€: over 200 M EUR

An indication is given of the timescale by when the results of research that is funded now can be
exploited in commercially-viable products, and the rows are ordered by this category.

Short: the result will be

implemented in commercial

products before 2013

Medium: implementation
before 2020

Long: implementation after
2020

&

9

o
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5.3.2 Tables classified by research theme
5.3.2.1 Enhancing performance

Research in PV devices over the last few years has seen major advances in efficiency, reliability and
reproducibility, but it is clear that there is potential for further progress, both in device sfructure and in
device fopology. Key to these advances is an understanding of material properties and fabrication proc-
esses. These are the subject of the first two tables. Subsequent tables present the research required for
specific aspects of device design and fabrication, and consider the new production equipment required
for the fabrication processes. Devices themselves are considered in a table addressing advanced device

concepts and in another addressing long-term stability.

In parallel, advances in system architecture and operation will allow the increases in cell efficiency to

be reflected in the energy output of the system, as detailed in the table on system concepts.

This section concludes with research topics on standards and guidelines, which are essential for
maintaining the quality of devices and systems; and on nontechnical aspects, which include topics on
the provision of skilled personnel, education of the public, user inferfaces and the quantification of the
benefits of PV.

/\ Acronyms and abbreviations used in the tables are defined in a glossary on the inside back cover.

TECHNOLOGY ACTION toric | FRNONG | punping | TIMESCALE
AREA TYPE / LEVEL
PRIVATE EXPLOITATION
UNDERSTANDING MATERIALS AND DEVICES
All thin films Defect characterisation and % cee
control
Material physics and
oSi chem|sT'ry: thoe|§§Tr0n|c -1ty cee
properties, impurities, J) @
interfaces
Material physics and
defect control -1y
Clomesmiicios Characterisation fechniques 3 =
for cells and modules
S Defeg control and engi- -1ty <
neering 3
. e
All thin films Defgd chemlstry, process 0] ce
engineering and control 3 @
Concenirators Characterisation fechniques -1ty ce
Defect control 3
Emerging and Control of surface, phase -7t
. ) €€
novel technologies and grain boundary effects 3
. w7
All technologies Noyel materials and b €€ @
devices 3

1. Solar water villas in Mayersloot, Holland © ECN
2. 1071 GeneClS Solar Modules in the fagade of the new World Jewellery Center in Milan, ltaly © Wiirth Solar



FUNDING FUNDING TIMESCALE

ACTION PUBLIC/ LEVEL FOR
PRIVATE EXPLOITATION

TECHNOLOGY

AREA

DEPOSITION TECHNOLOGY AND DEVICE PROCESSING

Process and production fech-
nology enhancing device
quality (e.g. laser process-

c-Si ing, new vacuum deposition %
technologies, advanced cell
processing including lab/
pilot line demonstration)

€€€€€

N
&)

Al thin films Process engineering, alterno- =

€€
tive substrates and materials

G

Advanced deposition tech-
All thin films niques (fost, large areq,
material usage process
control)

€€

kir B

Novel production/device
technology (e.g. ulafine
line metallisation, completely
c-Si novel ARC and surface
passivation process, new
highest efficiency cell archi-
tectures, device simulation)

1
N
=

&

EECE

(Y

Deposition techniques
Emerging and (large area, process control)
novel technologies Morphology of organic
solar cells

=

€€ @

€€

Process and material engi-
All thin films neering enhancing device
qualities

1
N
,\

=

PV research topics: who should do what with how much?

Industrial process engineer-

s ing enhancing productivity -
All thin films [yield, control, deposition
speed, energy)

N
)
=

€€E€

(Y
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FUNDING FUNDING TIMESCALE

ACTION PUBLIC/ LEVEL FOR
PRIVATE EXPLOITATION

TECHNOLOGY

AREA
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ADVANCED MATERIALS

c-Si

UMG and other novel
technologies

€€€

All thin films

TCO,/semiconductor
interfaces
Low cost TCO/ substrate

combinations for light
frapping

€€

All thin films

Improvement of the per-
formance and stability of

TCO layers

€€

All thin films

Material screening and
synthesis (reduction of /
alternatives for expensive
materials)

Concentrators

Novel materials (e.g.
GalnNAs)

Low cost optical materials
with high performance

€€

c-Si

UMG and other novel

technologies

=

All thin films

Alternative materials and
deposition fechniques

=<

All thin films

Material screening and
synthesis (reduction of /
alternatives for expensive
materials)

€€

Emerging and
novel technologies

Dyes and polymers with
extended coverage of the
solar spectrum

Highly efficient selective
emifters and IR-reflecting
materials for TPV

i
S
=

=

Concentrators

New [IIV semiconductor
materials (e.g. GalnN)

Growth of IV semiconduc-

tors on Si

= IN
&

All thin films

Material alternatives for
improved performance

GAL
&

€€

Emerging and
novel technologies

Alternative [VI semicon-
ducfors

Synthesis of materials for
quantum confinement and
proof of concept

1
N
=

=)

==

Concentrators

New materials and
combinations for cells,
concentrating opfics and
modules

€€




TECHNOLOGY

AREA

ACTION

FUNDING TIMESCALE
puuic/ | FURDING FOR
PRIVATE EXPLOITATION

ADVANCED DEVICE CONCEPTS

c-Si

Back-contact cell structures
Heterojunctions for emitters
and passivation

Low recombination
contacts

New device sfructures

€€€€€

All thin films

Implementation of ad-
vanced opfical concepts
and device structures info
industrial processes

Novel contact patterns
Novel series connection
schemes and (laser) pat-
teming methods

Patterning for BIPV applica-
tions

€€€

Concentrators

Metamorphic friple cells
Optical concepts for very
high concentration, in-
creased accepfance angle

€€

c-Si

Low recombination
contacts
New device sfructures

€€€

All thin films

Modeling, simulation and
development of improved
opfical and electronic
properties of heferostruc-
tures and devices

New cell concepts on
existing and materials and
novel structures

1
N
BN

=)

€€

Emerging and
novel technologies

Contacts with improved
catalytic action in dye-
sensifised solar cells
Solid electrolytes in dye-
sensifised solar cells
Multijunction approaches
for dye-sensitised and full
organic solar cells
Superstrate configuration
for poly-Si cells

Low bandgap TPV receiver
cells

u
=y
=

&=

€€

Concentrators

Cells with > 3 junctions
Cells, optics and thermal
management for ultra-high
concentration > 2500 suns
Systems for hybrid ap-
plications (thermal and
electrical)

i
S
)

=

€€
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FUNDING TIMESCALE

ACTION PUBLIC/ FUL':S'E'['G FOR
PRIVATE EXPLOITATION

TECHNOLOGY

AREA

Up/down converfers and )
All thin films other novel concepts for F €€
very high efficiency

Device concepts for organ-
ic/ inorganic hybrids and -1ty
multijunctions, nanomaferi- 3

als, quantum effects

cSi €€€

Synthesis of bulktype infer-
mediate band materials +
demonstration in PV-device
Emerging and Introduction of up- and ce
novel technologies down-converters in existing 3 @
PV-devices

Inclusion of plasmonic ef-
fects to boost efficiency

i
S
)

=

(72}
O
o
o
=
O
—
O
(0]
(%2}
o
ful
>
o

N
)
=)

Novel cell concepts for -

Concentrator cells officiencies > 50 % B

Optics with high ac-
ceptance angle at high
Concentrator concentration level =
optics Advanced optical sysfems 3
for reducing fracking
requirements

S
=
&2

I

FUNDING TIMESCALE

ACTION PUBLIC/ FUL':\?'E'['G FOR

TECHNOLOGY

AREA PRIVATE EXPLOITATION

LONG-TERM STABILITY OF CELLS AND MODULES

New longferm stable

c-Si encapsulants % &
Hot spot issues
Quantitative ageing i

All thin films models and understanding _3 €

of longterm stabilities

Qutdoor performance
All thin films Sealing concepts, ad-
vanced lifetime

€€ @

New sealing fechniques
for stable long-ferm field

s

Concentrator performance
Module Investigation of interaction
between the materials used
for module fabrication
Bireristig il Building of fqlure models o)
. for dye-sensitised and €
novel technologies 3

organic PV cells @

Accelerated and longterm -
testing of new concepts 3

2
=
S

All technologies

28



FUNDING TIMESCALE
FUNDING

ACTION PUBLIC/ FOR

AREA TYPE pRIVATE | AMOUNT | eypiormaTioN

TECHNOLOGY TOPIC

SYSTEM LEVEL RESEARCH AND BALANCE-OF-SYSTEM COMPONENTS

Power
conditioning

Increased inverter reliability
and lifefime to achieve

> 20 years of full operation
Highly efficient inverters
with new semiconductor
materials (SIC, GalN)
New inverter fopologies
inverters opfimised for
different PV module fech-
nologies

€€€€€

Structure and
mounting

Simplified module
mounting sfructures (e.g.
prefabrication of solar
generators)

Tracker

General purpose tracking
platforms for all kinds of
high efficiency modules
Combined inverter

and tracker electronics,
combined maximum
power point and fracking
algorithms

Smart fracking control
Increased fracking ac-
curacy

Rapid defection of tracker
failure

Solution for wind load
effects

New tracker drivers

€€

Storage
technologies

Battery management sys-
tems for new generations
of batteries

Battery ageing models
specific fo PV applications

€€

Monitoring and
prediction

Low cost control and moni-
toring of sysfem output and
measurement protocols
Output prediction and
validation of predicfion
algorithms over short and
long periods

Tools for early fault defec-
tion

longterm average local
radiation pofentialss

€€

Grid
connection and
supply aspects

Assessment of the value
of PV electricity, including
peak demand and UPS
applications

Grid control and ICT for
high penetrafion

i

€€

High voltage
systems

Technology development
for systems > 1000V

€€
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TECHNOLOGY

AREA

Module
development

ACTION

Component develop-

ment for minimisation of
system losses (e.g. module
with folerance to partial
shading, modules for
operafion af system volioge
> 1000V)

1
N
BN

=)

FUNDING
PUBLIC/
PRIVATE

FUNDING
AMOUNT

Power
conditioning

Increased inverter reliability
and lifetime to achieve
> 30 years of full operation

u
X
S

&=

€€

Power
conditioning

Multifunctional PV systems

L

€€

Tracker

New tracker design
concepts

Alternatives for steel in
tracker consfruction
Sensorless tracking
methods

Advanced confrol algo-
rithms for grid stabilisation

i

€€

Storage
technologies

Innovative storage
technologies for small PV

systems (up fo 50 kWh)

1
S
=

&

€€

Monitoring and
prediction

Strategies for centralised
system monitoring (e.g.
web based)

Fault defection tools for
advanced system designs

||
~
=N
)

Grid
connection and
supply aspects

Interaction of PV with other
decentralised generation
Development of power
electronics and grid confrol
strategies for improving the
quality of grid electricity at
high PV penetrations
Management of island
microgrids with high share
of PV capacity

New concepts for stability
and control of elecirical
grids at high PV penetra-

fions

S22

TIMESCALE
FOR
EXPLOITATION

Tracker

Control algorithms for
distributed inverter based
grids

Storage
technologies

Module with infegrated
storage, providing
extended service lifetimes
farget of 40 years)
Technologies for high ca-
pacity sforage (> 1 MWh)
Alternative storage fech-
nologies

&
S
o

€€




TECHNOLOGY

AREA

PREPARATORY RESEARCH FOR STANDARDS AND GUIDELINES

ACTION

TOPIC
TYPE

FUNDING FUNDING TIMESCALE
PUBLIC/ AMOUNT FOR
PRIVATE EXPLOITATION

All module

technologies and
system types

Performance, energy
rafing, qualification and
safety standards for PV
modules, PV building ele-
ments, concentrator systems
including trackers and PV
inverters/AC modules
Guidelines for specifica-
tions and quality assurance
of materials, wafers and
cells, modules (including
sizes and mounting tech-
niques), components for
concentrator systems and
BoS components

Qudlity label for PV modules
Harmonise conditions for
grid connection
Guidelines for design,
installation and system fest,
monitoring/evaluation

€€€ @

All module

technologies and
system types

Improve certification
schemes, in particular for
systems

Harmonise standards
and guidelines applied fo
components

=< @

TECHNOLOGY

AREA

ACTION

NON-TECHNICAL ASPECTS

TOPIC
TYPE

FUNDING FUNDING TIMESCALE
PUBLIC/ AMOUNT FOR
PRIVATE EXPLOITATION

Information
transfer

Industry training needs for
the short and medium term
Optimisation of technology
transfer to construction and
electricity supply secfors
User interaction — optimisa-
tion of the user inferface
Public awareness and
information dissemination
schemes relating fo large
scale deployment of PV
technology

€€

Cost/benefit
analysis

Identification and quanti-
fication of nontechnical
cosfs and benefits of PV
technology

Market analysis

Development of scenarios
for high PV penetration
Financing models and op-
erafing schemes for susfain-
able rural electrification

€€

International
collaboration and
capacity building

R&D co-operation for
emerging markefs
Socioeconomic and edu-
cational joint ventures with
developing countries
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5.3.2.2 Improving Manufacturability

The research topics in this theme aim to reduce the cost of
manufacturing whilst maintaining the performance of PV technol-
ogy. As before, the research fopics are split info subthemes,
each addressing an important aspect of the manufacturing

process and its development.

The first set of tables considers the manufacture of cells and modules, looking first at advanced manu-
facturing processes and improving productivity. Subsequent tables focus on important elements of the
manufacturing process, including raw material supply, TCOs and substrates, as well as module design,

packaging and encapsulation. Finally, research on standards for manufacture are discussed as well as

[7p]
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o
o
=
O
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O
o
[7p]
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>
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advanced pilot line concepts, successful pilot production runs of technology being crucial to the transfer
of technology from the research laboratory into large-scale manufacturing. Concentrator systems have

certain specific requirements so two fables are devoted to research on the manufacture of the related

optics and fracking system. Finally, BoS components and system level research are considered.

FUNDING TIMESCALE
PUBLIC/ FUL':S'E'['G FOR
PRIVATE EXPLOITATION

TECHNOLOGY ACTION TOPIC

AREA TYPE

ADVANCED MANUFACTURING PROCESSES

New Si feedstock technolo-
gies < 25 EUR/kg
Advanced wafering
technologies (wafer thick-
ness < 150 pm), low kerf
losses, fracture mechanics
Improved crystal growth
Reusable crucibles with

low impurity levels

Wafer equivalent technolo-

cSi gies h
Metal pastes suited for thin
wafers

Contacting and surface
passivation fechniques
Infine high-yield processing
RolHorroll /automatic mod-
ule manufacturing

Equipment development @
for novel manufacturing
processes

4

eese

Deposition speed and yield

Alternative deposition

Al thin films methocs b eee
ovel interconnect sfructures

Infine quality control tech-

niques and fools

Improved cell designs for
all concentration levels
Improved MOVPE growth
processes

CEIEEITE Establish stable industrial- % €ee
level manufacturing
processes for Si and IIFV
concenfrator cells

lllustration: Solar cell assemblies equipped with GalnP/GalnAs,/Ge triplejjunction solar cells and bypass diodes
on fop of a fresnel lens plate, as they are used in concenfrator modules raunhoter-
32 p of a Fresnel lens pl hey d in FLATCON® dules © Fraunhofer!SE



FUNDING TIMESCALE

TECHNOLOGY TOPIC FUNDING

ACTION PUBLIC/ FOR

AREA TYPE LEVEL

PRIVATE EXPLOITATION

New silicon feedstock fech-
nologies 20 EUR/kg
Novel wafering tech-
nologies (wafer thickness

< 120 pm)

Low defect (high electronic

quality) silicon wafers
% €€€

c-Si Wafer equivalent fechnolo-
gies

New elecirode technologies
High speed cell and
module processes
Equipment development
for novel manufacturing
processes

Large area and fast depo-
sition: alternatives fo current
deposition methods

o Large area control methods
Al o Modified device structures
Alternative TCOs and

processes thereof, light

confinement @

Advanced contacting and
metallisation schemes
[printed TCOs, printed
mefallisation fired at low
temperatures, nano-inks|
Advanced application

i G technologies [e.g. spray- %

g ing) for acfive layers
novel technologies :
RolHorroll manufacturing

of cells and modules on
flexible substrates
High-temperature subsirates
for thinfilm poly-Si cells
High-throughput Si deposi-
tion for thinfilm poly-Si cells

€€€E€

ks B

€€€
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Advanced manufacturing
processes for IIFV
multijunction solar cells
Low cost design concepts
and manufacturing proc- 3
esses for silicon cells for
moderate concentration
and moderate climates

]
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Concentrators €€
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PRIVATE

PRIVATE

PRODUCTIVITY IMPROVEMENT

oSi 1 Productivity and cost opi-

oo . 5 €eee
misation in production

All thin films 1 Very high deposition rates

1 Productivity and cost opti-
All thin films misation in production
1 Equipment standardisation

F k» §

4 eeee @

1 Highthroughput epitaxial
Si deposition for thinilm

Emerging and poly-Si cells

novel technologies | ' Advanced application

technologies [e.g. spray-

ing) for active layers

ks
®

oSi [ | Prf)du.cﬁv?iy and cost opti % D cee
misation in production
 large-area module equip- G
ment
All thin films  Highhroughput, high-yield h - €€€

equipment, requiring low
material and energy inputs
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FUNDING FUNDING TIMESCALE

ACTION PUBLIC/ LEVEL FOR
PRIVATE EXPLOITATION

TECHNOLOGY

AREA

MODULE DESIGN, INCLUDING PATTERNING

Llow cost framing/mount-
ing

Standardisation of cells
and modules

c-Si

Standardise products and

Al thin films productfion equipment

between the TF-/CIGSS =

industries

c-Si Infegrated cell and mod- €€

ule designs and processes

Alternative cell struc-
All thin films fures, interconnects and
methods

€€ @

Development of module

Frameless structures %

Thermo-photo- concepts for TPV systems e

voltaics (including monolithic ap-
proaches)

Al thin films Transfer of R&D to |.orge h ce @
volume manufacturing

FUNDING TIMESCALE
pusuic/ | FUEOING FOR
N EXPLOITATION

TECHNOLOGY TOPIC

AREA S TYPE

PACKAGING AND ENCAPSULATION
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oSi New low-cost, high-quality

e
encapsulants

Low-cost and application-
All thin films adapted packaging proc-
esses and equipment

€€

Low-cost sealing methods
for dye-sensitised and full
organic solar cells

Emerging and
novel technologies

Approaches for high-

throughput assembly €€

Concentrators

Conductive adhesives or
cSi cells other solder free solutions
for module inferconnection

€€ @

All thin films Alternative sealing solutions

Concepts for automated

Concentrators .
pre-mounting of modules

E R s B B s s s §
ah

. Processes and designs for Y
oS cells module efficiency > 25% < @
Al thin films Transfer of new solutions o ce

high-volume production
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PRIVATE

O
4
)

PRIVATE

ADVANCED PILOT LINE CONCEPTS

All thin films [ | :—th-rote deposition on h » cece
arge-area
" Advanced and adapted
test/control methods in @
Emerging and production % ) €
novel technologies |  Transfer and qualifica-

tion of new concepts in
industrial pilot

" Proofs of concept of modi-

All thin films fied/new deposition mgfh- % D ce
ods, process and material

variations in pilot scale

~ Advanced and adapted 6
test/ control methods in
Emerging and production % ) €
novel technologies |~ Transfer and qualification

of new conceps efc. in
industrial pilot

36



FUNDING FUNDING TIMESCALE

ACTION PUBLIC/ LEVEL FOR
PRIVATE EXPLOITATION

TECHNOLOGY

AREA

OPTICS MANUFACTURING PROCESSES

Primary- and secondary-
optics for medium and high
concentration with wider
Concentrators acceptance angle
Technologies for improved
alignment of optical parts
and cell assembly

L

Ee @

System design using
Concentrators materials for 85% optical ef % € @

ficiency in mass production

New technologies for
Concentrators large area coatings (ARC, = = @
mirrors)

u
=y
2

&=

FUNDING TIMESCALE
ACTION PUBLIC/ FUL'E'S:ETG FOR
PRIVATE EXPLOITATION

TECHNOLOGY

AREA

SYSTEM LEVEL RESEARCH AND BALANCE-OF-SYSTEM COMPONENTS

Reliable electronic
components, new design % ==
structures, new semicon-

ductor devices

Systems

Standardising system
components fo facilitate

Systems economies of scale in %
manufacture and simplify
replacement
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Low cost support structures,
cabling and electrical
connections for domestic

and large ground based @
Systems PV systems % €€

Prefabricated ready-fo-

install units, particularly

for large grid-connected
systems

Infroduction of new sforage
technologies in pilot units
Systems for large field trials and
assessment of lifeime and
cost

Production technology for
Trackers trackers with accuracy

<0.2°

Low cost AC modules with
infegrated inverters
Systems Development of low cost
installation techniques for
complex ferrains

EE

System integration for TPV

SIS applications

Concepts for automated

Trackers :
mass production of trackers

7 7 N S A
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5.3.2.3 Promoting Sustainability

An attractive feature of PV is its environmental benefits, principally electricity with very low lifecycle
greenhouse gas emissions. But the sector must sfrive to reduce ifs negative environmental impacts fur-
ther. PV technology must be manufactured in a way that minimises the use of hazardous materials and
their release info the environment. The lifefime of PV technology must be extended to minimise resource
requirements. Recycling or reuse schemes must be developed and implemented.

FUNDING TIMESCALE

TECHNOLOGY FUNDING

AREA

ACTION PUBLIC/ LEVEL FOR
PRIVATE EXPLOITATION

LOW ENVIRONMENTAL IMPACT MATERIALS AND PROCESSES
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LCAs on modules (especial-
ly thinilm and concentrator

modules)
All technologies LCAs on BoS components % €€
Environmental impact as-

sessment at system level for @
all applications

All thin films Reduce material thickness, % e

purity for reduced costs

Avoidance of hazardous
materials

Replacement of scarce %
materials

Low environmental impact
manufacturing

c-Si

l

Minimisation of energy in
production

Avoidance of hazardous

All thin films materials % €€
Reduction of material

consumption (device,

deposition, recycling) @

Development of Infree ac-
tive layers and Cd-ree win-
dow layers for CS-based
cells (new concepts)
Emerging and Development of processes
novel technologies for dye-sensitised and full 3
organic cells avoiding
harmful solvents

LCAs on emerging cell/
module technologies

I
~
=N
£)

Optimisation of material
Concentrators utilisation (lightweight
construction)

u
U
N
£)

==
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TECHNOLOGY

AREA

ACTION

FUNDING FUNDING TIMESCALE

PUBLIC/ FOR
PRIVATE LEVEL | ExpLOmATION

Reduced silicon consump-
tion, low energy content 6
c-Si solargrade silicon compat- = €
ible with an energy pay
back time < 6 months
Waste and energy man- @
o agement in production B
All thin films Reduction/replacement of % =
expensive raw maferials
Emerging and LCAs on novel cell/module @;i(ﬂ) €
novel technologies technologies 3

TECHNOLOGY
AREA

ACTION

EXTENDED LIFETIME

FUNDING FUNDING TIMESCALE

PUBLIC/ FOR
PRIVATE a2 EXPLOITATION

c-Si

Materials and concepts for
lifefimes > 35 years

Concentrators

Increase stability of opfical
systems

Guaranteed module
lifefime: > 25 years

€€

All thin films

Enhanced life times > 35
years

i~

Emerging and
novel technologies

Improved stability for dye-
sensitised and fully organic
cells

1
s
=

S

BoS components

Bringing the lifetimes of
different components into
line with each other > 25
years

Understanding and
managing the influence of
the climate on system and
component lifetimes

=

TECHNOLOGY ACTION TOPIC F;le\:;?-:lc\l/G FUNDING TIMgg(';ALE
AREA TYPE LEVEL
PRIVATE EXPLOITATION
RECYCLING
. . Develop and implement
Fcii?r:sqnd el ity recycling processed for dll % € @

current products

All technologies

Recycling processes for all
new products

Economic and logistical
aspects of PV module and
component reuse and
recycling

e @
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5.3.2.4 Addressing Applicability

The fact that PV can be used in different kinds of application

somefimes requires the development of products to address

the specific needs of each. The tables below consider this

aspect of the technology. The first table considers aesthetics

and suitability, particularly in relation to building infegra-

fion, where the challenges relate to both the appearance

and functionality of the module and its support structure. The second table considers system design for

a specific purpose [e.g. stand-alone systems) and the final table considers some nontechnical issues

relating to markets and finance.

TECHNOLOGY
AREA

ACTION

AESTHETICS AND SUITABILITY

FUNDING
PUBLIC/
PRIVATE

FUNDING
LEVEL

TIMESCALE
FOR
EXPLOITATION

c-Si

New frames and support
structures

i3

BIPV modules

Advanced modules for
BIPV applications that
are multifunctional, self-
cleaning and serve as
construction elements

1
N
=

&

€€E€

BIPV systems

Sysfem opfimisation for low
energy buildings

Active (energy producing
and regulating) fogades
Integration info home
control systems
Characterisation of per
formance

Interdisciplinary architec-
tural research

=S

TECHNOLOGY

AREA

SYSTEM DESIGN

ACTION

TOPIC
TYPE

FUNDING
PUBLIC/
PRIVATE

FUNDING
LEVEL

TIMESCALE
FOR EXPLOITA-
TION

Concentrators

Design optimisation for

easy transportation and

installation for ufility ap-

plications

Power plant engineering
and grid connecfion

€€

Stand-alone
systems

Highly reliable, low
mainfenance components
for stand alone systems for
development applications

€€

llustration: DESIGNine PV system with GeneCIS modules © Wiirth Solar




TECHNOLOGY
AREA

Systems

ACTION

Trackers for larger systems
(maintenancefree, low
energy consumption, high
reliability and stability)
Inverters that actively sfabi-
lise the grid and improve
grid power quality
Procedures for easy mount-
ing and replacement
Integration of shortterm
storage

FUNDING
PUBLIC/
PRIVATE

FUNDING
LEVEL

€S

Concentrators

Combined use CPV and

thermal solar energy

u
N
N
£)

TIMESCALE
FOR EXPLOITA-
TION

Systems

Inverterbased grids
Standardised village grids
Hybrid systems for rural
applications

Integration of longferm
storage

i

€€€

TECHNOLOGY
AREA

ACTION

NON-TECHNICAL ASPECTS

TOPIC
TYPE

FUNDING
PUBLIC/
PRIVATE

FUNDING
LEVEL

TIMESCALE
FOR EXPLOITA-
TION

Market
development

Market development re-
search, including efficiency
of financial schemes for
promoting PV in different
markets

Regulatory aspects of
market development —
insurance, contracts,
planning issues

Financial control

Managing incentive
schemes for PV efficiently
Billing and metering
schemes for off grid PV
systems

4]
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5.4 Reasonable figures?

Is 32 bn EUR a reasonable figure o ask indusiry fo spend on R&D in Europe before the end of 20132
The question is not, of course, easy to answer, particularly given the uncertain economic situation. Doubt
over the future of incentive schemes and the financial crisis might mean difficulties on the demand side,
and in sustaining growth. The correct reaction of companies fo this uncertainty should be to accelerate
product development in order to meet cost and performance targets sooner rather than later, spending

R&D money all along the value chain.

This level of spending would probably be necessary if the industry is to follow the accelerated scenarios
of 'SET for 2020 and to keep a substantial share of the global market. VWe recognise however that

it does imply an acceleration of spending from only a few percent nowadays to possibly more than

PV research topics

5% of total European PV tumnover. The good news is that there is some evidence that spending on R&D
might increase in 2009 or 2010 as companies use the lull in demand fo maintain their equipment and
perform R&D.

PV, in both its manufacture and dep|0\/mem, impacts on other industrial sectors and can benefit from the
knowledge of those sectors (see chapter 7, ‘Assimilate knowledge from beyond the PV sector’]. There
has been no attempt to quantify what proportion of the research budget could reasonably be expected
fo be sourced from beyond the PV indusiry (e.g. in relation to electricity sforage systems| or from public

sources allocated to programmes not specifically targeted o energy production. However, it is clear

I

that some crossfertilisation is both possible and advantageous.

L3

20kW PV installation on an AGIP petrol statfion, ltaly © Centro R/'ce/’che. Istituio Guide'Donegani



Guidelines for using public money
efficiently on PV research projects

In the SRA and in this Implementation Plan, we called on govemments fo make top-down decisions on
how to allocate money fo research with medium- and long-term prospects for commercialisation. Such
research is generally high-risk and there is no natural ‘market pull’ for it. The preceding chapters in this
Implementation Plan have shown both where public sector money can help and where the private sector

is the most suitable source of R&D funding.

Here we discuss the process by which research should be funded to use this money effectively. Our

observations and recommendations pertain mainly to EUHevel research.

6.1 What participants in (part-) publicly-funded R&D
programmes want

6.1.1 Good administration

It is no surprise that researchers want their lives fo be made as simple as possible. They want straightfor-
ward, easyfoundersfand procedures for applying for grants. Their proposals must be handled swifily.

The costs they incur in carrying out their projects must be refunded prompitly.

The smooth-running of a project consortium is highly dependent on the partners in the project. Project
leaders should have the freedom to work with the best partners for their task, irrespective of any artificial,
administrative barriers that might happen o come between them, like borders (see section 3.2). Con-

versely, the participation of partners from other countries in research consortia should not be forced.

There should be no directly competing industrial partners in the project unless the project is designed
such that they would collaborate in solving a problem that they both need a solution fo (in this case,

they would most likely participate as the users or validators of a project’s results).

There are considerable inefficiencies associated with restarting research in a particular area after a period
when it has not been funded (researchers have to be re-recruited, equipment re-purchased, leases on
facilities renegotiated). Rather than funding research in this ‘stop-and-go’” manner, it is better gradually
and/or steadily fo scale up or scale back research in a particular area, and better sfill if this infention is
announced well in advance®. This Implementation Plan, indicates the need, exceptionally, for a rapid
and large increase in funding for PV. It is more important fo achieve this increase and accept some

fransient inefficiencies than fo delay it for the sake of achieving the increase more elegantly.

Finally, crifical evaluations of the impact of research projects and programmes must be carried out as

a matter of routine.

Some of these ideas are among the lessons learned from ‘CrystalClear’ (a 16 partner project funded by the

European Commission that lasted 5V2 years with a fotal budget of 28 M EUR) — see box on next page.

6. For example, it is known that the annual budget of FP7 for collaborative research will be roughly 75% greater in the final year

of FP7 (2013) than in the first (2007).
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6.1.2 A pragmatic approach to managing intellectual property CRYSTALCLEAR — LESSONS LEARNED

The agendas of private companies and public research centres on the management

defining, explaining/translating and
communicating overall targets is key
fo building a project team (corporafe

of intellectual property are different. As the German Govermnment pointed out in spirit), Putiing the target info a broader

its position paper on an intellectual property charter, circulated fo other European

perspective, e.g. reaching grid parity,
can be very mofivating;

governments when it held the Presidency of the EU in 2007, "Whereas research “infegration” activities may be small in

insfitutions fend to be mainly interested in the publication of the research resulss, size, but are big i effect;

indusiry is interested in preventing disclosure and in filing and exploiting profective

rights.” [BMBF 2007]

finding the balance between partner
inferests and consortium interesfs is dif-
ficult, but essential for success;

long duration (including annual re-
planning) allows for implementation of

The different interests of research institutions and indusiry can be reconciled practical lessons leamed within the project

within a project, or by designing funding insfruments that cater for the specific and gradual focusing of RED, this has

interests of each class of participant.

Reconciliation

been another key fo success;
combining skills in the field of science &
technology with complex project manage-
ment & administration is crucial o manage
projects of this size and complexity;

Each side can move a long way towards accommodating the other’s interests

within a project. Indeed, many, if not most, of Europe’s leading research centres in PV receive a part of
their income from participating in projects cofunded by indusiry. The principle that the higher the rafio
of public fo private funding, the greater confrol the research institution has over the disseminafion of

knowledge created in the project (foreground’) is widely accepted.

The ownership of foreground is handled pragmatically. Industry understands that its ownership of fore-
ground resfricts the ability of research institutions to push forward the frontier of knowledge outside of the
project, and is hard to justify if it has been acquired with public funds. Research institutions understand
that indusfry must see an opportunity to gain a competitive advantage from participating in the project.
The solution is increasingly to give the indusiry parner(s| in a project the exclusive right to exploit the
knowledge commercially for a fixed period before it is licensed to third parties. This is a standard
condition placed, for example, on the projects funded within Germany's ‘Spitzencluster Solarvalley

Mitteldeutschland” (see box below).

SPITZENCLUSTER SOLARVALLEY
MITTELDEUTSCHLAND

Each SVM project is governed by a con-
sortium agreement setting out how IP is
to be handled. In general, foreground is
owned by the organisation that created the
foreground. All pariners in the R&D project
get a free licence 1o use the foreground.
The foreground can also be sold fo an
enfity outside the project, such as one of
the partners’ competitors, for a fair price,
but before this can happen, the partners in
the project must be given a chance to buy
exclusive rights fo the foreground, again
at a fair price.

Segregation

'Segregation’ is a simply a label for the idea of instruments designed to
meef the specific wants of indusiry and research institutions. Section 6.2
ouflines two such instruments suitable for funding PV R&D at European and

national level.



6.2 New approaches for funding R&D in PV

6.2.1 An instrument for industry: publicly-supported ‘open innovation’

'Open innovation’ is a model for European companies to acquire intellectual property by sharing
the costs and benefits associated with generating the knowledge by jointly contracting work to
one or more R&D centres. Such programmes go by various other names, including ‘collective
R&D" and ‘early and shared insight’. An example from Germany, the ‘Forschungsvereinigung’
is described in the box below. ‘Open innovation’ is attractive for companies that want to have
access to the latest science in their field, but that need a way to contain the costs associated
with pursuing a multiplying number of possible lines of enquiry. The disadvantage to them is that
because they have commissioned the research with other companies, they share an entiflement

fo exploit the knowledge with their competitors.

In the microelectronics business, where R&D cosfs have grown faster than revenues for over a decade,
many companies have found the advantages to outweigh the disadvantages. With downward pres-
sure on the price of PV technology because of cuts fo incentive schemes, and with a need fo increase
process complexity in order fo reach higher cell efficiencies, new technologies have to be brought fo
the market faster and at lower overall cost. One research centre, IMEC (in Belgium|, has decided the

fime has come to apply ‘open innovation’ to PV (box on next pagel.

FORSCHUNGSVEREINIGUNGEN

Germany's FV model is entirely about large groups of companies — often SMEs — that manufacture a particular
kind of product clubbing fogether fo contract research work fo research centres. They each pay a small amount
of money fo an association sef up for this purpose, the ‘Forschungsvereinigung’. This financial contribution
buys them access fo all the research work privately funded by the association. Public money can cofund a
project, but where this happens, the results are put in the public domain.

A mechanism operates inside the association to allow all members to propose a project for funding by
the association. The progress of the projects is monitored by the association by committees of people with
relevant experience.

Forschungsvereinigungen have existed in some sectors of the German manufacturing industry for decades.
A typical FV project in mechanical engineering would last 2 or 3 years, cost about 300-350 k EUR and tie
up the time of one junior researcher and a supervisor.

The European Commission research funding programme, FP7, provides two instruments for making available
one-off grants fo either SMEs collectively contracting research, or SME associafions confracting the work on
their behalf. FVs, meanwhile, are supported by a public funding agency that expects to be providing funding
year after year.
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Guidelines

'Open innovation’ in PV would apply fo research in process fechnology develop-
ment yielding ‘generic’ results, i.e. with potential for adoption by a large number
of the companies cofunding the research [device/system manufacturers, material
and equipment suppliers). Assuming the research is successful, the results would
need to hold out the potential for the companies to develop proprietary intellectual
property from them, which would result in their implementation in industrial-scale
production lines in 3 to 10 years. The SRA, which describes what research
needs to be done and by when, and this Implementation Plan, which identifies
the resources that will need to be committed to specific areas and the party that
should commit them, are fogether a good basis on which to build consensus

with the indusiry on the areas that ‘open innovation” should address.

Industryfunded R&D in PV will confinue very largely to be done in-house includ-

IMEC’S “OPEN INNOVATION’
PLATFORM

In June 2009, Schott Solar entered info a
3+year agreement with IMEC that will en-
able their researchers to work closely with
IMEC's to build up knowledge in wafer-
based bulk silicon solar cells and epitaxial
thin-ilm (< 20pm) silicon solar cells on low
cost silicon carrier.

Other silicon solar cell manufacturers, equip-
ment and material suppliers are invited o
join the programme. They will share infel-
lectual property, risk and cost with each

other. [IMEC 2009]

ing, increasingly, on purpose-built experimental lines. ‘Open innovation’, at least in its early years, will

account for a very small percentage of industry’s total R&D budget (currently 5% in microelectronics).

Although it should be in the selfinterest of companies to fund such schemes from the outset without public

subsidy, af least inifially, some inducement will be needed to overcome their conservatism. This induce-

ment could be the promise to equip the research centre(s) willing to participate in ‘open innovation’

with the latest research apparatus.

I. New 4 GW
plant manufacfuring
Sunny Boy PV
inverters © SMA

2. Printed circuit
board of a modern
PV inverter with
customised power
electronics module

© SMA



6.2.2 An instrument for research centres

'Open innovation’ puts industry in the driving seaf for defining and funding research areas with short- o
medium-erm prospects for yielding commercially-applicable results. But research with medium- to long-
ferm prospects for commercialisation needs fo be defined by a set of actors more attuned to the potential
offered by a new technology long before it reaches the market. These actors are o be found in the

academic community: researchers in universities and publiclyfunded research organisations.

Below, we skefch out the features of a funding instrument that could help these actors work effectively
on such topics. Projects funded with the instrument could be called “flagship innovation projects’, or, at
European level, they could be what Framework Programmefunded PV research naturally evolves into

once the SEIl becomes operational.

Flagship innovation projects would carry more risk than current FP7 projects typically carry and would aim to
discover or invent something with the potential to disrupt or fransform the evolution of PV fechnology. To achieve
such breakthroughs will require persistence. These projects will need a longterm funding plan. Research centres

would lead them and they would fend fo involve a small number of partners (typically 4 or 5).
6.2.3 Equipment Development Projects

Much R&D requires access to the manufacturing equipment that will be used when the technology under
investigation reaches fullscale production. This is obviously the case for microelectronics (where research-
ers need access to fools allowing processes on 300 and, in future, 450 mm diameter wafers, which
are, or are soon to be, standard in the microelectronics industry) but is also relevant for PV. Procurement
of such systems is offen beyond the budget of R&D-institutes, but with a small incentive, it should be pos-
sible fo convince equipment manufacturers to make available an alpha- or befa- version of their tool 1o
one or more research centres for a much reduced price. In refurn, the research centre shares the results
of tests on the tool with the manufacturer, and provides the manufacturer with a full understanding of the

effects of parameter variation on its performance.
6.3 Greater co-ordination between public funding agencies

6.3.1 European countries should stay informed of the breadth and depth of other
countries’ research programmes

A couniry can only gain from knowing and understanding the research policy of other countries. The
governments of the EU acknowledge this in their conclusions on the SET Plan [ECS 2007], where
they support the EC's idea to “esfablish an open access European energy fechnology and knowledge
management sysfem”. In PV, a good recent example of such a system is the database of nationally
supported projects and programmes compiled for the 'PVERANET’ project (www.pv-era.net). Funding

must be found to improve and update such databases continually.
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6.3.2 Countries should implement their R&D policy coherently

PV research progresses faster the larger the pool of expertise that can be called upon fo solve a par-
ficular question. Enlarging the pool of expertise is partly a human resources challenge [more scientists
and engineers needed — see chapter 8, ‘Education and Training'), but it also about using the talent of

those people who already work in PV research more effectively.

Administrative barriers fo international collaboration between research institutions in research projects
should be dismantled. Initiatives that aim to do this must be sensitive fo a country’s reluctance fo tamper
with a system that it put in place and that it finds works effectively. Every step that a country takes fowards

greater transnational co-operation must be taken in its national selfinterest.

The kinds of measures that facilitate transnational collaborative research are:
Allowing the participation of foreign partners in a nationally-funded research project
Allowing the combination of national funding and EC funding within a project
Calls for proposals on the same topic with the same deadline in each country
A standard proposal evaluation procedure

A standard application procedure

The PV ERA NET project identified two distinct areas, complementary to national and EUfunded research,

where joint projects between different national programmes have good prospecis:

Increasing collaboration in precommercial research fields (early in the PV value chain): exchange of
experience and support for research teams that are small or isolated and that could perform better

given the chance to make connections with teams in other counfries

Achieving a critical mass in a specific field can be the objective of such joint activities. For inferdisci-
plinary subjects (for example, polymer and organic solar cells), connecting small teams specialised
in particular areas in a single project can have a big impact. Sometimes it is enough fo bring these
teams fogether by networking rather than with a research project, especially in the case where one

research team has access to a specific tool that another one needs.
Supporting system integration and standardisation (fowards the end of the PV value chain):

Quality and reliability of PV sysfems are general objectives which most countries define as their goals.
Typically, this concerns component and system related topics beyond the competitive domain of in-
dividual technologies. If countries plan and fund research work aiming af defining a new standard
fogether, a standard can be found that complies with as many of their regulations as possible. Work
on standards is particularly relevant fo system-level research [BoS components, grid-connection,

stand-alone functionality, infegration of local electricity storage technology).

Countries have yet fo decide how much they want o force transnational collaboration. Should national
funding agencies call for proposals where one [or more| foreign partners is required in order for a pro-
posal to be eligible (the feature of PV-ERANET's ‘Polymoal’ call)2 Some initial forcing may mean that a
natural instinct to collaborate internationally emerges sooner among research institutions. The pragmatic
approach might be to reward proposals that include foreign partners with higher financing rates rather

than make their inclusion an eligibility criterion.

Development of 100 kVA multi-functional PVinverter © ISET e.V./Fraunhofer!VWWES



ERA AND EERA

The European Research Area [ERA) and European Energy
Research Alliance (EERA) both attempt to enhance col-
laboration between the R&D funding agencies of different
Member States and between the research centres of different
Member States and to align their work with the European
Commission's sfrategy. In the ERA model, this happens
through groups of Member States’ funding agencies jointly
launching calls for research projects and exchanging
information on the R&D projects that they run.

The EERA model addresses the Member States’ research
cenfres directly and invifes them fo agree to commit a certain
amount of financial, human or infrastructural resources to
a particular area of research in order to follow a strategy
agreed among themselves.

Both ERA and EERA are best suited fo medium- and long-
term research topics.

There is some evidence that research insfitutions might not need
much persuading to create joint work programmes with foreign
counterparts. The European Energy Research Alliance [EERA],
conjured into being by the SET Plan, is o network of research
centres that want to explore whether they can press ahead with
this mission without waifing for their ministries or funding agencies

fo spur them (box on left].

The High Level Steering Group of the SET Plan is a forum where
decisions on the coordination of research policy can be made
at a high level: where countries could agree, for example, to
commit fo focusing on researching a particular area described in
the SRA. Unlike the FP7’s Programme Committees and Member
States’ delegates in the Council of Ministers, it has no formal role
in deciding how Framework Programme money is spent.

6.4 Make optimal use of research infrastructure in Member

States

Another aim of the EERA is to develop policies for helping research centres access each others' experi-

mental apparatus. In PV research, an expensive but soughtafter piece of equipment is the experimental

production line, or ‘platform’. In Annex A, five such faciliies and the uses that they are put to are
described (PVcomB, PV-TEC, RESTAURE and facilities at ECN and IMEC). Our recommendation is that

access fo these lines should not come fo be governed by a ‘sellers’” market'. Lines must be upgraded

and expanded and new lines must be built to keep pace with demand.

Guidelines for using public money efficiently on PV research projects




Assimilate knowledge
from beyond the PV sector

7.1 Introduction

PV is related to many other sectors of research and industry. On the one hand, the use of PV requires
direct interaction with other areas of technology, e.g. the building sector, electricity networks or advanced
power storage devices. On the other, areas of research and technology that are not directly linked fo

PV can confribute significantly to improving the efficiency of cells, and to finding new materials and
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production methods to enhance their productivity and sustainability.

In this chapter, some ideas are put forward on how knowledge from sectors outside of PV technology
can help in implementing the targefs of the SRA.

Part 7.2 focuses on knowledge from other fechnology sectors. Ideas for specific Technology Platforms
for the PV community fo link to are listed in Part 7.3. Part 7.4 provides some ideas of knowledge from

nonechnology areas that could also support the attainment of the SRA targets.

7.2 Knowledge from other technological sectors

The chapter 'PV research topics: who should do what with how much” identified R&D topics, several of
which require inferaction with or support from sectors beyond the immediate realm of PV. The following

fable is structured according to the type of knowledge that must be brought in from other sectors. The

rows follow roughly the order of the PV value chain.

50 A new fype of fully automatic, highthroughput, smallootprint indine equipment for mass producing c-Si cells © Singulus



Such external knowledge can concemn standards and norms applicable in fields related o PV like

electrical grids or buildings. It can have its origin in R&D activities and fechnologies related to PV by

the manner in which they are manufactured or used or in other Technology Platforms that are likely to
inferact with PV.

EXTERNAL
KNOWLEDGE

TYPE OF
SOURCE

INTERACTING
PV
TECHNOLOGY

POSSIBLE
CONTRIBUTORS

Data transmission

WAYS TO INTERACT

EXAMPLES

Nanomateri- systems industry,
als, Cells, R&D-groups work- | Application of Nanomalerials fo
Photonics & | R&D, Modules, ing around nano- | the know-how fo
. . ; ) : . o enhance photon
plasmonics | indusry Optical particle synthesis increase efficiency of ;
o 1 absorption
systems for and photonic IC's | cells or systems
concentration | (including phot-
onic crystals)
: . Physics and F'”d\”g new ways Advanced
Micro Materials, - . to tailor surfaces and )
R&D, chemistry of inter | . : texturing, lateral
& nano . Cells, e interfaces fo increase
industry faces, tailoring of structures for new
technology Modules cell and system ef-
surfaces; MEMS ficioncies cell concepts
Application of mate-
. R&Dgrpups; ‘ rial swmyloﬂor? tools Absorbers, func-
. Materials, prediction of opti- | fo obtain optical and | .
Material ) " - tional layers, up-/
; R&D Cells, cal and electrical electrical information
modelling } - down converters
Modules properties of novel | on promising ma- and ofhers
materials terials and material
system
Thermal manage-
Opto- For CPVtgchno\ Adaptation of ment of high
electronic R Zefipmi existing equipment, power devices;
) R&D, Cells, manufacturers (die 0 o
processing | .\ Modules locing. thick and transfer of existing encapsulation
& manufac- v placing, X processing technolo- | used as second-
' thin wire bonding, | " .
turing encapsulation| gies (e.g. LED, laser) | ary optics (LED as
P an example]
Improvement e Calvanics for
existing cell produc- retal arids of
: Semiconductor fion processes and 1o grios
Chemical R&D, ; ; : higher purity, less
. Cells industry, ETP sus- | adapiation of ideas }
processes | industry ; ; ) - material usage
tainable chemisiry | to improve efficiency | hemical
and cost of owner- N chemical proc:
ship esses, recycling
Common industry
activities and R&D Front grids, other
Printing Industry, Colls Printing industry, schemes fo find cost | structures, deposi-
technology | R&D R&D groups efficient methods for | tion processes for
structured surface organic cells
coatings
Adaptation of meth- j:g‘rir?rdgc?nn;s
Indusiry and R&D | ods and materials and accenfors
Organic R&D, groups related to | from other organic prors,
. . Cells . . graphenes as
electronics | industry OLED, RHD efc; electronics applica- .
! ) i ) TCOs, materi-
material suppliers | tions for organic ot h
solar cells e Dl Zpuielly
absorption
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INTERACTING

EXTERNAL TYPE OF POSSIBLE
KNOWLEDGE | SOURCE | repttiogy | CONTRIBUTORs | WAYSTOINTERACT EXAMPLES
) Industry and R&D
(@] collaborations re-
O : garding modelling of
o Eg;‘ﬁgs;:iond deposition rates and
3 manufacturers, d‘|sir|bu1|on; moreAeﬁr Improved ARC,
() Vacuum & R&D cient and alfernative | absorb
c thin-film R&D Cells groups, sources, materials et dbsorber
= deposition | indusi Modules gl el and methods, im- Syem, MOk,
o P Y display, glass, d cleant d etching, diffusion
o processes B proved cleaning and | [/~ .
plical industries, : | : arriers
O lasma exoerts uptime, alfernative
— (Z INPL/E\)S] production processes
= 9 + improvement of
‘o efficiency and cost
n of ownership
<
Design of more
Adaptation of efficient produc-
Sl tion lines, less
: existing ideas and .
Equipment inferfaces and
standards, common ;
manufacturers, ' complexity, safer
- R&D and indusry ; ;
institutes, ETP e handling, easier
Automation | Industr Cells future manufoeiui improvement operation) el
ol ' ing technology, P defined machine
knowhow | standards | Modules e of transport and stondards and
industry, SEMI/ gutomcmon systems interfaces, inine
in cell and module :
Fraunhofer work - quality control
rou producion lines, and feedback
greup thus in uptime and )
— i loops for a higher
producfivity d i
egree or automa-
tion
Adaptation of Silicon cell pro-
Micro- systems used in duction equipment
: microelectron- Cooperation with like ‘pick-and-
electronic R&D, Cells, . - , :
: . ics for novel equipment manufac- | place’” machines
processing | indusiry Modules for hiah for i d
S processes for high- | furers or indine produc-
P efficiency solar tion of concentra-
cells (mainly Si) for modules
Cooperation with Structuring and
laser and laser equipment manufac- | edge-cleaning,
Lo'ser apr Industry, | Cells, device producers, furers and rgseorch drilling for EWT/
plications R&D Modules RED aroups institutes fo improve | MW cells, local
grovp structuring and clean- | doping, tool
ing processes cleaning
Test equipment Estthshlng @ greup .
of insfitutes, cell Testers for input
Test Best manufacturers, ) :
: : . .| producers and fest material quality,
equipment | pracfices, | Cells, optical and electri- : . T
s ! ; equipment suppliers | carrier lifefime,
specifica- industry, | Modules cal equipment . :
| : to define measuring | wafer breakage,
tions R&D suppliers, users, dard . V.
research groups standaras, e.g. via [V-festers
round-robin-ests

EXTERNAL

KNOWLEDGE

TYPE OF
SOURCE

INTERACTING

PV

TECHNOLOGY

POSSIBLE
CONTRIBUTORS

WAYS TO INTERACT

EXAMPLES

Class
production
technology

Cells,
Modules

Class industry,
R&D groups

Know-how transfer
for thinilm or
concentrator applica-
tions by joint R&D
programs or indusfry
cooperation

Glass freatment,
cleaning, stability,
opfical properties,
mounting, focus-
ing, lenses
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EXTERNAL

KNOWLEDGE

TYPE OF
SOURCE

INTERACTING
4%
TECHNOLOGY

POSSIBLE
CONTRIBUTORS

Materials for

WAYS TO INTERACT

Indusfry cooperation

EXAMPLES

New disposable
materials replac-

Polymer Industry, framing and or common R&D . -
' Modules : . ing aluminium
industry R&D front covering of schemes to find or
A frames and front
modules apply new materials
glass
Industry and R&D o Asfronomy needs
Cooperation with ; -
. groups related high precision
Mechani- 8 ) manufacturers, ad-
. to lightweight ; tracker, crane
cal engi- R&D, : apfation of methods S
. . SysTems, BoS construction, as- . construction is
neering for | industry X and materials ap-
tronomy tracking, . ! robust
frackers : plicable for fracking
tracking control; Sstems * merge both
material suppliers 4 approaches
Electrical grid
Adaptation of exist- ?Ogjfoi(:i?ilons for
ISO/DIN working | ing norms, siandards | P
Electrotech- | Stand- ) inverters, energy
Systems, BoS | groups, ETP on and best practices fo .
nology ards . . storage practices,
smart grids PV related applica- T
. battery specifica-
tions )
tions, power elec-
tronics standards
Companies spe-
gcllsed in install Grid moniforing,
ing of PV sysfems
dafa transfer and
and/or PV system o
" Industry, " acquisition, remote
Informatics Systems, BoS | maintenance and -
R&D S global supervision
adminisfration
L and control of PV
or specialised
e systems
companies like
Meteocontrol
Meteo
stations, Use of know-how
R&D : - .
Satellite weather fo optfimise design,
Meteorol- | programs N . :
Systems, BoS | [iradiation), long- | insfallation and
ogy and }
: term forecasts operation of PV
consortia,
sysfems
space
insfitutions
Branch or industry
wide exchange of
Building & Stand- Building related ideas for system-
g ards, best | Systems, BoS | standards, ECTP, afic infegration of
architecture :
practices EEB PPP (see later) | modules on roofs or

in building fagades;
special designs

EXTERNAL

KNOWLEDGE

Batteries

TYPE OF
SOURCE

Industry,
R&D

INTERACTING
PV

TECHNOLOGY

Systems, BoS

POSSIBLE
CONTRIBUTORS

EUROBAT

WAYS TO INTERACT

Combined industrial
approach (e.g. EPIA
and EUROBAT),
comprehensive
research programs

EXAMPLES

Development of
solutions for on-
grid (local short-
term storage) and
offgrid applica-
tions (autonomy)
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EXTERNAL

KNOWLEDGE

TYPE OF
SOURCE

INTERACTING
4%
TECHNOLOGY

POSSIBLE
CONTRIBUTORS

Electronics produc-

ers, recycling

WAYS TO INTERACT

Coordination of
public and industrial
initiafives fo adapt

EXAMPLES

Recycling and im-
proved usage of
silicon, precursors,

Recvcli Best standards, existing recycling fluorinated gases,
ecycling : all X :
practices REACH, abate- roufines for produc- toxic substances,
ment system tion materials and cells, modules
suppliers products in the PV efc., product take-
secfor back strategy

ETPs on sustain-
able chemistry, en-
) Joint activities, e.g.
als, smart systems s
; ; esfablishing coop-
infegration, future X

Other EU ) ’ eration structures or

EU TPs different manufacturing ; See part 7.3
TPs expressing common

technology, smart
grids, construc-
tion, photonics21,
ESA, nanoelec-
fronics

targets in common
statements

7.3 Contributions from other Technology Platforms

Several Technology Platforms (TPs) are acting in technical fields related fo or helpful for the further

development of PV.

European Technology Platforms (ETPs) provide a framework for stakeholders, led by indusiry, to define research

and development priorities and action plans on a number of sirategically important issues. They play a key

role in ensuring an adequate focus of research funding in areas with a high degree of industrial relevance.

The benefit of inferaction and cooperation between ETPs active in related areas

has been recognised (for example, in the Third status report on European Tech-

nology Platforms, box right).

Besides ETPs, there are many other Technology Platforms or industry associa-
fions on global, European, national or regional level that can contribute with
knowledge fo the PV sector. The synergies with the PV sector are revealed in

their action plans.

The interaction between these groupings could be started with joint workshops
fo identify common targets that could be addressed in each Platform’s agenda.
In addition, representatives of the PV sector can directly address suggestions
fo those other groupings to infegrate advantageous external knowledge info
the PV sector.

A number of them may be synergetic with the European Photovoltaic Technology Platform (EU PV TP).

CROSS-TECHNOLOGY PLATFORM
INTERACTIONS

The Third Status Report on European Tech-
nology Platforms [ECR 2007] says, “The
development of ETPs has also brought to
light the benefits of inferaction and network-
ing between platforms, especially for those
active in related areas. A clear trend exists
whereby ETPs inferact within clusters of related
technological areas, establishing cooperation
structures (e.g. EPISTEP for the [T field) or
memorandums of understanding (e.g. EuMaT
for materials).” In practice, not all ETPs have
reached this level of interaction.

Each mounting carries a 5.75 kW highconcentration PV system. Livestock graze on the land between the systems

© ISFOC and Concentrix Solar



With regard to the rapid speed of innovation necessary fo meef the ambitious fargets of ‘SET for
2020, it is necessary fo coordinafe to a cerfain degree the interactions between the PV sector and

other sectors.

EU PV TP is a grouping that has the capability to evaluate the benefit of cooperation within these
networks, to initiate and to coordinate inferaction between the PV sector and other sectors, to define

common targets and fo act as a mediator between research and industry.

In the list that follows, some prominent examples are given of other Technology Platforms and their pos-

sible input to PV. A more extensive list of groupings is given in Annex B.
7.3.1 Smart Grids (www.smartgrids.eu)

The ETP ‘Smart Grids’ looks to the future of the European electrical grid. Smart Grids has published its
SRA and a Strafegic Deployment Document.

Areas relevant for PV are

Networks of the future — a system engineering approach to study the operational infegration of
distributed generation and active customers

Innovative energy management strategies for large disfributed generation penetration, storage and
demand response

Distribution networks of the future — customer driven markets

Ancillary services, sustainable operations and low level dispatching

Cusfomer inferface technologies and standards

Regulatory incentives and barriers

Assimilate knowledge from beyond the PV sector


http://www.smartgrids.eu
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Specific suggestions from the PV sector to Smart Grids could be

Development of sfrategies to deal with significant amounts of PV electricity produced in locally
distributed systems

How fo optimise the integration of PV energy together with other power generation sources (flexible
generation mix)

Priority access of renewable sources to the grid

Actively managed distribution grids to cope with complex local imbalances

Ensure that demonstration projects launched by the Smart Grids community are relevant to PV
7.3.2 Sustainable Chemistry (www.suschem.org)

Energy is one of the eight priority fopics of the TP and PV is one of the first of the key activities’ of inferest
fo the Platform. Its Implementation Plan [SUS 2006] notes, "Synergies between several other Technol-
ogy Platforms such as Photovoliaics, Hydrogen & Fuel Cells, Biofuels, and SusChem are expected and
will be exploited.”

Areas indicated for development are:

Energy:
More efficient usage and conservation of energy is possible, for example, by using organic LEDs
for lighting or novel nanofoams for insulation
Portable technologies require novel materials for the storage of energy, such as supercapacitors or
new batteries

The 'Smart Energy Home' as a 'visionary project’ developed with other Technology Platforms

PV:
Development of new routes for the production of crystalline silicon
Development of amorphous silicon hybrid materials that could result in enhanced efficiencies
Further development of thin layer technology
Concerted efforts for cheaper and more stable dyes
Improving the efficiency of dyesensifised cells
Process development fo deliver enhanced device performances, ensure sustainability and reduce

production cosfs on an industrial scale

The PV sector could describe to SusChem its need for
Durable sealants
Precursors for enhanced film deposition methods
Agents for sustainable etching and cleaning processes

Alternatives for scarce or hazardous materials used in current PV devices
7.3.3 Future Manufacturing Technologies (www.manufuture.org)

The ‘Manufuture’ Technology Platform aims to help Europe’s manufacturing industry transition to a

knowledge-based sector capable of competing successfully in the globalised market place.


http://www.suschem.org
http://www.manufuture.org

Among its objectives are fo help European manufacturers discover:

New, high- addedvalue products and services
New business models
New manufacturing engineering fechnology

Results from scientific research that can be put to use in manufacturing

Manufuture's interest in, for example, ICTbased production systems and ‘Nanosciences, Nanotechnolo-

gies, Materials and new Production Technologies' (an FP7 research theme) makes it relevant to PV.

On 11 March 2009, MANUFUTURE entered info a public-private partnership with the European Com-
mission called ‘Factories of the Future’, establishing an indusiry association (the European Factories of

the Future Research Association, ‘EFFRA) to act the Commission’s legal partner.

Manufuture and EFFRA are interested in a dialogue with PVTP, which could take the form of representa-
fives from the Platform participating in the Manufuture High Level Group meetings or in the annual

General Assembly.
Specific suggestions from the PV sector to Manufuture or EFFRA could be

To help us ensure that Europe remains an afiractive place fo manufacture PV
To give us ideas for adding value to European PV production in global competition
To help us optimise inline quality control and gain a higher level of automation in manufacturing,

and thereby achieving higher yield and throughput

7.3.4 European Construction Technology Platform (ECTP) (www.ectp.org) and the Energy
Efficient Buildings Public-Private Partnership

ECTP's Implementation Plan, under ‘Priority C: New Technologies, Concepts and High-tech Materials for
Efficient and Clean Buildings’, addresses energy efficiency of buildings without specifically addressing
the infegration of PV [ECTP 2007]. However it also says, “As a consequence, confacts and links have
been esfablished with all these other sector oriented European Platforms (such as Sustainable Chemistry,
Steel, Forestry, PV, Hydrogen...] dedicated to the development of technologies and,/or materials that
the construction secfor, as the assembling stakeholder, will have to implement to carry out its goal”. The
ECTP is linked to the Energy-Efficient Buildings Public-Private Parinership (see Annex B, 9.2.6).

An injection of ideas and suggestions from PVTP into ECTP and the EEB PPP could accelerate the de-
velopment of building integrated PV. EPIA has links with both already.

Specific suggestions from the PV sector to ECTP could be
Actively to address the challenges and opportunities of building-integrated PV (BIPV)

A third grouping relating fo saving energy in buildings that the PVTP should maintain contact with is
the Renewable Heating and Cooling Technology Platform — currently being formed by the biomass,
geothermal and low-temperature solar thermal associations — o identify complementarities between BIPY
and active heating and cooling technology (one of the Platform's four panels will handle ‘cross-cutiing’

issues including the use of hybrid systems).
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7.4 Knowledge from non-technological sectors

As both technological progress and the expansion of the market are closely inferrelated, knowledge of
various nonfechnological factors which may affect the PV market is of great importance. A good example
here is the 'feed-in tariff' policy and the role which it has played and sfill plays in Germany and many
other countries. Information on the financial support available fo investors in PV, and the facilitation of

access fo this information for small invesfors is of high importance.

Information that could help the PV sector develop further could be found in the following sectors:
7.4.1 Finance

Information on how fo access low-rate credit (often related to the refurn on investment of a project

and the likelihood that the project will deliver the refurn — see ‘law’, below)

Sources: banks, financial institutions

7.4.2 Law

Information on incentives like feed-in Toriffs, green cerﬁficotes, the possibihty of co-funding investments,
faxes and customs fariffs (PV products may sometimes be subject to special treatment by tax law as

proenvironmental goods), merchant law, in some cases labour law.

Sources: ecological foundations, proenvironmental organisations, energy agencies, relevant ministries (e.g.
Ministry of Environmental Protection or Ministry of Labour) efc.

7.4.3 Higher education

Knowledge of the sfructure of higher education in a particular area and the plans of local education
authorities for expanding or cutting back the provision of courses relevant to PV may influence where
a company chooses fo locate its manufacturing plant.

In addition, highly-educated specialists are required in large numbers by the PV production industry,
[e.g. chemists, material science engineers, electronics and informatics engineers). The availability of
these highly skilled experts has to be maintained.

Access to knowledge about the rules for creating of spin-off companies especially based on agree-
ment with public bodies like universities or high schools can drive PV development if coupled with a

climate that fosfers entrepreneurial spirit.

Sources: Ministries of Education, regional authorities, non-profit national or regional organisations like PV as-
sociations, technological parks efc.

7.4.4 Consumer incentives

The acceptance of, and demand for, PV energy must eventually come from the consumer. The suc-
cess of PV will therefore depend on consumer incentives not only for the acceptance of, but also the
demand for PV energy.

The major consumer incentives are price and the quality of delivered elecrical power, whether that
be through the grid or from stand-alone, dedicated sources for special purposes. The ease with which
consumers can deliver PV energy to the grid will also be an incentive for domestic PV installations.

It is likely that during the fime horizon of this report, consumers in industrialised countries will be
increasingly inclined to demand high quality sustainable energy sources at a competitive price.

Understanding consumer attitudes is crucial for the PV industry.

Sources: refailers of PV products, market research organisations



Education and training

8.1 Introduction

Redlisation of the full potential of PV as an important and integral part of our energy supply requires a

wide range of actors fo have relevant knowledge, from those that develop the technology to those that

use it. There is thus an imperative to facilitate and promote ‘education’ on PV in its widest sense. Direc-

five 2009/28/EC of the European Parliament and Council on the promotion of the use of energy from

renewable sources recognises this [box below). This chapter considers the role of research and develop-

ment in that education.

DIRECTIVE 2009/28/EC -
ARTICLE 14 [ECD 2009]

81: "Member States shall ensure that in-
formation on support measures is made
available to all relevant actors, such as
consumers, builders, installers, architects,
and suppliers of heating, cooling and
electricity equipment and systems and of
vehicles compatible with the use of energy
from renewable sources.”

83: "Member States shall ensure that certi-
fication schemes or equivalent qualification
schemes become or are available by 31
December 2012 for installers of [...] solar
photovoliaic [...] systems [....]. Those schemes
may take info account existing schemes and
structures as appropriate [...]. Each Member
State shall recognise certification awarded
by other Member Stafes [...]"

In a rapidly growing industrial sector, human resources are needed, not just
financial or material resources. “Assuming continued accelerating growth in
demand for PV products,” the PV-Employment study states, “the PV sector could
create around 1.4 million sustainable jobs by 2020 and 2.2 million by 2030”
[PVE 2009]. Because PV impacts on several other sectors and the lives of the
general public, the education needs o extend beyond the immediate demands of
the indusiry and include the development of suitable skills in associated indusfries
and the fransfer of knowledge to a widespread audience. [PVE 2009] also
showed that considerable retraining of the workforce will be needed because
jobs will be “lost due to reduced conventional electricity production and reduced
general consumption as a result of increased electricity costs.” Thus, education

is an essential part of the Implementation Plan for the PV sector.

The PV sector employs people with a wide range of skills, but of particular impor-
fance in the context of this Implementation Plan are those personnel responsible
for innovations in cell and module fabrication, system design and sysfem usage

and those who subsequently turn these innovations into markefable products.

This document has described the implementation of the SRA in terms of the technical areas and budgets

required. The research portfolio also provides the opportunity to train of the personnel that the indusiry

will require to take the results through to commercial exploitation and fo redlise the innovations that will

make PV a major contributor to energy supply across Europe in the years up to and beyond 2020.
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A strong and vibrant research and development portfolio provides the opportunity for in-depth fraining of
staff, not just in the technical aspects of PV but also in general investigative skills, objective assessment
and project management. Many of today’s leaders in the PV industry started their career in the sector in
research before adapting their skills to production or company management. Opporiunities for engoge-
ment with the research acfiviies, whether in industry or academia, also provide valuable experience as
a bridge between undergraduate training and employment in the secfor [e.g. by providing placement

opportunities for students on Master's courses).

There is a long list of groups that should be considered in the overall education needs related to the
development of PV as a widespread energy source, including (those that are directly impacted by the

research agenda are shown in italics):

Students at primary and secondary school — fo educate them in regard to energy sources, usage
and efficiency and understanding of their role as energy users in society

Students at undergraduate and postgraduate levels in different farget fields — this relates to engineering
courses of all disciplines, but also fo students in construction, architecture, planning, environmental
management efc.

Researchers (including post doctoral] — personnel directly involved in innovation and technology
development as a career

Craftsmen (electricians, construction etc.) — personnel directly involved in the installation and main-
fenance of PV systems and energy systems in general

Engineers (lifelong education for engineers) — continuing professional development for relevant personnel
in the PV and associated industries o ensure as rapid a diffusion as possible of current knowledge
Managers — so that R&D, manufacturing and investment decisions can be made on a sound techni-
cal basis

Market and financial professionals, bankers — so that informed financial decisions can be made on
a sound technical basis

Private and insfitutional investors — so that informed financial decisions, including when and what to
purchase, can be made on a sound fechnical basis

Community, regional and national officials (political and non-political) - to allow the optimum imple-
mentation of PV in society, with appropriate support schemes when necessary

Clubs, associations and sociefies — to promote community level actions

Society as a whole on all levels — to achieve the maximum benéfit from the implementation of PV

for all members of society

The overall goal is to achieve a society with an awareness of the energy challenge and an informed
view of where PV can contribute. EU PV TP is addressing education and awarenessraising in relation
fo the wider community through its Working Group on Market Deployment. Below, we concentrate
on professional fraining and the role of research and development in equipping professionals with the
range and level of skill required for meeting the performance targets of EU PV TP and the deployment

fargets of EPIA.



8.2 PV professionals

The growing PV indusiry requires an increasing supply of frained personnel with sufficient background
knowledge to enable rapid integration info companies. Whilst onthe-job training is important to ensure
that the company specific requirements are met, being able to minimise the period of initial training al-
lows maximum growth rafes. Research and development projects have a key role to play in this process,

over and above the technical results of the research itself. These can be summarised as

Specific technical skills — direct involvement in research projects imparts specific technical skills,
whether at the cell or system level, that are comparable with and in many cases in advance of those
existing in the indusiry; researchers can use those skills directly within the industrial sector and can
adapt them o meet the demands of technical development in those specific areas.

General technical and analytical skills — the undertaking of research requires an analytical approach,
backed up by technical skills, which can then be applied to a range of technical developments in in-
dustry, even where these are not specifically related 1o the research project originally undertaken.
Ability to review options crifically — in a rapidly growing sector with a choice of different fechnologies,
research fraining in crifical analysis can assist in the informed comparison of opfions.

linking research to education — the inclusion of upto-date research results and the inferaction of
researchers with postgraduate and undergraduate students adds relevance and confext fo degree
courses.

linking research to industry — the direct inclusion of industry in the training of researchers adds rel-

evance and makes the researcher more aware of the needs of the industry.

Whilst the training of new researchers fakes place most often in academic or research insfitutions, on-

going training takes place in indusiry via internal R&D and collaborative projects.
8.3 Other professional education

Elsewhere in this document, the prospects for cross-cutting research and the use of innovation in secfors
outside PV have been discussed. Many of the projects outlined in chapter 5, PV Research Topics are
also inferdisciplinary and will involve inferaction with secfors such as construction, electrical networks
and the electronics industry. These research activities provide the opportunity for education in all par-
ficipating sectors.

In some areas, there is a need for additional targefed educational activities to complement the training
available from direct participation in the research projects. Perhaps the most obvious requirement is for
increased and sustained dialogue with the construction sector, so that everyone from the architects and
design engineers fo those responsible for the realisation of the buildings and those who make the planning
and development decisions have an appropriate understanding of PV in the built environment. A further
important sector is the electrical supply indusiry as a whole, since PV must be successfully infegrated

info the electricity distribution network alongside other renewable technologies.
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Since the successful implementation of PV depends on a range of professional sectors, it is important
that appropriate education of professionals in these sectors is also addressed. This is generally done
af degree level and then in some form of Confinuing Professional Development (CPD). In formal educa-
tional fraining, the interaction of researchers and students again brings context and relevance and can
stimulate the student fo consider approaches of which (sJhe would otherwise not have been aware. The
incorporation of research results and experiences into CPD courses is more challenging. The research
must be af an appropriate stage fo warrant inclusion in such courses, which are often conducted by
organisations not themselves directly involved in research. It is also important to ensure o balanced
view, especially where research results are not yet commercially applied or proven. Nevertheless, it
is essential to consider ways in which research results might be brought more rapidly and in @ more

comprehensive manner fo the professionals working in related sectors.

The successful implementation of PV and the achievement of its potential for contribution o our energy
needs are crucially dependent on the decision makers and regulators who can push forward the take-up
of different technologies. This is frue of both systems contributing to existing energy provision or fo rural
electrification for development purposes.

8.4 Educating society

Since the public are the ultimate users of PV technology, the rapid expansion of the market will depend
on awareness and acceptance across all secfors of society (see 7.4.4). The provision of sound and
reasoned information about research developments to a non-specialist, nontechnical audience, and
often by routes that are themselves non-technical in regard to presentation [e.g. popular medial, is a
challenge in any subject area, but particularly so in the energy field where there are different technolo-
gies and many different players. It is also important to fire the imagination of young people, throughout
their schooling, fo encourage them to choose science and engineering as a career and fo demonsrate

the rewarding opportunities in the PV sector.

It is important to reflect the exciting and dynamic developments that are being, and will be, made in
PV, without giving false impressions of performance or commercial readiness and raising expectations
unredlistically. Again, a balanced view is required between competing fechnologies and, for this
reason, the clustering of projects with respect to dissemination of results fo the general public may be
appropriate.

Specific activities with respect fo dissemination of results and issue awareness need to be included as
part of the fechnical research projects but perhaps more importantly in regard to the socio-economic
studies that consider benefits and acceptability of the widespread use of PV. This might include user

workshops and consultations to feed back experience info the research process.

1. Assembly line for Sunny Boy PV inverters © SMA
2. Glove box for lab preparation of hybrid polymer solar cells © Centro Ricerche Eni — Istituto Guido Donegani



8.5 Educational initiatives

A number of new education inifiatives have been proposed and/or implemented within Europe re-
cenfly, including the European Institute of Innovation and Technology and ifs call for the establishment
of Knowledge and Innovation Communities [KICs]. One of the areas eligible for ifs first call is ‘sustain-
able energy’. The KICs are intended to promote collaboration between a grouping of public research
cenfres, universities and industry, and to offer Master’s and doctoral courses within its acfivities. In the
PV secfor, however, such collaborations are already being formalised in projects such as Germany's
Spitzencluster Solarvalley Mitteldeutschland (box below). There are also a number of existing Master's
courses, mainly centred on the theme of renewable energy, that assign a significant portion of the cur-

riculum to PV. Courses have been created that offer students the chance to move between universities

The industry partners in the German network ‘Spitzencluster Solarvalley Mitieldeutschland” want to expand the
availability of Bachelor or Master courses in disciplines relevant to PV technology in several Lénder and make
exisling courses more afiractive. Following negotiations between them and Lénder governments, which have
responsibility for education funding, new courses have recently sfarted.

University of Applied Sciences, Anhalt:

In October 2008, ‘Hochschule Anhalt” welcomed the first 18 students on its new programme ‘Solartechnik’
(solar fechnology) a ésemester course ending with a Bachelor of Engineering degree. To join the course,
students need to have completed their schooling and, unusually, have a applied for and received an employ-
ment contract with either FraunhoferCSP (Fraunhofer Centre for Silicon PV) or Q-Cells. In return, the students
receive a grant from Q-Cells while they sfudy so they can concentrate on their work, which is also unusual.
20% of their time is spent either at FraunhoferCSP or Q-Cells. During the course, students can choose to
specialise in one of two areas: “Technology’ or ‘Plant technology’. They can choose fo extend their sfudies
fo earn a 'Master of Science’ degree.

University of Halle-Wittenberg:
Q<Cells is endowing a professorship in PV-related studies from 2009.
University of Applied Sciences Jena:

Education and training

Fachhochschule Jena has sef up a Bachelor course in PV and semiconductor technology’, which also started in
October 2008 with the companies Schott Solar, Wacker Schott Solar and Ersol and the Institute for Photonic
Technologies (IPhT) Jena.
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during their studies to take advantage of the particular strengths of each. A prime example is the EUREC
Agency Master in renewable energy, which enables students to spend 4 months of the 16-month course

studying PV exclusively [EUM].

Clearly, in order fo meet the growing need for skilled personnel in the PV secfor, these courses must be
expanded and new courses developed. As has previously been discussed, participation in research
projects provides direct and relevant training and fosters skills related to innovation. Whilst doctoral
training has been an integral part of research projects for many years, especially in relation to academic
institutions, it may be beneficial to include specific support for the placement of Master's students with
industry partners within publicly funded research projects to meet fraining needs. Even though the place-
ments are only for a few months and so may not add significantly to the research oufput, the contribution

to education can be important.
8.6 Summary

The specific inclusion of educational inifiatives in the research agenda allows us to address the PV
secfor's needs for trained personnel, as well as the improvement of information transfer to other related
professions and fo society as a whole. Appropriate dissemination of the results and of the issues raised
by the research can confribute significantly fo the general public’s understanding and acceptance. In
order fo meet the training needs of the industry, it is imperative to have a sfrong and vibrant research
agenda in which suitable technical and analytical skills are fostered. Educational inifiafives should
be embedded in the research projects and actions taken to facilitate the transfer of information fo the

relevant farget groups.
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Testing of PV inverters © SMA



Annexes

9.1 Annex A - PV Research infrastructure

9.1.1 PV-TEC (Fraunhofer-ISE, Freiburg, Germany)

Inaugurated in 2006, PV-TEC ('PV Technology Evaluation Centre') is the largest notforprofit laboratory for
cSi solar cell pilot production and technology evaluation. State-ofthe art processing equipment with mosfly
automated wafer handling and processing is available, with throughput of 300-1200 wafers/hour. PV-
TEC's equipment allows for the processing of standard screen-printed as well as highly efficient solar cells.

PVTEC began with 30 employees. More than 100 scientists, technicians and students now work there.

About 40 companies used the PV-TEC line in 2008 (most of the European cell manufacturers, equip-
ment manufacturers and materials manufacturers). Experiments were mostly run in parallel because few
experiments required the entfire facility. Some projects are expected fo last for two or three years - others

were over in half a day.

Fraunhofer staff run the line on behalf of indusiry clients. On the few occasions when the whole line is
renfed, the client needs fo supply very well frained people to operate it. The Fraunhofer workers have
"explored the parameterspace” of their equipment, giving them a thorough knowledge of what works
best. Some potential clients see the fact that this knowledge can't be ‘unleamed’ after an experiment as

a disincentive fo make use of the line, others as useful way 1o get the result they want fasfer.

The line used fo be somewhat oversubscribed. 10-15% of clients had to be turned away because
PV-TEC could not do the work within their deadline. But with the expansion of personnel and technical
infrastructure in 2008 this shorfage has been overcome. The kind of projects that industry uses PV-TEC
for has also changed in over the 3 years that the facility has existed, from work to duplicate state-ofthe-
art fechnology very quickly (safisfying demand from new entrants into the PV business) to work on novel
fechnology and cell structures, such as very thin c-Si cells af 20% efficiency.

9.1.2 ECN’s line

Since 1999 ECN has had a line for the development and piloting of new processes, new manufactur-
ing equipment and new cell and module concepts. The line can be quickly reconfigured (within half
an hour) to accommodate a wide range of experimental runs. Running different experiments on the line

concurrently is possible.

At present, companies have access to the pilot line when they participate in joint research projects.
Even with this policy, the line is in constant use. ECN is exploring the option of adding an evening and
night shift to the line, allowing companies to use it for frial production runs suiting their own purposes.
Also, ECN is exploring possibilities to expand the pilot line for larger scale production runs to qualify

processes for fullscale production.

E
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9.1.3 CEA-INES’s platform RESTAURE

Although it has existed since 2004, RESTAURE, the CEA's platform for the industrial development of
PV technologies, expanded hugely when it moved from Grenoble to Chambéry in the first quarter of
2008. Equipped with tools and manufacturing equipment found on complete commercial production
lines, its silicon wafer technology platform is geared towards optimising process parameters for the use
of UMG silicon fo achieve acceptable efficiencies with this substrate, the use of thinner substrates, and

the use of NHype silicon substrates.

Technology based on amorphous silicon heferojunctions might improve efficiencies by as much as 5%
compared fo ¢Si technology. RESTAURES's role here is to take work beyond the scale reached in the

laboratory and assist in devising a protocal for industrialscale manufacture on fullsized wafers.

RESTAURE also aims fo deliver a proof of concept for nanostructured junctions in Sibased devices containing
nanowires and nano-particles, which could offer efficiencies that are higher than a-Si heterojunctions. It will
aim to develop a proof of concept, then to assist in turning the proof concept into a commercial process.

Further expansion of the platform info thinfilm technologies should be complete before early 2010.

It is mainly French companies that are making use of the platform, with about 8 companies, including
equipment manufacturers, using it for projects lasting about a couple of years (one area being the manu-
facture of machines capable of building a-Sibased heterojunctions and nanostructures). RESTAURE is also

available for shorterm ad hoc work on silicon wafer technology [processing and characterisation).

By far the most common way that the platform is used is by CEA researchers executing projects on behalf
of clients, perhaps with staff from the client present at the facility. CEA refains ownership of the project's
foreground. The right to exploit this knowledge is negotiated case by case. VWhere CEA provides litle

or no cofunding for the research project, exclusive rights can be granfed.

9.1.4 PVcomB - Competence Centre Thin-Film- and Nanotechnology for Photovoltaics
Berlin

PVcomB's main goal is to support thinfilm PV technologies and products by providing a platform on
which researchers from indusiry and academia can collaborate. The founding partners of PVcomB are
HZB — HelmholizZentrum Berlin fur Materialien und Energie GmbH and TUB — Technische Universitét

Berlin, with additional research partners joining later in 2009.

PVcomB operates two dedicated pilotines for intermediate size (30 cm x 30 cm) PV modules, based
on both a-Si/pcSi and CIS technologies. In parallel to the pilot lines, alternative processes will be
developed and tested for each process and analytical step, from substrate through absorber layer
deposition fo encapsulation. The great variety of analytical tools available ensures that changes in the
product’s performance can be understood in terms of fundamental material or process properties. The

typical projects running af PVcomB are:

Ramp-up support
Continuous development of industrial processes

Development of promising high-risk concepts



Upscaling of successful basic research results to module size of 30 cm x 30 cm
Use of PVcomB reference production lines as a benchmark for PV suppliers: new materials, analytical

fools or alternative process steps
9.1.5 IMEC's solar cell facilities

IMEC in Leuven (Belgium) has been involved in PV research since it was founded in 1984. In 1992,
it was one of the first European PV laboratories fo build a c-Si solar cell process pilotline, the 'Zine’,
capable of processing cells at a throughput between laboratory-scale and manufacturingscale. The
combination of the 'Zine’ with advanced facilities for high-efficiency Si cell processing, backed up by

competence in microelectronics and analysis, has built up IMEC's reputation in PV.

A second pilotline now also operates at IMEC, for organic solar cells. IMEC expects that the presence
of both organic solar cell activities and organic electronics expertise under one roof will put it ahead
of the game in this novel technology.

9.2 ANNEX B - More examples of Technology Platforms with
knowledge to contribute to the PV sector

9.2.1 Advanced Engineering Materials and Technologies (EuMaT) (www.eumat.org)

EuMaT covers all elements of the lifecycle of advanced engineering materials and technologies:

design, development & qualification of advanced materials.

Advanced production, processing and manufacturing
Material and component fesfing

Material selection and optimisation

Advanced modelling on all scales

Databases and supporting analytical tools

Lifecycle considerations, including impacts, decommissioning, reliability, hazards, risks and recyclability

Interaction with PV:
New materials
Basic material processes

Recycling

EuMaT intends to link with other Technology Platforms through the High Level Board, which senior rep-
resentatives of other ETPs are expected 1o join. lis interest in PV is announced in its SRA [EUT 20006].

Specific suggestions from the PV sector fo EuMat could be
Selection of low-hazardous production and cleaning processes
Materials and technologies for multifunctional PV-modules

Improvement in lifecycle analysis and recycling of PV modules

E
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9.2.2 ETP on Smart Systems Integration (EPoSS) (www.smart-systems-integration.org/public)

Smart systems integration addresses the trend towards miniaturised mulifunctional devices and specialised
connected and interacting solufions. Multidisciplinary approaches featuring simple devices for complex
solufions and making use of shared resources are among the fargets

There is no specific reference 1o PV, but its objective is to develop materidls, e.g. Si, SiC, SiGe, non-Si
semiconductors, ceramics, polymers, glasses, fextiles. Although not explicitly mentioned, sensor and

networking fechnologies hold potential for PV installations

Specific suggestions from the PV sector to EPoSS could be
Infegration of concentrator cell systems

Infegration of sensors in PV panels
9.2.3 Photonics21 (www.photonics21.org)

Photonics2 1 undertakes to establish Europe as a leader in the development and deployment of photon-
ics in five industrial areas (information and communication, lighting and displays, manufacturing, life
science and security) as well as in the sectors education and fraining. A possible cooperation with PVTP

is mentioned in the SRA of Photonics21 [PHO 2006].

Activities relevant for PV:

WG2 — Industrial Production/Manufacturing Quality + possible interaction with PV production and
quality procedures

WG4 ~ lighting and Displays + possible interaction with organic PV and thinilm PV

WG6 — Design and Manufacturing of Photonic Components and Systems # possible inferaction with

materials research and application for new cells

Specific suggestions from the PV sector fo Photonics2 1 could be
Development of photonic structures to enhance cell and module efficiencies
Further exploring the synergies between thinfilm PV (organic and inorganic) and lighting & display

fechnologies in ferms of materials, device designs, manufacturing processes, qualification, efc.
9.2.4 European Space Agency (www.esa.int)

Although PV space applications face different constraints than ground ones (cost is about 1000 EUR/
\/\/p as compoared to ferrestrial 2 EUR/\/\/p], radiafion resistance is a major issue as well as mass, which

drives research fowards high efficiency, multijunction cells.
9.2.5 European Technology Platform Nanoelectronics (www.eniac.eu)

Another ETP of interest to PV is the ETP Nanoelectronics, which could contribute to new cell designs

and materials research relevant for PV.

9.2.6 Energy-efficient Buildings Public-Private Partnership (www.e2b-ei.eu)

With more than 100 members, the 'Energy Efficient Buildings Association’ is the industrial interlocutor
of the European Commission (DG RTD, TREN, INFSO) in the EeB PPP.

An 'Ad-hoc Industrial Advisory Group’, drawn from the membership of EEBA, spent a month and a


http://www.smart-systems-integration.org/public
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http://www.esa.int
http://www.eniac.eu
http://www.e2b-ei.eu

half in the second quarter of 2009 writing a Draft Multiannual Roadmap presenting a preliminary list
of research priorities. Some of research priorities were taken up in the 2010 FP7 Work Programme in
a special call for proposals coordinated between DGs RTD, TREN and INFSO in the service of the
PPP. The draft Roadmap makes explicit mention of the SRA as a source of information, saying that it
and the Implementation Plans and relevant position papers of 37 groupings like European Technology
Platforms and Joint Technology Initiatives were analysed in depth to arrive at a taxonomy “which maps
the European R&D priorities landscape”. The Multiannual Roadmap will be finalised for the end of
2009, and contain proposals for research that the Commission could cofund with up to 505 M EUR
of money from FP7 until 2013. EPIA, as a member of EEBA, is ensuring that all the topics relevant for

the development of PV in buildings are taken into account in the Roadmap.

9.2.7 Verband Deutscher Maschinen- und Anlagenbau (VDMA) - German Engineering
Federation (www.vdma.org)

The Federation operates mainly at national level, but also infernationally.
Inferaction with PV:

Productronics Association

Solar Engineering Portal

Involvement in Micro-and Nanomanufacturing ETP

Organic Electronics Association OF-A (www.oe-a.org)

large Area Organic and Printed Electronics Convention (LOPE-C)
9.2.8 Kompetenznetze Deutschland - Innovation Network Germany (www.kompetenznetze.de)

Kompetenznetze Deutschland, run by the German Federal Minisiry of Economics and Technology,
gathers together Germany’s best performing innovation networks. The initiative currently involves 107
members, clustered in @ fopics and in 8 regions.
Topics relevant fo PV:

New Materials and Chemistry

Production and Engineering

Energy and Environment

Microsystems,/Nanotechnology,/Optical Technologies

One example for a network within Kompetenznetze Deuthschland that inferacts with PV is INPLAS [waww.
inplas.del, the Industrial Network of Plasma and Surface Technology. lts objective is the development

and application of plasma technology for layer deposition and surface freatment.
9.2.9 Internationaler Fachverband Mikrotechnik (IVAM) (www.ivam.de)

IVAM is an infernational association of companies and institutes in the field of microfechnology, nanote-
chnology and advanced materials.
Possible interaction with PV:

Use of lasers in manufacturing

Surface fechnologies

Functional materials
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[ECTP 2007] Strategic Research Agenda for the European Construction Sector - Implementation Action Plan,
published in July 2007 by the European Construction Technology Platform, downloadable at hitp://www.
ectp.org/documentation/SRA_IAPv1 .pdf

[EERA] European Energy Research Alliance (hitp://www.eera-set.eu)

[EUM] European Master in Renewable Energy (http://www.master.eurec.be) — the 4-month PV-components
of the course is taught at Northumbria University, UK

[EUT 2006] EUMAT Roadmap, published in June 2006 by the European Technology Platform for Advanced
Engineering Materials and Technologies, downloadable at hitp:/ /eumat.euvii.eu/(Sllanfj045ahyifg45likdean))/
downloads/EuMaT_Roadmap_ver2/b_Kj_080620006.pdf

[IMEC 2009] Press release: http://www?2.imec.be/imec_com/schottsolar-joinsimec-research-program-on-
silicon-photovoltaics__.php2year=2009&month=06

[JRC] Joint Research Centre of the European Commission. Annually, the JRC reports on the status of the world
PV industry. Is reports are downloadable at http://re.jrc.ec.europa.eu/refsys/

[NBRB] See the website of the National Basic Research Program http: / /www.97 3 .gov.cn/English/Index.aspx
[NDRC] See the website of the National Development and Reform Commission (NDRC) http://en.ndrc.gov.cn/

[NED 2007] 'Energy and Environment Technologies’ published by a Japanese government department called
the New Energy Development Organisation (NEDO), in December 2007 downloadable at http://www.
nedo.go.jp/ kankobutsu/pamphlets/kouhou,/ 2007 gaiyo_e/87_140.pdf

[NPVTP] A calculation model for feedtin tariffs developed by EU PV TP, downloadable at hitp: / /www.eupvplat
form.org/home himl#c1193

[PHO 2006] ‘Towards a Bright Future for Europe - Strategic Research Agenda in Photonics’ published by the
European Technology Platform Photonics2 1 in April 2006, ISBN 3-00-018615-8, downloadable at hitp://
www.photonics2 1.org/download/sra_april. pdf

[PVE 2009] report of the PV Employment study ‘Solar Photovoltaic Employment in Europe - The role of public
policy for tomorrow's solar jobs’, published June 2009, downloadable at http: / /www.pvemployment.org/
index.php?id=39

[PVR 2004] A presentation by Kosuke Kurokawa and Fukuo Aratani af the 19th European Photovoliaic Solar
Energy Conference and Exhibition in 2004 in Paris, Perceived technical issues accompanying large PV
development and Japanese 'PV2030". 'PV2030" is a roadmap drafted by NEDO, METI (Japan's Minisry for
Economy, Trade and Industry) and sfakeholder interest groups.

[SAI 2007] The technology roadmaps of the US Dept. of Energy’s Solar America Initiative, downloadable at
hitp:/ /www 1 .eere.energy.gov/solar/solar_america/ publications. himl#technology_roadmaps

[SEM 2009] SEMI: the Semiconductor Industry Association. In 2009, it wrote a White Paper called ‘The
Solar PV Landscape in India = An Industry Perspective’, downloadable at hitp: //www.solarindiaonline.
com/pdfs/The_Solar_PV_landscape_in_India | .pdf

[SET 2009] 'SET for 2020" — a study by EPIA and A.T. Kearney outlining “how photovoliaics can become a
mainstream energy supplier in Europe by 2020." Defails on how to obtain it are available at http:/ /www.

seffor2020.eu

[SRA 2007] A Strategic Research Agenda for Photovoltaic Solar Energy Technology, published 2007 -
ISBN 978-92-79-05523-2, downloadable at http:/ /www.eupvplatform.org/index.php2id=125

[SUS 2006] ‘Innovating for a better future - Putting Sustainable Chemisiry into Action - Implementation Action
Plan 2006" produced by the European Technology Platform for Sustainable Chemistry, downloadable at
hitp:/ /www.suschem.org/media.phpemld=5066

[VIS 2005] A Vision for Photovoliaic Technology — written and published in 2005 by a group of experts ap-
pointed by the European Commission, the PV Technolgy Research Advisory Council = ISBN 92-894-8004-
1, downloadable at hitp://ec.europa.eu/research/energy/ pdf/vision-reportfinal.pdf
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Glossary of acronyms

Technical terms

ARC
BIPV
Bo$S
EWT
ICT
LCA
MEMS
MwT
MOVPE
TCO
TPV
UMG
UPS

Antireflection coating

Building infegrated photovoltaics
Balance-ofsystem (all components of a PV system except the PV array)
Emitter wrap through

Information and communication technologly/ies)
Lifecycle analysis

Micro-electro-mechanical systems

Metal wrap through

Metalorganic vapour phase epitaxy

Transparent conducting oxide
Thermophotovoliaicls)

Upgraded mefallurgical grade

Uninterruptible power supply

Non-technical terms

DG INFSO
DG RTD
DG TREN
EPIA

ETP
EUPVTP
EUROBAT
FP7

Fv

SEII

‘SET for 2020’

SET Plan

SRA

SVM

Information Society and Media Directorate General of the European Commission
Research Directorate-General of the European Commission

The Directorate General for Energy and Transport of the European Commission
European Photovoltaic Industry Association

European Technology Platform

European Photovoltaic Technology Platform

Association of European Storage Battery Manufacturers

The Seventh Framework Programme for Research, Development and Technical
Demonstration, running from 2007 to 2013 — the European Commission’s main
instrument for directly funding research

Forschungsvereinigung — German association existing for the purpose of confracting
research on behalf of its members

Solar Europe Industry Initiafive, a strategy prepared by EPIA "o bring the PV indusiry
to full cost competitiveness in all market segments (residenfio|, commercio|, and
industrial) by 2020" SEll will aim to esfablish the conditions that will allow PV to be
infegrated info the grid at high penetrations. It will put forward a number of large
scale demonstration and deployment projects to achieve these aims.

A set of scenarios for the development of the European PV industry, the most ambi-
fious of which, ‘Paradigm Shiff', envisages a 12% contribution of PV to electricity
supply in 2020.

"Strategic Energy Technology Plan” = Communication COM(2007) 723 of the
European Commission, see [ECS 200/]

Strategic Research Agenda for Photovoliaic Solar Energy Technology, published by
EU PV TP in 2007

Spitzenclsuter Solarvalley Mitteldeutschland — region of Germany awarded funding

fo integrate research centre and industry R&D efforts
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