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Implementation Plan

for the

Strategic Research Agenda

of the

European Photovoltaic Technology Platform
Preface
The European Photovoltaic Technology Platform published its Strategic Research Agenda (SRA) in 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.

Both documents are available in electronic format at www.eupvplatform.org.
Introduction
Photovoltaic solar energy (referred to as “PV” throughout this document) is a versatile, sustainable technology with a huge potential. PV systems can be connected to the grid in systems with peak outputs ranging from few hundred watts to 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 to undercut the price of peak power in many grid-connected applications, and the cost of electricity from diesel-generators 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 turn-key systems is therefore needed and fortunately possible. “A Vision for Photovoltaic Technology”, published in 2005 by PV TRAC (the forerunner of the EU PV Technology Platform) demonstrated this. Two years later, the Platform developed a “Strategic Research Agenda for Photovoltaic Solar Energy Technology” (SRA), which indicated that the generation cost of PV electricity can soon fall below the retail price of electricity
. This situation is generally referred to as the attainment of “grid parity”, 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 even beyond that point. Increases in the cost of electricity (for example as a result of internalising the societal cost of carbon emissions, or of rises in the cost of fuel for the plant) will make PV competitive sooner.
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Recent developments: the Solar Europe Industry Initiative

Since the publication of the SRA in 2007, the PV industry represented by the European Photovoltaic Industry Association (EPIA) has developed a “Solar Europe Industry Initiative” (SEII) with the EU PV Technology Platform. This SEII is our response to the challenge of meeting Europe’s 2020 targets (which includes the goal of a 20% contribution of renewable energy in total final energy consumption). The SEII aims to make “PV a mainstream source of clean and competitive 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 yet have them), even though the SEII aims to make PV independent of such programmes as soon as possible. The SEII 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 to the existing electricity system.
· An Accelerated Growth Scenario with a 6% contribution by 2020. In addition to the conditions outlined for the Baseline scenario, it requires minor changes to the existing electricity system, for the industry to optimise its supply chain and to cooperate with the utilities on infrastructure changes.
· A SEII-enabled Paradigm Shift Scenario with a 12% contribution by 2020. It requires the adoption of technologies to store PV electricity and “smart grid” technology to manage the dispatch of loads at time when the supply of PV electricity is plentiful, together with an optimised cost reduction, supply chain, operations and marketing strategy.

Three strategic objectives are at the heart of the SEII’s Paradigm Shift Scenario:

1. 
To bring the PV industry gradually to full cost competitiveness
 in all market segments (residential, commercial, and industrial) by 2020;

2. 
To establish conditions that allow the integration of distributed PV electricity within the European grid at high penetration;

3. To allow the implementation of large scale demonstration and deployment projects. Research and technology development, the focus of this Implementation Plan, are necessary but insufficient ingredients for success.
The R&D projects mentioned in objective 3 are covered by the Strategic Research Agenda and this Implementation Plan.
The Strategic Research Agenda and the Implementation Plan

The SRA set targets for the performance of PV technology by 2020 and 2030. The 2020 targets have been tightened to meet the aims of the SEII (Table I).

Table I. Milestones for PV technology, as described in the Strategic Research Agenda of the EU PV Technology Platform (see www.eupvplatform.org); 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. 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.
[image: image9.wmf]
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 support 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-level research, the benefits of approaching other fields of technology to 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 development are beyond the scope of the Implementation Plan. The structure of the document is outlined below.
 SYMBOL 183 \f "Symbol" \s 10 \h 
Chapter 1 sets out the main features of the global PV research landscape. It benchmarks Europe’e R&D policies against those of other parts of the world.

 SYMBOL 183 \f "Symbol" \s 10 \h 
Chapter 2 quantifies the R&D needs associated with the research areas defined in the SRA, taking account of the need to meet the SEII’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.

 SYMBOL 183 \f "Symbol" \s 10 \h 
Chapter 3 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.

 SYMBOL 183 \f "Symbol" \s 10 \h 
Chapter 4 looks at other sectors that link or could link to the PV sector, either because they are part of the same offering to the end-consumer (building-integrated PV), or because there are synergies to be exploited further upstream. The chapter describes where and how closer interaction may be beneficial.
 SYMBOL 183 \f "Symbol" \s 10 \h 
Chapter 5, finally, 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 scientists, process engineers and plant managers to system installers, business developers and financial specialists.
R&D strategies for PV: European in comparison with the rest of the world
Different countries – different strategies

The photovoltaic landscape has dramatically changed in the last five years. 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 and Singapore are strengthening their R&D base in photovoltaic technologies to support the growth of their own PV industry. This state of affairs calls for a re-evaluation by those countries of the world with longer-standing positions in manufacturing (e.g. Europe, the USA and Japan) of the relative importance of international 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 technology, wherever it is produced, is a prerequisite for any ambitious deployment scenario. On the other hand, the European PV sector has the responsibility 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.
The survey below shows that the focus of regions other than Europe is variously on either “industrial policy” to build up manufacturing capacity and achieve cost reduction with economies of scale, or research to develop PV technology further.
Europe

The Member States of the European Union administer their own programmes for , research, development, demonstration and deployment, but have also indirectly fund research and demonstration projects in PV 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 total 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, Italy, the Netherlands and the UK. These proportions were calculated on the basis of 2007 figures. The picture could have changed substantially since then.
The Framework Programme plays an important role in creating a “European Photovoltaic Research Area”, i.e. in connecting groups of 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 to 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.
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 Solar Mission was finalised. The actions it calls for for photovoltaics are R&D collaboration, technology transfer and capacity building. The overall mission is to make India a global leader in solar energy (PV and CSP) and to install a solar generation capacity of 20 GW by 2020 (probably 10 GW of each technology), 100 GW by 2030 and 200 GW by 2050.
So far, R&D has aimed at 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 privately-funded R&D programmes for focused, collaborative, goal-driven R&D, India could develop a substantial PV industry. Investing in production capacity alone, it seems, would not enable India to achieve its full potential.
JAPAN

Japan’s “New Energy Development Organisation” (NEDO) is responsible devising and executing that country’s R&D strategy
, which is a combination of support for R&D and “industrial 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 institutes or companies is by invitation only. Non-Japanese 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 Next-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
.

Like Europe, Japan explores many different technology options in parallel without picking winners and losers (Fig. 1).the country’s “industrial policy” aims at creating viable, independent and sustainable 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 setting international technical standards.
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Fig. 1: 
Diagram summarising Japan’s “PV Roadmap towards 2030”, taken from a 2004 presentation at the 19th European Photovoltaic Solar Energy Conference and Exhibition in Paris, Perceived technical issues accompanying large PV development and Japanese "PV2030" (Kosuke Kurokawa and Fukuo Aratani). The Roadmap was drafted by NEDO, METI (the Ministry for Economy, Trade and Industry) and stakeholder interest groups. Notice the deployment targets alongside the research themes.
PEOPLES’ REPUBLIC of China

The National Outlines for Medium and Long-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 utilisation as a priority.

Within the National Basic Research Programme of China, the so-called “973 Programme”, there is support for research into "large-area, low-cost and long-life solar cells 
".
With the support of national ministries and commissions, China has reached a PV cell efficiency of 21% in the lab. Commercial PV components (modules) and normal commercialised cells respectively have an efficiency of 14 – 15% and 10 – 13%. The price of Chinese cells has gradually fallen from 40 RMB/Wp (4.40 €/Wp)
 in 2000 to 33 RMB/Wp (3.62 €/Wp) in 2003 and 27 RMB/Wp (2.57 €/Wp)
 in 2004, which is not only crucial to 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 €/kWh)
, reaching or approaching the price of power on electricity markets.
South Korea

In January 2009, the Korean government announced its 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 to promote renewable energy.
The Korea Institute of Energy and Resources Technology Evaluation and Planning’ (KETEP) manages energy R&D. The focus of R&D has recently shifted away from development work on interconnections, electrical standards, mounting systems and other know-how related to PV installations and towards improving manufacturing technology. This research ranges from cost reduction and efficiency improvement in c-Si cells to next-generation thin-film 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 towards the pursuit of cost effectiveness.
Taiwan

To promote its solar energy industry (PV and low temperature solar thermal), the Taiwanese government has decided to subsidise manufacturers engaging in R&D and will offer incentives to consumers to use PV electricity. About a dozen manufacturers have expressed an intention to manufacture thin film PV modules and eight of them will set up their own plants to process the products. Moreover, the Industrial Technology Research Institute (ITRI), a government-backed research organisation, is going to 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/Wp 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 wafer-based and thin-film 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.
USA
PV research in the US is funded under the U.S. Department of Energy’s (DOE) Solar Energy Technologies Programme
]. The main components of this programme are the Solar America Initiative (SAI) and the National Centre for Photovoltaics at the National Renewable Energy Laboratory.
The Solar America Initiative is an effort to make solar electricity (PV and concentrating solar power) cost-competitive 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 (at 2005 dollar values). The SAI’s strategy on PV is to accompany the expected increase in deployment of this technology with R&D on cost reduction.

The SAI is organised as a multi-tiered, multi-phased programme addressing near-, medium-, and long-term technological advances for improved performance, lower cost, and improved reliability of PV system components (fig 2).
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Fig. 2: 
Multi-tiered approach of the Solar America Initiative. Source: EERE, Solar America Initiative, 2007

To support the SAI, ten PV technology roadmaps were developed in 2007 by NREL, Sandia National Laboratories, DOE, and experts from universities and private industry
]. They summarise the current status and future goals for specific technologies. The roadmaps for Intermediate-Band PV, Multiple-Exciton-Generation PV and Nano-Architecture PV are still drafts.

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

The SRA presented research areas categorised according to device technology and system-level technology. 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 projects to be carried out, the total resources that need to be committed to 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 production 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 to meet general performance and cost targets (fig 1). The Implementation Plan follows the same approach. Whilst it is possible that some technologies 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.
The four themes used in this Implementation Plan are as follows:

· Enhancing Performance – research that leads to higher device outputs and improved system performance

· Improving Manufacturability– research that addresses the ease and cost of component manufacturing 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, topics in different themes are interlinked.

2. The TABLES

2.1 Guide

In the tables that follow, the research topics first presented in the SRA have been grouped by theme, then by sub-themes within each theme.

The first column of each table contains a research topic or reformulation of a set of research topics 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 other four columns of the table contain the following information:

· Project type: the projects are allocated to Basic, Applied or Industrial research and development according to their nature.

· 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, national or regional government) and private (industry, other private funding). This column gives an indicative split, using five possible categories (100/0, 72/25, 50/50 and 25/75 and 12.5/87.5 where the first figure designates the public funding and the second figure the private funding). The category of 12.5 / 87.5 includes many research topics 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 co-funding 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 million €

· €€
: 20-50 million €

· €€€
: 50-100 million €

· €€€€
: over 100 million €. I say leave the numbers in.Or we can’t justify the 6.6 bn so easily.

!! 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 grouped by this category. “Short” means the result will be implemented in commercial products in the short term (before 2013), “medium” means before 2020, and “long” means after 2020. All this research, whether “short”, “medium” or “long” must be started now.

2.2 Summary
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In practice, the real budget required for each of the topics mentioned in the tables will be worked out case-by-case as projects are put forward to cover them, as will the contributions of public and private funding to the projects. In the tables that follow, we put 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 to 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 2013.

2.2.1 Funding by technology segment

Just over three quarters of R&D funds are allocated at the cell and module level, with the remainder going to all aspects of PV system development, from components and system design to grid interaction, environmental assessment and standards. Within cell and module development, the highest allocations are made to crystalline silicon (30%) and thin film (29%) technologies. Concentrator and emerging and novel technologies follow with 10% and 6% respectively (FigN). 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 to 30% of the market by this date, 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 to dedicate resources to them to assess their long-term potential. The budget levels assigned to each sector are not a statement of their relative importance, but reflect their needs at this time.

FigN. Distribution of overall funding between technology sectors (NB. 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.)

[image: image5.emf]30%

29%

6%

10%

2%

23%

Overall distribution of budget

c-Si

All thin films

Emerging and novel 

technologies

Concentrators

All technologies

Systems and 

implementation


The allocation of a high percentage of funds to the crystalline silicon and thin film 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-term impact (figN+1).

FigN+1. Budget distributions for R&D with short-, medium- and long-term impact
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Crystalline silicon research, together with that for system related issues, will mainly have a short- and medium-term commercial impact, whereas thin-film technology will have an impact in the longer term. The relative share of funding for concentrator and emerging technologies is largest for research with long-term commercial impact. The smaller share of funding for concentrator technologies for research with medium-term impact compared to its share for short-term research in fact corresponds to a funding requirement that is larger in absolute terms.

2.2.2 Funding by source and theme

Around 55% of the funding is expected to come from the private sector and around 45% from public funds, but this varies depending on the timeframe by when the results of the research are intended to be applied commercially (fig.N+3).

	Impact Period
	Indicative Budget

(billion Euro)
	Public Share

(%)
	Private Share

(%)

	Short
	3.5
	35
	65

	Medium
	2.2
	55
	45

	Long
	0.ç
	60
	40

	Overall
	6.6
	45
	55


FigN+3 1
The majority of the budget (around 55%) is allocated to 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 long term impact), this category includes novel production equipment to translate advances in performance achieved in the laboratory into commercial production (almost two thirds of the overall budget for research with a short term impact).

The theme Improving Manufacturability receives around 35% of the budget for each of the three impact horizons, 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 impact horizon (of around 5%), which is explained by the fact that it is necessary to address the issues of life cycle 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 term 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 targets outlined previously in the SRA, some consideration has also been given to the enhancement of the sector in line with the current targets for renewable energy utilization and the imperatives of the climate change agenda. In particular, the objectives of the Strategic Energy Technology Plan of the European Union have been taken into account in arriving at the indicative budget levels. The proposals of the European PV Industry in regard to the Solar Europe Initiative (as part of the SET plan implementation) 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 address in the coming years.

2.3 Tables classified by research theme

2.3.1 ENHANCING PERFORMANCE
Research in photovoltaic 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 structure and in device topology. Key to these advances is an understanding of material properties and fabrication processes. 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 in standards and guidelines, which are essential for maintaining the quality of devices and systems; and on non-technical aspects, which includes topics on the provision of skilled personnel, education of the public, user interfaces 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 Area 
	Action
	Project Type
	Funding

Public / Private
	Funding Level
	Timescale for exploitation

	Understanding materials and devices

	c-Si
	· Defect characterisation and control 
	Applied
	25/75
	50-100
	Short

	All thin films
	· Material physics and chemistry: optoelectronic properties, impurities, interfaces
	Basic
	75/25
	50-100
	Short

	Concentrators
	· Material physics and defect control 

· Characterisation techniques for cells and modules
	Basic
	75/25
	50-100
	Short

	c-Si
	· Defect control and engineering
	Basic
	75/25
	<20
	Medium

	All thin films
	· Defect chemistry, process engineering and control
	Basic
	75/25
	20-50
	Medium

	Concentrators
	· Characterisation techniques

· Defect control
	Basic
	75/25
	20-50
	Medium

	Emerging and novel technologies
	· Control of surface, phase and grain boundary effects
	Basic
	75/25
	20-50
	Medium

	All technologies
	· Novel materials and devices
	Basic
	100/0
	20-50
	Long


	Technology Area 
	Action
	Project Type
	Funding

Public / Private
	Funding Level
	Timescale for exploitation

	Deposition technology and device processing

	c-Si
	· Process and production technology enhancing device quality (e.g. laser processing, new vacuum deposition technologies, advanced cell processing including lab/pilot line demonstration)
	Applied
	25/75
	300-500
	Short

	All thin films
	· Process engineering, alternative substrates and materials
	Basic
	75/25
	20-50
	Short

	All thin films
	· Advanced deposition techniques (fast, large area, material usage process control)
	Industrial / Applied
	25/75
	50
	Short

	c-Si
	· Novel production/device technology (e.g. ultra-fine line metallisation, completely novel ARC and surface passivation process, new highest efficiency cell architectures, device simulation)
	Basic
	50/50
	100 -200
	Medium

	Emerging and novel technologies
	· Deposition techniques (large area, process control)

· Morphology of organic solar cells
	Applied
	50/50
	20-50
	Medium

	All thin films
	· Process and material engineering enhancing device qualities
	Basic
	75/25
	20-50
	Medium

	All thin films
	· Industrial process engineering enhancing productivity (yield, control, deposition speed, energy)
	Basic
	50/50
	50-100
	Medium


	Technology Area 
	Action
	Project Type
	Funding

Public / Private
	Funding Level
	Timescale for exploitation

	Advanced materials

	c-Si
	·  UMG and other novel technologies
	Applied
	25/75
	100
	Short

	All thin films
	· TCO/semiconductor interfaces

· Low cost TCO/substrate combinations for light trapping
	Applied
	25/75
	50
	Short

	All thin films
	· Improvement of the performance and stability of TCO layers
	Applied
	50/50
	20-50
	Short

	All thin films
	· Material screening and synthesis (reduction of/alternatives for expensive materials)
	Basic
	75/25
	<20
	Short

	Concentrators
	· Novel materials (e.g. GaInNAs)

· Low cost optical materials with high performance
	 Basic
	75/25
	20-50
	Short

	c-Si
	· UMG and other novel technologies
	Applied
	50/50
	50
	Medium

	All thin films
	· Alternative materials and deposition techniques
	Applied
	50/50
	20-50
	Medium

	All thin films
	· Material screening and synthesis (reduction of / alternatives for expensive materials)
	Basic
	75/25
	20-50
	Medium

	Emerging and novel technologies
	· Dyes and polymers with extended coverage of the solar spectrum
· Highly efficient selective emitters and IR-reflecting materials for TPV
	Basic
	75/25
	<20
	Medium

	Concentrators
	· New III-V semiconductor materials (e.g. GaInN)

· Growth of III-V semiconductors on Si
	Basic
	75/25
	<20
	Medium

	All thin films
	· Material alternatives for improved performance
	Basic
	75/25
	20-50
	Long

	Emerging and novel technologies
	· Alternative II-VI semiconductors
· Synthesis of materials for quantum confinement and proof of concept
	Basic
	100/0
	20-50
	Long

	Concentrators
	· New materials and combinations for cells, concentrating optics and modules
	Basic
	75/25
	20-50
	Long


	Technology Area 
	Action
	Project Type
	Funding

Public / Private
	Funding Level
	Timescale for exploitation

	Advanced device concepts

	c-Si
	· Back-contact cell structures

· Heterojunctions for emitters and passivation

· Low recombination contacts

· New device structures
	Industrial
	12.5/87.5
	300 - 400
	Short

	All thin films
	· Implementation of advanced optical concepts and device structures into industrial processes

· Novel contact patterns

· Novel series connection schemes and (laser) patterning methods

· Patterning for BIPV applications
	Applied
	25/75
	100
	Short

	Concentrators 
	· Metamorphic triple cells

· Optical concepts for very high concentration, increased acceptance angle
	Basic
	75/25
	20-50
	Short

	c-Si
	· Low recombination contacts

· New device structures
	Applied
	50/50
	100
	Medium

	All thin films
	· Modeling, simulation and development of improved optical and electronic properties of heterostructures and devices 
· New cell concepts on existing and materials and novel structures
	Basic
	75/25
	20-50
	Medium

	Emerging and novel technologies
	· Contacts with improved catalytic action in dye sensitized solar cells

· Solid electrolytes in dye sensitized solar cells
· Multijunction approaches for dye sensitized and full organic solar cells

· Superstrate configuration for poly-Si cells

· Low bandgap TPV receiver cells
	Basic
	75/25
	20-50
	Medium

	Concentrators
	· Cells with > 3 junctions

· Cells, optics and thermal management for ultra-high concentration >2500 suns

· Systems for hybrid  applications (thermal and electrical)
	Basic
	75/25
	20-50
	Medium

	c-Si
	· Up/down converters and other novel concepts for very high efficiency
	Basic
	100/0
	20-50
	Long

	All thin films
	· Device concepts for organic/ inorganic hybrids and multijunctions, nanomaterials, quantum effects
	Basic
	75/25
	50-100
	Long

	Emerging and novel technologies
	· Synthesis of bulk-type intermediate band materials + demonstration in PV-device

· Introduction of up- and down-converters in existing PV-devices

· Inclusion of plasmonic effects to boost efficiency
	Basic
	75/25
	20-50
	Long

	Concentrator cells
	· Novel cell concepts for efficiencies >50 %
	Basic
	75/25
	<20
	Long

	Concentrator optics
	· Optics with high acceptance angle at high concentration level

· Advanced optical systems for reducing tracking requirements
	Basic
	75/25
	<20
	Long


	Technology Area 
	Action
	Project Type
	Funding

Public / Private
	Funding Level
	Timescale for exploitation

	Long-term stability of cells and modules

	c-SI
	· New long-term stable encapsulants

· Hot spot issues
	Applied
	25/75
	20
	Short

	All thin films
	· Quantitative ageing models and understanding of long-term stabilities
	Basic
	75/25
	20
	Short

	All thin films
	· Outdoor performance

· Sealing concepts, advanced lifetime
	Applied
	50/50
	20-50
	Short

	Concentrator Module
	· New sealing techniques for stable long-term field performance

· Investigation of interaction between the materials used for module fabrication
	Applied
	50/50
	20-50
	Short

	Emerging and novel technologies
	· Building of failure models for dye-sensitised and organic PV cells
	Basic
	75/25
	<20
	Medium

	All technologies
	· Accelerated and long-term testing of new concepts
	Basic
	75/25
	<20
	Long


	Technology Area
	Action
	Project Type
	Funding Public / Private
	Funding Amount
	Timescale for exploitation

	System level research and balance of systems components

	Power conditioning
	· Increased inverter reliability and lifetime to achieve >20 years of full operation

· Highly efficient inverters with new semiconductor materials (SiC, GaN)

· New inverter topologies

· inverters optimised for different PV module technologies
	Applied
	50/50
	300-400
	Short

	Structure and mounting
	· Simplified module mounting structures (e.g. pre-fabrication of solar generators)
	Applied
	50/50
	<20
	Short

	Tracker
	· General purpose tracking platforms for all kinds of high efficiency modules

· Combined inverter and tracker electronics, combined maximum power point and tracking algorithms

· Smart tracking control

· Increased tracking accuracy

· Rapid detection of tracker failure

· Solution for wind load effects

· New tracker drivers
	Applied
	50/50
	20-50
	Short

	Storage technologies
	· Battery management systems for new generations of batteries

· Battery ageing models specific to PV applications
	Applied
	50/50
	20-50
	Short

	Monitoring and prediction
	· Low cost control and monitoring of system output and measurement protocols

· Output prediction and validation of prediction algorithms over short and long periods

· Tools for early fault detection

· Long-term average local radiation potentials
	Basic
	75/25
	20-50
	Short

	Grid connection  and supply aspects
	· Assessment of the value of PV electricity, including peak demand and UPS applications

· Grid control and ICT for high penetration
	Applied
	50/50
	20-50
	Short

	High voltage systems
	· Technology development for systems >1000V
	Applied
	50/50
	20-50
	Short

	Module development
	· Component development for minimisation  of system losses (e.g. module with tolerance to partial shading, modules for operation at system voltage > 1000V)
	Basic
	75/25
	<20
	Medium

	Power conditioning
	· Increased inverter reliability and lifetime to achieve >30 years of full operation
	Basic
	75/25
	20-50
	Medium

	Power conditioning
	· Multifunctional PV systems
	Applied
	50/50
	20-50
	Medium

	Tracker
	· New tracker design concepts 

· Alternatives for steel in tracker construction

· Sensorless tracking methods

· Advanced control algorithms for grid stabilisation
	Applied
	50 /50
	20-50
	Medium

	Storage technologies
	· Innovative storage technologies for small PV systems (up to 50 kWh)
	Basic
	75/25
	20-50
	Medium

	Monitoring and prediction
	· Strategies for centralised system monitoring (e.g. web based)

· Fault detection tools for advanced system designs
	Basic
	75/25
	<20
	Medium

	Grid connection  and supply aspects
	· Interaction of PV with other decentralised generation

· Development of power electronics and grid control 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 electrical grids at high PV penetrations
	Basic
	75/25
	50-100
	Medium

	Tracker
	· Control algorithms for distributed inverter based grids
	Basic
	75/25
	<20
	Long

	Storage technologies
	· Module with integrated storage, providing extended service lifetimes (target of 40 years)

· Technologies for high capacity storage (> 1 MWh)

· Alternative storage technologies
	Basic
	75/25
	20-50
	Long


	Technology Area
	Action
	Project Type
	Funding 

Public / Private
	Funding Amount
	Timescale for exploitation

	Preparatory research for standards and guidelines

	All module technologies and system types
	· Performance, energy rating, qualification and safety standards for PV modules, PV building elements, concentrator systems including trackers and PV inverters/AC modules

· Guidelines for specifications and quality assurance of materials, wafers and cells, modules (including sizes and mounting techniques), components for concentrator systems and BoS components

· Quality label for PV modules

· Harmonise conditions for grid connection

· Guidelines for design, installation and system test, monitoring/evaluation
	Applied
	50/50
	50-100
	Short

	All module technologies and system types
	· Improve certification schemes, in particular for systems

· Harmonise standards and guidelines applied to components
	Basic
	75/25
	20-50
	Medium


	Technology Area
	Action 
	Project Type 
	Funding Public / Private
	Funding Amount
	Timescale for exploitation

	Non-technical aspects

	Information transfer
	· Industry training needs for the short and medium term

· Optimisation of technology transfer to construction and electricity supply sectors

· User interaction – optimisation of the user interface

· Public awareness and information dissemination schemes relating to large scale deployment of PV technology
	Applied
	50/50
	20-50
	Short

	Cost/benefit analysis
	· Identification and quantification of non-technical costs and benefits of PV technology
	Basic
	75/25
	<20
	Short

	Market analysis 
	· Development of scenarios for high PV penetration

· Financing models and operating schemes for sustainable rural electrification
	Applied
	50/50
	20-50
	Medium

	International collaboration and capacity building
	· R&D co-operation for emerging markets

· Socio-economic and educational joint ventures with developing countries
	Applied
	50/50
	<20
	Medium


2.3.2 Improving Manufacturability

The research topics in this theme aim to reduce the cost of manufacturing whilst maintaining the performance of PV technology. As before, the research topics are split into sub-themes, 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 manufacturing 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 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 tables are devoted to research on the manufacture of the related optics and tracking system. Finally, BoS components and system level research are considered.

	Technology Area
	Action
	Project Type
	Funding

Public / Private
	Funding Level
	Timescale for exploitation

	Advanced manufacturing processes

	c-Si


	· New Si feedstock technologies <25 €/kg

· Advanced wafering technologies (wafer thickness <150 µm), low kerf losses, fracture mechanics

· Improved crystal growth

· Reusable crucibles with low impurity levels 
· Wafer equivalent technologies
· Metal pastes suited for thin wafers
· Contacting and surface passivation techniques

· In-line high-yield processing

· Roll-to-roll / automatic module manufacturing

· Equipment development for novel manufacturing processes
	Industrial
	12.5/87.5
	150 -200
	Short

	All thin films
	· Deposition speed and yield
· Alternative deposition methods
· Novel interconnect structures 

· Inline quality control techniques and tools
	Industrial
	12.5/87.5
	100
	Short

	Concentrators
	· Improved cell designs for all concentration levels

· Improved MOPVE growth processes

· Establish stable industrial-level manufacturing processes for Si and III-V concentrator cells
	Applied
	50/50
	50-100
	Short

	c-Si
	· New silicon feedstock technologies <20 €/kg

· Novel wafering technologies (wafer thickness <120 µm)

· Low defect (high electronic quality) silicon wafers

· Wafer equivalent technologies

· New electrode technologies

· High speed cell and module processes

· Equipment development for novel manufacturing processes
	Applied
	50/50
	50-100
	Medium

	All thin films
	· Large area and fast deposition: alternatives to current deposition methods

· Large area control methods 

· Modified device structures 
· Alternative TCOs and processes thereof, light confinement
	Industrial/Applied
	25/75
	150
	Medium

	Emerging and novel technologies
	· Advanced contacting and metallisation schemes (printed TCOs, printed metallisation fired at low temperatures, nano-inks)

· Advanced application technologies (e.g. spraying) for active layers

· Roll-to-roll manufacturing of cells and modules on flexible substrates

· High-temperature substrates for thin-film poly-Si cells

· High-throughput Si deposition for thin-film poly-Si cells
	Applied
	50/50
	<50-100
	Medium

	Concentrators
	· Advanced manufacturing processes for III-V multi-junction solar cells 

· Low cost design concepts and manufacturing processes for silicon cells for moderate concentration and moderate climates 
	Basic
	75/25
	20-50
	Medium

	c-Si
	· New Si feedstock <15 €/kg

· Novel wafering technologies (wafer thickness <100 µm)

· Low defect (high electronic quality) silicon wafers

· Wafer equivalent technologies

· Integrated cell and module processes

· Equipment development for novel manufacturing processes
	Basic
	75/25
	20-50
	Long

	All thin film
	· Novel very high speed deposition methods
	Basic
	75/25
	20-50
	Long

	Emerging and novel Technologies
	· Roll-to-roll manufacturing of cells and modules on flexible substrates
	Basic
	75/25
	<20
	Long

	Concentrators
	· Fully automated, high-throughput processes for large scale

· Manufacturing concepts for 4- to 6- junction cells
	Basic
	75/25
	20-50
	Long


	Technology Area
	Action
	Project Type
	Funding

Public / Private
	Funding Level
	Timescale for exploitation

	Productivity improvement

	c-Si
	· Productivity and cost optimisation in production
	Industrial
	12.5/87.5
	150-200
	Short

	All thin films
	· Very high deposition rates
	Applied
	50/50
	50
	Short

	All thin films
	· Productivity and cost optimisation in production

· Equipment standardisation
	Industrial
	12.5/87.5
	100-150
	Short

	Emerging and novel technologies
	· High-throughput epitaxial Si deposition for thin-film poly-Si cells

· Advanced application technologies (e.g. spraying) for active layers
	Applied
	50/50
	<20
	Short

	c-Si
	· Productivity and cost optimisation in production
	Applied
	50/50
	50-100
	Medium

	All thin films
	· Large-area module equipment

· High-throughput, high-yield equipment, requiring low material and energy inputs
	Industrial
	12.5/87.5
	50-100
	Medium

	All thin films
	· Ultra-high throughput processes and equipment 

· Manufacturing challenges specific to very large production units
	Industrial/Applied
	25/75
	50
	Long

	Emerging and novel technologies
	· Reproducible production of quantum-confined materials (size, shape)

· Reproducible production of metallic nanoparticles in sufficient quantity and quality (size, shape)
	Applied
	50/50
	<20
	Long


	Technology Area
	Action
	Project Type
	Funding

Public / Private
	Funding Level
	Timescale for exploitation

	Module design, including patterning

	c-Si
	· Low cost framing/mounting

· Standardisation of cells and modules
	Industrial
	12.5/87.5
	<20
	Short

	All thin films
	· Standardise products and production equipment between the PV-/TF-/CIGSS industries
	Industrial
	12.5/87.5
	20-50
	Short

	c-Si
	· Frameless structures

· Integrated cell and module designs and processes
	Applied
	50/50
	20-50
	Medium

	All thin films
	· Alternative cell structures, interconnects and methods
	Applied
	50:50
	20-50
	Medium

	Thermo-photovoltaics
	· Development of module concepts for TPV systems (including monolithic approaches)
	Applied
	50/50
	<20
	Medium

	All thin films
	· Transfer of R&D to large volume manufacturing
	Industrial
	12.5 / 87.5
	50
	Long


	Technology Area
	Action
	Project Type
	Funding

Public / Private
	Funding Level
	Timescale for exploitation

	Packaging and encapsulation

	c-Si
	· New low-cost, high-quality encapsulants
	Industrial
	12.5/87.5
	20-50
	Short

	All thin films
	· Low-cost and application-adapted packaging processes and equipment
	Applied
	50/50
	20-50
	Short

	Emerging and novel technologies
	· Low-cost sealing methods for dye sensitised and full organic solar cells
	Applied
	50/50
	<20
	Short

	Concentrators
	· Approaches for high throughput assembly
	Applied
	50/50
	20-50
	Short

	c-Si cells
	· Conductive adhesives or other solder free solutions for module interconnection
	Applied
	50/50
	<20
	Medium

	All thin films
	· Alternative sealing solutions
	Applied
	50/50
	20-50
	Medium

	Concentrators
	· Concepts for automated pre-mounting of modules
	Applied
	50/50
	<20
	Medium

	c-Si cells
	· Processes and designs for module efficiency > 25%
	Basic
	75/25
	<20
	Long

	All thin films
	· Transfer of new solutions to high volume production
	Industrial
	12.5/87.5
	20-50
	Long

	Emerging and novel

Technologies
	· Adapted encapsulation methods for novel cell concepts (e.g. including nanoparticles)
	Applied
	50/50
	<20
	Long

	Concentrators
	· Concepts for GWp range module production
	Applied
	50/50
	<20
	Long


	Technology Area
	Action
	Project Type
	Funding

Public / Private
	Funding Level
	Timescale for exploitation

	Advanced pilot line concepts

	All thin films
	· High-rate deposition on large-area
	Industrial
	12.5/87.5
	100-150
	Short

	Emerging and novel technologies
	· Advanced and adapted test/control methods in production

· Transfer and qualification of new concepts in industrial pilot
	Applied
	50/50
	10
	Short

	All thin films
	· Proofs of concept of modified/new deposition methods, process and material variations In pilot scale
	Applied
	50/50
	50
	Medium

	Emerging and novel technologies
	· Advanced and adapted test/control methods in production

· Transfer and qualification of new concepts etc. in industrial pilot
	Applied
	50/50
	10
	Medium

	c-SI
	· Qualification of advanced technologies for large-volume manufacturing (pilot)
	Applied
	50:50
	<20
	Long

	All thin films
	· Qualification of advanced technologies for large volume manufacturing (pilot)
	Industrial/applied
	12.5/87.5
	50-100
	Long

	All thin films
	· Advanced and adapted test/control methods in production

· Transfer and qualification of new concepts etc. in industrial pilot
	Applied
	50/50
	50
	Long


	Technology Area
	Action 
	Project Type
	Funding

Public / Private
	Funding Level
	Timescale for exploitation

	Optics manufacturing processes

	Concentrators
	· Primary- and secondary- optics for medium and high concentration with wider acceptance angle

· Technologies for improved alignment of optical parts and cell assembly
	Applied
	50/50
	20-50
	Short

	Concentrators
	· System design using materials for 85% optical efficiency in mass production
	Applied
	50/50
	<20
	Medium

	Concentrators
	· New technologies for large area coatings (ARC, mirrors)
	Basic
	75/25
	<20
	Long


	Technology Area
	Action
	Project Type
	Funding

Public / Private
	Funding Level
	Timescale for exploitation

	System level research and balance of systems components

	Systems
	· Reliable electronic components, new design structures, new semiconductor devices
	Applied
	50/50
	20-50
	Short

	Systems
	· Standardising system components to facilitate economies of scale in manufacture and simplify replacement
	Applied
	50/50
	<20
	Short

	Systems
	· Low cost support structures, cabling and electrical connections for domestic and large ground based PV systems

· Prefabricated ready-to-install units, particularly for large grid-connected systems
	Applied
	50/50
	20-50
	Short

	Systems
	· Introduction of new storage technologies in pilot units for large field trials and assessment of lifetime and cost
	Applied
	50/50
	<20
	Short

	Trackers
	· Production technologies for trackers with accuracy <0.2°
	Applied
	50/50
	<20
	Short

	Systems
	· Low cost AC modules with integrated inverters

· Development of low cost installation techniques for complex terrains
	Applied
	50/50
	20-50
	Medium

	Systems
	· System integration for TPV applications
	Applied
	50/50
	<20
	Medium

	Trackers
	· Concepts for automated mass production of trackers
	Applied
	50/50
	<20
	Medium


2.3.3 Promoting Sustainability

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

	Technology Area
	Action
	Project Type
	Funding

Public / Private
	Funding Level
	Timescale for exploitation

	Low environmental impact materials and processes

	All technologies
	· LCAs on modules (especially thin film and concentrator modules)

· LCAs on BoS components

· Environmental impact assessment at system level for all applications
	Applied
	50/50
	20-50
	Short

	All thin films
	· Reduce material thickness, purity for reduced costs
	Applied
	50/50
	<20
	Short

	c-Si
	· Avoidance of hazardous materials

· Replacement of scarce materials

· Low environmental impact manufacturing
	Applied
	50/50
	<20
	Medium

	All thin films
	· Minimisation of energy in production

· Reduction of material consumption (device, deposition, recycling)
	Applied
	50/50
	20-50
	Medium

	Emerging and novel technologies
	· Development of In-free active layers and Cd-free window layers for CIS-based cells (spheral cells)

· Development of processes for dye sensitised and full organic cells avoiding harmful solvents

· LCAs on emerging cell/module technologies
	Basic
	75/25
	<20
	Medium

	Concentrators
	· Optimisation of material utilisation (light weight construction)  
	Basic
	75/25
	20-50
	Medium

	c-Si
	·   Reduced silicon consumption, low energy content solar-grade silicon compatible with an energy pay back time < 6 months
	Basic
	75/25
	<20
	Long

	All thin films
	· Waste and energy management in production 

· Reduction/replacement of expensive raw materials
	Basic
	75/25
	<20
	Long

	Emerging and novel technologies
	· LCAs on novel cell/module technologies
	Basic
	75/25
	<20
	Long


	Technology Area
	Action
	Project Type
	Funding

Public / Private
	Funding Level
	Timescale for exploitation

	Extended lifetime

	c-Si
	· Materials and concepts for lifetimes >35 years
	Applied
	50/50
	<20
	Short

	Concentrators
	· Increase stability of optical systems

· Guaranteed module lifetime: > 25 yrs
	Applied
	50/50
	20-50
	Short

	All thin films
	· Enhanced life times >35 years
	Applied
	50/50
	<20
	Medium

	Emerging and novel technologies
	· Improved stability for dye sensitised and fully organic cells
	Basic
	75/25
	<20
	Medium

	BoS component
	· 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
	Industrial
	25/75
	20-50
	Medium


	Technology Area
	Action
	Project Type
	Funding

Public / Private
	Funding Level
	Timescale for exploitation

	Recycling

	c-Si and all thin films
	· Develop and implement recycling processed for all current products
	Applied
	50/50
	<20
	Short

	All technologies
	· Recycling processes for all new products

· Economic and logistical aspects of PV module and component reuse and recycling
	Applied
	50/50
	20-50
	Medium


2.3.4 Addressing Applicability

The fact that PV can be used in different kinds of application sometimes 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 integration, 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 non-technical issues relating to markets and finance.

	Technology Area
	Action
	Project Type
	Funding

Public / Private
	Funding Level
	Timescale for exploitation

	Aesthetics and suitability 

	c-Si
	· New frames and support structures
	Industrial
	12.5/87.5
	<20
	Short

	BIPV modules
	· Advanced modules for BIPV applications that are multifunctional, self-cleaning and serve as construction elements
	Basic
	75/25
	50-100
	Medium

	BIPV systems
	· System optimisation for low energy buildings

· Active façades

· Integration into home control systems

· Characterisation of performance

· Interdisciplinary architectural research
	Applied
	50/50
	20-50
	Medium


	Technology Area
	Action
	Project Type
	Funding

Public / Private
	Funding Level
	Timescale for exploitation

	System design

	Concentrators
	· Design optimisation for easy transportation and installation for utility applications

· Power plant engineering and grid connection
	Applied
	50/50
	20-50
	Short

	Stand alone systems
	· Highly reliable, low maintenance components for stand alone systems for development applications
	Applied
	50/50
	20-50
	Short

	Systems
	· Trackers for larger systems (maintenance-free, low energy consumption, high reliability and stability)

· Inverters that actively stabilise the grid and improve grid power quality

· Procedures for easy mounting and replacement 

· Integration of short-term storage
	Applied
	50/50
	20-50
	Medium

	Concentrators
	· Combined use CPV and thermal solar energy
	Basic
	75/25
	<20
	Medium

	Systems
	· Inverter-based grids

· Standardised village grids

· Hybrid systems for rural applications

· Integration of long term storage
	Applied
	75/25
	50-100
	Long


	Technology Area
	Action
	Project Type
	Funding

Public / Private
	Funding Level
	Timescale for exploitation

	Non-technical aspects

	Market development
	· Market development research, including efficiency of financial schemes for promoting PV in different markets

· Regulatory aspects of market development – insurance, contracts, planning issues
	Applied
	50/50
	<20
	Short

	Financial control
	· Managing incentive schemes for PV efficiently

· Billing and metering schemes for off grid PV systems
	Applied
	50/50
	<20
	Medium


3. SANITY CHECK

We performed a ‘sanity check’ to see whether 3.6 bn EUR is a reasonable figure to ask industry to spend on R&D in Europe before the end of 2013. The ‘sanity check’ was a ‘top-down’ estimate based on the industry’s turnover and the percentage of its turnover that it invests in R&D. A number of uncertainties make this method inaccurate. Firstly, and most importantly, market projections can vary quite substantially between different sources. In general, these projections are conservative, but doubt over the future of incentive schemes and the financial crisis may mean that they are still too high. The correct reaction to this uncertainty is to accelerate product development in order to meet cost and performance targets sooner rather than later. Secondly, R&D money is spent at many different points in the value chain, although the estimate in the following paragraph is based only on the value of module sales. Thirdly, this approach does not account for start-up investments: small high-tech companies might generate no income but spend substantial amounts on R&D. Nor does it account for basic or long term R&D carried out at large corporations outside the PV sector, such as utilities or oil companies. This will tend to make the ‘sanity check’ approach underestimate real spending.
In an attempt to accommodate these uncertainties, our sanity check assumes that system prices in this period meet those set out as a target of the SRA (2 €/Wp) and that market growth accelerates in line with the ambition of the SEII. It is further assumed that Europe will maintain a 30% share of worldwide manufacturing turnover, consistent with both recent historical data and the general objective of ensuring that the European PV manufacturing industry does not fade away.

Our estimate of the total capacity of PV modules manufactured in Europe in the five year period 2009-2013 is 55 GW, generating earnings of 111 bn EUR. Expenditure of 3.6 bn EUR would therefore be consistent with the industry dedicating about 3% of its turnover to R&D. Last year, the European industry spent 2% of its turnover on R&D. 3% would be consistent with the accelerated scenarios of the SEII, and there is some evidence that such percentages are attainable already in 2009 or 2010 as companies use the lull in demand to maintain their equipment and perform R&D.
Photovoltaic technology, in both its manufacture and deployment, impacts on other industrial sectors and can benefit from the knowledge of those sectors (see Chapter 4 “Assimilate knowledge from beyond the PV sector”). There has been no attempt to quantify what proportion of the research budget could reasonably be expected to be sourced from beyond the PV industry (e.g. in relation to electricity storage systems) or from public sources allocated to programmes not specifically targeted to energy production. However, it is clear that some cross-fertilisation is both possible and advantageous.

Guidelines for using public money efficiently on PV research projects
Earlier chapters have drawn attention to the current trends in R&D funding for PV. We have shown for example, that much money is invested by the private sector in PV R&D and the tendency has been for it to increase spending. In the SRA, we called on governments to make top-down decisions on how to allocate money to research with medium- and long-term prospects for commercialisation. Such research is generally high-risk and there is no natural “market pull” for it.

In this chapter we discuss how to take account of these points in the process by which research is funded. The observations and recommendations pertain mainly to EU-level research.

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

4.1 Good administration

It is no surprise that researchers want their lives to be made as simple as possible. They want straightforward, easy-to-understand procedures for applying for grants. Their proposals must be handled swiftly. The costs they incur in carrying out their projects must be refunded promptly.

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 to come between them, like borders (see section 3.2). Conversely, 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 to (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 re-negotiated). Rather than funding research in this “stop-and-go” manner, it is better gradually and/or steadily to scale up or scale back research in a particular area, and better still if this intention is announced well in advance
. Of course, in this Implementation Plan, we argue for a rapid and large increase in public funding for PV. It is more important to achieve this increase and accept some transient inefficiencies than to delay it for the sake of achieving the increase elegantly.

Finally, critical evaluations of the impact of research projects and programmes must be carried out as a matter of routine.
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Some of these ideas are among the lessons learned from “CrystalClear” (a 16 partner project funded by the European Commission that lasted 5½ years with a total budget of 28 M EUR) –see box right.

4.2 A pragmatic approach to managing intellectual property

The agendas of private companies and public research centres on the management of intellectual property are fundamentally different. As the German Government pointed out in its position paper on an intellectual property charter, circulated to other European governments when it held the Presidency of the EU in 2007, “Whereas research institutions tend to be mainly interested in the publication of the research results, industry is interested in preventing disclosure and in filing and exploiting protective rights.”

The different interests of research institutions and industry can be reconciled within a project, or by designing funding instruments that cater for the specific interests of each class of participant.

4.2.1 Reconciliation

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 co-funded by industry. The principle that the higher the ratio of public to private funding, the greater control the research institution has over the dissemination of knowledge created in the project (‘foreground’) is widely accepted.

The ownership of foreground is handled pragmatically. Industry understands that its ownership of foreground restricts 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 industry must see an opportunity to gain a competitive advantage from participating in the project. The solution is increasingly to give the industry partner(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).

4.2.2 Segregation

“Segregation” is a simply a label for the idea of instruments designed to meet the specific wants of industry and research institutions. An example of each, suitable for funding PV R&D at European and national level, is outlined in the next section.

5. New approaches for funding R&D in PV

5.1 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 on the right. “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 entitlement to exploit the knowledge with their competitors.

In the microelectronics business, where R&D costs have grown faster than revenues for over a decade, many companies have found the advantages to outweigh the disadvantages. With downward pressure on the price of PV technology because of cuts to incentive schemes, and a need for increased process complexity in order to reach higher cell efficiencies, new technologies have to be brought to the market faster and at lower overall cost. One research centre, IMEC (in Belgium), has decided the time has come to apply “open innovation” to PV (box right).

“Open innovation” in PV would apply to research in process technology development yielding ‘generic’ results, i.e. with potential for adoption by a large number of the companies co-funding 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 together a good basis on which to build consensus with the industry on the areas that “open innovation” should address.

Industry-funded R&D in PV will continue very largely to be done in-house including, 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 micro-electronics). Although it should be in the self-interest of companies to fund such schemes from the outset without public subsidy, at least initially, some inducement will be needed to overcome their conservatism. This inducement could be the promise to equip the research centre(s) willing to participate in “open innovation” with the latest research apparatus.

5.2 An instrument for research centres

“Open innovation” puts industry in the driving seat for defining and funding research areas with short- to medium- term prospects for yielding commercially-applicable results. But research with medium- to long-term prospects for commercialisation needs to 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 to be found in the academic community: researchers in universities and publicly-funded research organisations.

Below, we sketch 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 Programme-funded PV research naturally evolves into once the SEII 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 transform the evolution of PV technology. To achieve such breakthroughs will require persistence. These projects will need a long-term funding plan. Research centres would lead them and they would tend to involve a small number of partners (typically, 4 or 5).

5.3 Diagrammatic summary of resulting scheme:





5.4 Equipment Development Projects

Much R&D-requires access to the manufacturing equipment that will be used when the technology under investigation reaches full-scale production. This is obviously the case for microelectronics (access to tools allowing processes on 300 and, in future, 450 mm) but is also relevant for PV. Procurement of such systems is often beyond the budget of R&D-institutes, but with a small incentive, it should be possible to convince equipment manufacturers to make available an alpha- or beta- version of their tool at one or more research centres for a much reduced price. In return, 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. Greater co-ordination between public funding agencies

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

A country 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, where they support the EC’s idea to “establish an open access European energy technology and knowledge management system”. In PV, the best recent example of such a system is the database of nationally supported projects and programmes compiled for the “PV-ERA-NET” project
. Funding must be found to improve and update such databases continually.

6.2 Countries should implement their R&D policy coherently

PV research progresses faster the larger the pool of expertise that can be called upon to solve a particular question. Enlarging the pool of expertise is partly a human resources challenge (more scientists and engineers needed – see chapter ‘Education and Training’), but it also about using the talent of those people who already work in PV research more effectively.

Administrative barriers to international collaboration between research institutions in research projects should be dismantled. Initiatives that aim to do this must be sensitive to a country’s reluctance to tamper with a system that it put in place and that it finds works effectively. Every step that a country takes towards greater transnational co-operation must be taken in its national self-interest.

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 three reasons for countries to programme research jointly:

1. Assisting standardisation. If countries plan and fund research work aiming at defining new a standard together, a standard can be found that complies with as many of their regulations as possible. Work on standards is particularly relevant to system-level research (balance of systems components, grid-connection, stand-alone functionality, integration of local electricity storage technology).
2. Boosting connectivity: support for research teams that are small or isolated and that could perform better given the chance to make connections with teams in other countries. For interdisciplinary subjects (for example, polymer and organic solar cells), connecting small teams specialised in particular areas can have a big impact.
3. Plugging gaps in the coverage of R&D programmes: A need arises for knowledge into a specific area, but no country on its own either has it or can provide it (for example, specific needs for analytical methods, access to special technologies).

Countries have yet to decide how much they want to force transnational collaboration. Should national funding agencies call for proposals where one (or more) foreign partners is required in order for a proposal to be eligible (the feature of PV ERA NET’s ‘Polymol’ call)? 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.

There is some evidence that research institutions 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 a network of research centres that want to explore whether they can press ahead with this mission without waiting for their ministries or funding agencies to spur them (box above right).

The High Level Steering Group (another body invoked by the SET Plan) is a forum where decisions on the co-ordination of research policy can be made at a high level, where countries could agree, for example, to commit to 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.

7. 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’ experimental apparatus. In PV research, an expensive but sought-after piece of equipment is the experimental production line, or ‘platform’. The examples below describe five such facilities and the uses that they are put to. Our recommendation is that access to these lines should not come to be governed by a “sellers’ market”. Lines must be upgraded and expanded and new lines must be built to keep pace with demand.

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

Inaugurated in 2006, PV-TEC (“PV Technology Evaluation Centre”) is the largest not-for-profit laboratory for c-Si solar cell pilot production and technology evaluation. State-of-the art processing equipment with mostly 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. PV-TEC began with 30 employees. Now, more than 100 scientists, technicians and students work there.

About 40 companies used the PV TEC line in 2008 (most of the European cell manufacturers, equipment manufacturers and materials manufacturers). Experiments were mostly run in parallel because few experiments required the entire facility. Some projects are expected to last for two or three years - others were over in half a day.

Fraunhofer staff run the line on behalf of industry clients. On the few occasions when the whole line is rented, the client needs to supply very well trained people to operate it. The Fraunhofer workers have “explored the parameter-space” of their equipment, giving them a thorough knowledge of what works best. Some potential clients see the fact that this knowledge can’t be “unlearned” after an experiment as a disincentive to make use of the line, others as useful way to get the result they want faster.

The line used to be somewhat over-subscribed. 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 shortage 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-of-the-art technology very quickly (satisfying demand from new entrants into the PV business) to work on novel technology and cell structures, such as very thin c-Si cells at 20% efficiency.

7.2 ECN’s line

Since 1999 ECN has had a line for the development and piloting of new processes, new manufacturing 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 trial 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 full-scale production.

7.3 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 to achieve acceptable efficiencies with this substrate, the use of thinner substrates, and the use of N-type silicon substrates.

Technology based on amorphous silicon heterojunctions might improve efficiencies by as much as 5% compared to c-Si technology. RESTAURES’s role here is to take work beyond the scale reached in the laboratory and assist in devising a protocol for industrial-scale manufacture on full sized wafers.

RESTAURE also aims to deliver a proof of concept for nanostructured junctions in Si-based devices containing nano-wires 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 into thin-film 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 manufacture of machines capable of building a-Si-based heterojunctions and nanostructures). RESTAURE is also available for short-term ad hoc work on silicon wafer technology (processing and characterisation).

By far the most common way that the platform is used is for CEA researchers to execute projects on behalf of clients, perhaps with staff from the client present at the facility. CEA retains ownership of the project’s foreground. The degree of control the client has over the right to restrict exploitation of this knowledge is negotiated case by case. Where CEA provides little or no co-funding for the research project, exclusive rights can be granted.

7.4 PVcomB – Competence Centre Thin-Film- and Nanotechnology for Photovoltaics Berlin

PVcomB’s main goal is to support thin-film photovoltaic technologies and -products by providing a platform on which researchers from industry and academia can collaborate. The founding partners of PVcomB are HZB – Helmholtz-Zentrum Berlin für Materialien und Energie GmbH and TUB – Technische Universität Berlin, with additional research partners joining later in 2009.

PVcomB operates two dedicated pilot-lines for intermediate size (30 cm x 30 cm) PV modules, based on both a-Si/µc-Si 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 to encapsulation. The great variety of analytical tools available ensures that changes in the product-performance can be understood in terms of fundamental material or process properties. The typical projects running at 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 benchmark for PV suppliers: new materials, analytical tools or alternative process steps

Assimilate knowledge from beyond the PV sector
8.  Introduction

PV technology is related to many other sectors of research and industry. On the one hand, the use of PV technology requires direct interaction with other areas of technology, e.g. the building sector, electricity networks or advanced power storage devices. On the other hand, areas of research and technology that are not directly linked to PV can contribute significantly to improving the efficiency of cells, and to finding new materials and 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 targets of the SRA.

Section 4.2 focuses on knowledge from other technology sectors. Ideas for specific Technology Platforms to link to are listed in section 4.3. Section 4.4 provides some ideas of knowledge from non-technology areas which could also support the attainment of the SRA targets.

9. Knowledge from other technology sectors

While the different areas of PV related research that require interaction with or support from other technologies are indicated in chapter 2 ’PV research topics: who should do what with how much’, the following table is structured according to the type of knowledge from outside, keeping roughly the order of the PV value chain. 

Such external knowledge can concern standards and norms applicable infields related to PV like electrical grids or buildings, in R&D activities and technologies related to or comparable with PV technologies or in other technology platforms that are likely to interact with PV technology.

	External knowledge
	Type of source
	Interacting
PV technology
	Possible contributors
	Ways of interaction
	Examples

	Photonics & plasmonics
	R&D, industry
	Nanomaterials, Cells, Modules, Optical systems for concentration
	Data transmission systems industry, R&D-groups working around nanoparticle synthesis and photonic IC's (including photonic crystals)
	Application of the know-how to increase energy efficiency of the cells or systems
	 

	Micro & nano technology
	R&D, industry
	Materials, Cells, Modules
	Physics and chemistry of interfaces, tailoring of surfaces; MEMS 
	Finding new ways to tailor surfaces and interfaces to increase cell and system efficiencies.
	Advanced texturing, lateral structures for new cell concepts 

	Material modelling
	R&D
	Materials, Cells, Modules
	R&D-groups; prediction of optical and electrical properties of novel materials
	Application of the material simulation tools to obtain optical and electrical information on promising materials and material system
	 

	Optoelectronic processing & manufacturing
	R&D, industry
	Cells, Modules
	For CPV-technology: Equipment manufactures (die placing, thick and thin wire bonding, encapsulation)
	Adaptation of existing equipment, transfer of existing processing technologies (e.g. LED, Laser)
	Thermal management of high power devices; encapsulation used as secondary optics (LED as an example)

	Chemical processes
	R&D, industry
	Cells
	Semiconductor industry,
ETP Sustainable Chemistry
	Improvement of existing cell production processes and adaptation of ideas to improve efficiency and cost of ownership
	Galvanics for metal grids of higher purity, less material usage in chemical processes, recycling

	Printing technology
	Industry, R&D
	Cells
	Printing industry, R&D groups
	Common industry activities and R&D schemes to find cost efficient methods for structured surface coatings
	Front grids, other structures, deposition processes for organic cells

	Organic electronics
	R&D, industry
	Cells
	Industry and R&D groups related to OLED, RF-ID etc; material suppliers
	Adaptation of methods and materials from other organic electronics applications for organic solar cells
	 


	External knowledge
	Type of source
	Interacting
PV technology
	Possible contributors
	Ways of interaction
	Examples

	Vacuum & thin film
deposition processes
	R&D, industry
	Cells, Modules
	Equipment and component manufacturers, R&D groups, semiconductor, display, glass, optical industries, plasma experts (e.g. INPLAS)
	Industry and R&D cooperations regarding modelling of deposition rates and distribution; more efficient and alternative sources, materials and methods, improved cleaning and uptime, alternative production processes
-> improvement of efficiency and cost of ownership
	Improved AR, metal, absorber layers, TCOs, etching, diffusion barriers

	Automation know-how
	Industry, standards
	Cells, Modules
	Equipment manufacturers, institutes, ETP Future Manufacturing Technology, semiconductor industry, SEMI / Fraunhofer work group
	Adaptation of existing ideas and standards, common R&D and industry activities
-> improvement of transport and automation systems in cell and module production lines, thus uptime and productivity
	Design of more efficient production lines, less interfaces and complexity, safer handling, easier operation, well defined machine standards and interfaces

	Microelectronic processing equipment
	R&D, industry
	Cells, Modules
	Adaptation of systems used in microelectronics for novel processes for high-efficiency solar cells (mainly Si)
	Cooperation with equipment manufacturers
	Silicon cell production equipment

	Laser applications
	Industry, R&D
	Cells, Modules
	Laser and laser device producers, R&D groups
	Cooperation with equipment manufacturers and research institutes to improve structuring and cleaning processes
	Structuring and edge-cleaning in thin film cell/module production

	Test equipment specifications
	Best practices,
industry, R&D
	Cells, Modules
	Test equipment manufacturers, optical and electrical equipment suppliers, users, research groups
	Establishing a group of institutes, cell producers and test equipment suppliers to defining measuring standards, e.g. via round-robin-tests
	Testers for input material quality, carrier lifetime, wafer breakage, I-V-testers


	External knowledge
	Type of source
	Interacting
PV technology
	Possible contributors
	Ways of interaction
	Examples

	Glass production technology
	Industry, R&D
	Cells, Modules
	Glass industry, R&D groups
	Know-how transfer for thin film or concentrator applications by common R&D programs or industry cooperation
	Glass treatment, cleaning, stability, optical properties, mounting, focusing, lenses

	Polymer industry
	Industry, R&D
	Modules
	Materials for framing and front covering of modules
	Industry cooperation or common R&D schemes to find or apply new materials 
	New disposable materials replacing aluminium frames and front glass

	
	
	
	
	
	

	Mechanical engineering for trackers
	R&D, industry
	Systems, BOS
	Industry and R&D groups related to light weight construction, astronomy tracking, tracking control; material suppliers
	Cooperation with manufacturers, adaptation of methods and materials applicable for tracking systems
	Astronomy needs high precision tracker, crane construction is robust
-> merge both approaches

	Electrotechnology
	Standards
	Systems, BOS
	ISO / DIN working groups, ETP Smart Grids
	Adaptation of existing norms, standards and best practices to PV related applications
	Electrical grid standards, specifications for inverters, energy storage practices, battery specifications, power electronics standards

	Informatics
	Industry, R&D
	Systems, BOS
	Companies specialized in installing of PV systems and/or PV system maintenance and administration or specialized companies like Meteocontrol
	Net monitoring, data transfer and acquisition, remote global supervision and control of PV systems
	 

	
	
	
	
	
	

	Meteorology
	Meteo stations, R&D programs and consortia, space institutions
	Systems, BOS
	Satellite weather (irradiation), long term forecasts
	Use of know-how to optimize design, installation and operation of PV systems
	 

	Building & architecture
	Standards, best practices
	Systems, BOS
	Building related standards, ETP Construction
	Branch or industry wide exchange of ideas for systematic integration of modules on roofs or in building fronts; special designs 
	


	External knowledge
	Type of source
	Interacting
PV technology
	Possible contributors
	Ways of interaction
	Examples

	Batteries
	Industry, R&D
	Systems, BOS
	EUROBAT industry association
	Combined industrial approach (e.g. EPIA and EUROBAT), comprehensive research programs
	Development of solutions for on-grid (local short-term storage) and off-grid applications (autonomy)

	Recycling
	Best practices
	all
	Electronics producers,
recycling standards, REACH, abatement system suppliers
	Cordination of public and industrial initiatives to adapt existing recycling routines for production materials and products in the PV sector
	Recycling and improved usage of silicon, precursors, fluorinated gases, toxic substances, cells, modules etc., product take-back strategy

	Other EU TPs
	EU TPs
	different
	ETPs Sustainable Chemistry, Engineering Materials, Smart Systems Integration, Future Manufacturing Technology, Smart Grids, Contruction, Photonics21, ESA, Nanoelectronics
	Joint activities, e.g. establishing cooperation structures or expressing common targets in common statements
	Cf. section 4.3.


10. Contributions from other Technology Platforms

10.1  European Technology Platforms

Several technology platforms (TPs) in the EU are acting in technical fields related to or helpful for the further development of photovoltaics.
European Technology Platforms (ETPs) provide a framework for stakeholders, led by industry, to define research and development priorities, time frames and action plans on a number of strategically 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 interaction and cooperation between ETPs active in related areas has been recognized.

Joint coordination between European Technology Platforms is addressed in the CORDIS 3rd status report on Technology Platforms:
“4.3 Cross-platform interactions - The development of ETPs has also brought to light the benefits of interactions and networking between platforms, especially for those active in related areas. A clear trend exists whereby ETPs interact within clusters of related technological areas, establishing cooperation structures (e.g. EPISTEP for the IT field) or memorandums of understanding (e.g. EuMaT for materials).”

In practice, not all ETPs have reached the same stage in terms of actions.
The following ETPs and specific research areas may be synergetic with the European Photovoltaic TP. Coordination may take place at the level of the ETPs’ governing bodies prior to the release of research grants or by contacting the responsible staff to obtain or inject information from or into a relevant grant.

Possible ways to start interaction are joint workshops to identify common targets, which could be commonly addressed in the different implementation plans.

Synergies with the PV sector can on the one hand be recognized in the programmatic papers of the selected ETPs, on the other hand the PV sector could address directly suggestions to the other ETPs which enhance the implementation of PV research.
10.1.1 Sustainable Chemistry (www.suschem.org)

Energy represents one of the 8 priority topics of the TP and PVs represent one of the early priority topics. In its Implementation Plan, the SusChem TP states: ”Synergies between several other technology platforms such as Photovoltaics, 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 OLEDs for lighting or novel nanofoams for insulation.

· portable technologies require novel materials for the storage of energy, such as supercapacitors or new batteries.

Photovoltaics:

· 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 the dye sensitised cells

· process development to deliver enhanced device performances, ensure sustainability and reduce production costs on an industrial scale

(SusChem early priority topics)
Specific suggestions from the PV sector to SusChem could be

· development of durable sealants

· development of precursors for enhanced film deposition methods

· agents for sustainable etching and cleaning processes

·  alternatives for scarce or hazardous materials used in current PV devices

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

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

· design, development & qualification of advanced materials 

· advanced production, processing and manufacturing 

· material and component testing 

· material selection and optimization 

· advanced modeling on all scales 

· databases and supporting analytical tools

· life-cycle considerations, including impacts, decommissioning, reliability, hazards, risks and recyclability

Interaction with PV: basic material processes, recycling, new materials.

EuMaT intends to link with other technology platforms through the High Level Board, which senior representatives of other ETPs are expected to join. 

Interest in Photovoltaics is announced in its Strategic Research Agenda.

Specific suggestions from the PV sector to EuMat could be

· selection of low-hazardous production and cleaning processes

· materials and technologies for multifunctional PV-modules

· improvement in life-cycle analysis and recycling of PV modules
10.1.3 ETP on Smart Systems Integration (EPoSS)
(www.smart-systems-integration.org/public)

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

There is no specific reference to PV, but objective to work on materials development; e.g. Si, SiC, SiGe, non-Si semiconductors, ceramics, polymer, glass, textiles, etc... Although not explicitly mentioned, sensor and networking technologies hold potential for Photovoltaics installations
Specific suggestions from the PV sector to EPoSS could be

· integration of concentrator cell systems

· integration of sensors in PV panels
10.1.4 Future Manufacturing Technologies (www.manufuture.org)

The “Manufuture” Technology Platform aims to provide an analysis and methodology leading to a transformation of the European manufacturing industry into a knowledge-based sector capable of competing successfully in the globalised market place.

Among the targets are: 

· new, high- added-value products and services

· new business models

· new manufacturing engineering

· emerging manufacturing science and technologies

Interaction with PV is thinkable in view of optimized manufacturing processes. 
Specific suggestions from the PV sector to Manufuture could be

· how to assure the future of manufacturing of PV systems in Europe

· how to add value to European PV production in global competition
10.1.5 Smart Grids(www.smartgrids.eu)

The ETP Smart Grids is dealing with the future European electrical grid. An SRA is published.

Areas relevant for photovoltaics:

Task 2.1
Networks of the future – a system engineering approach to study the operational integration of distributed generation and active customers

Task 2.2
Innovative energy management strategies for large distributed generation penetration, storage and demand response

Task 2.3
Distribution networks of the future – customer driven markets

Task 4.1
Ancillary services, sustainable operations and low level dispatching; 

Task 5.1
Customer interface technologies and standards

Task 5.5
Regulatory incentives and barriers

Specific suggestions from the PV sector to Smart Grids could be

· development of strategies to deal with significant amounts of PV electricity produced in locally distributed systems

· how to optimize 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
10.1.6 European Construction Technology Platform (ECTP) (www.ectp.org)

ECTP’s implementation plan, under its Priority C: New Technologies, Concepts and High-tech Materials for Efficient and Clean Buildings, addresses energy efficiency of buildings without specifically addressing integration of Photovoltaics. However it also mentions: “As a consequence, contacts and links have been established 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 sector, as the assembling stakeholder, will have to implement to carry out its goal”.

An injection of ideas and suggestions from PVTP into ECTP appears to be promising to accelerate the development of building integrated PV.
Specific suggestions from the PV sector to ECTP could be

· actively addressing challenges and opportunities of building-integrated PV (BiPV)
10.1.7 Photonics21 (www.photonics21.org)

Photonics21 undertakes to establish Europe as a leader in the development and deployment of Photonics in five industrial areas (information and communication, lighting and displays, manufacturing, life science and security) as well as in the sectors education and training.

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 thin film PV)

WG6 – Design and Manufacturing of Photonic Components and Systems
-> possible interaction with materials research and application for new cells

A possible cooperation with PVTP is mentioned in the SRA of Photonics21.

Specific suggestions from the PV sector to Photonics21 could be

· development of photonic structures to enhance cell and module efficiencies

· further exploring the synergies between thin-film PV (organic and inorganic) and lighting & display technologies in terms of materials, device designs, manufacturing processes, qualification, etc.
10.1.8 European Space Agency (http://www.esa.int)

Although photovoltaic space applications face different constraints than ground ones (cost is about 1000 EUR/Watt as compared to terrestrial 2 EUR/Watt), radiation resistance is a major issue as well as mass, which leads to push research into high efficiency, multi-junction cells.

10.1.9 European Technology Platform Nanoelectronics (www.eniac.eu)

Another ETP of interest for PV is the ETP Nanoelectronics, that could contribute to new cell designs and materials research relevant for PV. 

10.2 Other Technology Platforms
Besides European Technology Platforms, there are many technology platforms or industry associations on global, European, national or regional level that can contribute with knowledge to the PV sector. In the following, only two examples of many are sketched.

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

Level: national (DE), European, global

Interaction with PV:
- Productronics Association
- Solar Engineering Portal
- Involvement in Micro-and Nanomanufacturing ETP
- Organic Electronics Association OE-A (www.oe-a.org)
- Large Area Organic and Printed Electronics Convention (LOPE-C)


10.2.2 Kompetenznetze Deutschland - Innovation Network Germany (www.kompetenznetze.de)

Initiative of the German Federal Ministry of Economics and Technology 

Level: national (DE)

Within the initiative Kompetenznetze Deutschland the Federal Ministry of Economics and Technology combines outstanding innovation networks of Germany. Actually the initiative amounts to a total of 107 members, clustered in 9 topics and in 8 regions.

Relevant topics:
- New Materials and Chemistry
- Production and Engineering
- Energy and Environment
- Microsystems / Nanotechnology / Optical Technologies
One example for a network within the Innovation Network Germany that is interacting with PV is INPLAS (www.inplas.de), the Industrial Network of Plasma and Surface Technology. Its objective is the development and application of plasma technology for layer deposition and surface treatment. c) Internationaler Fachverband Mikrotechnik (IVAM) (www.ivam.de)

International association of companies and institutes in the field of microtechnology, nanotechnology and advanced materials.

Level: international

Possible interaction with PV:
- Laser in production
- Surface technologies
- Functional materials
Many examples of technology platforms and networks have been listed that can contribute knowledge to accelerate the success of research and implementation of PV technology.

EU PV TP is a body that has the capability to evaluate the benefit of cooperation within these networks, to initiate and to coordinate interaction between the PV sector and other sectors, to define common targets and to act as a mediator between research and industry.

11. Knowledge from non-technological sectors

It is obvious that, besides of new technologies, also a steady development of a PV market with its stimulating role is at least as much important for further progress in photovoltaics.  As both technological progress and market are strongly interrelated, knowledge of various non-technical factors which may affect the PV market is of great importance. A good example here may be the feed-in tariff policy and the role which it has played and still plays for PV development in Germany and some other countries.

Though usually financial aspects are well recognized by big investors and key PV market players, yet for those willing to invest in PV on a relatively small scale, like e.g. solar home systems, such information may be crucial to make a positive decision.  Further, the growing number of even small PV installations may be a driving force for a PV industry, particularly in those countries which are far behind the current market leaders. For more dynamic and sustainable development of photovoltaics knowledge about all other incentives and available financial support possibilities can not be underestimated as these factors can have a big share on the success. 

Valuable information for further PV development may, amongst others, be found in the following sectors.
11.1 Finances 
Information on how to access low rate credits (often related to actual policy regarding renewable)

Sources: banks, financial institutions
11.2 Law 
Information on incentives like feed-in tariffs, green certificates, possibilities of cofunding of investments, taxes and customs tariffs (PV products may be sometimes a subject to special treatment by tax law as pro-environmental goods), merchant law, in some cases labour law etc.

Sources: ecological foundations, pro-environmental organizations, suitable ministries (e.g. Ministry of Environmental Protection or Ministry of Labour) etc.
11.3 Higher education

Knowing the structure of higher education and future trends may be helpful to localize investment possibilities.

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 etc.) should be valuable. The availability of these highly skilled experts has to be maintained.
Knowledge about rules for creation of spin-off companies especially based on agreement with public bodies like universities or high schools can drive PV development.

Sources: Ministries of Education, regional authorities, non-profit national or regional organizations like PV associations, technological parks etc. 

 Education and training
12. Introduction

Realisation of the full potential of PV as an important and integral part of our energy supply requires knowledge on behalf of a wide range of actors, 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 context. Directive 2009/28/EC of the European Parliament and Council on the promotion of the use of energy from renewable sources recognises this (box right)
. This chapter considers the role of research and development in that education.

In a rapidly growing industrial sector, the resource requirement is not only financial or material in nature but also for skilled personnel in sufficient numbers along the whole length of the value chain to meet the growing demand and prevent the lack of availability of qualified personnel from becoming a bottleneck for the sector. Where that industry, as in the case of PV, impacts directly on several other sectors and the public, the education needs to extend outside the immediate demands of the industry and include the development of suitable skills in associated industries and the transfer of knowledge to a widespread audience. Thus, education is an essential part of the implementation plan for the PV sector.

The PV sector employs staff with a wide range of skills, but of particular importance in the context of this implementation plan are those personnel responsible for innovations in cell and module fabrication, system design and system usage and those who subsequently develop those innovations to commercial reality. This document has described the implementation of a strategic research agenda in terms of the technical areas and budgets required. The research portfolio also provides the opportunity for training of the personnel that the industry will require to take the results through to commercial exploitation and to continue to innovate as the industry moves towards being a major contributor to energy supply across Europe in the years up to and beyond 2020.

A strong and vibrant research and development portfolio provides the opportunity for in-depth training 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 photovoltaic industry started their career in the sector in research before adapting their skills to production or company management. Opportunities for engagement with the research activities, whether in industry or academia, also provide valuable experience as a bridge between undergraduate training and employment in the sector (e.g. by providing placement opportunities for students on Masters 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 – to educate them in regard to energy sources, usage and efficiency and understanding of their role as energy users in society

· Students at undergraduate and post-graduate levels in different target fields – this relates to engineering courses of all disciplines, but also to students in construction, architecture, planning, environmental management etc.

· 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 maintenance of PV systems and energy systems in general
· Engineers (lifelong education for engineers) – continuing professional development for relevant personnel in the photovoltaic and associated industries to 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 technical basis
· Market and financial professionals, bankers – so that informed financial decisions can be made on a sound technical basis
· Private and institutional investors – so that informed financial decisions, including when and what to purchase, can be made on a sound technical basis
· Community, regional and national officials (political and non-political) – to allow the optimum implementation of PV in society, with appropriate support schemes when necessary
· Clubs, associations and societies – to promote community level actions
· Society as a whole on all levels – to achieve the maximum benefit 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, together with the range and magnitude of professional skills to ensure that we can achieve the rapid growth rates required to meet the targets of the European Photovoltaic Technology Platform and European Photovoltaic Industry Association and contributing to the overall European 20-20-20 targets by 2020. Accelerated scenarios that have been developed in regard to the Strategic Energy Technology Plan consider a European cumulative installation of between 200 and 400 GWp of PV in 2020, implying direct employment of up to 400,000 at this time. The European Photovoltaic Technology Platform is addressing education and awareness-raising in relation to the wider community through their Working Group 2 on Market Deployment. In this document, we concentrate on professional training and the role that research and development in providing skills for the sector.

13. PV Professionals

The growing PV industry requires an increasing supply of trained personnel with sufficient background knowledge to enable rapid integration into companies. Whilst on-the-job training is important to ensure that the company specific requirements are met, being able to minimise the period of initial training allows maximum growth rates. 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 industry; researchers can use those skills directly within the industrial sector and can adapt them to 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 industry, even where these are not specifically related to the research project originally undertaken.

· Ability to review options critically – in a rapidly growing sector with a choice of different technologies, research training in critical analysis can assist in the informed comparison of options.

· Linking research to education – the inclusion of up-to-date research results and the interaction of researchers with postgraduate and undergraduate students adds relevance and context to degree courses.

· Linking research to industry – the direct inclusion of industry in the training of researchers adds relevance and makes the researcher more aware of the needs of the industry.
Whilst the training of new researchers takes place most often in academic or research institutions, ongoing training takes place in industry via internal R&D and collaborative projects.
14. Other Professional Education

Elsewhere in this document, the prospects for cross-cutting research and the use of innovation in sectors outside PV have been discussed. Many of the projects outlined in the section on implementing the research agenda are also interdisciplinary and will involve interaction with sectors such as construction, electrical networks and the electronics industry. These research activities provide the opportunity for education in all participating sectors.

In some areas, there is a need for additional targeted 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 to 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 industry as a whole, since PV must be successfully integrated into the electricity distribution network alongside other renewable technologies.
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 at degree level and then in some form of Continuing Professional Development (CPD). In formal educational training, the interaction of researchers and students again brings context and relevance and can stimulate the student to consider approaches of which he/she would otherwise not have been aware. The incorporation of research results and experiences into CPD courses is more challenging. The research must be at an appropriate stage to warrant inclusion in such courses, which are often conducted by organisations not themselves directly involved in research. It is also important to ensure a 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 a more comprehensive manner to the professionals working in related sectors. 

The successful implementation of PV and the achievement of its potential for contribution to our energy needs are crucially dependent on the decision makers and regulators who can push forward the take-up of different technologies. This is true of both systems contributing to existing energy provision or to rural electrification for development purposes. 
15. 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 sectors of society. The provision of sound and reasoned information about research developments to a non-specialist, non-technical audience, and often by routes that are themselves non-technical in regard to presentation (e.g. popular media), is a challenge in any subject area, but particularly so in the energy field where there are different technologies and many different players. It is also important to fire the imagination of young people, throughout their schooling, to encourage their choice of science and engineering as a future career and to demonstrate 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 unrealistically. Again, a balanced view is required between competing technologies and, for this reason, the clustering of projects with respect to dissemination of results to the general public may be appropriate.

Specific activities with respect to dissemination of results and issue awareness need to be included as part of the technical research projects but perhaps more importantly in regard to the socioeconomic studies that consider benefits and acceptability of the widespread use of PV. This might include user workshops and consultations to feed back experience into the research process.

16. Educational Initiatives
A number of new education initiatives have been proposed and/or implemented within Europe recently, including the European Institute of Innovation and Technology and its call for the establishment of Knowledge and Innovation Communities (KICs). One of the areas eligible for its first call is “sustainable energy”. The KIC is designed to promote collaboration between a grouping of public research centres, universities and industry, and to offer Master’s and doctoral courses within its activities. In the PV sector, however, such collaborations are already being formalised in projects such as Germany’s Spitzencluster Solarvalley Mitteldeutschland (box right). There are also a number of existing Masters courses, mainly centred around the theme of renewable energy, that assign a significant portion of the curriculum to PV.

Clearly, in order to meet the growing need for skilled personnel in the PV sector, 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 Masters students with industry partners within publicly funded research projects to meet training needs. Even though the placements are only for a few months and so may not add significantly to the research output, the contribution to education can be important. 

17. Summary

The specific inclusion of educational initiatives in the research agenda allows us to address the PV sector’s needs for trained personnel, as well as the improvement of information transfer to other related professions and to society as a whole. By appropriate dissemination of the results and the issues underlying the research, can contribute significantly to the understanding and uptake by the general public. In order to meet the training needs of the industry, it is imperative to have a strong and vibrant research agenda in which suitable technical and analytical skills are fostered. Educational initiatives should be embedded in the research projects and actions taken to facilitate the transfer of information to the relevant target groups.
The industry partners in the German network “Spitzencluster Solarvalley Mitteldeutschland” want to expand the availability of Bachelor or Master courses in disciplines relevant to PV technology in several Länder and make existing courses more attractive. Following negotiations between them and Länder governments, which have responsibility for education funding, new courses have recently started.








University of Applied Sciences, Anhalt:


In October 2008, “Hochschule Anhalt” welcomed the first 18 students on its new programme “Solartechnik” (solar technology) a 6-semester 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 employment contract with either Fraunhofer-CSP (Fraunhofer Centre for Silicon PV) or Q-Cells. In return, the students receive a grant from Q-cells while they study so they can concentrate on their work, which is also unusual. 20% of their time is spent either at Fraunhofer-CSP or Q-cells. During the course, students can choose to specialise in one of two areas: ‘Technology’ or ‘Plant technology’. They can choose to extend their studies to 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 :


Fachhochschule Jena has set 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.





Directive 2009/28/EC – article 14





§1: “Member States shall ensure that information 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.”





§3: “Member States shall ensure that certification schemes or equivalent qualification schemes become or are available by 31 December 2012 for installers of [...] solar photovoltaic [...] systems [...]. Those schemes may take into account existing schemes and structures as appropriate [...]. Each Member State shall recognise certification awarded by other Member States [...]”





ERA and EERA





The European Research Area (ERA) and European Energy Research Alliance (EERA) both attempt to enhance collaboration 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 strategy. In the ERA model, this happens through groups of Member States’ funding agencies jointly issuing calls for research projects and exchanging information on the R&D-projects that they run,





The EERA model addresses the Member States’ research centres directly and invites them to 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 to medium- and long-term research topics.





Traditional collaborative research instruments





Innovation flagship calls





Medium - Term





Long - Term





Short – Term








A possible future EU–model for PV 


R&D programming





EUREKA





ERC





ERA - NETs








Industry targeted calls





Forschungsvereinigungen





Germany’s FV model is entirely about large groups of companies – often SMEs – that manufacture a particular kind of product contracting research work to research centres. They each pay a small amount of money to their association. This financial contribution buys them access to all the research work privately funded by the association. Public money can be put towards 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 kEUR 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 to either SMEs collectively contracting research, or SME associations contracting the work on their behalf. FVs, meanwhile, are supported by a public funding agency that expects to be providing funding year after year.





IMEC’s “Open innovation” platform





In June 2009, Schott Solar entered into a 3 year agreement with IMEC that will enable their researchers to work closely with IMEC’s to build up knowledge in wafer-based bulk silicon solar cells and epitaxial thin-film (<20µm) silicon solar cells on low-cost silicon carrier.





Other silicon solar cell manufacturers, equipment and material suppliers are invited to join the programme. They will share intellectual property, risk and cost with each other.





Spitzencluster Solarvalley Mitteldeutschland





Each SVM project is governed by a consortium agreement setting out how IP is to be handled. In general, foreground is owned by the organisation that created the foreground. All partners in the R&D project get a free licence to use the foreground. The foreground can also be sold to an entity 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 to the foreground, again at a fair price.





CrystalClear – lessons learned





defining, explaining/translating and communicating overall targets is key to building a project team (corporate spirit)., Putting the target into a broader perspective, e.g. reaching grid parity, can be very motivating;


“integration” activities may be small in size, but are big in effect;


finding the balance between partner interests and consortium interests is difficult, but essential for success;


long duration (including annual re-planning) allows for implementation of practical lessons learned within the project and gradual focusing of R&D, this has been another key to success;


combining skills in the field of science & technology with complex project management & administration is crucial to manage projects of this size and complexity;





6.6 bn EUR of spending required on R&D in PV in Europe by end of 2013








� “Cost” and “price” have specific meanings in this context. The owner of (or investor in) a PV system is initially confronted with the (turn-key) price of that system. He or she also has the alternative of paying retail prices for electricity purchased from the grid. When PV system is feeding electricity into the grid, the system price translates to generation costs. ”Grid parity” refers to the point where generation costs equal retail prices. Generation costs will have to fall below retail prices for system owners to make enough margin for the market to be self-sustaining.


� There is not yet a straightforward definition of “competitiveness” in relation to grid-connected PV capacity. “Competitiveness” depends on where the boundary is drawn around the system, and on how cost savings realised from PV being present on the grid are allocated between the PV technology and the rest of the generation and distribution infrastructure connected to grid.


� SEMI : the Semiconductor Industry Association. Their White Paper was called «The Solar PV Landscape in India – An Industry Perspective”


� NEDO Brochure, Energy and Environment Technologies, December 2007�http://www.nedo.go.jp/kankobutsu/pamphlets/kouhou/2007gaiyo_e/87_140.pdf


� PV Status Report, http://re.jrc.ec.europa.eu/refsys/


� National Development and Reform Commission (NDRC) http://en.ndrc.gov.cn/


� National Basic Research Program http://www.973.gov.cn/English/Index.aspx


� Exchange rate 2003: 1 RMB = 0.11 €


� Exchange rate 2004: 1 RMB = 0.095 €


� Exchange rate 2008: 1 RMB = 0.089 €


� U.S. Department of Energy, April 2008, Solar Energy Technologies Programme (Solar Programme): 2008-2012 Multi-Year Programme Plan


� DOE, Solar America Initiative, http://www1.eere.energy.gov/solar/solar_america/publications.html#technology_roadmaps


� For example, it is known that the annual budget of FP7, will be 75% greater in the final year of FP7 (2013) than in the first (2007).


� Page 6: � HYPERLINK "http://www.bmbf.de/pub/Eckpunkte_IP_eng(1).pdf" �http://www.bmbf.de/pub/Eckpunkte_IP_eng(1).pdf�


� � HYPERLINK "http://www.pv-era.net" �www.pv-era.net�


� � HYPERLINK "http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:140:0016:0062:EN:PDF" ��Official Journal of the European Union, L 140, 5.6.2009, p. 16�





�Hazard sign


�PAGE \# "'Page: '#'�'"  �� @Marcel Gutschner, I’m paraphrasing from: � HYPERLINK "http://member.pv-era.net/doc_upload/documents/189_Del31pdf.pdf" ��http://member.pv-era.net/doc_upload/documents/189_Del31pdf.pdf�). Is this an accurate re-expression of the current PV-ERA-NET position?





