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Energy Technology Deployment (IEA-RETD) provides a platform for enhancing 
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accelerate the global deployment of renewable energy technologies. IEA-RETD 

operates under the legal framework of the International Energy Agency. IEA-
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informed decisions by: (1) providing innovative policy options; (2) disseminating 

best practices related to policy measures and market instruments to increase 

deployment of renewable energy, and (3) increasing awareness of the short-, 

medium- and long-term impacts of renewable energy action and inaction. IEA-
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i. Executive Summary 

Purpose  

This report provides seven innovation policy recommendations to accelerate the development of emerging 

renewables such as offshore wind, marine and advanced biofuel technologies. Emerging renewable 

technologies have not been advancing fast enough. Despite the potential of new technologies to seed export 

markets, create jobs and help to meet global climate change targets, less than 5% of the US$244bn invested 

annually in renewables around the world is spent on early stage investments ς for research, development and 

demonstration (RD&D) or venturing. Government funding levels for renewable RD&D are on average currently 

equalled by corporate spending, but better designed innovation programmes can achieve 5-10 fold private 

sector match funding for future programmes. This can be enabled by new programme designs, de-risking early 

stage investments and unlocking additional value from international collaboration and coordination. Improved 

innovation programme designs can only deliver this impact if they are supported by strategic policy 

frameworks that offer long term market certainty. 

 

The governments of the IEA-RETD1 commissioned this report to synthesise internationally relevant insights 

from recent renewable innovation policy successes and failures. The Carbon Trust and Element Energy 

delivered this using workshops with leading policy makers and industry experts, detailed policy and technology 

case studies and a series of interviews with leading international sector stakeholders. Particularly valuable 

insights are taken from onshore wind and solar photovoltaic (PV), which have achieved double digit annual 

deployment increases and cost reductions over the past forty years.  

  

This report makes recommendations to unlock the next generation of innovation policy, by building on 

successes from the past four decades of policy delivery and the insights of current leading experts. 

Governments can harness these lessons, to deliver lowest cost policy that is strategically aligned to national 

goals. To achieve maximum impact at lowest cost the next generation of policy must avoid the failings of 

uncertain, disjointed action. Policy makers can achieve this by placing greater emphasis on strategic long term 

innovation policy, coordinated across government and by using new approaches to reduce the risks of early 

stage investments for private sector actors.   

                                                           
1 International Energy Agency ς wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ ¢ŜŎƘƴƻƭƻƎȅ 5ŜǇƭƻȅƳŜƴǘ ΨƛƳǇƭŜƳŜƴǘƛƴƎ ŀƎǊŜŜƳŜƴǘΩΣ ǿƛǘƘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ 
participating countries:  Canada, Denmark, France, Germany, Ireland, Japan, Norway and the United Kingdom 
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Challenges 

In most countries innovation policy for renewable energy technologies is the subject of multiple government 

departments, creating significant coordination and continuity challenges. Crucially, innovation policy which 

encourages the development of renewable energy technologies requires capital intensive funding for many 

years ς often decades. Policy makers struggle to provide market driven policies that provide such long term 

confidence.  

   

This challenge is exacerbated for emerging renewable energy technologies by the recent international 

recession and government budget cuts. Private sector finance has increasingly focused on lower risk, more 

established technologies, which offer higher returns.  

 

Governments are frequently called on to increase funding to this topic, but have limited resources. In light of 

climate change targets, the IEA has called for >US$300bn additional funding to be spent annually on renewable 

energy deployment over the coming 20 years. Growing international competition in an increasingly globalised 

world makes it harder for policy makers to support additional policy costs incurred by rising deployment levels 

for subsidised pre-commercial technologies.  

Recommendations  

This report focuses on recommendations that can enable policy makers to achieve maximum gains by building 

on existing support levels. These recommendations build on proven policy successes found in international 

best practice, and novel recommendations developed by working with leading members of the international 

innovation community. These proven and novel recommendations are now covered in turn.  

Proven approaches to delivering a comprehensive innovation policy support framework 

A comprehensive framework to plan and deliver innovation policy is central to best practice policy making. 

While the recommendations to achieve this are accepted and understood, they are frequently not delivered 

across the IEA-RETD. These actions will enable governments to optimise deployment of established policy 

families to accelerate priority technologies in light of national goals.  

 

1. Monitor the balance of resources allocated to the three key innovation policy families: 

¶ Policies directly funded by the government for RD&D (referred to as ΨǇǳǎƘΩ policies); 

¶ policies that stimulate and encourage private sector spend on innovation, such as investment and price 

support/incentives such as feed-in tariffs (FITs) (referred to as ΨǇǳƭƭΩ policies); and 

¶ enabling policies that unlock and connect the different actors delivering innovation 

Push and pull policies are the dominant use of public funds in most countries. Technologies typically start out 

primarily push supported, transitioning quickly to being majority pull supported following early deployment. 

Pull support, such as price or investment policies, can unlock significant private sector resources.  
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Not all countries follow this pattern, as some are able to use the technologies of others to leapfrog technology 

development stages, additionally some countries prefer to focus on policies that most support national 

technology objectives ς how to address this national focus is developed further in the following two points.  

Enabling policies support technology across the innovation chain, removing barriers and unlocking the 

potential of push and pull policies. In particular, innovation support agencies are recognised as being amongst 

the lowest cost innovation support policies. Innovation support agencies also have the added benefit that they 

are able to flexibly adjust their support strategies in response to evolving technology challenges.  

 

Crucially, for the delivery of effective policy, most countries do not have a clear understanding of the balance 

of resources allocated annually across their main innovation support policies, for instance the balance 

between feed-in tariff support (a pull policy) and direct R&D funding (a push policy). Furthermore, few 

countries have a view of how that balance will change over coming years as deployment increases and 

technology costs reduce. Future policy iterations must be informed by a clear understanding of this balance 

and its evolution. 

 

2. Establish clear goals and focus for success 

Policy makers need to have clear goals to design innovation support. In particular, they need to distinguish 

between aiming to deploy the technologies (to achieve national emissions targets and energy security) and/or 

aiming to develop them (to create value from exports). 

  

Technology innovation needs should then be prioritised to make best use of limited resources ς with 

increasing focus along the innovation chain as cost requirements increase. These priorities should be informed 

using private sector consultation, assessments of national competitive advantage and national energy system 

models. In addition, cross departmental strategy groups should be used to ensure that innovation policy is 

aligned with other relevant policy activities, e.g. for industrial development or planning regulation for 

construction.  

 

3. Balance and integrate push and pull innovation policies 

At a global level, emerging technologies need a combination of push and pull policies; push to ensure 

technologies that are far from revenue progress along the innovation chain, and pull to provide private sector 

investors with confidence in long term market attractiveness. While both of these policies are necessary at a 

global level for technology progression, for individual countries, it is not essential they use each policy type, as 

is mentioned above.  

 

Individual countries should balance and design additional push and pull policies in light of whether their goal is 

to deploy and/or develop technologies. Countries with deployment goals should primarily focus on pull 

policies (as Italy has done for PV using a feed-in tariff) with push policy targeted at RD&D to reduce costs in 

nationally sourced elements of technology value chains such installation.  
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Countries seeking to develop competitive technologies for export should focus on additional RD&D push 

policy, integrated with industrial policy, targeted at internationally tradable technology value chain elements 

(as China has done with PV and Denmark has done with wind). These export focussed countries would 

nevertheless be best able to demonstrate valuable products with a strong domestic market, supported by pull 

policies.  

 

Most important is to design complementary push and pull policies in pursuit of national goals over long term 

timelines. Countries like Japan have successfully achieved this for their PV industry using large scale 

demonstration activities that up-skill domestic firms, while supporting controlled deployment levels. 

 

4. Increase international coordination and collaboration to disseminate best practice and initiate co-funded 

programmes. This enables countries to achieve more with less and to attain the required scale to make 

significant progress in international technology development. One approach to increasing international 

coordination would be to establish an IEA implementing agreement for innovation. 

 

Coordination and partnering is especially critical for smaller countries struggling to compete at scale in 

international markets. Such countries should focus on areas of particular competitive international strength 

and utilise collaboration on non-competitive technology areas to achieve mutually beneficial partnerships.  

New policy developments to catalyse greater acceleration from the private sector and international 
partners 

These recommendations focus on improving the risk adjusted returns for private sector investors earlier along 

the innovation chain, to ensure the long term users of technologies guide their development.  

 

5. Seek to design increased certainty into policies. Policy uncertainty increases risk for private sector 

investors. This is especially critical for future price and investment support mechanisms, but also for RD&D 

programmes and innovation support agencies, which unlock benefits over extended periods of time, in 

changing circumstances. Certainty should be achieved by building on successful policies currently implemented 

in country, to maintain existing confidence. Consistent political messaging is an additional, low cost, way to 

reduce uncertainty and the associated risk on investment. This can be made easier for politicians by 

establishing clear plans for reducing price based support policies in the early stages of policy development. 

 

6. Use novel public private RD&D programmes to remove barriers to innovation and increase private sector 

investment earlier along the innovation chain. Unique designs can catalyse 5-10 times private funding on 

public spend and be used to create optimal circumstances for collaboration, bespoke to the needs of the 

project partners. Demonstration projects are particularly catalytic, especially when focused on reliability.  
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Increased incentives can be created for technology developers by providing them with exposure to technology 

users (primarily utilities), their future clients, and by focussing programmes on areas of non-competition, e.g. 

shared infrastructure. Increased funding from utilities can be encouraged by allowing them to direct 

innovation activities towards products they could use and by implementing policy frameworks that offer 

benefits to all market players, from the creation of a viable technologies.  

 

An increase in push funding could be achieved by reallocating existing subsidies from fossil fuel technologies 

which would be expected to save money in the long term by enabling lower cost pull policies. IPCC estimates 

that current early stage investment in renewables could be quadrupled by appropriating fossil fuel subsidies, 

at zero additional cost to tax payers. 

 

7. Establish risk taking public-private investment funds, supported by tax relief, to stimulate additional 

private sector funding. These should be designed to harness the strengths of corporate technology developers, 

utilities and venture capitalists to enable private sector led investments towards priority technology 

innovations. These funds can further unlock private sector investments in technologies that are considered to 

be marginally too risky by providing detailed due diligence and Front End Engineering and Design (FEED) 

studies.     

Next steps 

The main report provides policy makers with more detailed steps to achieve the recommendations outlined 

above. New, untested, concepts for innovation policy that combine these recommendations into tangible new 

programmes, funding approaches and policies are also overviewed in Appendix i. These ideas cover an 

example of new international RD&D programmes for offshore wind and innovative ways to harmonise push 

and pull policies (such as offering optional price support packages to utilities, combining RD&D grants with 

deployment price support). The next step for policy makers is to turn these ideas and concepts into reality, 

building on the frameworks in this report and applying them to the specific conditions in their countries. By 

working together, countries can tackle shared problems and pool solutions. The IEA-RETD can support this 

process by starting to build the international partnerships between governments and companies that are 

needed to accelerate innovation in these technologies in order to realise the technologies true potential. 
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ii. Introduction: The current context for 
emerging renewables 

Renewable energy technologies such as wind and solar have had unprecedented success transitioning along 

the technology innovation chain in recent decades. The share of renewables in total power generation is 

predicted to rise from 20% in 2011 to 31% in 2035, supplying half of the growth in global electricity generation 

(IEA, 2012). Onshore wind, solar PV and hydropower provide c.18% of global electricity generation, make 

critical contributions to greenhouse gas (GHG) emission reductions and in some circumstances are near cost 

competitive with fossil fuels. They are also available at larger scales than ever, in increasingly diverse locations.  

 

The great progress of advanced renewable energy technologies, such as solar PV and onshore wind, provide 

insights to guide future innovation policy for emerging renewable energy technologies (ERETs), such as 

offshore wind, advanced biofuels and marine energy. Increased activity on these technologies can create new 

markets and reduce the risk of not achieving long term global decarbonisation at lowest cost.  

 

This section starts by introducing the innovation chain and overviewing the recent progress of these most 

advanced technologies. It continues by detailing the key challenges facing emerging renewable energy 

technologies due to current economic realities, technology specific factors and  the ǊŜŎŜƴǘ ǇƻƭƛŎȅ ΨŦŀƛƭǳǊŜǎΩ ŀǊŜ 

identified for policy makers to address in future innovation policy.  

What are emerging renewable energy technologies?  

Emerging renewable energy technologies (ERETs) are identified as spanning the demonstration and early 

deployment proof points, shown in Table 1, below. In each of the major sources of renewable energy 

(hydropower, bioenergy, wind, solar, geothermal and marine) there is a range of possible technologies that are 

ŎƭŀǎǎƛŦƛŜŘ ŀǎ ΨŀŘǾŀƴŎŜŘΩ ŀƴŘ ΨŜƳŜǊƎƛƴƎΩ2.  

 

To encourage the progress of emerging technologies along the innovation chain it will be necessary to: 

i. bring new concepts to demonstration;  

ii. show reliable long term operation, de-risk future investments; and 

iii. enable on-going cost reduction through learning by doing and developing improved technology 

designs and components 

 

Each of these ERETs is a new potential market and a source of economic growth that governments could 

unlock. Additionally, emerging technologies offer a means for governments to de-risk long term global 

decarbonisation, as no single technology can be deployed at sufficient scale to completely replace current use 

of fossil fuels for electricity, heat and transport (IEA, 2013).  

                                                           
2 Renewable energy technologies at ǘƘŜ ƳƻǊŜ ŎƻƴŎŜǇǘǳŀƭ ΨōŀǎƛŎ ǊŜǎŜŀǊŎƘΩ ǎǘŜǇ ŀǊŜ ƴƻǘ ƛƴŎƭǳŘŜŘ ƻƴ ǘƘƛǎ ŘƛŀƎǊŀƳ ŀǎ ǘƘŜȅ ŀǊŜ 
out of scope of this study, owing to their longer time lag to market relevance.  



7 

 

 

The IEA summarises the critical need for improved innovation in ERETs by stating that while advanced RETs are 

close to being on track to meet needed deployment targets for their decarbonisation scenario, ERETs are not. 

¢ƘŜ Ƴƻǎǘ ǊŜŎŜƴǘ L9! Ψ¢ǊŀŎƪƛƴƎ /ƭŜŀƴ 9ƴŜǊƎȅ tǊƻƎǊŜǎǎΩ report (2013) identifies a need for tens of billions of 

dollars increased spending on earlier stage innovation activities for these technologies. As is detailed further in 

this section, increased levels of spending will not always be possible for these technologies, showing a need for 

governments to deliver smarter, more efficient policy support using available resources.   

Table 1 Generalised categorisation of renewable energy technologies for comparison by innovation stage, identifying 
the more advanced technologies that can offer insights to the more emerging technologies3. Earlier stage technologies, 
still at the research and development stage, are identified as out of scope of this report 

  

                                                           
3 bƻǘŜ ǘƘŀǘ ǘŜŎƘƴƻƭƻƎƛŜǎ Řƻ ƴƻǘ ΨƭƛƴŜŀǊƭȅΩ ǇǊƻƎǊŜǎǎ ŀƭƻƴƎ ǘƘƛǎ ŎƘŀƛƴ ŀǎ ƛǘ ƛǎ ŜƴŀōƭŜŘ ōȅ is the product of complex interactions 
of multiple technology sub-components, that each have their own technology journey (e.g. foundation designs for offshore 
wind).  

  Research & 

Development 

ά/ƻƴŎŜǇǘέ 

Demonstration 

ά9ƳŜǊƎƛƴƎέ  

Early Deployment  

ά9ƳŜǊƎƛƴƎέ 

(Near) Commercial 

ά!ŘǾŀƴŎŜŘέ 

Hydropower 

 ¶ Hydrokinetic 

turbines 

 ¶ Run-of-river 

¶ Reservoirs 

¶ Pumped storage 

Bioenergy 

¶ Aquatic plant-

derived fuels 
¶ Pyrolysis biofuels 

¶ Gasification based 

biofuels or 

biomethane 

¶ Fermentation of 

lignocellulosic 

material 

¶ Gasification-

based power 

¶ Lignocellulosic 

syngas-based 

biofuels 

¶ Combustion for power and/or 

heat 

¶ Anaerobic digestion 

¶ Sugar & starch ethanol 

¶ Plant & seed oil biodiesel 

Wind 
¶ Wind kites 

¶ Higher-altitude 

wind generator 

 ¶ Offshore, large 

turbine 
¶ Onshore 

¶ Turbines for water pumping 

Solar 

¶ Solar fuels ¶ Solar cooling ¶ Solar cooking 

¶ Concentrating 

PV 

¶ CSP 

¶ PV 

¶ Low temp solar thermal 

¶ Passive solar architecture 

Geothermal 
¶ Submarine 

geothermal 
¶ Engineered 

geothermal systems 

 ¶ Geothermal heat pumps 

¶ Hydrothermal binary 

cycle/condensing flash 

Marine 
¶ Currents/thermal 

conversion 

¶ Salinity gradients 

¶ Wave ¶ Tidal currents ¶ Tidal range 
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Historic progress in advanced renewable energy technologies  

Advanced renewable energy technologies, specifically onshore wind and solar PV, have made great advances 

in recent years. The global average turbine cost has decreased in real terms from ϵ2.0mn/MW in 1984 to 

below ϵ0.9mn/MW in 2011 (BNEF, 2011), while solar PV installations have shown a 25% annual average 

increase since 2006 (Hastings-Simon, 2014). As deployment increases and costs are reduced these advanced 

technologies are becoming deployable in increasingly diverse locations with improved technological 

performance. Each of these factors is outlined below to provide high-level insights into the relative progress of 

these technologies. 

Current status of global renewable energy deployment  

Onshore wind, solar PV and hydropower collectively provide c.18% of global electricity supply and make 

critical contributions to GHG emission reductions. Figure 1 shows the global average contribution against the 

energy mix of the IEA-RETD countries and some additional countries that have particularly high deployment 

levels.  

Figure 1 Electricity generation by fuel type in RETD countries (denoted by *) and select renewable energy deployment 
leaders, contrasted against the global average for 2011 (IEA, 2011)  
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The relative share of advanced renewables is continually increasing, primarily driven by growth in onshore 

wind and solar PV. This is true across the key continents relevant to this report ς Asia, Europe and North 

America: 

¶ In the European Union, renewables accounted for almost 70% of new electricity generation capacity in 

2012 (REN21, 2013) 

¶ In China, wind power generation has increased more than generation from coal and passed nuclear power 

output (REN21, 2013) 

¶ The United States added more capacity from wind power than any other technology, and all renewables 

made up about half of total electric capacity additions during the year (REN21, 2013) 

 

 In 2012, an estimated 5.7mn people were identified as working in renewable technologies worldwide with the 

potential for at least 9.5mn by 2030 under the IRENA REmap business as usual scenario (IRENA, 2013). 

However, while greater deployment is unlocking new technology markets and economic opportunities, further 

action is still needed. Excluding hydropower, renewables supply less than 5% of total global electricity 

consumption, which can be significantly improved upon.   

Rapid technology cost reduction has been 
achieved for advanced RETs 

Global new onshore wind installations reached 

33.8GW in 2013 compared to 36.7GW for solar PV 

ς the first year solar growth has outpaced wind 

(BNEF, 2013). The rapid increase in advanced 

renewable deployment for onshore wind and PV 

is coupled with significant cost reductions.   

 

The median levelised costs for onshore wind are 

now comparable to fossil fuel sources, as they are 

for geothermal, hydropower and bioenergy 

combustion (IRENA, 2012).  

 

The lowest cost PV deployments are also approaching similar levelised costs of energy as fossil fuel. This has 

been enabled by >600% module price cost reductions over the past 20 years, as shown in Figure 2. 

 

Rapid, but sporadic, PV cost reductions in a volatile international market spearheaded by unparalleled growth 

in China has created additional challenges for innovation policy makers concerned about runaway costs and 

the creation of markets that domestic companies can access. These challenges are further outlined later in this 

section.  

 

Figure 2 PV price and performance trends 1995-2011 
(Goodrich, 2013) 
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It is important to note that while the absolute levelised costs of advanced renewable energy technologies has 

made significant downward progress in recent years there is still significant need for additional reductions and 

innovations to integrate them into well-structured energy markets.  

 
This is because these technologies are still predominantly only commercial with price support mechanisms, 

and higher levels of penetration might create situations where RETs struggle to sell at minimum needed prices 

due to their near zero marginal cost of generation and the intermittent nature of their generation (Joskow 

2011; Hirth 2013).  

 

Nevertheless, great historic progress in the cost reductions of these more advanced technologies offers 

valuable insights into future innovation policy for ERETs. This is especially relevant in light of minimising the 

associated policy challenges of runaway costs (potential windfall profits) and maximising chances of harnessing 

new international markets.  

Improved technological performance to increase market penetration 

In addition to achieving cost reductions, advanced RETs have also expanded their relevance to different market 

segments through performance factors. Wind turbines are now being deployed up to 7.5MW, compared to 

1.5MW in 1985 (IEA, 2013) and wind turbine sizes have increased 17 fold in the same timeframe. Three 

common means of expanding their relevance are detailed below, with examples from onshore wind:  

¶ CƭŜȄƛōƛƭƛǘȅκΨŘƛǎǇŀǘŎƘŀōƛƭƛǘȅΩ: the ability to use energy from the technology when needed, e.g. increased 

pairing of technologies with storage 

¶ ΨApplicabilityΩΥ ǘƘŜ ǎƛǘǳŀǘƛƻƴǎ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅ Ŏŀƴ ōŜ ǳǎŜŘ ƛƴΣ ŜΦƎΦ ŦǳǊǘƘŜǊ ƻŦŦǎƘƻǊŜκƛƴ ŀǊŜŀǎ ǿƛǘƘ ƳƻǊŜ 

variable/lower wind speeds ς enabled by turbine size as shown in Figure 3, below 

¶ ΨMobilityΩΥ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ōŜ ŎƻƴǎǘǊǳŎǘŜŘ ƛƴ ŎƻǳƴǘǊȅ ŀƴŘ ǘƘŜƴ ŜȄǇƻǊǘŜŘΣ ŜΦƎΦ ǘƘǊƻǳƎƘ ƛƳǇǊƻǾŜŘ 

manufacturing or shipping systems 

 

These factors are related to cost but they are also important to consider as independent components. 

Electricity utilities purchasing technologies from technology developers will not just assess potential 

ŀŎǉǳƛǎƛǘƛƻƴǎ ƻƴ ǘƘŜ ōŀǎƛǎ ƻŦ Ŏƻǎǘǎ ōǳǘ ŀƭǎƻ ƻƴ ΨǎƻŦǘŜǊΩ ǘŜŎƘƴƻƭƻƎȅ ǇŜǊformance factors. 
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Figure 3 Significant growth in turbine size (UpWind, 2011) 
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CƘŀƭƭŜƴƎŜǎ ŦŀŎƛƴƎ ǘƻƳƻǊǊƻǿΩǎ ƛƴƴƻǾŀǘƛƻƴ ǇƻƭƛŎȅ 

Innovation policy needs to adapt to current conditions and future challenges. What has worked in the past will 

not necessarily work in the future. This forces governments and other regulatory bodies to assess what has 

been successfully achieved to date and what is relevant for technologies of the future.  

 

This is a specific challenge for policy makers at present for multiple reasons:  

¶ Innovation is a complicated, relatively intangible policy area used to deliver multiple, often conflicting 

goals 

¶ Recent economic crises have drawn away resources, reduced available public funds and limited co-funding 

from the private sector 

¶ ERETs face particular technological challenges that are difficult for policy makers to address  

 

Policy challenges ς Innovation at the interface of multiple issues  

Innovation policy requires decision making under great uncertainty and is at the interface of four major areas 

of national policy, spanning the remits of multiple government departments: 

¶ Climate change: The aim is the existence of lowest cost technologies needed to achieve global and 

national decarbonisation 

¶ Energy: The purpose is national deployment of a resilient, secure, modern energy system at lowest cost 

¶ Business development/industrialisation: Goals are typically measured in light of number of domestic 

jobs, value from exports, proportion of firms in the global market, proportion of intellectual generated 

¶ International development policy: The goals are to support and enable developing countries to achieve a 

higher quality of life (beyond the scope of this report) 

The conflicting nature of these goals is underlined by recent developments in international PV markets. 

Chinese engagement in PV markets from 2008 to 2011 resulted in accelerated PV module cost reductions and 

saw Chinese manufacturers take significant market share from other countries (see Figure 4 below). This has 

led countries like Germany to reassess the effectiveness of their price support policies ς policies that had 

helped nurture new markets, but have not necessarily maximised domestic business development potential. 

Additionally, lower than anticipated production costs have led to concerns of windfall profits to developers 

and greater than predicted PV deployment in some regions, resulting in greater levels of resources than 

originally planned going to market support. Governments now face the challenge of developing innovation 

policy for ERETs to achieve multiple independent goals simultaneously.  
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Figure 4 Comparison of the change in regional dominance in the PV module production since 2000 (Gallagher, 2013) 

 

Economic challenges 

Due to the recent financial crisis, government 

budgets are increasingly challenged and private 

sector funding is harder to secure.  

 

The effect of this has been limited to an extent, by 

recent stimulus spending on green energy 

technologies. Private sector investment has 

continued to grow in China, India and the rest of 

Asia, as is shown in Figure 5, right.  

 

Nevertheless, it is generally more difficult for 

developers of innovative technologies to find capital to finance early-stage projects. Less than 5% of the 

US$244bn invested annually in renewables around the world is spent on early stage investments. Later stage 

projects and the manufacturing of technology continue to attract considerably more investment than for early 

stage R&D, see Figure 6, below. Additionally, investment from Europe and the USA (which has historically 

accounted for over half of global private sector investment) has declined in recent years which is making it 

particularly challenging for technology to step from R&D to commercialisation. Therefore there is a need for 

greater government intervention through future policy developed in light of more constrained resources, to 

best use available assets and maximise private sector funding. 

Figure 5 Total global private investment for renewable energy 
by region (IEA, 2012) (FS-UNEP/BNEF, 2013) 
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Figure 6 Global trends in renewable investment 2004-2012. a) early stage investment b) later stage investment  (Ren21, 
2013)  

 

Technology challenges 

ERETs are predominantly high CAPEX technologies which 

develop over long time frames in highly complex 

international markets.  

 

The high CAPEX nature of ERETs (>90% for the example 

of ǘƘŜ ¦YΩǎ ƻŦŦǎƘƻǊŜ ǿƛƴŘ ŦŀǊƳ Scroby Sands in Figure 7, 

right) is challenging for innovation policy makers as it 

exacerbates the challenges of limited capital availability. 

This is especially problematic when high risk, large scale 

demonstration projects are needed.  

 

The complexity of ERETs and their international market 

dynamics are a challenge for innovation policy makers. 

Each technology is made up of multiple sub-components that undergo their own innovation journey. 

Evolutions, replacements and relative competitive advantage of any technology sub-component can incur 

subtle, but crucial ŎƘŀƴƎŜǎ ǘƻ ŀ ǘŜŎƘƴƻƭƻƎȅΩǎ ŜǾƻƭǳǘƛƻƴ ǘƘŀǘ ŘƻŜǎ ƴƻǘ ƴŜŎŜǎǎŀǊƛƭȅ ǊŜǎǳƭǘ ƛƴ ŀ ƭƛƴŜŀǊ ǇǊƻƎǊŜǎǎƛƻƴ 

along the innovation chain. Understanding of individual technology subcomponents and their potential is 

important for government actors trying to accelerate the progression of technologies along the innovation 

chain.   

 

  

Figure 7 Scroby Sands, UK offshore wind farm project 
costs, split into CAPEX and OPEX in light of 
international tradeability (Douglas-Westood & ODE, 
2005) 
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Funding prioritisation challenges  

Governments face calls to increase funding to (i) maximise chances of meeting international climate change 

targets at lowest cost, and (ii) unlock 

the economic benefits of new 

technology markets. However, appeals 

for increased funding competes with 

many other national priorities and are 

well summarised at a global and 

national level through recent analysis by 

the IEA and from looking at individual 

country assessments of required spend. 

The IEA has called for >US$300bn 

additional investment to be spent 

annually on renewable energy 

deployment over the next 20 years, while tƘŜ L9!Ωǎ 9ƴŜǊƎȅ ¢ŜŎƘƴƻƭƻƎȅ tŜǊspectives report concludes that 

ōƛƭƭƛƻƴǎ ƻŦ ŘƻƭƭŀǊǎΩ ǿƻǊǘƘ ƻŦ ƛƴǾŜǎǘƳŜƴǘ ŀǊŜ ƴŜŜŘŜŘ Ǝƭƻōŀƭƭȅ ŦƻǊ w5ϧ5 ƛƴ ǊŜƴŜwable energy technologies to 

meet international climate change targets (Figure 8)4.    

 

¢ƘŜ ¦YΩǎ [ƻǿ /ŀǊōƻƴ LƴƴƻǾŀǘƛƻƴ /ƻƻǊŘƛƴŀǘƛƻƴ DǊƻǳǇ ό[/L/Dύ ŎƻƳǇƭŜǘŜŘ ŀ ƴŀǘƛƻƴŀƭ ƭŜǾŜƭ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ Ŏƻǎǘǎ 

associated with the push focussed programmes that would enable the government to progress low carbon 

technology innovations needed to maximise chances of achieving mandatory 80% GHG emission reductions by 

нлрлΦ ¢Ƙƛǎ ΨōƻǘǘƻƳ ǳǇΩ ŀƴŀƭȅǎƛǎ concluded that billions of dollars additional funding would be needed to 

progress technology development to the required timeframes. In addition it demonstrated that the UK would 

not be able to fund all of these activities and is therefore considering priorities in light of technology 

deployment potential, export values, market failures and international activity.  

  

                                                           
4 ¢ƘŜ 9¢t ǊŜǇƻǊǘ ŦǳǊǘƘŜǊ ǳƴŘŜǊƭƛƴŜǎ ǘƘŜ ƴŜŜŘ ŦƻǊ ǘƘƛǎ ǊŜǇƻǊǘΣ ǎǘŀǘƛƴƎ ǘƘŀǘ ΨŀŘǾŀƴŎŜŘΩ Ǌenewable energy technologies (e.g. 

wind, PV and hydropower) are identified as nearly on track to meet deployment targets, while emerging renewable energy 
technologies (e.g. offshore wind, marine and concentrating solar power) are identified as not advancing quickly enough 
and requiring increased RD&D funding to accelerate development.   

Figure 8 IEA estimated global annual gap in RD&D spending - against 2DS 
Scenario (IEA, 2013) 
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 ά²Ŝ ŜǎǘƛƳŀǘŜ ǘƘŀǘ ŘŜƭƛǾŜǊƛƴƎ ŀƭƭ ƻŦ ǘƘŜ ƛƴƴƻǾŀǘƛƻƴ ǎǳpport activities identified 

would require the UK Government to invest somewhere between £3bn and 

£4bn over the next 5-7 years. By comparison we estimate that the equivalent 

spend over the five years to 2016 is around £1-мΦрōƴΦέ 

 ς LCICG (2014)  

As requests for increased funding are extensively made in other publications this report focusses on how best 

to use currently allocated resources. The following method section details the research and analysis procedure 

that was used to achieve this.   
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iii. MŜǘƘƻŘΥ ΨCƛƴŘing the blueprint for the 
ƛƴƴƻǾŀǘƛƻƴ ǇƻƭƛŎȅ ƻŦ ǘƘŜ ŦǳǘǳǊŜΩ  

This report seeks to provide useful insights and recommendations for governments seeking to deliver 

improved innovation policy for emerging renewable energy technologies (ERETs) in a time of constrained 

resources. A pragmatic focus was adopted early on in this project, seeking high impact areas where detailed 

recommendation could be focussed.  

 

To enable policy families and stakeholder groups to be compared consistently across different countries a 

simple framework was developed. The framework and focus were then used to develop a process for data 

gathering that leveraged insights from: 

¶ Published reports, synthesising over 100 articles 

¶ The history of innovation policy, using onshore wind and solar PV as case studies 

¶ Stakeholders currently developing innovation in emerging renewable energy technologies, using five 

technology-in-transition case studies and ten additional interviewees, covering Asia, Europe and North 

America 

 

The insights and recommendations from this process were cross-referenced against internal experience from 

the Carbon Trust, a team of international external reviewers, and a project steering group with representatives 

from Enova (Norway), Ecofys and the Social and Economic Council of the Netherlands (Netherlands), and The 

Institute of Energy Economics (Japan). 

 

This section provides an overview of the following in turn: the framework used to analyse innovation policy 

and stakeholders, the approach used in this project and the case studies and stakeholders used for detailed 

insights.  
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Frameworks for policy and stakeholders 

Two simple frameworks for policy and stakeholder analysis are used to enable a clear international comparison 

of innovation policy families.  

Policy framework  

A clear categorisation of policy support types is needed for this report to enable consistent comparison and 

discussion of policy families across different countries. It is not possible to do this faultlessly as each country 

has a unique innovation policy support framework as a result of historic factors and national policy 

preferences. It is found that the definitions of different policy types are not used consistently, limiting the 

ability to compare policy success across different countries ς other comparative reports state that,  άǿƘŜƴ 

comparing support types across different countries the boundaries between the subsidy classes are vague and 

ǘƘŜȅ Ŏŀƴ ƻǾŜǊƭŀǇ ŜŀŎƘ ƻǘƘŜǊέ (Avril et al., 2012). This report classifies policies into three broad families, 

commonly seen throughout innovation research: 

¶ PushΥ Ψ{ǳǇǇƭȅ ǎǘƛƳǳƭŀǘƛƴƎ ǘŜŎƘƴƻƭƻƎȅ ǇǳǎƘΩ ǇƻƭƛŎƛŜǎ ǘƘŀǘ ŘƛǊŜŎǘƭȅ ŦǳƴŘ ǘŜŎƘƴƻƭƻƎȅ ŘŜǾŜƭƻǇƳŜƴǘ ς most 

commonly research and development (R&D) support to universities and demonstration support in the 

form of grants  

¶ PullΥ Ψ5ŜƳŀƴŘ ǎǘƛƳǳƭŀǘƛƴƎ ƳŀǊƪŜǘ ǇǳƭƭΩ ǇƻƭƛŎƛŜǎ ǘƘŀǘ ƛƴŎŜƴǘƛǾƛǎŜ ƳŀǊƪŜǘ ŀŎǘƻǊǎ ǘƻ ŎƘŀƴƴŜƭ ŦǳƴŘǎ ǘƻ 

innovation ς most commonly investment support and price based support (for units of renewable 

electricity generated, or carbon abated) 

¶ Enabling: Supporting policies aimed to address the barriers existing in the institutional environment to 

enable further innovation and deployment (e.g.: public innovation support bodies, incubation support, 

clustering). These are the least consistently defined and used across different countries 
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Two specific policy families are focussed on within push policies (R&D support and demonstration support) 

and also for pull policies (investment support and price support). These four groups are prioritised for 

comparison, as they cover the major areas of spend5 used by countries to fund technology innovation. These 

families of push and pull policies are shown along the four-step innovation chain used in this project, in Figure 

9, below. Enabling policies are relevant across the whole innovation chain.  

  
Figure 9 Graphic representation of the categorisation used in this report for policy support types 

 

  

                                                           
5 Many additional policy families are found to be used to support technology innovation (e.g. command and control 
regulation, public procurement and renewable portfolio standards). These were de-prioritised for analysis in this project, 
as: (i) they are not the major areas of spend for the majority of governments and (ii) their implementation is particularly 
dependent on a countries political preferences, limiting the likelihood of replication of solutions for these policies across 
multiple governments. 
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Stakeholder framework 

! ǊŀƴƎŜ ƻŦ ŘƛŦŦŜǊŜƴǘ ǎǘŀƪŜƘƻƭŘŜǊǎ ǘƘŀǘ ƳŀƪŜ ǳǇ ǘƘŜ ΨƛƴƴƻǾŀǘƛƻƴ ŜŎƻǎȅǎǘŜƳΩ ŜƴŀōƭŜǎ ǎǳŎŎŜǎǎŦǳƭ ǘŜŎƘƴƻƭƻƎȅ 

transitions. These can be grouped based on their goals from innovation into five broad categories6 (Figure 10): 

¶ Technology Developers: Organisations actively innovating. These range from universities to small novel 

technology companies and major corporate developers  

¶ Technology Users: The eventual buyers of innovative technologies. These are most commonly utilities, 

especially when the technology has a high CAPEX, but can also be individual businesses and households 

when considering small distributed generation technologies 

¶ External Funders: These include traditional financiers ς angel finance, venture capital, project finance 

and public markets ς and major corporate funders, which may be developers or users of technology, 

that also invest in innovation outside of their own activities. Governments can also create new, 

ƛƴŘŜǇŜƴŘŜƴǘ ǇǳōƭƛŎ ŦǳƴŘƛƴƎ ƻǊƎŀƴƛǎŀǘƛƻƴǎ όǎǳŎƘ ŀǎ ǘƘŜ ¦YΩǎ DǊŜŜƴ LƴǾŜǎǘƳŜƴǘ .ŀƴƪύ ǘƻ ǇƭǳƎ ƎŀǇǎ ƭŜŦǘ ōȅ 

existing external funders 

¶ Technology Enablers: Organisations that act to enable the innovation ecosystem and remove barriers to 

action, typically set up by governments. These can play an integrating role in the innovation ecosystem 

connecting technology users, developers and funders to government policy. They can also prioritise, 

ŘŜǎƛƎƴ ŀƴŘ ƳŀƴŀƎŜ ƎƻǾŜǊƴƳŜƴǘ ƛƴƴƻǾŀǘƛƻƴ ǇǊƻƎǊŀƳƳŜǎΣ ŀǘ ŀǊƳΩǎ ƭŜƴƎǘƘ 

¶ Government: The set of regional, national and international departments that deliver public policy. The 

four main categories of policies identified that governments deliver are legislation, regulatory structures, 

courses of action; and funding priorities. Regulatory structures and laws are the most tailored to 

ƛƴŘƛǾƛŘǳŀƭ ŎƻǳƴǘǊƛŜǎΩ ŜȄƛǎǘƛƴƎ ƳŀǊƪŜǘ ŦǊŀƳŜǿƻǊƪ  

 

It is noteworthy that two types of government intervention in the innovation ecosystem are prominently 

captured by this framework ς the establishment of innovation enabling bodies and public funds.  

 

                                                           
6 This is not a completely exhaustive list, it just seeks to categorise the main groups that governments can interact with to 
support innovation development. It is important to note that within the innovation ecosystem the other key stakeholder 
ǘƘŀǘ ǘƘŜǎŜ ƎǊƻǳǇǎ ƛƴǘŜǊŀŎǘ ǿƛǘƘΣ ŜΦƎΦ ΨǘŜŎƘƴƻƭƻƎȅ ƻǇǇƻƴŜƴǘǎΩ όŦǊƻƳ ƻǘƘŜǊ ƛƴŘǳǎǘǊƛŜǎ ƻǊ ǘƘŜ ƎŜƴŜǊŀƭ ǇǳōƭƛŎύΦ ¢ƘŜǎŜ ŀŘŘƛǘƛƻƴŀƭ 
groups are not focused on in this report. 
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Figure 10 Report framework showing the interaction of different stakeholders 

 

 

The interactions between our policy and stakeholder framework 

The frameworks chosen for policy families and innovation stakeholders are selected due to their simplicity in 

enabling consistent comparison across countries. Additionally, they complement each other and enable more 

detailed analysis of innovation policy. Push policies (research, development and demonstration support) for 

emerging technologies are typically targeted at technology developers. For pull policies, investment support 

activities are typically targeted at technology funders, while price support mechanisms seek to deliver 

innovation through the actions of technology users.  
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The approach of this project  

This project followed five work-streams culminating in the production of this final report: 

¶ Task 1: Synthesis report of 100 innovation publications, prioritisation of policies for future analysis based 

on their potential impact7 with consideration of the additional impact, likelihood of implementation and 

replication of recommendations in that policy area across multiple countries. Ten experts on innovation 

policy reviewed this report to guide further use of its output  

¶ Task 2: A framing workshop with 14 cross-industry organisations including four technology developers, 

three utilities and six investors in addition to the IEA-RETD project steering group, sharpening the project 

focus and objectives 

¶ Task 3: New research into key questions highlighted in tasks 1 and 2, presenting evidence and key insights  

¶ Task 4: Midterm workshop presenting Task 3 findings to multiple government representatives from 

Norway, the Netherlands, UK, Canada and the USA. A range of private sector actors also attended, 

including venture capital technology funders, SME novel technology companies and multinational major 

corporate utilities and technology developers 

¶ Task 5: This final report, presenting concrete policy recommendations and key project insights based on 

expert input from the IEA-RETD stakeholders and Task 4 expert workshop 

 

Focussed research was carried out in Task 3 after establishing an initial focus for study in the first two tasks. 

This research focussed on three issues: the balance of innovation support along the innovation chain; 

successful high-risk demonstration programmes, and new funding structures for renewable energy innovation. 

The following sources of information were used to inform these areas: 

¶ Desk research on innovation policy supporting PV and wind over the past 20 years 

¶ Interviews with 18 individuals currently working to deliver ERETs (technology developers, users, funders 

and enablers) 

¶ Five case studies of leading efforts transitioning three key ERETs (tidal current, offshore wind, and bioSNG) 

along the innovation chain 

 

As mentioned above, the findings from this research were cross-referenced against internal experience from 

the Carbon Trust, a team of international external reviewers, and a project steering group with representatives 

from Norway, the Netherlands, and Japan. 

                                                           
7  The criteria used are further detailed as follows: 
Potential impact ς does the policy family have a strong track record of innovation success that is likely to be relevant to 
emerging technologies over the next 5-10 years? 
Additional ς would new research make a meaningful and additional contribution in light of current work? 
Implementable ς are policy recommendations likely to be implemented given national priorities? 
Replicable ς ǿƻǳƭŘ ƴŜǿ ǇƻƭƛŎȅ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ƴŜŜŘ ǘƻ ōŜ ōŜǎǇƻƪŜ ǘƻ ŀ ŎƻǳƴǘǊȅΩǎ ŎǳǊǊŜƴǘ ǎǳƛǘŜ ƻŦ ǇƻƭƛŎƛŜǎΚ 
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Interviewees 

To gain key insights, interviewees were selected from leading actors currently working on ERET innovation. The 

set of interviewees are shown in Table 2. These organisations were chosen to ensure a diverse set of opinions 

were provided to the project. Each category of stakeholder was consulted (including small companies, public 

institutions, major multinational corporates and various financial institutions). Insights from these 

interviewees were cross-referenced with governments through the Task 4 project workshop. The list of 

interviewees span Asia, Europe and North America (the continents the RETD countries are located); the major 

families of RETs (bioenergy, wind, solar, geothermal, marine, hydropower) ς with many of these organisations 

actively engaging in emerging technologies.  
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Table 2 Full list of interviewed stakeholders (deep dive case studies in green) with the technology focus, main country of operation and type of stakeholder engagement



25 

 

Transition case studies 

Five of the interviewed organisations recognised as successfully enabling state of the art innovation activities 

in ERETs are used as case studies representing technologies in transition. These are: Marine Current Turbines, 

Artemis Intelligent Power, Güssing Renewable EnergȅΣ /ŀǊōƻƴ ¢ǊǳǎǘǎΩ hŦŦǎƘƻǊŜ ²ƛƴŘ !ŎŎŜƭŜǊŀǘƻǊ ŀƴŘ ǘƘŜ 

Bremerhaven Wind Cluster. These were chosen for a number of reasons:  

¶ The case studies span three diverse technology areas that have elements relevant across ERETs: offshore 

wind (early deployment stage technology), marine (demonstration phase), bioenergy gasification to 

methane (predominantly demonstration phase, with critical subcomponents at the R&D phase). 

Collectively these technologies have relevance across the RETD countries8 

¶ They involve a range of innovation activities, novel technology companies, public-private research 

projects, government innovation programmes, and intercompany interactions through clustering 

¶ They represent multiple countries and involve all types of stakeholders 

¶ The Carbon Trust has close relationships with these organisations making them easily contactable  

Marine Current Turbines  

Marine Current Turbines (MCT) is a UK-based novel technology developer aiming to commercialise tidal 

current devices. By using a bottom-mounted horizontal-ŀȄƛǎΣ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ ǘƛŘŀƭ ŎǳǊǊŜƴǘ ŘŜǾƛŎŜ ǎǳǇǇƭȅƛƴƎ 

electricity to the grid has been built, and the development of a 3MW system for deeper waters has begun. 

MCT is considered to be the world leading tidal energy company having catalysed the tidal industry through 

ƛƴǎǘŀƭƭƛƴƎ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ ƻŦŦǎƘƻǊŜ ǘƛŘŀƭ ǘǳǊōƛƴŜ ƛƴ нлло ό{ŜŀŦƭƻǿ оллƪ²ύΣ ŀƴŘ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ ŎƻƳƳŜǊŎƛŀƭ 

ǎŎŀƭŜ ǘƛŘŀƭ ǘǳǊōƛƴŜ ƛƴ нллу ό{ŜŀDŜƴ { мΦнa²ύΦ a/¢Ωǎ ŎƻǊŜ ǘŜŀƳ ōŜƎŀƴ ǿƻǊƪƛƴƎ ǘƻƎŜǘƘŜǊ ƛƴ мффл ǿƛǘƘ ǘƘŜ 

company formally founded in 1999. In 2012 it was acquired by Siemens, which had been a shareholder in MCT 

since 2010.   

Artemis Intelligent Power  

Artemis Intelligent Power is a UK-based technology developer set-up in 1994 to develop hydraulic systems for 

wave energy applications tƘǊƻǳƎƘ ǘƘŜ ŎƻƳƳŜǊŎƛŀƭƛǎŀǘƛƻƴ ƻŦ Ψ5ƛƎƛǘŀƭ 5ƛǎǇƭŀŎŜƳŜƴǘΩ ƘȅŘǊŀǳƭƛŎ ǇƻǿŜǊ ǘŜŎƘƴƻƭƻƎȅΦ 

Since then, the company has expanded and following corporate acquisition by Mitsubishi Heavy Industries in 

2010, Artemis has scaled its Digital Displacement technology and entered the demonstration phase in 2013. It 

ƛǎ ƴƻǿ ǳǎŜŘ ƛƴ aƛǘǎǳōƛǎƘƛΩǎ тa² {Ŝŀ!ƴƎŜƭ ƻŦŦǎƘƻǊŜ ǿƛƴŘ ǘǳǊōƛƴŜ ǿƘŜǊŜ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅ Ƙŀǎ Ǝƻǘ ǘƻ ŀ ǎǘŀƎŜ 

where it challenges wind-turbine gearbox and direct-drive transmissions on both performance and cost. In 

2013 Mitsubishi Heavy Industries and Vestas announced plans to form a new joint venture dedicated to 

business in offshore wind turbines, indicating an important step forward with Artemis technology continuing 

ǘƻ Ǉƭŀȅ ŀ ƪŜȅ ǊƻƭŜ ƛƴ aƛǘǎǳōƛǎƘƛ IŜŀǾȅ LƴŘǳǎǘǊƛŜǎΩ ƻffshore wind technology development.  

                                                           
8 Furthermore, biomethane can be stored and transported to any country to supplement fossil fuel gas consumption. 
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BioSNG at Güssing   

Güssing Renewable Energy ς a small, electricity company set up by local high net worth individuals in Güssing, 

Austria ς has a pioneering 8MW gasification plant with an overall conversion efficiency from woodchip to 

methane of approximately 85%. It is one of only a few places in the world used to test componentry that can 

turn biologically derived syngas into methane. It aims to provide a decentralised source of renewable energy, 

help the region become independent from fossil fuels, and develop the region into a centre of technology 

excellence and innovation.  

 

Gasification technology was selected to supply heat and power to the local area as it could utilise existing local 

district heat networks ultimately aiming to create regional energy self-sufficiency and job creation. The 

technology was developed at Vienna University and uses woodchip feedstock in a novel steam based process 

producing very clean syngas, which can be used to test catalytic components.  

Offshore Wind Accelerator  

The Offshore Wind Accelerator is a public-private innovation programme funded by the UK government and 

European utilities with the aim of reducing the costs of offshore wind by 10% by 2015. Set up in the UK in 2008 

with a c. £30mn dedicated demonstration fund for use between 2008 and 2014, it is a joint industry 

ŎƻƴǎƻǊǘƛǳƳ ƛƴǾƻƭǾƛƴƎ ŜƛƎƘǘ ǳǘƛƭƛǘƛŜǎ ŀƴŘ ǘƘŜ /ŀǊōƻƴ ¢Ǌǳǎǘ ǿƛǘƘ тт҈ όосD²ύ ƻŦ ǘƘŜ ¦YΩǎ ƭƛŎŜƴŎŜŘ ŎŀǇŀŎƛǘȅΦ ¢ǿƻ-

thirds of the funding comes from industry while one-third is funded by the UK Department of Energy and 

/ƭƛƳŀǘŜ /ƘŀƴƎŜ ό59//ύΦ LƴŘƛǾƛŘǳŀƭ ŦǳƴŘƛƴƎ ǳǘƛƭƛǘƛŜǎ Ŏŀƴ ŜƛǘƘŜǊ ŀƭƭ ŎƻƭƭŜŎǘƛǾŜƭȅ ŦǳƴŘ ǇǊƻƧŜŎǘǎ όƪƴƻǿƴ ŀǎ ΨŎƻǊŜ 

ǇǊƻƧŜŎǘǎΩύΣ ƻǊ ƻǇǘ ƛƴ ǘƻ ΨŘƛǎŎǊŜǘƛƻƴŀǊȅ ǇǊƻƧŜŎǘǎΩ ŦǳƴŘŜŘ ōȅ ƻƴƭȅ ǎƻƳŜ ƻŦ ǘƘŜ ǇŀǊǘƴŜǊ ƻŦŦǎƘƻǊŜ ǿƛƴŘ accelerator 

organisations.  

Bremerhaven  

Bremerhaven is a region in Germany recognised as a world-leading cluster of innovative activity for wind 

power. CƻƭƭƻǿƛƴƎ ŀƴ ŜŎƻƴƻƳƛŎ ŘƻǿƴǘǳǊƴΣ .ǊŜƳŜǊƘŀǾŜƴΩǎ ŎƻǳƴŎƛƭ ŘŜǾŜƭƻǇŜŘ ŀ ǎŎƘŜƳŜ ǘƻ ƳƻŘŜǊƴƛǎŜ ǘƘŜ ǇǊŜ-

existing port infrastructure resulting in the development of a strong maritime technology base. In 2001, the 

Bremerhaven Economic Development Company (BIS) was able to establish a network of member organisations 

focussed on promoting wind power developments in GermŀƴȅΩǎ ƴƻǊǘƘǿŜǎǘ ǊŜƎƛƻƴ ōȅ ōǳƛƭŘƛƴƎ ƻƴ ǘƘŜ 

modernised infrastructure.  

 

The Fraunhofer Institute for Wind Energy and Energy System Technology (IWES) established one of its flagship 

wind technology development centres in Bremerhaven in 2009 targeting research into wind energy and the 

integration of renewable energies into supply networks. This signifies the provision of R&D along the entire 

value chain of wind turbine production promoting collaboration between academic and private investment. 

Fraunhofer IWES Ƙŀǎ ƻƴŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ǘŜǎǘƛƴƎ Ƙŀƭƭǎ ς with the capacity to accommodate blades up to 

90m in length ς and runs a variety of projects.   
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1. Strategic innovation policy framework  

¶ Establish national and departmental goals for innovation policy on ERETs, based on industrial, climate 

change and energy policy needs. Consider whether innovation is sought to enable deployment ς for 

energy and climate policy ς or to develop exportable technologies for value creation 

¶ Prioritise technologies based on their needs, barriers and business/deployment potential 

¶ Inform this with technology development roadmaps, energy system models, assessment of national 

competitive advantage and industry consultation to enable best practice strategies to develop 

¶ Consistently communicate long term technology priorities and innovation policy goals to ensure stable 

national market development  

¶ Pursue a portfolio of innovative technologies and value chain components to avoid technology lock-in to 

the most expensive technologies and to account for the natural occurrence of failed potential in 

innovation 

¶ Leverage the motives and activities of the private sector and international partner governments to best 

utilise available funds 

¶ Complement innovation policy with industrial policy when seeking to compete for market share. This is 

most applicable for large countries, e.g. USA and China. Smaller countries should prioritise key areas of 

national competitive advantage and collaborate to build on their collective strengths  
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Overview 

This section covers the fundamental elements identified in a well-designed strategic innovation framework: 

clear policy goals and technology priorities; the ability to leverage funds from the private sector and other 

countries; support for a portfolio of technologies and companies; and cross departmental coordination and 

alignment to integrate innovation policy with other key policy families ς especially industrial and planning 

policy. Particular reflections are made for smaller countries that will inevitably struggle to compete with major 

countries such as the USA and China.  

 

This section primarily uses desk based research as input. The UK and Canada are used as leading national 

policy examples of technology goal setting and prioritisation. Company activity from over one hundred years of 

technology evolution in multiple industries is used to show the need for a portfolio of support across multiple 

countries. The recent history of national solar PV evolution is then further used to underline the fragility of 

international markets and the need for clear strategies that integrate across multiple policy areas. 

 

The section concludes by reflecting on how strategic, goal orientated policy should work to balance resources 

across the major families of innovation policy support, push and pull, which is then explored in detail in the 

subsequent chapter.   

  



29 

 

Goals 

Clear goals are critical to develop an effective strategy for any area of policy. The multidisciplinary nature of 

innovation policy ς relevant to multiple government departments and possible national priorities ς makes it a 

challenge to establish clear goals to design policies and assess their success. Across the countries assessed in 

this report, innovation policy in ERETS was found to be relevant to four major areas of government policy with 

distinct but often overlapping goals: 

¶ Climate change: decarbonisation through development of low-cost technologies 

¶ Energy: deployment of a resilient, secure, modern energy system at lowest cost 

¶ Economic development: creation of domestic jobs, exporting products and services, growth of firms 

accessing the global market, and generation of intellectual property  

¶ International development: supporting and enabling developing countries to achieve a higher quality of 

life (not the focus of this study) 

 

These policy agendas can be grouped into two distinct categories to support the development of 

internationally relevant recommendations for governments: 

¶ Technology deployment for domestic and international climate policy, domestic energy policy and 

international development 

¶ Technology development for economic value from exports and domestic job creation 

 

This categorisation enables a simple subdivision of policy recommendations, provides clear metrics to measure 

progress and enables policy makers to evaluate decisions that influence the direction of innovation policy. This 

will inform effective technology prioritisation, a core element of a strategic policy framework for innovation 

support. 
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Prioritising technology innovations to optimise government spend and catalyse 
action 

There are many possible innovations that countries could pursue to progress ERETs towards 

commercialisation. Countries with limited available resources should prioritise technologies to ensure that 

their support targets innovations that can most likely deliver maximum impact against national goals. Such a 

prioritisation can then be used to develop a successful innovation support strategy. Additionally, by clearly 

communicating established national innovation priorities to all market stakeholders, governments can create 

increased confidence for investment. The UK and Canada are found to have effective means of doing this, 

which offer practical lessons to other countries around the world. Insights from the method used by the UK to 

establish technology priorities are followed by insights from the use of technology road-mapping in Canada to 

best form and communicate technology priorities (and support strategies).  

¢ƘŜ ¦YΩǎ Ψ¢ŜŎƘƴƻƭƻƎȅ LƴƴƻǾŀǘƛƻƴ bŜŜŘǎ !ǎǎŜǎǎƳŜƴǘǎΩ 

The UK has carried out Technology Innovation Needs Assessments (TINAs) for 11 high priority technology 

families: bioenergy; carbon capture and storage; domestic and non-domestic buildings; electricity networks 

and storage; heat; hydrogen for transport; industrial sector; marine energy, nuclear fission, and offshore wind. 

These TINAs identify high priority interventions for the UK government to pursue across multiple government 

departments9. As they have been developed and agreed by all UK government departments relevant to 

innovation, the TINAs establish interconnected goals ensuring a consistent focus for funding. 

 

The level of detail achieved in the TINA process is shown in Text box 1. This was achieved using a method 

developed by the Carbon Trust that considered the following metrics: 

¶ DeploymentΥ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǊƻƭŜ ƻŦ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅ ƛƴ ǘƘŜ ¦YΩǎ ŜƴŜǊƎȅ ǎȅǎǘŜƳ ǘƻ нлрл  

¶ Value from cost savings: the value to the UK economy from reduced costs of technology through 

innovation, which depends on deployment levels and technological improvement 

¶ Export value: value to the UK economy from green growth through exports 

¶ Market failures: assessment of whether private sector actors are already sufficiently incentivised to 

deliver potential innovations 

¶ International progress: the extent to which the UK can rely on other countries to deliver innovations 

specific to its conditions (e.g. offshore seabed type) or in required timeframes 

 

These metrics are informed by several information sources that all countries should consider using to enable 

effective prioritisation. These include, national energy system models, detailed assessment of innovation 

technology innovation potential and assessments of national competitive advantage.   

                                                           
9 Core members of Low Carbon Innovation Co-ordination Group (LCICG) who coordinate the TINAs: Carbon trust, 
Department for Business, Innovation & Skills (BIS), Department of Energy & climate Change (DECC), Energy Technologies 
Institute (ETI), Engineering and Physical Sciences Research Council (EPSRC), Scottish Enterprise, Scottish Government, 
Technology Strategy Board (TSB) 
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Figure 11 shows the ranking of UK competitive advantage across different low carbon technology families. A 

detailed industry consultation process was used to guide the development of findings to ensure that the 

conclusions were well informed and acceptable across government departments.    

Figure 11 The competitive advantage of the UK for different sub areas assessed in the TINAs (unweighted) 
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Text box 1: Marine TINA:  An example of UK prioritisation  
aŀǊƛƴŜ ŜƴŜǊƎȅ ŎƻǳƭŘ Ǉƭŀȅ ŀƴ ƛƳǇƻǊǘŀƴǘ ǊƻƭŜ ƛƴ ǘƘŜ ¦YΩǎ ŜƴŜǊƎȅ ǇǊƻŦƛƭŜ ōȅ нлнр ǿƛǘƘ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǘƻ ŘŜƭƛǾŜǊ 

over 75TWh/yearΦ !ǇǇƭȅƛƴƎ ŀ ŎƻƴǎƛǎǘŜƴǘ ƳŜǘƘƻŘƻƭƻƎȅ ŀƭƭƻǿŜŘ ǘƘŜ ¢Lb!ǎ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘŜ ¦YΩǎ ŎƻƳǇŜǘƛǘƛǾe 

advantage for each of the technologies and the sub components with the largest potential for value creation. 

The results indicate the high competitive potential in marine energy, (see Figure 11): 

 

¶ Deployment: The UK has a large natural resource of marine energy with more marine devices being tested 

in the UK than anywhere else in the world  

¶ Cost savings value: Innovation to reduce costs and improve performance is critical if marine is to compete 

with OSW ς success could save the energy system £2.8bn and contribute £1.4bn to GDP by 2050  

¶ Export value: The UK is well positioned to capture potentially c.15% of global market share by 2050  

¶ Market failure: The UK cannot rely on other countries to develop the technologies within the required 

timeframes to achieve the cost reductions needed, therefore public sector intervention is vital to leverage 

private sector investment and increase collaboration of RD&D activities 

¶ International progress: Innovation support is needed across the whole value chain with sustained R&D 

investment for the deployment of first arrays to demonstrate proof of value and viability of future cost 

reductions by leveraging support to accelerate development of single device demonstration into first 

arrays. Additional R&D and collaboration in non-competitive sub componentry is needed to address the 

problems identified in first array deployment  
 

Future development of marine technologies in the UK depends upon the ability to prove scalability and 

realistic cost reductions in the timeframe identified. To drive step-change cost reductions support will be 

required for evolution of component capabilities which will be relatively low cost compared to the large-scale 

demonstration programmes needed to accelerate deployment. The TINA provides a clear strategic outline 

assisting the leverage of funding for RD&D activities including: 

 

¶ Expected investment by LCICG of up to £60mn between 2011 & 2015 for marine technology innovation 

projects 

¶ A total of £38mn ǘƘǊƻǳƎƘ  59//Ωǎ aŀǊƛƴŜ 9ƴŜǊƎȅ !ǊǊŀȅ 5ŜǇƭƻȅƳŜƴǘ ŦǳƴŘ ŀƴŘ ǘƘŜ {ŎƻǘǘƛǎƘ DƻǾŜǊƴƳŜƴǘΩǎ 

Marine Renewables Commercialisation Fund (MRCF), managed by the Carbon Trust to support the first 

marine energy arrays in the UK, and array-level infrastructure 

¶ LCICG member support in the design, construction and installation of individual full scale devices including 

the ReDAPT project ς an innovative 1MW buoyant tidal turbine tested by Alstom with funding from the 

ETI 

 
The Marine TINA has prioritised technology areas based on their ability to deliver the greatest benefits to the 

UK based on national goals. On-going R&D is required to deliver the cost reduction potential of 50 to 75% and 

ƳŀƪŜ ƳŀǊƛƴŜ ŜƴŜǊƎȅ ŀ ŎƻƳǇŜǘƛǘƛǾŜ ŎƻƴǘǊƛōǳǘƻǊ ǘƻ ǘƘŜ ¦YΩǎ ŜƴŜǊƎȅ ƳƛȄΦ 
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Strategic support in Canada   

Canada has prioritised support for innovation in technologies such as marine energy using world leading 

technology roadmapping techniques (Marine Renewables Canada, 2011). Canada has prioritised marine 

energy as a technology area with great national potential due to industrial competitive advantage and future 

deployment potential, especially for tidal stream deviŎŜǎΦ /ŀƴŀŘŀΩǎ ǊƻŀŘƳŀǇǇƛƴƎ ǿŀǎ ŘŜƭƛǾŜǊŜŘ ōȅ ŀ 

consortium of government (the Federal Secretariat was Natural Resources Canada), industry and academia, to 

ensure it incorporates leading thinking and has broad stakeholder buy-in.  

 

This consortium used roadmapping to develop an innovation support strategy for Canada, based on 

technology development potential while also assessing the potential economic opportunities from developing 

a functioning supply chain and best harnessing its marine relevant expertise (in electrical engineering, ocean 

engineering and marine operations). This strategy is presented in Figure 12, below.  

Figure 12 CŀƴŀŘŀΩǎ ƳŀǊƛƴŜ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ŜȄǇŜǊǘƛǎŜ ŘŜǇƭƻȅƳŜƴǘ Ǉƭŀƴ (Marine Renewables Canada, 
2011)  

 
 

This strategy provides three core elements to enable prioritised support: (i) a vision for the role of marine 

energy in Canada; (ii) pathways to deliver the vision, and (iii) critical enablers of the vision. The vision for 

ƳŀǊƛƴŜ ŜƴŜǊƎȅ ƛǎ άŦƻǊ /ŀƴŀŘŀ ǘƻ ōŜŎƻƳŜ ŀ Ǝƭƻōŀƭ ƭŜŀŘŜǊ ƛƴ ǘƘŜ ŘŜƭƛǾŜǊȅ ƻŦ ŎƭŜŀƴ ǿŀǾŜΣ ƛƴ-stream tidal, and 

river-current energy-production systems and ǘŜŎƘƴƻƭƻƎƛŜǎΧǘƘŀǘ ŎƻǳƭŘ ǇǊƻǾƛŘŜ нD² ǇƻǿŜǊ ōȅ нлол ς bringing 

ƛƴ /!Ϸнōƴ ƛƴ ŀƴƴǳŀƭ ŜŎƻƴƻƳƛŎ ǾŀƭǳŜέ (Marine Renewables Canada, 2011). The pathways identified for Canada 

ǘƻ ŀŎƘƛŜǾŜ ǘƘƛǎ ƛƴŎƭǳŘŜΣ άŘŜǾŜƭƻǇƛƴƎ ŎǊƛǘƛŎŀƭ ǘŜŎƘƴƻƭƻƎȅ ŎƻƳǇƻƴŜƴǘǎέΣ άŜƴǎǳǊƛƴƎ /ŀƴŀŘŀΩǎ ŀŘǾŀƴǘŀƎŜ ƛƴ ǊƛǾŜǊ 

ŎǳǊǊŜƴǘ ǘŜŎƘƴƻƭƻƎƛŜǎέ ŀƴŘ ŘŜŦƛƴƛƴƎ ƳŀǊƛƴŜ ǎƻƭǳǘƛƻƴǎ ǘƻ ƳŜŜǘ ǳǘƛƭƛǘȅ ƴŜŜŘǎέ (ibid). The critical enablers 

ƛŘŜƴǘƛŦƛŜŘ ŀǊŜ άǘŜŎƘƴƻƭƻƎȅ ƛƴŎǳōŀǘƻǊǎ ǘƻ ŀŎŎŜƭŜǊŀǘŜ ƛƴƴƻǾŀǘƛƻƴέ ŀƴŘ άŦǳƭƭ ǎŎŀƭŜ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ŀŎǘƛǾƛǘƛŜs to 

ǎƘƻǿŎŀǎŜ /ŀƴŀŘŀΩǎ ŜƴƎƛƴŜŜǊƛƴƎ ǇǊƻŎǳǊŜƳŜƴǘ ŀƴŘ ŎƻƴǎǘǊǳŎǘƛƻƴ ŎŀǇŀōƛƭƛǘƛŜǎέΦ  
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Leveraging the funding of others to do more with less 

Increased allocation of resources would inevitably assist innovation policy, however in many countries this will 

not be an easily implementable action. Policy makers can also seek to deliver more efficient innovation policy 

by leveraging the activity of two other actors: other governments and, the private sector to optimise 

programme design.  

Private sector 

Governments can access additional funds more efficiently by utilising co-funding from private actors. This has 

the additional benefit of ensuring that there is market demand for funded innovations; private sector support 

Ŏŀƴ ōŜ ǳǎŜŘ ŀǎ ŀ ΨƭƛǘƳǳǎ ǘŜǎǘΩ ŦƻǊ ŀǎǎŜǎǎƛƴƎ ǘƘŜ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƻŦ ǇǊƻƎǊŀƳƳŜ ŘŜǎƛƎƴ. Therefore policy 

frameworks and programme design should be optimised to encourage additional funding from the private 

sector earlier along the innovation chain. Such activities particularly need to address the higher risks of failure 

from high cost activities for technologies that are far from deployment and the associated revenue generation. 

Detailed policy recommendations of how to achieve this are overviewed in the following sections on push and 

pull policies, emphasising new, risk taking co-funding models in the pull section and public-private 

international consortia based large scale demonstration activities in the push section.  

Other governments  

Leveraging the spending of other governments is another way for countries to increase the overall impact of 

their funding activities, by achieving greater scale and by sharing lessons from multiple activities. While there 

are great potential benefits from this, it is nevertheless complicated and difficult to do well ς especially due to 

the administrative complexity of such collaborations and the challenges in ensuring benefits are appropriately 

shared. 

 

IncreŀǎŜŘ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ŎƻƭƭŀōƻǊŀǘƛƻƴ ŦƻǊ ƛƴƴƻǾŀǘƛƻƴ ŀŎǘƛǾƛǘƛŜǎ ŎƻǳƭŘ ōŜ ŦǳǊǘƘŜǊ ǇǳǊǎǳŜŘ ǘƘǊƻǳƎƘ ǘƘŜ L9!Ωǎ 

implementing agreement platforms10, which already exist for technologies such as wind and solar (the IEA-

RETD is also an IEA implementing agreement). The creation of a specific Implementing Agreement for 

innovation (represented by innovation enabling agencies in different countries) is also a possibility that should 

be considered as a cost-effective means to (i) share lessons about best practice in innovation policy and 

programme design; (ii) enable greater co-funding of joint innovation projects; and (iii) increase international 

understanding of the potential roles and needs for ERET commercialisation (refer to Chapter 5 for more 

detail).  

 

  

                                                           
10 Implementing AgreemŜƴǘǎ Ŏƻƴǎƛǎǘ ƻŦ пл ƳǳƭǘƛƭŀǘŜǊŀƭ ǘŜŎƘƴƻƭƻƎȅ ƛƴƛǘƛŀǘƛǾŜǎ ǿƘƛŎƘΣ ΨǇǊƻǾƛŘŜ ŦƭŜȄƛōƭŜ ƳŜŎƘŀƴƛǎƳǎ ŦƻǊ 
governments, industries and businesses, international and non-governmental organisations from IEA members and non-
member countries to leverage resources and multƛǇƭŜ ǊŜǎǳƭǘǎ ǘƘǊƻǳƎƘ ǊŜǎŜŀǊŎƘ ƻŦ ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ǊŜƭŀǘŜŘ ƛǎǎǳŜǎΩΦ  
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Pursuing a portfolio of technologies and companies to compensate against 
naturally occurring dropouts 

Countries need to pursue a suite of emerging technologies to maximise the chances of creating successful 

industries. This is especially important for countries seeking to use price subsidised renewable energy 

deployment to decarbonise their energy supplies, as in almost all countries, a range of sources will have to be 

harnessed to reliably and sustainably substitute current fossil fuel use. 

 

Additionally, price subsidies provide greatest support to the technologies that are closest to market 

deployment, although these could be more expensive than subsequent generations of technology. A broader 

portfolio of support maximises the chances of achieving decarbonisation at lowest cost and ensuring that, in 

the long-term, lowest cost technologies are developed.  

 

A broad portfolio of support can also help countries mitigate the impact of natural technology and company 

losses. The natural drop out of technology players across multiple US industries over the past 120 years is 

shown in Figure 13, below.  

Figure 13 The dropout of firms in emerging industries as they form dominant designs. Left: The number of firms in 
various US industries. Right: an illustration of the formation of a dominant design in an example technology (Utterback 
& Suarez, 1993) 
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This process has been observed in both the solar PV sector, 

through multiple firm bankruptcies, and in the wind industry, 

through design consolidation. In the solar PV industry, 

international competition in fast evolving markets has seen 

over a hundred solar companies drop out of the market over 

recent years (further detail is provided in the following 

chapter). The consolidation of technology design in the wind 

industry is another way that this has been seen. An example of 

this from Germany is shown to the right, illustrating how wind 

turbine designs have consolidated over the past 20 years. 

Similar processes should be expected in emerging technologies such as wave power, which has around 100 

developer companies iterating independent designs across five different technology families. As the market 

develops for these technologies, dominant designs will emerge causing a dropout of market participants. 

 

Governments must realise that this is a natural part of market dynamics that is occurring in tandem with rapid 

global market growth, the creation of new industries and reduced risk of not achieving decarbonisation at 

lowest cost.   

ά{ƻΣ ƛǎ ŎƭŜŀƴǘŜŎƘ ŦŀƛƭƛƴƎΚ Lƴ ŀ ǿƻǊŘΣ ƴƻΦ wŀǘƘŜǊΣ ǘƘŜ ǎŜŎǘƻǊ Ƙŀǎ ŜȄǇŜǊƛŜƴŎŜŘ ŀ 

cycle of excitement followed by high (and often inflated) expectations, 

ŘƛǎƛƭƭǳǎƛƻƴƳŜƴǘΣ ŎƻƴǎƻƭƛŘŀǘƛƻƴΣ ŀƴŘ ǘƘŜƴ ǎǘŀōƛƭƛǘȅ ŀǎ ǎǳǊǾƛǾƻǊǎ ǇƛŎƪ ǳǇ ǘƘŜ ǇƛŜŎŜǎέ 

    ς Hasting-Simon (2014) 

Governments therefore need to minimise the potential negative impacts of this by (i) pursuing a suite of 

technologies; (ii) supporting them with business development incubation support ς detailed later in this 

chapter; and (iii) maintaining stable policy support to prevent unnecessary premature failure of newly 

established companies dependent on government support ς detailed in Chapter 4.  

  

Figure 14 Formation of dominant design in 
onshore wind turbines in Germany (Neij, et al., 
2003) 
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Complementing innovation policy with industrial policy to compete for 
international market share 

The recent history of PV underlines the need to complement innovation policy with industrial policy when 

countries are looking to develop world leading company presence. This section shows that scale is a core 

driver of industrial success in PV and discusses the implications this has for smaller countries.  

 

Solar PV was chosen as the main example in this section because it was found that the recent history of the 

solar PV industry has made policy makers uncertain about future action. However, solar PV has particular 

features that make it different from other RETs. Importantly, the PV industry is particularly tradable 

internationally, due to its easily scalable modular components. This is less the case for large scale components 

like wind turbine blades, which are often most economically produced in factories relatively close to where 

they will be installed. Other significant value chain elements such as installation are also predominantly 

provided domestically. The ways that different policy types can be used to target different technology value 

chain elements, depending on their tradability and country needs is further explored in Chapter 2 on how push 

ŀƴŘ Ǉǳƭƭ ǇƻƭƛŎƛŜǎ Ŏŀƴ ōŜ ŦƻŎǳǎǎŜŘ ǘƻ ƳŀȄƛƳƛǎŜ ŎƻǳƴǘǊƛŜǎΩ ŎƘŀƴŎŜǎ ƻŦ ŀŎƘƛŜǾƛƴƎ ǘƘŜƛǊ ƎƻŀƭǎΦ   

Case study: A short introductory overview to the history of PV 

The recent history of PV is now overviewed to further illustrate the turbulence of international market 

dynamics and the great progress that can be achieved through successful innovation policy. Events in the PV 

market are further referred to in this chapter with regards to pairing industrial policy with innovation policy, 

and in Chapter 2 on balancing between policy types to best achieve national goals. 

 

This paper identifies four main phases in the history of PV over the past forty years, building on the research of 

Peters (2012). These phases have seen PV transition from a technology at the R&D phŀǎŜ ƛƴ ǘƘŜ мфтлΩǎ ŀƴŘ 

ŜŀǊƭȅ мфулΩǎ ǘƻ ŀ Ǝƭƻōŀƭƭȅ ŘŜǇƭƻȅŜŘ ǘŜŎƘƴƻƭƻƎȅ ŎƻƳǇŜǘƛƴƎ ǿƛǘƘ Ŧƻǎǎƛƭ ŦǳŜƭ ƎŜƴŜǊŀǘƛƻƴΣ ƛƴ ŀƴ ŀŘǾŀƴŎŜŘ ƳŀǊƪŜǘ 

stage of consolidation. Core elements of international PV market dynamics between 1995 and 2009 are 

visualised for the reader in Figure 15, below11: 

¶ First boom (1974-1985): Two exogenous oil price shocks in the 1970s led to a spike in public PV R&D 

funding (particularly in USA, Germany & Japan), and an intensification in innovation activities while pull 

policies played a minor role  

¶ Stagnation (1986-1994): Funding stalled, innovation slowed and patent activity decreased as oil prices 

declined and the 1970s cost targets initiated by the German and U.S. policymakers were missed by an 

order magnitude. Gradual growth in demand at an average yearly rate of 16% partly encouraged by 

German federal FiTs, established in 1991 

                                                           
11 Readers are referred to Peters (2012) for a more detailed overview of this history 
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¶ Second boom (1995-2009): Increase in global price support (market pull) policies, for example generous 

FiTs in many European countries, as increasing climate change concerns lead policy makers to regard 

renewable energy deployment as increasingly important. Cumulative global PV installations grew from ~c. 

0.5 GW in 1994 to c. 23 GW in 2009 with a significant portion of this market captured by new Chinese 

firms    

¶ Consolidation (2009-2014): Continued growth in deployment leads to over 100 GW global installed 

capacity ς 65% of which is in Europe. European companies, especially in Germany, continue to lose market 

share to China. Hundreds of PV firms drop out of the market place during a phase of consolidation 

initiated by rapid changes in price support policies, particularly FiTs in Europe, which have led to demand 

volatility and overcapacity. Turbulent markets and anti-dumping tariffs in the U.S. and Europe also result 

in multiple large firm bankruptcies in China. Despite significant negative publicity the overall trend in the 

PV industry is growth, accompanied by increasing investment  

 
Figure 15 Aspects of value creation in global PV industry in 1995 and 2009 as a % of total. Since 2009 Chinese 
manufacturers have continued to gain global market share, particularly at the expense of the German industry (Peters, 

2012) 
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The importance of scale and the implications for industrial policy 

Between 2005 and 2012 the market share of Chinese PV modules increased from less than 10% to over 60%, 

predominantly due to their lower prices (Goodrich et al., 2013). Lower labour costs and currency advantages 

are frequently attributed as the reason for CƘƛƴŀΩǎ ŎƻƳǇŜǘƛǘƛǾŜ ŀŘǾŀƴǘŀƎŜΦ IƻǿŜǾŜǊΣ ǊŜŎŜƴǘ ŀƴŀƭȅǎƛǎ ōȅ ǘƘŜ ¦{ 

National Renewable Energy Laboratory (NREL) indicates that manufacturing at scale and supply-chain 

development ς both regional factors, rather than inherently specific to a country ς have been the greatest 

ŎƻƴǘǊƛōǳǘƛƴƎ ŦŀŎǘƻǊǎ ƛƴ ŜƴŀōƭƛƴƎ /ƘƛƴŀΩǎ ǎǳŎŎŜǎǎΣ see Figure 16. Further analysis of the innovation specific 

policies implemented by China are provided in Chapter 2 on balancing between push and pull.  

 

 

The ability to rapidly scale manufacturing output using considerably cheaper domestically available equipment 

in supportive regional business environments has beneficially promoted clustering of specialised production 

associated with material discounts. This has allowed manufacturing machines sold exclusively in China to be up 

to 90% cheaper than those available globally (Goodrich et al., 2013). That said, while Chinese high-end 

products have not yet gained market support, central state support aligning innovation and industrial policies 

is helping to promote collaboration between manufacturers and equipment wholesalers resulting in an 

increase in the product quality and capacities.  

 

bw9[Ωǎ ŀƴŀƭȅǎƛǎ ŦǳǊǘƘŜǊ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ƭŀǊƎŜ ŎƻǳƴǘǊƛŜǎ ǎǳŎƘ ŀǎ ǘƘŜ ¦{! Ŏŀƴ ŎƻƳǇŜǘŜ ǿƛǘƘ /hinese production 

costs through manufacturing advanced technologies at scale, shown in Figure 17, overleaf.  

Figure 16 Analysis of the historical factors which have differentiated the markets in the U.S. and China (Adapted from, 
Goodrich et al., 2013) 
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Reflections on the challenges of competitive industrial scale for small countries 

Industrial policies promoting manufacturing at scale are most achievable by the largest countries that are 

already market leaders and present the industrial skills necessary to become competitive across multiple value 

chain segments, such as USA, China and Germany. Smaller countries therefore have to act strategically to 

ensure that they do not waste national resources trying to outcompete other countries in manufacturing areas 

where they lack this advantage. 

 

It is therefore recommended that smaller countries seeking to develop technology exporting capacity should 

pay particular attention to areas of national competitive advantage when establishing technology priorities 

and delivery plans for technologies that are highly tradable. These countries do not have to take a strong 

Ǉƻǎƛǘƛƻƴ ƛƴ ŀƭƭ ƻŦ ŀ ǘŜŎƘƴƻƭƻƎȅΩǎ ǾŀƭǳŜ ŎƘŀƛƴ ŀƴŘ Ŏŀƴ ǇƻǘŜƴǘƛŀƭƭȅ Ƨǳǎǘ ŦƻŎǳǎ ƻƴ ǘƘŜ Ƴƻǎǘ ǊŜƭŜǾŀƴǘ ǎǳō-

components (e.g. offshore foundations in Norway or turbine blades in Denmark). This can be achieved by 

prioritising areas of national competence based on current renewable energy successes in parallel industries, 

which will allow smaller countries to exploit sections of the value chain, as Canada can be seen to be pursuing 

in marine energy, see Figure 18, below.  

 

Figure 17 Analysis undertaken showing the potential for PV module manufacturing price parity through innovation and 
ǎŎŀƭŜΦ мIнлмн ƛǎ Řŀǘŀ ŦǊƻƳ ΨŦƛǊǎǘ-ƘŀƭŦ ƻŦ нлмнΩ ό!ŘŀǇǘŜŘ ŦǊƻƳΣ Goodrich et al., 2013) 
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Figure 18 /ŀƴŀŘŀΩǎ ǎǘǊŀǘŜƎȅ ǘƻ ōƻƻǎǘ ŎƻƳǇŜǘƛǘƛǾŜ advantage by focusing on harnessing skills from parallel oil and gas 
industries (Marine Renewables Canada, 2011) 

 

Smaller countries can also seek to maximise international competitiveness by collaborating with other 

countries when they have mutually beneficial technology strengths to develop globally competitive consortia 

(e.g. EU Horizon 2020 RD&D programmes typically have to be run by multiple nations to receive co-funding). 

Clustering of skills and activities is also recommended for smaller countries to best leverage supply chain 

benefits and pursue industrial support to complement innovation policies. Clustering is further discussed in 

Chapter 5 on enabling policies.  

 

Conclusions 

This section has clearly outlined the need for innovation policy to be strategically delivered to optimally use 

public funds. Many of the measures proposed (prioritisation, goal setting, coordination across government 

departments, and integration of policy agendas) are often relatively self-evident. Nevertheless, they are not 

found to be consistently implemented, to the detriment of national potential. Therefore these 

recommendations form an important foundation from which policy makers can design appropriate individual 

policies that have maximum chances of long term government support and effective results. 

 

The balance of resources across the major policy families is a further key strategic issue for governments. This 

is addressed in the following section that analyses the benefits of different policy types and discusses possible 

ways to pursue balances of policy support aligned to strategic goals.  
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2. The balance and integration of push and 
pull  

All countries 

¶ Understand the balance and trajectory of the main government cost levers: push and pull policies (see 

section iii ς Method, for definitions) 

¶ Understand national goals for innovation support policies: to develop national technology capacity for 

economic benefits or to deploy technologies   

Countries seeking to use innovation to enable technology deployment 

¶ Use pull policy to enable initial market deployment tailored to national market conditions. In IEA-RETD 

countries this means building or strengthening existing market policies 

¶ Complement with bespoke push policy to reduce cost of pull policy and enable necessary innovations to 

occur that would not be provided by other countries either to required timelines or specific to national 

conditions  

Countries seeking to use innovation to enable technology development or create value 

¶ Use push policy to progress technology towards commercialisation, focussing on technologies and sub-

components that have significant potential for strong national competitive advantage or that are highly 

tradable 

¶ Complement with bespoke domestic pull policy targeted at technologies that will be deployed 

domestically ς especially elements of technology value chains that will likely be sourced locally, e.g. 

installation.   
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Overview 

This chapter discusses the main cost leǾŜǊǎ ŦƻǊ ƎƻǾŜǊƴƳŜƴǘ ƛƴƴƻǾŀǘƛƻƴ ǇƻƭƛŎȅΣ ŎŀǘŜƎƻǊƛǎŜŘ ŀǎ ΨǇǳǎƘΩ ŀƴŘ ΨǇǳƭƭΩ 

support. Both policy families are required to achieve optimal technology development, but can also be used in 

different ways to pursue different national goals. This section starts with a discussion about the importance of 

understanding the balance of resources across these policy families ς something that is commonly not 

monitored by governments, to the detriment of effective innovation policy development. Following this, a 

discussion of the typical balance of push and pull policies is provided in the context of progression along the 

innovation chain. Key technology factors are then explored to analyse what policy families could best achieve 

different goals. International technology tradability is shown to be an important factor in this, as is the ratio of 

ǘŜŎƘƴƻƭƻƎȅ ΨǎƻŦǘΩ Ŏƻǎǘǎ (for ƛƴǎǘŀƭƭŀǘƛƻƴ ŀƴŘ ƳŀƛƴǘŜƴŀƴŎŜ ŜǘŎΦύ ǾŜǊǎǳǎ ΨƘŀǊŘΩ Ŏƻǎǘǎ όǇǊƛƳŀǊƛƭȅ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƻŦ 

technology equipment).  

 

A diverse range of international data on innovation policy and specific country case studies are used to reach 

conclusions in this section alongside expert opinion from leading reports. Analysis of the evolution of global 

innovation policy and resource allocation shows that typically the balance of innovation funding swings from 

ǇǊƛƳŀǊƛƭȅ ΨǇǳǎƘ ǎǘȅƭŜΩ RD&D support ς prior to technology deployment ς to pull support once deployment is 

achieved. Pull support then commonly becomes the dominant source of technology innovation funding. 

However, it is noted that this represents a generalised, global depiction of the balance of support; individual 

countries should therefore tailor policy, to support national objectives and technology priorities. This is 

highlighted by the example of PV in China, whereby pull support precedes greater levels of push support. 

Country specific data is then used to further explore the technology specific factors mentioned above 

(international tradability, cost breakdown etc.). This analysis looks at the USA, Australia, Japan, Italy China and 

Germany in light of jobs, manufacturing presence and technology cost improvements and enables pragmatic 

conclusions to be determined about how push and pull policies can be combined and balanced to pursue 

national goals most effectively. A lack of more detailed data on individual policy impacts against their goals 

prevents a more rigorous analysis (a challenge consistently referenced in studies of innovation policy).  

 

This chapter concludes by reflecting on idealised policy allocations for countries to develop and deploy 

technologies, drawing reference from the way Japan used PV demonstration projects to facilitate a 

manageable transition from R&D to price subsidised deployment, while up-skilling key national actors. This 

section then links to the following sections that look at best practice design of push, pull and enabling policies 

in turn, building on leading views as well as from historic lessons.  
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Understanding the current national balance and trajectory of push and pull support 
ς governmentsΩ main cost levers 

Central to responsible governance is that policy makers understand the level of resource allocated to a policy 

goal. Three broad policy families are considered in this report: push, pull and enabling (see chapter iii ς 

method for more details). The main cost levers for governments to consider are push and pull, through RD&D 

funding for push policies and price and investment support for pull policies. Governments should therefore 

understand the balance of spend across these policy families and their likely trajectory as deployment 

increases.  

 

Initial dominance of R&D, followed by sporadic spikes in demonstration support 

Renewable energy technologies at the pre-deployment stage are primarily supported by push type R&D 

mechanisms, with a significant time lag before deployment is enabled. This is reflected in the phasing of 

different innovation support policy families across OECD countries, as shown in Figure 19 overleaf. Note there 

is limited reporting of demonstration specific data, which is hence not shown. This is also because 

demonstration activities are frequently sporadic, unique events that constitute a small fraction of overall R&D 

spending, despite being frequently high cost, high impact programmes. In some cases, it is found that funding 

ratios of demonstration to R&D can approach one-to-one (e.g. for solar power in Japan over 2000-2010 ς see 

Figure 20).  
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Figure 19 Introduction to the main families of renewable energy policies by type in OECD countries12; note that: (i) 
demonstration support is less consistently documented, but is known to have been used sporadically over the past 40 
years; and (ii) this chart only goes to 2003, it is selected as the best available visual overview of major policy families and 
their evolution across multiple countries (IEA, 2004)  

 

Renewables are estimated by the IEA to currently receive c. US$4bn per year for RD&D ς around a quarter of 

global energy RD&D funding (see Figure 20, below). Over the past 30 years the majority of funding for energy 

RD&D has gone to nuclear power, which received more than 50% of total support in 1974, but now receives 

about 25% of support ς the same as all renewable energy technologies combined.   

 

Spikes in the level of government funding for energy RD&D, shown in Figure 20, have been driven in part by 

broader political issues relevant to energy security and climate change; total energy RD&D funding peaked in 

the late 70s and early 80s following oil price shocks, and funding has increased in recent years due to concerns 

around climate change.  

 

Historically, the majority of renewable energy spending has been on solar (43%) while wind has received lower 

levels of continuous R&D spending over the same period and achieved a higher installed capacity (c. 283GW vs 

c. 100GW) (REN21, 2013). The greatest level of spend across all technologies has been provided by the USA, 

which has funded 39% of total RD&D spend since 1974. Forty percent of total renewable energy RD&D spend 

since 1974 has come from IEA-RETD member states.  

  

                                                           
12 AUS Australia, C Canada, FI Finland, GR Greece, ITA Italy, L Luxembourg, NO Norway, SW Sweden, UK United Kingdom, A 
Austria, CZ Czech Rep., F France, H Hungary, J Japan, NE Netherlands, P Portugal, CH Switzerland, US United States, B 
Belgium, DK Denmark, DE Germany, IR Ireland, K Korea, NZ New Zealand, E Spain, T Turkey. 
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Figure 20 Historic IEA country RD&D spend on renewable energy technologies against additional annual deployment 
increases for wind and solar power with the deployment line graph depicted on the right-hand axis (IEA, 2012) 
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Dominance of pull support once early deployment is achieved 

Over the years as pull policies have been 

introduced, advanced technologies have 

reached a stage where they can be deployed 

with price support (e.g. FITs) achieving 

technology cost reductions.  

 

Pull policies are now the dominant source of 

funding for deployed technologies such as PV 

and wind (shown for PV in Japan, France, 

Germany and the USA in Figure 21, right). Future 

global pull policy support levels are projected to 

increase and rises in deployment will not offset 

gains from technology cost reductions. Laleman 

(2014) predicts that in Europe the current c. 40:1 

pull to push ratio of spend for wind and solar 

could grow to c. 100:1 by 202013 (Figure 22 below).   

Figure 22 The estimated ratio of pull to push policies in Europe for 2010 and 2020, based on a bottom up assessment of 
ƳŜƳōŜǊ ǎǘŀǘŜǎΩ ŘŜǇƭƻȅƳŜƴǘ ŀƴŘ ǎǳǇǇƻǊǘ ƭŜǾŜƭǎ (Laleman & Albrecht, 2014)  

  

                                                           
13 Laleman & Albrecht (2014) also estimates that push and pull were supported at around a 1:1 ratio back in 1998 in the 
US, growing to over 10:1 (pull: push) today. 

 

 

 

0%

25%

50%

75%

100%

Japan USA France Germany
Pull: Price support (primarily FiTs)
Pull: Investment support
Pull: Not disaggregated
Push: Demonstration Support
Push: R&D Support

Figure 21 Distribution of the major policies to promote PV in 
four countries at the end of 2010. Adapted from Avril et al. 
(2012) 
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Despite the importance of understanding this allocation of resources, stakeholders do not have a clear 

perspective on the balance of spend across these primary innovation levers, according to discussions and 

interviews with government representatives and country experts. Governments should therefore seek to 

better understand this balance. Strategies that governments could adopt to change these ratios and improve 

future support levels in light of their goals and pursued technologies, are discussed in Chapter 1.  

Contrast to China: ΨPull-push-pullΩ 

Innovation support typically transitions from push, to support high risk RD&D activities, to increasing levels of 

pull once initial deployment is achieved. This is especially true at a global level as technologies evolve. 

Individual countries do not have to follow this pattern of technology support, as was found in the development 

ƻŦ /ƘƛƴŀΩǎ t± ƛƴŘǳǎǘǊȅ over the late 19флΩǎ ǘƻ today. Over this period China initiated support through 

favourable province level investment support conditions (pull) that were harnessed by proactive 

entrepreneurs targeting export markets. In 2004 the Chinese government followed this support with a series 

of push policies that sought to develop competitive domestic technologies. In 2011 China established a 

nationwide FiT for PV. This pull-push-pull approach is detailed below. Importantly it is a strategy that can only 

be implemented when initial technology development has already been delivered.  

1. Pre 2003 - 2007 (Pull)   

Up to 2003 /ƘƛƴŀΩǎ ƛƴƛǘƛŀƭ ǎǘŜǇǎ ǘƻǿŀǊŘǎ ƛǘǎ ƴƻǿ ŘƻƳƛƴŀƴǘ t± ƛƴŘǳǎǘǊȅ ǿŜǊŜ ǘŀƪŜƴ ǘƘǊƻǳƎƘ Ǉǳƭƭ ǘȅǇŜ 

investment support policies that encouraged domestic companies to supply foreign deployment. This was 

done at the province level, not by the central state government. The companies benefiting from these policies 

harnessed foreign technology licences and skilled diaspora (especially from the USA) to initiate a rapid 

expansion of factories that were able to produce simple PV modules at scale (de la Tour et al., 2011). This 

approach contrasts with the initial steps typically taken in other countries to support renewable technology 

development using R&D programmes (push).  

 

Over 2004-2007 Chinese PV firms continued to target export opportunities as the European PV market 

continued to grow and the domestic market was not supported by central policy ς wind power was favoured. 

Provincial governments however offered greater pull support, competing with one another to support start-

ups, through tax breaks, access to low or free land, and direct grants (Deutch & Steinfeld, 2013). Additionally, 

policies were introduced to support construction of assembly factories, all of which resulted in rapid 

manufacturing scale-up. 

2. 2008-2010 (New push policies)  

China built on the export strengths it developed using pull policies with a targeted programme of push policies 

that produced more advanced domestic technologies. It initiated public-private joint ventures, established 

public research institutes and funded multiple large-scale domestic RD&D programmes such as the 

ŘŜƳƻƴǎǘǊŀǘƛƻƴ ŦƻŎǳǎŜŘ нллф ΨDƻƭŘŜƴ {ǳƴΩ ǇǊƻƎǊŀƳƳŜΦ This government support actively encouraged many of 

the larger Chinese manufacturers to increase spending on R&D.  
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China developed its own low cost PV technologies over this period, enabled by the policies above and the 

domestic reverse engineering and re-innovation of existing foreign technologies. The declining costs of 

domestic t± ƭŜŘ ǘƻ ŀ ǎǳǊƎŜ ƛƴ /ƘƛƴŀΩǎ ŘƻƳŜǎǘƛŎ ƳŀǊƪŜǘ and strengthened its advantage in new export 

opportunities (Long & Izuchukwu, 2013).  

 3. 2011- present (nationwide pull) 

In 2011 a national FiT was introduced across China for PV. Domestic deployment was still at a relatively early 

stage compared to manufacturing potential. Export dependent Chinese firms were set back during this period 

as the global recession reduced international solar market size and anti-dumping tariffs were imposed on 

Chinese PV technologies by the U.S. This led to turbulent market dynamics and less competitive companies 

dropped out of the market place. As detailed in the chapter above, this process is naturally found in maturing 

markets as dominant designs start to emerge ς greater numbers of firm bankruptcies were found in Europe, 

Japan and the USA. 

 

In response to oversupply against domestic deployment levels, the Chinese State Council has further 

announced plans to: (i) encourage corporate mergers and acquisitions to consolidate the industry reducing 

overcapacity; (ii) strengthen coordination in the PV industry with mandatory certification for critical 

technology; (iii) actively encourage domestic deployment while also continuing to explore the international 

markets; (iv) improve pull support policy; and (v) prohibit local governments from supporting failing 

companies.  
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Balancing future push and pull policies in light of goals and technology 
characteristics 

How push and pull policies can deliver different national goals 

At a global level, the delivery of ERETs needs both push and pull policies, with RD&D activity being most crucial 

for technologies that have not yet entered early deployment and need high risk, large scale demonstration 

programmes (e.g. bioSNG and wave energy). However, each country does not have to deliver all policies for all 

technologies. It is recommended that countries take into consideration innovation goals, technology 

characteristics (e.g. international tradability) and an assessment of international progress against national 

technology needs when deciding whether push or pull policies should be the focus of future delivery and how 

to target these policies.  

 

National technology goals broadly divide into two sets, each related to a series of policy goals: 

¶ Domestic deployment, which is related to emissions reduction, energy security, system modernisation 

and jobs growth in system installation, operation and maintenance; and 

¶ Domestic industry development, which is related primarily to manufacturing jobs and exports (this may 

ŀƭǎƻ ƛƴŎƭǳŘŜ ƛƴǘŜǊƴŀǘƛƻƴŀƭƭȅ ǘǊŀŘŀōƭŜ ǎƪƛƭƭǎ ŀƴŘ ǎŜǊǾƛŎŜǎύΣ ƛƴ ǘǳǊƴ ŘǊƛǾŜƴ ōȅ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ƛƴǘŜǊƴŀǘƛƻƴŀƭ 

competitiveness, manufacturing capabilities and supply chains 

 

Deployment goals broadly align with a focus on pull policies. However, there is also scope for push policies that 

support domestic installation and maintenance expertise as well as technology adaptation to country-specific 

conditions.  

 

Industry development goals typically align with both push and pull policies. Push policies, such as national 

RD&D programmes, are essential to the development of in-ŎƻǳƴǘǊȅ ΨǳǇǎǘǊŜŀƳΩ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ŎŀǇŀŎƛǘȅ ŀƴŘ 

boosting export competitiveness. Pull policies support domestic markets, somewhat insulating national 

manufacturing capacity from foreign policy changes that have traditionally strained renewable export 

industries. However, pull policies are not strictly essential for internationally tradable technology development 

where strong and relatively stable pull policies exist in foreign markets.  

 

Many countries will regard both technology deployment and development as goals of their innovation policies. 

These countries will primarily have concerns about balancing push and pull, seeking to best balance the long 

term costs of price based pull support with the individual project costs of discrete RD&D funding. There is no 

perfect mix identified for these countries, however the analysis of Avril et al., (2012), assessing the balance of 

renewable energy innovation support across the USA, France, Germany and Japan, leads to a logical conclusion 

for countries to consider: 
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"to our point of view a recommended policy would be starting, as Japan did with 

PV, with a focus on (i) demonstration programmes, to control the PV 

development (which systems, where, how many) in the first phase when the 

technology is not mature; and (ii) strong R&D support in order to improve the 

technologies. In a second phase when the technology is more mature, feed in 

tariffs and other demand pull policies are relevant to boost the penetration in 

the market. In this phase a sufficient R&D level should be proceeded to maintain 

ŀƴ ŀŘŜǉǳŀǘŜ ŜǉǳƛƭƛōǊƛǳƳέ  

ς (Avril et al., 2012) 

¢Ƙƛǎ ŀǇǇǊƻŀŎƘ Ŏŀƴ ōŜ ǎŜŜƴ ƛƴ /ŀƴŀŘŀΩǎ ƳŀǊƛƴŜ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ŜȄǇŜǊǘƛǎŜ ŘŜǇƭƻȅƳŜƴǘ Ǉƭŀƴ 

(visualised in Figure 12 in chapter 1) to initiate domestic construction and enhance national reputation, 

followed by targeted exports of technology systems and expertise to develop profitable businesses. 

International build out and domestic market expansion would then be pursued to lower unit costs and 

increase market competitiveness (Marine Renewables Canada, 2011).  

 

However, for some countries, innovation policy will be pursued to deliver solely technology deployment (e.g. 

price support to iniate PV uptake in Italy ς detailed later in this section) or with a focus on technology 

development (e.g. wind power in the USA and Denmark ς detailed in Chapter 3). A focus on technology 

development and value extraction alone has the potential for concerning consequences. For technologies that 

are at an early deployment phase, such as offshore wind, it is possible that countries collectively could reduce 

commitments to national pull policies and focus on push policies in pursuit of export industry creation. This 

could lead to insufficient global pull support, especially in technologies with high upstream value or high levels 

of international tradability, which could cause insufficient progress of ERETs against global targets leaving 

countries exposed to the policy trajectory of other nations. International joint agreements on pull activities 

could ensure that countries collectively maintain market activity; though based on historical trends, it is 

recognised that reaching such agreements would be very challenging. 

 

Nevertheless, there are logical reasons why certain goals will be the focus of national innovation polcies and 

they must be considered to develop and focus national policy. The ways that push and pull policies can be 

balanced to achieve these national goals, and be complemented by industrial policy, is presented in Figure 23 

below. The underlying analysis for this figure is then provided in the rest of this chapter, starting with insights 

for countries seeking to use innovation to enable technology deployment and followed by countries seeking to 

use innovation to enable technology development.  
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Figure 23 Push and pull policies need to be balanced with national goals and complimented with industrial policies  

 
 

Countries seeking to use innovation to enable technology deployment 

High level views on policy focus 

The PV case studies shown in Figure 24 illustrate that it is possible to achieve significant technology 

deployment using a primarily pull policy focus (i.e. market stimulation) with minimal investment in push 

policies (i.e. R&D and demonstration). This approach is of course, reliant on the availability of internationally 

tradable technology imports at a post-demonstration phase. These PV case studies also highlight that national 

RD&D programmes (i.e. push policies) are essential to the development of national manufacturing production 

capacity, which will be discussed in further detail later in this chapter.  

 

Consequently for countries interested only in deploying emerging renewable technologies, pull policy 

measures can often be effective on their own once the technology is ready for market deployment. However, 

it should also be noted that some push policy measures will typically be required to minimise pull policy costs 

and support deployment timelines. This is particularly the case where unique national characteristics 

necessitate the development of country specific technology features or installation and operational know-how 

(e.g. in demanding marine conditions for offshore wind and marine energy). 

 




























































































































































