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.  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 tartgts than 5% of the US$244bn invested
annually in renewables around the worldsgent on early stage investmentdor research, development and
demonstration (RD&D) or venturing. Government fundiexglsfor renewable RD&D are on average currently
equalled by corporate spending, but better designed innovation programmes can achie¥dold private

sector match funding for future programmes. This can be enabled by new programme desigiskjrdeearly

stage investments and unlocking additional value from international collaboration and coordination. Improved
innovation programmedesigns can only deliver this impact if they are supported by strategic policy

frameworks that offer long term market certainty.

The governments of the IERETD commissioned this report to synthesise internationally relevant insights
from recent renewal®@ innovation policy successes and failures. The Carbon Trust and Element Energy
delivered this using workshops with leading policy makers addsitny experts, detailed policy artdchnology

case studies and a series of interviews with leading internatiseator 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 recommendatiorie 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 strétegligaled 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 polig, coordinated across government and by using new approaches to reduce the risks of early

stage investments for private sector actors.

International Energy Ageneyw Sy Sgl 6t S 9y SNH@& ¢SOKy2t238 5SLIX28YS8Syild WAYLX S
participating countries: Canada, Denmark, France, Germany, Ireland, Japan, Norway and the United Kingdom



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 yhblidy
encourags the development of renewable energy technologies requires capital intensive funding for many
years¢ often decades. Policy makers striggo 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 inabaficused 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$3808itional 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 disphgyment levels

for subsidised pr&eommercial 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 provenypsliccesses found in international
best practice and novel recommendationdeveloped by working with leading members of the international

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

Proven approaches to delivegia 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 frequentlielinared
across the IEARETD. 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 avation policy families:

i1 Policies directly funded by the government for RD&D (referred t¢/ B3dzZ0lCIEs);
i policies that stimulate and encourage private sector spend on innovation, such as investment and price
support/incentives such as fedd tariffs (FITs) (referred to a¢ LJdzbli¢ieQ); and

i1 enablingpolicies that unlock and connect the differesmttors delivering innovation

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



Not all countries follow this pattern, as some are ablaise the technologies of others to leapfrog technology
development stages, additionally some countries prefer to focus on policies that most support national
technology objectiveg how to address this national focus is developed further in the followivigoints.

Enabling policies support technology across the innovation chain, removing barriers and unlocking the
potential of push and pull policies. In particylamovation support agencies are recognised as being amongst
the lowest cost innovation sygort 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 feedin tariff support (a pullpolicy) 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 understaiding 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 tadeploythe technologies (to achieve nationaissions targets and energy security) and/or

aiming todevelopthem (to create value from exports).

Technology innovation needs should then be prioritised to make best use of limited resouragth
increasing focus along the innovation chain as cegtirements 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 thagaiinmopolicy is
aligned with other relevant policy activities, e.g. for industrial development or planmegulation for

construction.

3. Balance and integrate push and pull innovation policies

At a global level, emerging technologies need a combinatd push and pull policies; push to ensure
technologies that are far from revenue progress along the innovation ¢chathpull to provide private sector
investors with confidence in long term market attractiveness. While both of these policies are aigcass
global level for technology progressidor individual countriesit is not essentiathey 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 gsin feedin tariff) with push policy targeted at RD&D to reduce costs in

nationally sourced elements of technology value chains such installation.



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 valuableducts with a strong domestic market, supported by pull

policies.

Most important is to desigromplementarypush and pull pliciesin pursuit of national goals over long term
timelines. Countries like Japan have successfully achieved this for their d@stryn using large scale

demonstration activities that wskill domestic firms, while supporting controlled deployment levels.

4. Increase international coordination and collaboraticim disseminate best practice and initiate-nded
programmes. This a@bles countries to achieve more with less andatbain the required scale to make
significant progress in international technology development. One approach to increasing international

coordination would be to establish an IEA implementing agreemennfanation.

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 onon-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 retamgrivate 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 policigBolicy uncertainty increases risk for private sector
investors. Trs is especially critical for future price and investment supmoechanisms, but alséor RD&D
programmes and innovation support agencies, which unlock benefits over extended periods of time, in
changing circumstances. Certainty should be achieved bgibgibn 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 pslitigia

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 barrirénnovation and increase private sector
investment earlier along the innovation chain. Unique designs can catakl€etines 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.



Increased incentives can be created for technology developers by providing them with exposure to technology
users (primarily utilities), their fute clients, and by focussing programmes on areas ofgmwnpetition, 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 péieyeworks 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 subsiiefosil fuel technologies
whichwould be expected to save money in thag term by enabling lower cost ppyolicies. 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 publiprivate 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 towagndsrity 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 stgs

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 policea®e also overviewed in Appendix i. These ideas cover an
exampleof new international RD&D programmes for offshore wind and innovative ways to harmonise push
and pull policies (suchs offering optional price support packages to utilities, combining RD&Ibtg 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, countris can tackle shared problems and pool solutions. TheRIERD can support this
process by starting to build the international partnerships between governments and compiaiesare

needed toaccelerate innovation in these technologiesorder torealisethe technologiegrue potential.



. 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 208upplying half of the growth in global electricity generation

(IEA, 2012)Onshore wind, solar PV and hydropower provide ¢.18% of global electricity generation, make
critical contributions to greenhouse gas (GHG) emissidiliggons 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 advancednewable energy technologiesuch as solar PV and ownsé wind, provide
insights to guide future innovation policy for emerging renewable energy technologies (ER&Is)as
offshore wind, advanced biofuels and marine energy. Increased activity on these technologies can create new

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

This section starts by introducing the innovation chain and overviewing the rguegress of thee most
advanced technologieslt continues by detailing the keghallengesfacing emergig renewable energy
technologies due t@urrent economic realities, technology specifactorsand the NE OSy i LJ2f A 08 WTI A

identified for policy makers to address in future innovation policy.

What are emerging renewable energy technologies?

Emerging renewable energy technologiéERETsare identified asspanningthe demonstration and early
deployment proof points, shown ifable 1, below. In each of the major sources of renewable energy
(hydropower, bioenergy, ind, solar, geothermal and marih¢here isa range of possible technologies that are
Of FaaAFASR I ¥ RVWSHFISWASK I Q

Toencourage therogressof emerging technologies along the innovation chain it will be necessary to
i. bring new concepts to demonstration;
ii. show reliable long term operation, eisk future investmentsand
iii. enable ongoing cost redudbn through learning by doing and developing improvedhtemogy

designs and components

Each of theseERET$s a new potential market and source of economic growth that governments could
unlock. Additionally emerging technologiesoffer a means for govements to de-risk long term global
decarbonisationas nosingletechnology can be deployed at sufficient scaletmnpletelyreplace current use

of fossil fuels for electricity, heat and transpgfEA, 2013)
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out of scope of this study, owing to their longer time lag to market relevance.



The IEAummarises the critidaneed for improved innovatiomiERETS by stating that whildvancedRETsre

close to being on track to meet needed deployment targets for their decarbonisation sceBRETs are not.
¢KS Y2ald NBOSyld L9! 29nRp@tRiI3HdentifiesSa nged eoserss hibllions d¥lJ
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 possibléhfset technologies, showing a need for

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

Table1 Generalised categorisation ofenewable energy technologiefor comparisonby innovation stage,dentifying
the more advanced technologies that can offer insights to the more emerging technol8gi€arlier stage technologies,
still at the research and development stagere identifiedas out of scope of this report

R rch ; i
i Demonstration Early Deployment (Near) Commercial

G99 YSNHA a9 YSNHA ! ROl yOSRE

Development
a/ 2y 0OSL

9 Hydrokinetic 1 Runof-river
Hydropower turbines 9 Reservoirs
9 Pumped storage
9 Aquatic plant 9 Pyrolysis biofuels | § Gasification 9 Combustion for power and/or
derived fuels 1 Gasification based based power heat
biofuelsor 9 Lignocellulosic | § Anaerobic digestion
Bioenergy biomethane syngasbased | Sugar & starch ethanol
9 Fermentation of biofuels 9 Plant & seed oil biodiesel
lignocellulosic
material
T Wind kites 9 Offshore, large | § Onshore
Wind 1 Higheraltitude turbine 9 Turbines for water pumping
wind generator
9 Solar fuels 9 Solar cooling 1 Solar cooking |q PV
Solar 9 Concentrating | q Low temp solar thermal
PV 9 Passive solar architecture
1 CsP
9 Submarine 9 Engineered 9 Geothermal heat pumps
Geothermal geothermal geothermalsystems 9 Hydrothermal binary
cycle/condensing flash
9 Currents/thermal | T Wave 9 Tidal currents | q Tidal range
Marine conversion

9 Salinity gradients

3p208 GKFG G(SOKy2ft23A8a R2 y2i Wi AyYyiSthédoduat oflcdplexitieacions f 2y 3 i K
of multiple technology stlzomponents, that each have their own technology journey (e.g. foundation designs for offshore
wind).



Historic progress in advanced renewable energy technologies

Advanced renewable enerdgchnolagies, specificallpnshore wind and solar P¥iave made great advances
in recent years. The global average turbine cost has decreased in real term&2tOnn/MW in 1984 to
below €0.9mn/MW in 2011 (BNEF, 2011while lar PV installations have shown a 23%nual average
increase since 200@1astingsSimon, 2014)As deployment increases andst® are reducedhese advanced
technologies are becoming deployable increasingly diverse locatisnwith improved technological
performance.Each of these factors is outlined beldavprovide highlevel insights into the relative progress of

these technologies.

Current status of global renewable energy deployment

Onshore wind, solar PV and hydropower collectively prowid®&% of global electricity supply and make
critical contributions to GHG emission reductioRggurel shows the global average contribution against the
energy mix of the IERETD countries arsbme additional countries that haveparticularly high deployment

levels.

Figurel Electricity generation by fuel type in RETduntries @denoted by*) and select renewable energy deployment
leaders, contrasted against the global average for 2QIHA, 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 repgsia, Europe and North

America

i1 Inthe European Union, renewalslaccounted for almost 70% of new electricity generation capacity in
2012(REN21, 2013)

1 In China, wind power generatidrasincreased more than generation from coal and passed nuclear power
output (REN21, 2013)

1 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 yR&N21, 2013)

In 2012, an estimated 5.7mpeople were identified as working in renewable technologies worldwide with the
potential for at least 9.5m by 2030 under the IRENA REmap business as usual sc@RENA, 2013)
However, while greater deployment is unlockingw technology marketand economic opportunitiesurther
action is still needed Excluding hydropower renewablessupply less than 5% of total global electricity

consumption which can be significantly improved upon

Rapid technology cost reduction has been

achieveal for advanced RETs _ _
Figure 2 PV price and performance trends 199911

Global new onshore wind installations reache!&00drich, 2013)

33.8GW in 2013 compared to 36.7GW for solar "™~ 8.0 e 24,000
¢ the first year solar growth has outpaced win 70 adopen " LB 21,000
Historle Learning Curve » Burope :
(BNEF, 2013)The rapid increase in advance: f.; 0 i nm-.-:»g
renewable deployment for onshore wind and P ?-,“ N .) 15,00 .»;:.I
b~ Average M
is coupled with signifigt cost reductions. E_, o | ModulePrice B 12 m,g
o —_ i ]
g > \v’\/-/ 1
3.0 8 B 9.000 %
The median levelised costs for onshore wind a § 0 N Bl co00 £
now comparable to fossil fuel sources, as they a ‘o : i | —
for geothermal, hydropower and bioenergy Py [ —— ey | ! ! ! ! & 1 &
Combustion(IRENA 2012) 19056 1907 1869 2001 2003 2006 2007 2008 2011

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

been enabled by600% module price cost reductions over the past 20 years, as shdvigure2.

Rapid but sporadicPV cost reductions in a volatile international markpearheaded bynparalleled growth
in China has createddditional challenges for innovation policy makers concerned about runaway costs and
the creation ofmarkets that domestic companies can access. These challenges are further outlined later in this

section
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It is important to note that while the absolute levelised costs of advanced renewable energy technologies has
made significandownwardprogress irrecent years there is still significant need for additional reductions and

innovations to integrate them into wedltructured energy markets

This is becausthese technologies are still predominantly only commercial with price support mechanisms
and hgher levels of penetration might create situations where RETSs struggle to sell at minimum mpeesd
due to their near zero marginal cost of generation ahd intermittent nature of theirgeneration(Joskow
2011;Hirth 2013).

Nevertheless, great histic progress in thecost reductions of these more advanced technologies offers
valuable insights into future innovation policy fBRETSThis is epeciallyrelevantin light of minimisinghe
associated policy challenge§runaway costgpotential windfll 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 factofd/ind turbines are now being deployed up to 7.5MW, compared to
1.5MW in 1985(IEA, 2013prnd wind turbine sizes have increased 17 fold in the same timefrarheee

common means oéxpanding their relevancare detailed below, ith examples from onshore wind:

1 Ct SEAOATL A G @& ktNeRbildy tdluse @rfelgyofrbrh theltdn6logy when needed, e.g. increased
pairing of technologies with storage

1 WpplicabilityQY G KS &aAbtdzr GAz2zya GKS GSOKyzftz23& OlFly o6S dzaSR
variable/lower wind speeds enabled by turbine size as shownHigure3, below

1 WobiityQY GKS FoAtAdGe (2 0SS O2yadiNHzOGSR Ay O2dzyGNEB | YR

manufacturing or shipping systems

These factors areetated to cost butthey are also important to consider as independecwmponents.
Electricity utilities purchasing technologies from technology developers will not just assess potential
FOljdzA aAdA2ya 2y GUKS ol aia 2 Foredceadorso dzi | f a2 2y Wa27F( ¢
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Figure3 Significant growth in turbine siz€UpWind, 2011)
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Innovation policy needs to adapt to current conditions and future challenges. What has worked in the past will
not necessarily work in the future. Thisrcesgovernmentsand other regulatory bodieto 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:

1 Innovation is a complicated, relatively intangible policy areadusedeliver multiple, often conflicting
goals

1 Recent economic crises have drawn away resources, reduced available public funds and lihitetingp
from the private sector

1 ERETSs face particular technological challenges that are difficult for policy makers to address

Policy challengesInnovationat the interface of multiple issues

Innovation policy requires decision making under great uncertainty and is at the intesfdoar major areas

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

1 Climate changeTheaimis the existence of lowest cost technologies needed to achieve global and
national decarbonisation

1 Energy Thepurposeis national deplgment of a resilient, secure, modern energy system at lowest cost

i1 Business development/industrialisationGoals are typically measured in light of number of domestic
jobs, value from exports, proportioof firms in the global market, proportion of intelleml generated

i1 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 developmentstamational 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 countrief-igee4 below). This has

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

helped nurture new markets, but have not necessarily maxichdemestic 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 ERETSs to achieve multiple independent goals simultaneously.
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Figure4 Comparison of the change in regional dominance in the PV module production since @#&lagher, 2013)
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Nevertheless, it is generally more difficult fo.

developers of innovative technologies to find capital to finance estdge projectsLess than 5% of the
US$244bn invested annuglin renewables around the world is spgeam early stage investmentsater stage
projects and the manufacturing of technology continue to attract considerably more investment than for early
stage R&D, se€igure6, below. Additionallyinvestment from Europe and the USA (which has historically
accounted for over half of global private sector investment) has declineddent years which is making it
particularly challenging forechnology to step from R&B commercialisation. Therefore there is a need for
greater government interventiothrough future policy developed in light of more constrained resourdes

best use available assedaad maximise pvate sector funding.
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Figure6 Global trends in renewable investment 2062012 a) early stage investmernt) later stage investment(Ren21,
2013)
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dynamics are a challenge for innovation policy makers. ~ “P® capex

Each technology is made up of multiple subomponents that undergo their own innovation journey.
Evolutions,replacementsand relative competitive advantageof any technology subomponentcan incur
subtle, but cruciaDK I y3Sa (2 | GSOKy2f238Qa S@2ftdziazy GKIG R2S3
along the innovation chain. Understanding of individual technology subcomponents and their poiential

important for governmentactors trying to accelerate the progression of technologies along the innovation
chain
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Fundingprioritisationchallenges

Governments face calls to increase fundingijomaximise chances of meeting international climate change
Figure8 IEA estimated global annual gap in RD&pending- against 2D targets at lowest costand (i) unlock
Scenario [EA, 2013 the economic benefits of new
.U technology markets However,appeals
for increasedfunding competes wh
many other national priorities and are
well summarised @ a global and

national level througtrecent analysis by

~
o
W

Billions

the IEA and from looking at individual

country assessments of required spend.
The IEA has called fo >US$300n
005 additional investment to be spent
Wind Solar Bloenergy annually on renewable  energy
deploymentover the next20 yearswhile Kk S L 9! Qa 9y S NBpectivesSépargordu@ed that t S NJ

oAfftA2ya 2F R2ftFNRQ ¢2NIK 27T Ay @k @negytachnblogiés tof SSRSR

meet international climate change targetSigure8)*.

CKS 1'YQa [26 [/ IND2y Lyy20FiGdA2y [ 22NRAYFGA2Y DNRdzL) o]
associated with the push focussed programmes that would enable the government to progress low carbon
technology innovations needed to maximise chamoéachieving mandatory 80% GHG emission reductions by
Hnpn® ¢KAA WO 2dndlddad thaelbilions of lddlia¥saaliditional funding would be needed to

progress technology development the required timeframes.In addition it demonstratedhat the UK would

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

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

4¢KS 9¢t NBLRNI FdzZNIKSNJ dzy RSNI Ay Sa énendblepsefRtechinidgiesi(&d a NI L2 NI
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 adgvamiciily enough

and requiring increased RD&D funding to accelerate development.
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G2S SabtAYrdS GKIG RSt pws athviies iddntifiédd 2 F (G KS
would require the UK Government to invest somewhere between £3bn and
£4bn over the next & years. By comparison we estimate that the equivalent
spend over the five years to 2016 is aroundME® p 0 Y D€
¢ LCICG (2014)

As requestdor 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. MS (1 K2 Ri¥ig the Glaeyrirt for the
AYY2@LGA2Y LRfAOE 27

This report seeks to provide useful insights and recommendations for governments seeking to deliver
improved innovation policy for emerging renewable energy technologies (ERE&stime of constrained
resourcesA pragmatic focusvas adopted earlyn in this project, seeking high impact areakere detailed

recommendation could be focussed.

To enable policy families and stakeholder groups to be compared consistently adfessnticountries a
simple framework was developed. The framework and focus were then used to develop a process for data

gathering that leveraged insights from:

1 Published reports, synthesising over 100 articles

1  The history of innovation policy, using onsdavind andsolarPV as case studies

i1 Stakeholders currently developing innovation in emerging renewable energy technologies, using five
technologyin-transition case studies and ten additional interviewees, covedisig, Europe and North

America

The ingghts and recommendations from this process were cre$srenced against internal experience from
the Carbon Trust, a team of international external reviewers, and a project steering group with representatives
from Enova (Norway), Ecofys atite Social andeconomic Council of the Netherlanddetherland$, 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 pobjand 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 dtatlitesslyas each country

has a unigueinnovation 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 cdasat; other comparative reports state thatd g K Sy
comparing support types across different countries the boundaries between the subsidy classes are vague and
GKSe OFy 2 @SN®rllst alS PODR. THslrép&tNEassifies policies into threeadst families,

commonly seen throughout innovation research:

 Pusly W{dzLJLX & &adAYdzE I GAy3 GSOKy2t 238 Lldzad KCmodtl2 f A OA Sa

commonly research andevelopment(R&D) support to universities and demonstration support i@ th

form of grants

T Puly Ww5SYIFyR atGAYdzZ FdAy3a YFEN] SO LizA € Q LREAOASA GKI

innovation¢ most commonly investment support and price based support (for units of renewable
electricity generated, or carbon abated)

1 Enabing: 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 defiaad used across different countries

l.-’]
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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
compaison, as they cover the major areas of spgnded by countries to fund technology innovation. These
families of push and pull policies are shown along the-&iap innovation chain used in this project,Rigure

9, below. Enabling policies are relevant acrossveleinnovation chain.

Figure9 Graphic representation of the categorisation used in this report for policy support types

Valley of Death

Early Deployment > (Near) Commercial

RESEARCH AND DEVELOPMENT SUPPORT

* Industry/university grants  * Subsidies/incentives * Secondments
» Test centre construction  * Awards/prizes * Equipment sharing
DEMONSTRATION SUPPORT

» Set up commercial vehicles » Test hubs
* Industry/stakeholder consortia « Coliaborative grant calls

Key INVESTMENT SUPPORT
S * Public venturing * Guarantees/loss underwriting  * Tax Incentives
* Private venture support * Insurance
Policies
PRICE SUPPORT
+ Feed-in tariffs * Tradable certificates

* Bidding/tendering  * Carbon pricing (cap and trade/tax)

5Many additional policy families are found to be used to support technology innovation (e.g. command and control
regulation, public procurement and renewable portfolio stands). These were derioritised 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 lilamith of replication of solutions for these policies across
multiple governments.
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Stakeholder framework

' NIy3aS 2F RAFFSNBydG adl 1SK2tRSNAR GKIFG YF{1S dzLJ GKS

transitions. These can be groupedded on their goals from innovation into five broad categdriEgurel0):

1 Technology Developer®rganisations actively innovating. These rangeftmiversities to small novel
technology companies and major corporate developers

1  Technology UsersThe eventual buyers of innovative technologies. These are most commonly utilities,
especially when the technology has a high CAPEX, but can afsditéual businesses and households
when considering small distributed generation technologies

i1 External FundersThese include traditional financiegangel finance, venture capital, project finance
and public marketg and major corporate funders, whighay be developers or users of technology,
that also invest in innovation outside of their own activities. Governments can also create new,
AYRSLISYRSYy (G Lzt A0 Fdzy RAy3a 2NBHlIyAalliAz2ya 6adzOK I a
existing extenal funders

1 Technology EnablersOrganisations 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, developend funders to government policy. They can also prioritise,
RSaA3AYy YR YIylF3S 320SNYYSyld Ayy2@0FGA2y LINRPINF YYSA

1 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. Regulatstryictures and laws are the most tailored to
AYRAGARdzZE £ O2dzy i NASAQ SEA&GAY I YIEN]L SO FTNIYSs2N]

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

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

6 This is not a completely exhaustilg, it just seeks to categorise the main groups that governments can interact with to

support innovation development. It is important twte that within the innovation ecosystem the other key stakeholder

GKFG GKS&S 3INRdzLJa AYGSNI OO0 6AGKE Sodad WiSOKyz2tz3ae 2LILRYSY (.
groups are not focused on in this report.
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Figure10 Report framework showing the interaction of different stakeholders

Government
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The interactions between our policy and stakeholder framework

The frameworks chosen for policy families andowation stakeholders are selected due to their simpliaity
enabling consistent comparison across countries. Additionally, they complement each other and enable more
detailed analysis of innovation policiush policies (research, developmeartd demonstation 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 ations of technology users.
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The approach of this project

This project followedive work-streamsculminating inthe production ofthis final report:

1 Task 1Synthesis report of 100 innovation publications, prioritisation of policies for fuanaysis based
on their potential impactwith 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 tguide further use of its output

1 Task 2 A framing workshomvith 14 crossndustry organisations including four technology developers,
three utilities and six investors in addition to the {RETD project steering group, sharpening the project
focus and olgctives

1 Task 3New research int«ey questions highlighted in tasks 1 ang&senting evidence and key insights

1 Task 4Midterm workshop presentingakk 3 findings tonultiple government representatives from
Norway, the Netherlands, UK, Canada andW®A. 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

1 Task 5This final report, presenting concrete policcoenmendations and key project insights based on

expert input from the IEARRETD stakeholders and Task 4 expert workshop

Focussed researalvascarried out inTask3 after establishingan initial focus for studyn the first two tasks.
This researchfocussed on tree issues the balance of innovation support along the innovation chain
successful highisk demonstration programmeand new funding structures for renewable energy innovation.

The following sources of information were used to informsbereas:

9 Desk research on innovation policy supporting PVwaimdl over the past 20 years

i1 Interviews with 18 individuals currently working to deliver ERETSs (technology developers, users, funders
and enablers)

i1 Five case studies of leading efforts transitioning three key ERETS (tidal current, offshore winid SiN@)

along the innovation chain

As mentioned above, the findings from this research were erefeyenced against internal experience from
the CarboriTrust, a team of international external reviewers, and a project steering group with representatives

from Norway the Netherlandsand Japan

7 The criteria usedvre further detailed as follows:

Potential impact; does the policy family have a strong track record of innovation success that is likely to be relevant to
emerging technologies over the nextld years?

Additionalg would new research make a meaningémd additional contribution in light of current work?

Implementableg are policy recommendations likely to be implemented given national priorities?

Replicablgg 2 dz2f R ySé LIt AO8 NBO2YYSyRIGA2ya ySSR (2 0S8 o0SaLk]
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Interviewees

To gain key insight interviewees were selected frol@ading actors currently working on ERET intiova The

set of interviewes are showrin Table2. 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 crosgeferenced with governments through the &k 4 project workshop. The list of
interviewees span Asia, Europe and North America (the contineet®RETD countries are located); the major
families of RETioenergy,wind, solar, geothermal, marineytropower)¢ with many of these organisations

actively engaging in emerging technologies.
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Stakeholder Organisation Technology focus, country Stakeholder/Case Study Role Additional comments
Offshore Wind Co-funded programme between gov. .
OSW, UK _ Prog g Novel approaches to collaboration and development
Accelerator & utilities
Fraunhofer . University/ research units, part of an Located flagship centre in Bremerhaven — multi-
Wind, Germany . . , .. .
innovation hub stakeholder engagement in innovation cluster
Enabler Gussing Bioenergy gasification to Multi-stakeholder innovation Unique approach, designed model for ‘community’
liquid/gaseous fuel, Austria programme ground up development
Natural Resources . . Works with industry, other government departments
. Government department involved in . . .
Canada Multiple, Canada . . S and academia to coordinate RD&D and provide
increasing the utilisation of RETs . . .
project financing
Marine Current Owned by Siemens and first marine tidal tech. to
Turbines Marine, UK Novel technology company complete journey from dashboard to corporate
buyout
Artemis . . . Innovative tech. company completed innovation
Technology Wind & Marine, UK Multi-stakeholder engagement journey to corporate buyout
developer — - — —
Mitsubishi 0SW, multinational Major technology corporate, joint- Recently moving into OSW market and tech.
venture in OSW development
Doosan 0SW, multinational Global energy tec.hnology developer, Invests heavily in R&D activities
corporate venturing
Shell Wind, multinational Major international corporate 2007-2012 - $2.2bn on alternative energy R&D spend
providing venture capital
Google Geothermal, wind, solar, Major international corporate, Innovative non-energy company - $1.4bn RE
multinational corporate venture capital investment to date
350 Partners Clean tech and energy efficiency, | Advisory, private equity, grants 26investments in ‘Greentech’, typically invest
Funder
UK between £250k-£4m
IPGroup Multiple & at different stages of | ‘IP commercialisation’ VC, manages 16 active investments in RE sphere
innovation, UK several VC funds
European Wind/solar, Europe Largestinstitutional investor in the 25% commitment of funds to climate change related
Investment Bank world projects
E.ON Wind Major utility Invested €9bnin cleantech since 2007 with significant
(secondary: marine/biomass), OSW activity
Technology multinational
user
RWE Wind (secondary: Major RE utility Significant wind activity and partner with Innogy
hydro/biomass), Europe Venture Capital —RET fund of >€100m

Table 2 Full list of interviewed stakeholders (deep dive case studies in green) with the technology focus, main country of operatidrtype of stakeholder engagement
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Transition case studies

Five of the interiewed organisations recognised as successfully enabling state of the art innovation activities
in ERETare used as case studies representing technologies in transifteese are: Marine Current Turbines,
Artemis Intelligent Power, Giissing Renewable Bheg / | Nb 2y ¢NHza(GiaQ hFFaK2NB 2 A

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

1 The case studies spaimree diverse technology areabat have elements relevant across ERETSs: offshore
wind (early deployment stagethnology), 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 cduntries

i1 Theyinvolve arange ofinnovation activities, novel technology companies, puplivate research
projects, government innovation programmes, and intercompany interactions through clustering

1 They represent multiple countries and involve all types of stakeholders

1 The Carbon Tradas close relationships with these organisations making them easily contactable

Marine Current Turbines

Marine Current Turbines (MCT) is a-hd§ed novel technology developer aiming to commercialise tidal

current devices. By using a bottemounted horzontatr EA &85 GKS 62NI RQa FANRG GARI €
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 compewng catalysedhe tidal industry through
AyaalrttAy3a GKS g2NIRQa FANBRG 2FFakK2NB GARFE Gdz2NDAYS
a0lLtS GARFEt Gdz2NDAYS Ay wHnny o6{SIDSy { modHa20d al/ ¢tQa
company formally foundechi1l999. In 2012 it was acquired by Siemens, which had been a shareholder in MCT

since 2010.

Artemis Intelligent Power

Artemis Intelligent Power is a thased technology developer sap in 1994 to develop hydraulic systems for

wave energy application&tNR2 dz3 K G KS O2YYSNOAFtAalGA2Yy 2F W5A3IAGEE 5
Since then, the company has expanded and following corporate acquisition by Mitsubishi Heavy Industries in

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

Ad y2¢6 dzaASR Ay aA(addzoAakKAaQa ta2 {SH!y3aSt 2FFakKz2NB oA
where it challenges wintlurbine gearbox and direalrive 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

G2 LXre | 1S& NREtS A yffshard wird tzohiclogydeveélophediz Ly Rdza G NRASaQ 2

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

Gussing Renewable Energy small, electricity company set up by local high net worth individuals in Gissing,
Austria¢ has a pioneering 8MW gasification plant with an overall conversion efficitnoy 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 becme 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 ulthately aiming to create regional energy sslffficiency 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 comizone

Offshore Wind Accelerator

The Offshore Wind Accelerator is a pufgitvate 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 ¢ £30m dedicated demonstration fund for use between 20@8d 2014, it is a joint industry
O2yaz2NIliAdzy Ay@2ft @Ay3a SAIKG dziAfAGASE YR GKS 4 NbB2y ¢
thirds of the funding comes from industry while ottérd is funded by the UK Department of Energy and

/I tAYFGS [/ KFry3aS 659/ /0® LYRAGARIzZEE FdzyRAYy3A dziAft AGASaA
LINE2SO030GaQux 2N 2LJ0 Ay (2 WRAAONBGAZYl NE hik@ea®OiaQ 7 d:

organisations.

Bremerhaven

Bremerhaven is a region in Germany recognised as a eatting cluster of innovative activity for wind

power.C2f t 26 Ay 3 Iy SO2y2YAO R2gy(id2NYy = . NBYSNKI @SyQa 02 d:
existingport 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 Gergie¢ Qa Yy 2NIKgSad NBIA2y oe

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 reséare 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 IWER I & 2y S 2F G KS ¢ 2 NIwkhOhe capdcityIb &ccammadata hiakles Hp tK | £ £ &

90m in lengthg and runs a variety of projects.
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1. Strategic innovatiomolicy framework

Establish national and departmental goalsr innovation policy on ERETSs, based on industrial, climate
change and energy policy needs. Consider whether innovation is sought to enable deplayforent
energy and climate poliayor to devdop exportable technologies for value creation

Prioritise technologiesbased on their needs, barriers and business/deployment potential

Inform this with technology development roadmaps, energy system madedsessment of national
competitive advantagandindustry consultation to enable best practice strategies to develop
Consistently communicatéong term technology priorities and innovation policy gdalensure stable
national market development

Pursue a portfolioof innovative technologieandvaluechain components to avoid technology leickto
the most expensive technologies and to account for the natural occurrence of failed potential in
innovation

Leveragethe motives and activities of the private sector and international partner governmentsgb b
utilise available funds

Complement innovation policy with industrial policwhen seekindgo competefor market shareThis is
most applicable for large countries, e.g. USA and CBimeller 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-dedigned 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 companasd cross departmental coordination and
alignmentto integrate innovation policyith other key policy familieg especiallyindustrial 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 deskded 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 imultiple industries is used to show the need fopartfolio 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.

Thesection 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 exjhodedail in the

subsequent chapter
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Goals

Clear gobs are critical to develop an effective strategy for any area of policy. The multidisciplinary nature of
innovation policyg relevant to multiple government departments and possible national priorigiesakes it a
challenge to establish clear goals to @gspolicies 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:

i1 Climate changedecarbonisation thwugh development of loveost technologies

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

1 Economic developmentcreation of domestic jobs, exporting products and services, growth of firms
accessing the global market, and generation of intellectual property

i1 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

1 Technology deployment for domestic and internationlnate policy domesticenergy policyand
international development

1  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 mables 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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Prioritisingtechnology innovatiors 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. Additidnadiearly
communicating established national innovatigriorities to all market stakeholdergovernments can create
increased confidence for investment. The UK and Canada are found to have effective means of doing this,
which offer practical lessont other countries around the world. Insights from the rhetl used by the UK to
establish technology priorities are followed by insights from the use of technologymaggbing in Canada to

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

¢CKS ! YQa W¢SOKy2ft238 LYyy20IG4A2y bSSRa ! daSaaySyld
The UK has carried out Technology Innovation Needs Assessments (TINAs) for 11 high priority technology
families: bioenergy; carbon capture and storage; domestic anddwmestic buildings; electricity networks

and storageheat; hydrogen for transportndustrial sector; marine energy, nuclear fission, and offshore wind.

These TINAs identify high priority interventions for the UK government to pursue across multiple government
departments. As they have been developed and agreed by all UK governdegdrtments 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 Trustat considered the following metrics:

1 Deploymenty GKS LRGSYdGAlrt NB{S 2F (KS (SOKy2tz238 Ay GKS
I Value from cost savinggshe value to the UK economy from reduced costs of technology through
innovation, which depends on deploymelet/els and technological improvement
1 Export value value to the UK economy from green growth through exports
1 Market failures assessment of whether private sector actors are already sufficiently incentivised to
deliver potential innovations
i1 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 shon$ideo using to enable
effective prioritisation These includenational energy system models, detailed assessment of innovation

technology innovation potential and assessments of national competitive advantage

9 Core members of Low Carbon Innovationddination Group (LCICG) who coordinate the TINAs: Carbon trust,
Department for Business, Innovatié& 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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Figurell shows the ranking of UK competitive advantage across different low carbon techrfalogies. A
detailed industry consultation process was used to guide the development of fintingssure that the

conclusions were well informed and acceptable across government departments

Figurell The competitive advantage of the UK for different sub areas assessed in the TINAs (unweighted)

Offshore Wind Medium - high Medium
Carbon Capture = 17 Py e ==
Bl Storage [ Medium - high Medium Low
Domestic Buildings = Medium - high Medium
Non D tic _
Buildings | Medium - high Medium T
Bioenergy | Medium
Industrial Energy ey T low
Efficiency High Medium SO
Nuclear = Medium-high  Medium T
e rorage o | Medium.

Low Carbon Heat

0% 20% 40% 60% 80% 100%
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- )
Textbox 1: l\/laring TIl\JA An exarrlple of UI§ prioritisation

al NAyS SySNHeé O2dzZ R LXlFe& Fy AYLRNIFIYyG NREtS Ay |[GKS 'Y
over 75TWh/gard ! LILJX @Ay 3 || O2yaAraiaSyid YSGK2R2f23éel tf{26SR {if
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 engfggeFigurell):

i Deployment The UK has a large natural resource of marine energy witie marine devices being testgd
in the UK than anywhere else in the world

9 Cost savings valugnnovation to reduce costs and improve performance is critical if marine is to compete
with OSW;, success could save the energy system £2.8bn and contribute £1.4bn to GDP by 2050

9 Export value The UK is well positioned to captysetentially c.15%of global market share by 2050

I Market failure: TheUK cannot rely on other countries to develop the technologies within the requireg
timeframes to achieve the cost reductions needed, therefore public sector intervention is vital to leverage
private sector invetment and increase dlaboration of RD&D activities

i 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 futlge co
reductions by leveraging support to accelerate development of single device demonstration into firs
arrays. Additional R&D and collaboration in raympetitive sub componentry is needed to address the
problems idenified 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 stbpnge cost reductions support will be

required for evolution of component capabiés which will be relatively low cost compared to the lasgale
demonstration programmes needed to accelerate deployment. The TINA provides a clear strategic outline
assisting the leverage of funding for RD&D activities including:

i Expected investment byCICG afp to £60nm between 2011 & 2015 for marine technology innovation
projects

1 Atotal of £38mm (i K NP dz3 K 59// Q& alNAYS 9ySNH& ! NNl & 5BLJ) 28YS8
Marine Renewables Commercialisation Fund (MRCF), managed by the Carktan $upport the first
marine energy arrays in the UK, and artayel infrastructure

I LCICG member support in the design, construction and installation of individual full scale devices in¢luding
the ReDAPT projectan innovative 1MW buoyant tidal turbirtested by Alstom with funding from the
ETI

The Marine TINA hawioritised technology areasased on the ability todeliver the greatest benefits to the
UK based on national goa8n-going R&D is required to deliver the cost reduction potential ofcb?5% and
YE1S YENAYS SySNHE F O2YLISGAGASS O2yiNAodzi2NI G G(KS |

— _
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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 technique@arine Renewables Canada, 2010anada 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 dew a ® / F y I RF Qa NRFRYFLIWAY3I 4l
consortium of government (the Federal Secretariat was Natural Resources Canada), industry and atademia,

ensureit incorporates leading thinking and has broad stakeholderinuy

This consortium used roadmppmg to develop an innovation support strategy for Canada, based on
technology development potentialhile alsoassessinghe potential economic opportunities from developing
a functioning supply chain and best harnessing its marine relevant expertistegimical engineering, ocean

engineering and marine operations). Thisategy is presented ifrigurel2, below.

Figurel2Q y I RF Q& YIFINAYS NBySslofS SySNEBe ®dikeRefedables Candda, S E LIS NJi
2011)

'J ’lr‘ ? 4 y Initial domestic build, enhance
% reputation

Export technologies, technical
systems, expertise

4 Export technologies, technical
systems, expertise

o

Expand in domestic markets

This strategy provides three core elements to enable prioritised support: (i) a vision for the role of marine
energyin Canada; (ii) pathways to deliver the vision, and (iii) critical enablers of the vision. The vision for
YIENAYS SySNHeée Aa aF2N /FyFREFE G2 06S502YStream tigdl, angll € € St F
river-current energyproduction systems and SOKy 2t 2 3ASa X0 KI & O2 dzZf R brinhidy A RS H D
AY 1 PHOY AY I Y y(Mariie Réhewhlyled Tanddla, 201 patbways identified for Canada

G2 | OKAS@PS (GKA&a AyOf dzRS> LI2R/SIHSHt a2¢LIA yAS yONENIYH €/ |{iyS CRKIyT2:
OdzNNBy i GSOKy2ft23ASa¢ | yR RSTAY A y(®id). YheNditiad endbrs dzi A 2 y &
ARSYUGUATASR IINB a(iSOKy2t23&8 AyOdzmli2NB (2 | OOG&f SNF S
aK260FasS /FyFRIFIQa Sy3aAySSNAyYy3a LINROAdzNBYSyid FyR O2yaiNH
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Leveragng 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 tw other actors: other governments and, the private sector to optimise

programme design.

Private sector

Governments can access additional funds more efficiently by utilisifigntbng from private actorsThis has

the additional benefit of ensuring thahere is market demand for funded innovationsjvate sectorsupport

Oy o6S dzaSR | a | WEAGYdza GSadQ F2N | Bhaddepdigpd (G KS ¢
frameworksand programme desigshould beoptimised to encourage additional fundirfgpom the private
sectorearlieralong the innovation chainSuch activities particularlyeed toaddress thehigher risk=of failure

from high cost activities for technologies that are far from deployment éimelassociatedevenue generation.

Detailed poicy recommendations of how to achieve this are overviewed in the following sectionsstnamal

pull policies, emphasisingnew, risk taking cdéunding models in the pull section and pubtidvate

internationalconsortia basedarge scale demonstratioactivitiesin 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 actitévitide there
are great potential benefits from this, it is nevertheless complicated and difficult to doqvesibecially due to
the administrative complexity of such collaborations and the challenges in ensuring benefits are appropriately

shared.

Incrd @SR AYUSNYFGA2y L+t O2tft 1 02NFGA2Y F2NJ Ayy20FGA2y | (
implementing agreement platform$ which already exist for technologies such as wind and solar (the IEA

RETD is also an IEA implementing agreement). Téatien 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 cosffective means to (i) share lessons about best practice in innavaiiicy and

programme design; (ii) enable greater-tmding of joint innovation projects; and (iii) increase international
understanding of the potential roles and needs for ERET commercialisgéter to Chapter 5for more

detail).

|mplementing Agree@y i da O2yarad 2F nn YdzZ GAfFGSNI £ (SOKy2ft238 AYyAGA
governments, industries and businesses, international andgmrernmental organisations from IEA members and-non
member countries to leverage resources and hult S NB & dzf G1a GKNRdzZK NBaSINOK 2F Sy SNH



35

Pursung a portfolio of technologiesand companiedo compensate against
naturally occurringdropouts

Countries need to pursue a suite of emerging technologies to maximise the chances of creating successful
industries. This is especially important for countrieeldeg to use price subsidised renewable energy
deployment to decarborsie their energy supplieasin almost all countriesa range of sources willdve to be

harnessed to reliably and sustainaklybstitute current fossil fuel use

Additionally, price subsidies provide greatest support to the technologies that are closest to market
deployment,althoughthese could be more expensive than subseqt generations of technology broader
portfolio of support maximises the chances of achieving decarbonisatidowest cost and ensuring that, in

the longterm, lowest cost technologies are developed.

A broad portfolio of support camlsohelp countries mitigate the impact of natural technology and company
losses. The natural drop out of technology players sermultiple US industries over the past 120 years is

shown inFigurel3, 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 techngldggrback
& Suarez, 1993)
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This process has been observed in both the solas@&¥or, Figure 14 Formation of dominant design |

. ) . . . onshore wind turbines in GermanyNeij, et al.
through multiple firm bankruptcies, and in the windustry, 2003)

through design consolidation. In the solar PV industry, .

international compétion in fast evolving markethias seen B 3 pades

a0

over a hundred solar companies drop out of the market over 2 nlades

recent years (further detail is providedin the following = 4 vlades
chaptel). The consolidation of technology design in the wind =c
industry is another way that this has been seen. An example qf,, -
this from Germany is shown to the right, illustrating how wind

% o
turbine designs have consolidated over the past 20 years. iass isss  ise:  1sas  1ses  sass 000
Similar processes shoulik expected in emerging technologies such as wave power, which has around 100
developer companies iterating independent designs acfogsdifferent technology families. As the market

develops for these technologies, dominant designs will emerge caagingpout of market participants.

Governmentsmustrealise that this is a natural part of market dynamics that is occurring in tandenraptt
global market growth, the creation of new industries and reduced risk of not achieving decarbonisation at

lowest cost.

G{2> A& OfSIYyGSOK FIAfAY3AK LY | 2NRI y20

cycle of excitement followed by high (and often inflatexpectations,

RAGATEdzZAA2YYSYUus O2yaz2ftARIFIFGAZ2YZT YR GKSy ¢
¢ HastingSimon (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 suppgrtietailed later in tlis
chapter; and (iii) maintaining stable policy support to prevent unnecessary premature failure of newly

established companies dependent on government suppatetailed inChapter 4.



37

Complemening 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 worleéading 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 titénistoey 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 esily 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 elementshsas 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 explort€tapter 2Zon howpush

F'yR Lzt f LRt AOASE OFly 6S F20dzaaSR (2 YIFEAYAAS O2dzy i NR

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 interndtiovzaket
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 balaimg 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&Sph Ay G KS wmdpT nQ
SFNXI & mpynQa G2 | 3JIt2olftfe RSLI28SR GSOKyz2tz23& 02YLIS
stage of consolidation. Core elements of international PV market dynamics between 1995 and 2009 are

visualised for the readen Figurel5, below'":

91 First boom (19741985):Two exogenous oil price shocks in the 1970s led to a spike in publiclPV R&
funding (particularly in USA, Germany & Japan), and an intensification in innovation activities while pull
policies played a minor role

i Stagnation (19861994):Funding stalled, innovation slowed and patent activity decreased as oil prices
declined andlie 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 (1992009):Increasen 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 instellgtew 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 (2002014):Continued growth in deployment leads to over 100 GW global installed
capacityq 65% of which is in Eope. 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 Eurojuh, adve led to demand
volatility and overcapacity. Turbulent markets and ahiimping 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 ismpwth, acconpanied 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, particularlyttee expense of the German industrfPeters,

Germany USA China/Taiwan  Japan Rest of World
100% =
Market value
of PV firms N/A N/A N/A N/A N/A
Capacity - -
A additions <1 9 21 14 MW
(=)
2
Solar cell
production |2 _ <1 E 32 80 MW
Patent counts p P 1 51 E 125
Market value
of PV firms n 1 16 €31bn
Capacity
0 additions I 2 31 7,2000 MW
~N Solar cell
production i 18 12,000 MW
Patent counts Y ¥ 5 ‘
FI’ FIII' FE 22 | 34 1,219

2012)
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The importance of scakend 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 foKQA y I Qa O2YLISGAGA GBS | Ry Gl 3ISd |1 255
National Renewable Energy Laboratory (NREL) indicates that manufacturing at scale andclgipply
development¢ both regional factors, rather than inherently specific to a courgrijave bea the greatest

O2y iNRodziAy3a FI O02NRE skeFiguyd Fuftheryadalysis Fof tiel iMddvaticén dai2dfis & & =

policies implemented by @i ae provided in Chapter @n balancing between push and pull.

Figure16 Analysis of the historical factors which have differentiated the markets in the U.S. and China (Adapted

Goodrich et al., 2013)
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The ability torapidly 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 allowethufacturing machines sold exclusively in China to be up

to 90% cheaper than those available globdlGoodrich et al., 2013)That said, while Chinese higimd

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

is helping to promote collaboration between manufacturers and equipment wholesalers resulting in an
increase in the product quality and capacities.

0 K I thineelpmidiGion O 2 dzy i NA

bwo[ Q& lylfteaia FdNIKSNI AYyRAOFGSa

coststhrough manufacturing advanced technologies at scale, showigiarel7, overleaf
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Figurel7 Analysis undertaken showing the potential for PV module manufacturing price parity through innovatior
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Reflectionsn the challenges of competitive industrial sefdr 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 segmentssuch 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 recommened 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. &@hmsuntries do not have to take a strong
LRairdAzy Ay |ttt 2F | (SOKyz2ft23eQa @l tdzS OKIAYy I yR
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 energyseeFigurel8, below
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Figure18/ I y I Rl Q& & (i NI ( S 3 & adingtag® 1 Foausing Or2 haindS<ing Skilseh®m paratidland s
industries(Marine Renewables Canada, 2011)
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Technology adaptations and Global best practices in Canadian oil and gas
innovations are being environmental assessment companies are among the key
demonstrated are Canadian-based developers and funders of

marine renewable energy
c . , projects
ommunity college and Demonstrated leadership in
university programs exist areas such as technology

adaptation from other sectors

Smaller countries can also seek to maximise international competitiveness by collaborating with other
countries when they have mutually beneficial technology strengths to devetdmally competitive consortia

(e.g. EU Horizon 2020 RD&D programmes typically have to be run by multiple nations to redeiveirog).
Clustering of skills and activities is also recommentigdsmaller countries to best leverage supply chain
benefits andpursue industrial support to complement innovation polici€usteing is further discussed in

Chapter 5on 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 policyagendas) areften relativelyselfevident. Neverthelesghey are not
found to be consistently implemented,to the detriment of national potential. Therefore these
recommendationform an important foundatiorfrom which policy makers cagesign appropriee 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 sectitimat 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 balace and integration of push and
pull

All countries

1 Understand the balance and trajectoryf the main government cost levers: push and pull politéee
sectioniii ¢ Method, for definitions)
1 Understand national goal$or innovation support policies: to develop national technology capacity for

economic benefits or to deploy technologies

Couwntries seeking to use innovation to enable technology deployment

1 Use pull policy to enable initial market deploymeailored to national market conditionsin IEARETD
countries this means building or strengthening existing market policies

1 Compement with bespoke push policy to reduaest ofpull 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 tedbgyg development or create value

1 Use push policy to progress technology towards commercialisgtienssng on technologieand sub-
components that have significant potential for strong national competitive advantage or that are highly
tradable

1 Complementwith bespoke domestic pull policy targeted at technologies that will be deployed
domesticallyc especiallyelements of technology value chains that will likely be sourced locally, e.g.

installation.
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Overview

This chapter discusséise maincost @S NBE T2 NJ 32 FSNYYSyYy il Ayy20FGA2y LRt AO
support.Both policy families are required to achieve optimal technology development, but can also be used in
different ways to pursue different national goalkhis section starts witadiscussiorabout the importance of

understanding the balance of resources across these policy fanglissmething that is commonly not

monitored by governments, to the detriment of effective innovation policy development. Followingathis

discussion of the typical balance of push and pull polisgzovided in the context gbrogresionalong the

innovation chain. Key technology factors are then explored to analyse what policy families could best achieve
different goals. Internationaiechnology tradability is shown to be an important factor in this, as is the ratio of
0§SOKy2f 23 8forRy BTG @ fOFHARY | YR YIAYyGSylryOS SiO0Od0 O@SNAdz

technology equipment).

A diverserange of international data on innovation policy and specific country case stackesgsedto reach
conclusiongn this sectionalongside expert opinion from leading repartsnalysis of lhe evolution ofglobal
innovation policy and resource allocatishows that typically thebalanceof innovation fundingswings from

LINR YI NJR f & RDRDIdepgort, pridr&d t&lhology deployment to pull support once deployment is
achieved. Pull support then commonly becomes the dominant source of technology timmyanding.
However,it is noted thatthis represents a generalised, global depiction of the balance of supipadividual
countries shouldtherefore tailor policy, to support national objectives and technology prioriti€Bhis is
highlighted by theexample of PV inChina whereby pull supportprecedes greater levelsf push support.
Country specific data is thensed to further explore the technology specific factors mentioned above
(international tradability, cost breakdown etc.). This analysis lobklseaUSA, 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 datairdividual policy impacts against thejoals

prevents a more rigorous analysechallenge consistenthgferenced instudies of innovation policy)

This chapter concludes by reflecting on idealised policy allocations for countries to develop and deploy
technologies, drawing referencérom the way Japan usedPV demonstration projects to facilitate a
manageable transition from R&D to price subsidisepldgment, while upskilling key national actors. This
section thenlinks to thefollowing sections that look dtest practice design gfush, pull and enabling policies

in turn, building onleadingviews as well as from historiiessons.
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Understandngthe current national balance and tragtory of push and pull support
¢ government€main cost levers

Central to responsibleayernanceis that policy makers understand the level of resource allocated to a policy
goal. Three broad policy families are consedkin this report: push, pull and enabling (selapter iii ¢
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. Govetarshould 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 technologieg the predeployment 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 shduiguire19 overleaf Note there

is limited reporting of demonstration specific data, which hience not shown. This is also because
demonstration activies are frequently sporadic, unique events that constitute a small fraction of overall R&D
spending, despite being frequenthigh cost, high impact programmes. In some cases, it is found that funding
ratios of demonstration to R&D can approach eoeone (e.g. for solar power in Japan over 2e@010¢ see

Figure20).
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Figure 19 Introduction to the main families ofrenewable energy policies by type in OECD countfgsote that: (i)
demonstration support is less consistently documented, but is known to have been used sporadically over the past 40
years and (i) this chart only goes to 2003, it is selected as thsttwvailable visual overview of major policy families and
their evolution across multiple countrie§lEA, 2004)
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Renewables are estimated by the IEA to currently receik¢S84bn per year for RD&Baround a quarter of
global energy RD&D funding (sEmure20, below). Over the past 30 years the majority of funding for energy
RD&D has gone to nuclear power, which receiweate than50% of total suppdrin 1974, but now receives

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

Spikes in the level of government funding for energy RD&D, showigime20, have been drivein part by
broader political issues relevant to energy security and climate change; total energy RD&D funding peaked in
the late 70sandearly 80s following oil price shocks, and funding has incresseztent years due to concerns

around climate charg

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 achidvigtier installed cpacity (c. 283GW vs

c. 106GW)(REN21, 2013)rhe greatest level of spend across all technologies has been provided by the USA,
which has funded 39% of total RD&D spend since 1B8@rty percentof total renewable energy ROZspend

since 1974 hasome fromlIEARETD member states.

12 AUS Australia, C Canada, FI Finland, GR Greece, ITA lItaly, L Luxembourg, NO Norway, SUK Singeenkingdom, 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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Figure20 Historic IEA country RD&D spend on renewable energy technologies agadtitional annualdeployment
increases for wind and solar power with the deployment liggaph depicted on the rightand axis(IEA, 2012)
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Dominance of pull support once early deployment is achieved

Over the years as pull policies have bee‘F—igure 21 Distribution of the major policies to promote PV
hayfour countries at the end of 2010. Adapted fromvril et al.
(2012)

reached a stage where they care deployed  1009% -
with rice support (e.g. FITs) achievin .
p pp (e.g ) 9 5o I

introduced, advanced technologies

technology cost reductions.
50%

Pull policies are now the dominargource of 25% J

funding for deployed technologies such as F 0% -

and wind (shown for PV in Japan, Franc Japan USA  France Germany

m Pull: Price support (primarily FiTs)
Pull: Investment support

globd pull policy support levels are projected t Pull: Not disaggregated

m Push: Demonstration Support
m Push: R&D Support

Germany and the USA gure21, right). Future

increase and rises in deployment will not offse

gains from technology cost reductiorlsaleman
(2019 predicts that inEurope the current.40:1
pull to push ratio of spend for wind and solar

could grow toc.100:1 by 2028 (Figure22 below).

Figure22 The estimated ratio of pull to push policies in Europe for 2010 and 202&¢eldl on a bottom up assessment of
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13 aleman & Albrecht (2014)so 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.
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Despite the importance of understanding this allocation of resourstakeholders do not have a clear
perspective onthe balance of spend across these primary innovation levers, accordinijst¢assions and
interviews with government representatives and country expe@®vernments should therefore seek to
better understand this balanc&rategiesthat governments coulddopt to change these raticsnd improve

future support levels in light of their goals and pursued technolggiesdiscussed in Chapter 1.

Contrast to ChinaPullpushpullQ

Innovationsupporttypicallytransitions from push to support high risk RD&Bxtivities 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 fouthd olevelopment

2F | KAY Ll Q&over the |atg'1Rdlza Qi dbBay. 20ver this periodChina initiated support through
favourable province level investment support conditions(pull) that were harnessed by proactive
entrepreneurstargeting export marketsln 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 PVLhis pll-pushpull approach igletailed below Importantly itis a strategy that can only

be implemented when initial technology development has already been delivered

1. Pre 2003 2007(Pull)

Up to 2003/ KAY Il Q&4 AYyAGALIE &adSLlAd (26 NRa AGad y26 R2YAYLlLY
investment supportpolicies 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 (edlgerom the LA to initiate a rapid

expansion of factories that were able to produce simple PV modules at @mlla Tour et al., 2011Yhis

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

development using R&D programmes (push).

Over 20042007 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 pglieind power was favoured.
Provincal 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 g(Betstch & Steinfeld, 2013Additionally,
policies wereintroduced to support construction of assembly factories, all of which resulted in rapid

manufacturing scaleip.

2. 20082010 (New pushpolicieg

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

that produced more advanced domestic technologiesinitiated publicprivate joint ventures, established

public research institutesand funded multiple largescale domestic RD&D programmes such as the
RSY2yaidNY GA2y F20dza SR HThis dgovehBent sRpoft adtivady éhcoudhgBdIdiry 6fY S @

the larger Chinese manufacturers to increase spending on R&D.
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China developed its own low cost PV technologies over this pesisabled by the policies above and the
domestic reverse engineering ané-innovation of existing foreign technologieshel declining cost of
domestict + € SR (2 I adz2NBS A yand/stkehgihenodiits Riavitdge inAn@w expoml] S
opportunities(Long & lzuchukwu, 2013)

3. 2011- present(nationwidepull)

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 intational solar market size and amtumping tariffs were imposed on
Chinese PV technologies by theS.This led to turbulent market dynamics and less competitive companies
dropped out of the market placeAs detailed in the chapter aboMhis process isaturally found in maturing
markets as dominant designs start to emerggreaternumbersof firm bankruptcies were found i&urope,

Japan and the USA.

In response to oversupply against domestic deployment levdis, Ghinese State Councilhas further
announcedplans ta (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 domestieployment 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
charecteristics

How push and pull policies can deliver different national goals

At a global level, the delivery of ERETSs sd®edh push and pull policies, with RD&D activity being most crucial

for technologies that have not yet entered early deployment anddchb@h 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
characeristics (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 technolgy goals broadly divide into two sets, each related to a series of policy goals:

1 Domestic deploymentwhich isrelated to emissionsaduction, energy securitgystem modernisation
and jobs growth in system installation, operation and maintenarcel

1 Domestic industry developmentwhich isrelated primarily to manufacturing jobs and exports (this may
Ffta2 AyOfdzRRS AYyOGSNylFraGAzyrftte GNIRIFIotS aiAatta FyR

competitiveness, manufacturing capabilities and sypghains

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 espedtific

conditions.

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

[#p))

RD&D programmes, are essential to the development éd i dzy G NB  WdzLJA GNBF YQ YL ydzFl O

boosting export competitiveness. Pull policies suppdomestic markets, somewhat insulating national
manufacturing capacity from foreign policy changdsat have traditionally strained renewable export
industries. However, pull policies are not strictly essential for internationally tradable technologippenent

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 balancirgh @mnd 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 theadysis of Avriet al., (2012, assessig the balance of
renewableenergy 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 (8jrong 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 shoelghimceeded to maintain
'y | RSljdzr S SljdzA £ A 6 NA dzY ¢
¢ (Avril et al. 2012)

CKAA | LIINRIFOK OFly 06S aSSy Ay /[/IyFRIFIQ& YINAYS NByYySsl o
(visualised inFigure 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 ad domestic market expansion would then be pursued to lower unit costs and

increase market competitivenegslarine Renewables Canada, 2011)

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

price support to iniate PV uptake in Itatydetailed later in this section) or with a focus on technology
development (e.g. wind power in hUSA and Denmark detailed in Chapter 3 A focus ontechnology
development and value ¢vaction alone hashe potential for concerningonsequenceskor 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 pymicies 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 aggioisal targets leaving
countries exposed to the policy trajectory of other nations. International joint agreements on pull activities
could ensure that countries collectively maintain market actjvibough based on historical trends, it is

recognised thareaching 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 amblmiés can be
balanced to achieve these national goals, and be complemented by industrial policy, is presefigpae®3

below. The underlying atgsis 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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Figure23 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 Higure 24 illustrate that it is possible to achieve significant technology
deployment using a primarily pull policy foc@ise. market stimulation) with minimal investment in push
policies (i.e. R&D andedhonstration). This approach is of courseliant on the availability of internationally
tradable technology imports at a pedemonstration phase. These PV case studiss 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 oteploying 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 mimintigmlicy costs

and support deployment timelines. This is particularly the case where unigue national characteristics
necessitate the development of country specific technology features or installation and operationahkmow

(e.g. in demanding marineaditions for offshore wind and marine energy).










































































































































































































































