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he energy transition cannot take place without a large degree of innovation,
both incremental and disruptive. We need new, cleaner generation and end-
use technologies, we need the existing ones to become cleaner and cheaper, we
need them to be integrated in a smart and sustainable system, and we also need
innovative business models that are able to engage all channels, including the
consumer and the industry, into this large collective effort to transform our
energy systems.

This will require a deep transformation in the way we think about innovation
in energy. As Adela Conchado in her PhD thesis' correctly points out, we need
to evolve from the traditional linear process, into understanding innovation
as a multi-faceted, deeply interconnected, and global process. Countries and
regions must choose how to design their innovation policies and frameworks,
and understand that the outcomes they will obtain will depend not only on this
design, but also on international dynamics. In this issue we address some of these
very relevant questions.

Pierre Serkine and Diego Pavia, from KIC-Innoenergy, the European Knowledge
and Innovation Community for Energy, explain the deep connection between
innovation and the energy transition, the role that Europe must play to provide
leadership in this field, and the practical experience of KIC-Innoenergy in
becoming the leading engine in innovation and entrepreneurship in sustainable
energy. In their paper, they cover all the relevant aspects for a comprehensive
strategy on energy innovation: R&D support, structural and investment funds,

1 Conchado. A. Energy innovation policy in response to global challenges and the quest for sustainable
prosperity. PhD Thesis. Universidad Pontificia Comillas. June 2017.
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infrastructure projects, funding for demonstration projects, public-private
partnerships, and even international diplomacy. And they also explain what they
do at Innoenergy, and how they do it, as an interesting case study that combines
education, innovation, and business creation in a multidimensional approach.

Of course, one might argue that the best way to promote green innovation for the
energy transition is to design the right environmental policies. Elena Verdolini,
researcher at FEEM and CMCC, presents us her research on the connection
between environmental policies and innovation. She is interested in particular
on whether more stringent environmental policies induce more innovation in
green technologies, on whether this crowds out innovation in other sectors,
and on whether the green innovation also allows for setting more ambitious
environmental targets. By looking at sector-level panel data from 39 countries,
she finds that higher policy stringency does indeed result in overall increases in
innnovation (not only in green technologies). Exporting sectors, and those with higher
value added, are also those where innovation is higher. She also finds preliminary
evidence that innovation allows for setting more stringent environmental targets,
thus multiplying the impact of the initial environmental policy.

However, and in spite of the positive effect of environmental policies, the
pervasive market failures that affect the innovation system may also require
dedicated policies that support technology development, such as those that
have been deployed in many countries to promote renewable energy. Cristina
Pefiasco and Laura Diaz-Anadon, from Cambridge University, have studied
exhaustively renewable energy policies in Spain and the UK, and assessed their
different outcomes, particularly in terms of innovation. The UK and Spanish
approaches have been quite different, and, coupled with the different geographic
and industrial contexts in both countries, have resulted in different outcomes.
The authors suggest that there is a very valuable experience to be learnt from,
particularly in terms of the institutional design required to encourage innovation
and competitiveness in the energy space.

There is probably much more to say about this fascinating topic, given its breadth
and implications. We will thus surely revisit it in the future. But, in the meantime,
enjoy the very interesting discussions included in this issue.
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a transicioén energética no puede tener lugar sin un alto grado de innovacién,
tanto incremental como disruptiva. Necesitamos tecnologias nuevas y mds lim-
pias de generacién y uso final, necesitamos que las existentes sean mds baratas y
limpias, necesitamos que estén integradas en un sistema inteligente y sostenible,
y también necesitamos modelos de negocio innovadores que puedan involucrar
a todos los agentes, incluidos el consumidor y la industria, en este gran esfuerzo
colectivo para transformar nuestros sistemas de energfa.

Esto requerird una profunda transformacién en la forma en que pensamos sobre
la innovacién en energia. Como bien senala Adela Conchado en su tesis doctoral’,
debemos evolucionar desde el proceso lineal tradicional hacia la comprensién de
la innovacién como un proceso multifacético, profundamente interconectado y
global. Los paises y las regiones deben elegir cémo disenar sus politicas y marcos
de innovacién, y comprender que los resultados que obtendrdn dependerdn no
solo de este diseno, sino también de las dindmicas internacionales. En este niime-
ro abordamos algunas de estas preguntas tan relevantes.

Pierre Serkine y Diego Pavia, de KIC-Innoenergy, la Comunidad Europea de
Conocimiento e Innovacién para la Energfa, explican la profunda conexién entre
la innovacién y la transicién energética, el papel que Europa debe desempefar
para proporcionar liderazgo en este campo y la experiencia préctica de KIC-
Innoenergfa para convertirse en el motor lider en innovacién y emprendimiento
en energia sostenible. En su trabajo cubren todos los aspectos relevantes para una
estrategia integral sobre innovacién energética: apoyo a la I+D, fondos estructu-
rales y de inversion, proyectos de infraestructura, financiacién para proyectos de
demostracidn, asociaciones ptblico-privadas e incluso diplomacia internacional.

1 Conchado. A. Energy innovation policy in response to global challenges and the quest for sustainable
prosperity. Tesis Doctoral. Universidad Pontificia Comillas. Junio 2017.
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Y también explican lo que hacen en Innoenergy, y cémo lo hacen, como un caso
de estudio interesante que combina la educacién, la innovacién y la creacién de
empresas bajo un enfoque multidimensional.

Por supuesto, uno podria argumentar que la mejor manera de promover la in-
novacién verde para la transicién energética es disenar las politicas ambientales
correctas. Elena Verdolini, investigadora de FEEM y CMCC, nos presenta su
investigacién sobre la conexién entre las politicas ambientales y la innovacién.
Ella estd interesada en particular en si las politicas ambientales mds exigentes
inducen mds innovacién en tecnologias verdes, si esto reduce la innovacién en
otros sectores, y si la innovacién verde también permite establecer objetivos am-
bientales mds ambiciosos. Al observar los datos de un panel sectorial de 39 pai-
ses, encuentra que una mayor exigencia de las politicas ambientales si resulta en
aumentos generalizados en la innovacién (no solo en tecnologias verdes). Los
sectores exportadores y aquellos con mayor valor agregado son también aquellos
en los que la innovacién es mds alta. También encuentra evidencia preliminar de
que la innovacién permite establecer objetivos ambientales més estrictos, lo que
multiplica el impacto de la politica ambiental inicial.

Sin embargo, y a pesar del efecto positivo de las politicas ambientales, los fallos gene-
ralizados de mercado que afectan el sistema de innovacién también pueden requerir
politicas especificas que respalden el desarrollo tecnoldgico, como las que se han im-
plementado en muchos paises para promover la energfa renovable. Cristina Pefiasco
y Laura Diaz-Anadén, de la Universidad de Cambridge, han analizado exhaustiva-
mente las politicas de apoyo a las energfas renovables en Espana y el Reino Unido, y
han evaluado sus diferentes resultados, particularmente en términos de innovacién.
Los enfoques del Reino Unido y Espania han sido bastante diferentes y, junto con los
diferentes contextos geogréficos e industriales en ambos paises, han dado lugar a dife-
rentes resultados. Las autoras sugieren que hay una experiencia muy valiosa de la que
se puede aprender, particularmente en términos del disefio institucional requerido
para fomentar la innovacién y la competitividad en el espacio energético.

Probablemente hay mucho mds que decir sobre este tema fascinante, dada su
amplitud e implicaciones. Por lo tanto, seguramente lo volveremos a visitar en el
futuro. Pero, mientras tanto, animo a los lectores a disfrutar de las interesantes
discusiones incluidas en este niimero.
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Abstract

Europe has repeatedly demonstrated its commitment to tackle climate cha(lle)nge, which is one
of the greatest threat of mankind, imposing a shift from our carbon intensive sociotechnical
and economic system.

It is thus time to kill three birds with one stone: beyond a moral duty imposed by climate
change, the Energy Transition is a tremendous industrial opportunity for Europe bringing
growth, jobs and competitiveness, as well as a genuine project for the whole society offering
a second youth to the old continent and reviving a sense of pride and action in the European
peoples to ultimately demonstrate that the European Union is undeniably a positive sum game.

For this vision to materialise, the European Union can count on first class Research in clean
energy technologies, a strong industrial base, a dense entrepreneurial ecosystem in clear
reinforcement, a full commitment of the public sector via programmes and instruments, as
well as novel own approach to de-risk and accelerate the time to market of technological,
business model or social innovations in sustainable energy, based on the Knowledge Triangle
integration via the Knowledge and Innovation Community for Energy, EIT InnoEnergy.

All in all, to make a positive impact in society, there is no better time than 2018, no better
place than Europe and no better field than innovation in energy.

Keywords: Innovation, energy transition, entrepreneurship, knowledge triangle.

he energy transition supported by the Member States, the European Parliament,
and the European Commission, notably with the Energy Union launched
in February 2015, is an opportunity to boost the European economy, to show
effective European leadership in implementing the planet commitments coming
out of COP21, while meeting ambitious greenhouse gas emission reductions.

* EIT InnoEnergy. Email: pierre.serkine@kic-innoenergy.com
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It is also a means to relaunch the European project while securing Europe’s global
position in the clean energy race. To reach such an objective, increased investment
in clean energy research and innovation — from both the private and the public
sectors— and ensuring the scale-up and widespread deployment of technologies
and services are necessary, and will contribute to the European decarbonisation
by 2050, delivering in the meantime sustainable growth and jobs.

The energy transition is thus a genuine project for the whole society with the
vision of a decarbonised world by the end of the century, and the potential to
create a new momentum, to provide a second youth to the old continent and,
as such, represents the perfect opportunity to be seized by the European Union

(EU).

For this vision of the European Union leading the clean energy race to materialise,
it is necessary to understand what vital role the European Union can play,
notably on the Innovation side of the picture as energy transition is the realm
of innovation par excellence, and how to play it. As shown by the evolution of
the management of innovation with the emergence of Open Innovation (2003)
and of Active Innovation paradigm (2016), it seems that entrepreneurship and
intrapreneurship, 7.e. harnessing the value of each individual empowered to take
part in the innovation process, progressively became a business imperative. This
sensibly raises the question of the specific initiatives of the EU in supporting
entrepreneurship and in fostering the emergence of network-based innovation in
the field of energy, which is the raison d’étre of EIT InnoEnergy.

In this context, after a first section introducing few elementary definitions
around innovation as well as the evolution of the management of innovation, and
describing why energy transition and innovation closely work hand-in-hand, the
second section of this paper presents the European innovation landscape,
the specific policies implemented at EU level to support clean energy uptake,
and the role the EU has to play to bring the clean energy leadership to life,
which is threefold: to set a clear strategy to move forward, to provide suitable
tools to implement the strategy, and to play an essential diplomatic role on
the international scene. Finally, the last section is the occasion to take stock of the
first seven years of operation of the Knowledge and Innovation Community
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for Energy, EIT InnoEnergy, and to provide key facts and figures from these
seven years.

Innovation is the action of introducing something new to a given organisation.
It differs from invention, which is “the generation of newness or novelty, while
innovation is the derivation of value from that novelty”'. Research and Innovation
are also closely related, but differ from each other. Indeed, “Research is the
transformation of money into knowledge. Innovation is the transformation of
knowledge into money.” as described by the Post-It’s father, Geoffrey Nicholson
from 3M. Innovation is usually associated with the private sector and even more
specifically to technological companies, but it is actually critical for both private
and public sectors, as well as for technological and non-technological companies.

The management of innovation and its objectives have drastically evolved, from
the first model of innovation process in 1950s, characterised by a sequential
one-way linear process from research to sales, to the recent open innovation
paradigm proposed by Chesbrough in 2003°. More recently, Kotsemir and
Meissner suggested to complement the model of innovation with a human
resources dimension’. The Exhibit 1 shows a timeline of the apparition of the
main innovation models from 1950s to nowadays. This evolution has also been
influenced by the technological development, notably by the potential of and
role played by digital technologies in our societies, which progressively enabled
and shaped communication and exchange of information between entities and
between individuals.

1 Du Preez, Niek, Louis Louw, and Heinz Essmann. “An Innovation Process Model for Improving
Innovation Capability.” Journal of High Technology Management Research, 2009: 1-24.

2 Chesbrough, Henry. Open Innovation: The New Imperative for Creating and Profiting from Techno-
logy. Harvard Business Press, 2003.

3 Meissner, Dirk, and Maxim Kotsemir. “Conceptualizing the innovation process towards the ‘active
innovation paradigm’—trends and outlook.” Journal of Innovation and Entrepreneurship, 2016: 1.
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Exhibit 1
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Synthetically, the innovation process management in organisations has evolved.
Initially, by acknowledging that innovation was not the exclusive realm of the
research department, and that each department or function within the organisation
had to play a role in the innovation process. Then, the importance of maintaining
links in the ecosystem, through formal and informal interactions with external
entities, has been recognised as essential to develop and valorise innovation.

We should make the distinction between incremental, breakthrough and
disruptive innovation. Incremental innovation is usually seen as the incremental
improvement of a product, a service or a process that already exists. For instance,
adapting the manufacturing process of a technology to make it more efficient
(in terms of material, of energy, of time, of money, of space,...) can lead to
an overall cost reduction of the corresponding technology. If the change is
significant enough, the entity implementing it will gain a competitive advantage
which might secure its position on the longer run, but it will not drastically
reshuffle the cards. We talk about breakthrough innovation when the newness
implies a high-risk/high-reward scheme, and might endanger the competition
due to a substantial improvement. The newness can come from a new business
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model opening up new markets for instance. Finally, disruptive innovation is
increasingly popular in political discourse, and can be defined as an innovation
that “makes it impossible for existing players to compete on their own terms™.

The popularity for disruptive innovation can be seen as a side-effect of digitalisation’,
which is a mega-trend impacting all aspects of the economy, disrupting every
industry, in particular with the rising of sharing economy (or “crowd-based
capitalism™). The technological layer of this transformation comes from the fifth and
most recent technological revolution and led to the ubiquity of the underlying
technologies (Information and Communications Technologies) in our lives’.
There is another revolution rising in the wake of this fifth revolution, which
could be coined the “Bot Revolution”. Enabled by Artificial Intelligence (AI) and
Deep Learning, fuelled by big data, and materialised in our daily life by Internet
of Things and the distributed ledger technologies (or blockchain)?, #his revolution
is profoundly reshaping our economies. It also represents a potential threat for those
who will simply deny its existence and decide not to engage in this direction.

For companies in place, the question is not whether they have a sword of Damocles
hanging over their heads, but who is holding the arm. That is the reason why well-
established companies should try to disrupt themselves, instead of experiencing each of
the five stages of grief (namely Denial, Anger, Bargaining, Depression and Acceptance).
Notwithstanding, this revolution entails a legitimate concern of “technological
unemployment’ for society as a whole and for middle class white collar employees in
particular (Z.e. “unemployment due to our discovery of means of economising the use

4 Ryan, Alex, and Michael Dila. “Disruptive Innovation Reframed: Insurgent Design for Systemic
Transformation.” Working paper, Relating Systems Thinking and Design, 2014.

5 Digitisation and digitalisation are often used interchangeably. However, digitalisation goes
beyond digitisation, which is only to use digital tools to perform existing activities, while the former is
the creation of new revenue streams via digital channels, based on new activities.

6 Sundararajan, Arun. 7he Sharing Economy: The End of Employment and the Rise of Crowd-Based
Capitalism. MIT Press, 2016.

7 Perez, Carlota. “Technological revolutions and techno-economic paradigms.” Cambridge journal of
economics, 2009.

8 The distributed ledger technology is the disintermediation technology which the famous “Bitcoin” is based on.
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of labour outrunning the pace at which we can find new uses for labour™), which
demonstrates that this transformation is definitely not a mere technological change, but
truly a societal mutation with profound impact on social structures.

This worry must not be muffled or overlooked, but adequately addressed via
two distinct approaches: a philosophical reflection on the respective roles of work
and leisure in our lives, and an emphasis on developing new activities leveraging
innovation. The former opens the field to debates on the appropriate amount
of working time, to the age of retirement, and even to ideas such as Universal
Basic Income (UBI). These debates are not recent. Talking about the future 100
years ahead, Keynes wrote in 1930 that “we shall [...] make what work there is
still to be done to be as widely shared as possible. [...]. For three hours a day
is quite enough to satisfy the old Adam in most of us!”'’. Contrary to dividing
philosophical reflections, the positive economic impact of harnessing the creativity
of people’s minds to develop new activities is not debatable.

Today, the individuals populating organisations appear as prominently vital
for innovation. 7The individual became the fundamental building block to
find, develop, assess, and implement internal and external knowledge into an
innovation process, but also to further valorise its outcome externally. In this
regard, organisations face the issue of attracting and retaining highly skilled
individuals. From acquisition to development and retention of talents, talent
management is a growing concern and a key strategic aspect''.

As rightly stated by Donald Kuratko'?, innovation and entrepreneurship are not
simply options, but an imperative for companies" to keep an edge on competitors
and stay in the game. Although, companies must truly walk this talk made of
entrepreneurship and innovation, and not only adopt a narrative grounded on

9 Keynes, John Maynard. Economic possibilities for our grandchildren (1930). Essays in persuasion,
1933, 358-373.

10 Ibid.
11 Phillips, Jack, and Lisa Edwards. Managing talent retention: An ROI approach. John Wiley & Sons, 2008.

12 Kuratko, Donald. “The entrepreneurial imperative of the 21st century.” Business Horizons, no. 52,
2009: 421-428.

13 This comment is also relevant at the countries’ level, when discussing about international
competition and industrial leadership.
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these two dimensions. This indeed requires to dramatically upgrade the business
culture and to implement profound changes to create a working environment
prone to entrepreneurial initiatives, based on collegiality, openness, flexibility,
but also proactivity and responsibility. Only then, EU businesses embracing this
challenge will be more competitive, i.e. able to do what no one else can do, and not
to do what everyone does while spending less.

To foster this transformation, the EU should indeed Aarvest the dormant innovative
potential present in many individuals currently employed in well established
companies (large firms and SMEs), through a fully-fledged intrapreneurship
approach. Intrapreneurship is usually seen as a specific type of corporate venturing,
which stretches from a purely inorganic venturing (such as the acquisition of start-ups
through a dedicated capital venture funds) to an organic one (i.. intrapreneurship).
Corporate venturing and strategic entrepreneurship are the two pillars of what is
called corporate entrepreneurship. In this document, intrapreneurship means the
implementation of internal processes to promote creative and innovative ideas in an
organisation, and enabling employees to transform these ideas into breakthrough
innovations with the support of this organisation.

This could serve two objectives. Firstly, the exploitation of this untapped
potential would make European companies more competitive and not
harnessing this potential would bear an opportunity cost. Secondly, this would
help to retain employees and especially the “talents” in Europe. Implementing an
intrapreneurship programme can indeed provide a feeling of accomplishment,
fulfil the desire of having a meaningful job and can be used to reward employees
according to their involvement (e.g. financial rewards, dedicating a share of the
benefits to the active contributors). As Giinter Stahl ez 4l argue, “a powerful
employee value proposition includes tangible and intangible elements, such as
an inspiring mission, an appealing culture in which talent flourishes, exciting
challenges, a high degree of freedom and autonomy, career advancement
and growth opportunities, and a great boss or mentor.”'* Consequently,
intrapreneurship represents a suitable way to propose a high value proposition to
employees, and could thus significantly contribute to talents retention in Europe.

14 Stahl, Giinter, e al. “Six principles of effective global talent management.” Sloan Management
Review, 2012: 25-42.
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Bringing intrapreneurship-based strategy to life requires to support and
promote the entrepreneurial mind-set while demystifying failure. Adopting the
corresponding mind-set is the sine qua non as the individual is the fundamental
element of innovation. In this vein, the European Union has created the
European Institute of Innovation and Technology (EIT) in 2008", to reinforce
entrepreneurship in Europe and facilitate entrepreneurial initiatives, based on an
open innovation model made of synergies between Research, Higher Education
and Industry.

European policy makers and civil society should reinvigorate this approach and
implement “active innovation” policy measures, incentivising companies to move
towards the individuals’ empowerment in and ownership of the changes in their
organisation. Successful innovation increasingly originates in agile, dynamic and
flexible relations, while institutionalised structure and stiff governance become
less relevant as it becomes crucial to overcome the divide between internal (e.g
within one company) and external (e.g. academia or competitors). Staying
ahead in terms of innovation means to be able to animate a multi-stakeholder
ecosystem where internal and external boundaries do not matter much, but
where individuals (e.g. academics, entrepreneurs, venture capitalists) transform
the score into music. In this perspective, the role played by organisations
like the Knowledge and Innovation Communities (KICs) is instrumental in
building regional and national innovation ecosystems, connecting them at the
pan-European scale, while adopting a strategic vision at the EU level.

In practical terms, releasing some time for employees to train and develop their
creativity, and then to implement its outcome, is certainly one core building
block of an intrapreneurship strategy. One of the most famous initiative in this
direction is probably the “20% time” programme implemented by Google,
which allows the employees to spend 1 day a week on a personal idea they have.
Before Google, 3M Corp. created such a policy in 1948, which led to the well-
known product Post-It. Other initiatives like “Hackathons” are implemented by
some companies to harness creativity and valorise the entrepreneurial initiatives
of their employees. The well-known button “Like” popularized by Facebook is

15 The reader can find a more detailed development about the EIT in section 3.
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arguably the most famous outcome of a hackathon. Beyond the time released
to train, develop and implement creativity and its outcome, organisations could
be incentivised to get to the next step, which is the fast prototyping of the best
ideas, preferably via (or in collaboration with) an external infrastructure, to
circumvent the potential rigidity of bureaucracies. They could be sought among
the Fab Labs'® and similar workshops, which are existing local players integrated
in an innovation ecosystem, in partnership with network-based players. Some
fiscal incentives for intrapreneurship measures could be implemented at the
national level, such as a fiscal abatement on profits generated with products and
services stemming from an intrapreneurship programme, or an abatement on
social contribution proportional to the time released for employees. Similarly,
the various direct and indirect costs related to fast prototyping could be eligible
for a corporate tax rebate.

There is no doubt in Europe about the necessity to fight climate change, which
is a civilizational challenge that must be taken up. The commitment taken in
Paris in December 2015 by all the parties on reaching the state of a carbon
neutral economy by the end of the century, has been repeatedly demonstrated
in Europe, notably in the context of the Energy Union priorities of the current
Commission, published in February 2015. The Energy Union, based notably on
Research and Innovation and Decarbonisation of the economy, brought a new
political momentum at the EU level.

This political vision has been translated into legislative proposals, notably
with the Clean Energy for All Europeans package, issued in November 2016, and
with the Mobility Package end of 2017. Among the various documents authored by
the European Commission, the Accelerating Clean Energy Innovation (ACEI)
strategy further insists on the essential and instrumental role to be played
by Innovation in Europe, in an industrial leadership perspective, with jobs,

16 A Fab Lab is a workshop where machines, materials and electronic tools are available for people to
design and produce unique goods through digital fabrication. A bottom-up approach to technology,
Fab Labs aim to unlock technological innovation and promote social engineering,.
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growth and competitiveness at the core. In the same vein, the EU industrial
Policy Strategy published by the European Commission in September 2017
provides a vision to build a competitive European Industry, based on 6 core
dimensions, notably the Circular and low carbon economy, Innovation and
the International Dimension. In addition, the President of the European
Commission Jean-Claude Juncker has clearly stated the ambition for Europe:
to become the world leader in renewables.

Consequently, the energy transition is not a mere driver to reindustrialise Europe
and improve its competitiveness, but a genuine project for the whole society with
the vision of a decarbonised world by the end of the century, the clear mission
for Europe to power this transition by providing the low-carbon solutions to the
world, while promoting the European core values. This project has the potential
to create a new momentum, to provide a second youth to the old continent
and, as such, represents the perfect opportunity to be seized by the European
Union. In addition, energy is an essential production factor of our modern
economy. Consequently, energy transition is also crucial for our industrial cost
competitiveness' (to do what everyone else does while spending less).

On the one hand, energy transition usually refers to the substitution of primary
energy sources, such as the substitution of fossil fuels by renewable energy sources.
Such phenomenon never occurred over the past centuries (see Exhibit 2), which
have only seen additions of successive energy sources, from traditional biofuels
(wood) to coal (enabling the massive use of steam engine as of 1850s and the
Industrial revolution), and successively to oil, gas and eventually to nuclear and
variable renewable energy sources. If Europe wants to bring a genuine energy
transition to life, it will require to do something that has never been done so far,
i.e. it will require to innovate.

17 European Commission. “Helping firms grow: European Competitiveness Report 2014.”
Commission Staff Working Document-SWD(2014)277 final, DG for Entreprise and Industry,
European Commission, 2014.
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Exhibit 2

in TWh
160000 -
140000 A
120000 -
100000 -
80000 A
60000 A
40000 -

20000 -+

0

e R R T = T T T e S R

W Solar, Wind and other renewables @ Nuclear " Hydro mGas QOil mCoal mTraditional Biofuels

On the other hand, European energy incumbents are currently struggling with
outdated business models, which cannot cope with the current decrease of both
the EU primary energy and electricity consumptions. This trend is embedded
into a broader picture characterised by features like the electrification of energy uses
(especially mobility), the growing penetration of Variable Renewable energy
sources (and the falling wholesale prices), the increasing decentralisation of the
electricity system, and the deployment of smart metering infrastructure. This
context relates to the concept of “death spiral” and endangers utilities’ survival
and is one sound driver to transform their activities via innovation.

In this perspective, the European utilities landscape is already evolving, for instance
via the various acquisitions made by Total (notably of Saft in batteries, Lampiris and
Direct Energie in electricity retail activities, and Greenflex in energy efficiency), the
planned asset swap deal between RWE and E.on in Germany, the new positioning of
several European electric udilities in aggregation and new energy services (acquisition
of EnerNOC by Enel, of REstore by Centrica, development of Sowee and of Agregio
by EDEF), the new organizational structure at ENGIE as of 2016 based on 24 Business

Nes Papeles de
Junio 2018



The energy transition & the European Innovation ecosystem. A case study: EI'T InnoEnergy

Exhibit 3
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worldwide, and 10% of them in
Europe

plants in Europe lose money) e

* Financial problems for utilities
* Negative prices

->The current markets are designed to suit the cost structure of
conventional assets, and optimise the dispatch of power plants, not
to accommodate VRES or to send a long-term signal.

Death Spiral: erosion of profitsand decline of revenues, endangering
the traditional business models (volume-based revenues).

Drivers of this spiral:

N of wholesale prices

7 of VRES

7 of self-production & self-consumption
\ of overall consumption

+ the concern aboutair pollution

P iest Profits 2010-
2015

Units and 4 “Métiers”, the creation of Enel X for e-solutions by Enel Group
around 4 fields (e-Mobility, e-Home, e-City and e-Industries) and more generally
the emphasis of “Digital” in Utddlities' strategy. Beyond the inclusion of digital as a

Papeles de

Ne°5
Junio 2018



Pierre Serkine and Diego Pavia

Exhibit 4
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o
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The 2020 digital plan establishes that the products and services created as a 5 ~g (Sjlea.n hc?eif’y
result of the digjtal transformation process should boost the turnover by 58 marttart S
36% _E' & Customer Solutions
- & Digital Innovation
2N INVESTMENT Energy Storage
“In our world, digital technology
is as vital to us as the air we L% *Morethan €4,900M
breathe” ‘wiy *Anadditional €3,100M between 2017 and 2020 for operational
Isabelle Kocher efficiency solutions and new digital products and services
g
: D o J *More than €200M in 2016, 5.5% more than the previous year.
o

“innogy is ideally positioned to benefit from the megatrends of decarbonisation,
decentralisation and digitalisation in helping to shape the energy transition.”
Peter Terium

topic into their strategies, a recent study from PwC'® based on interviews of
senior-level executives from 29 leading utilities shows that 70% them said their
companies want to be digital leaders (and 20% envisioning a day when they will
match the capabilities of leading digital players across all industries).

Besides, climate change isa global challenge that has to be addressed globally, which
implies that leapfrogging of emerging countries (i.e. avoiding the carbon intensive
path of economic prosperity, directly jumping to low carbon development) has
a key role in the energy transition, but also represents business opportunities for
EU industry.

All in all, Europe can conceive Energy transition as a one-off opportunity to
tackle a civilizational threat, to relaunch the European Project, and to boost its
competitiveness with a renewed industrial strategy leveraging both domestic
and international markets, and not merely as a duty imposed by climate
change.

18 PwC, The digitalization of utilities: There is a will, but is there a way?, Strategy&, September 2016.
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Europe has undeniably many strengths and assets to claim: a front-running
research community, a well-positioned energy industry in corporate venturing, a
vibrant ecosystem to accompany innovative SME:s, attractive public programmes
to support innovation, as well as fora already in place at the EU level (e.g. the
ETIPs and the SET Plan) which can provide a good preliminary analysis in terms
of technological priorities in Europe.

There are also obstacles to the European leadership in Cleantech, such as an
apparent lack of Venture Capital funding compared to Europe’s competitors, an
inherent unsuitable investment profile (e.¢. the need of patient capital) leading
to the reluctance of some segments of the innovation value chain (such as the
VC community or the large corporates), or a policy framework sometimes
perceived as insufficiently stable, which could frighten investors. Among the
pre-identified potential obstacles to the global leadership, the “Valley of death”,
which is a general phenomenon characterising the difhiculty to move from the
lab to the market stage of innovation, is already clearly targeted by several EU
initiatives.

However, for the leadership (notably in renewables) to materialise, Europe
has to move towards an industry-oriented innovation strategy, to improve and
accelerate the exploitation of the qualitative assets on its soil, notably coming
from universities and research centres among the best in the world, especially
by further leveraging the multi-scale and multi-stakeholder network-based and
open innovation organisations like EIT InnoEnergy.

As the recently “LAB-APP-FAB” report published by the High Level Group
headed by Pascal Lamy clearly states, a strategic plan in favour of RS is really
needed in Europe.
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Even though Europe has a prosperous research ecosystem, interconnected research
infrastructures, inventive start-ups and promising innovators, Europe has a
growth deficit and is lagging behind other regions when it comes to innovation.
According to the report, this can be explained by different factors, including an
insufficient investment in Rev1.

While the EU has indeed a large community of researchers (Exhibit 5) and a
significant amount of R&D expenditures in absolute terms, the picture is different
when we consider the R&D intensity (Exhibit 6), despite one of the largest
R&D programme worldwide (H2020 and previous Framework Programmes). In
addition, the EU has a small amount of Venture Capital investment compared to

the rest of the world (Exhibit 7).

Put differently, Europe is very good at creating knowledge with money, but struggles
when it comes to make money with its knowledge, notably due to a relatively less
intensive corporate R&D in Europe compared to the rest of the world (Exhibit
8 and Exhibit 9).

Exhibit 5
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Exhibit 6
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Exhibit 7
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Exhibit 8
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In this regard, Cleantech' is an illustration of this situation. As a matter of fact,
the data available demonstrates that Europe is indeed at the top of the ranking
in terms of R&'D expenditures dedicated to renewable energy (which represents a
large share of Cleantech), notably thanks to the crucial role played by European
governments (Exhibit 10%°). Public sector in Europe increased its financial effort
(+24%) between 2015 and 2016. Nonetheless, over the same period, European
companies decreased their effort (-37%).

Despite this huge effort in R&D (both from the public and private sectors),
Cleantech investments® in Europe are lower than in other regions of the world,
as shown on Exhibit 11.

Exhibit 10

Corporate R&D | Government R&D

Growth

Europe 0.8 1.4 “37% | 24%
China (0.1 1.9 72% | 7%
ASOC (excl. China & India) 1.1 0.8 -44% | 77%
United States 0.5 1.0 -24% 1 51%
Brazil 0.013/0.2 20% | -5%
AMER (excl. US & Brazil) 0.04/0 39% | -7%
Middle East & Africa | 020 55% | 0%
India |  0.0004/0.01 -97% 1 0%

19 It corresponds here to the following scope: Wind (onshore & offshore), Solar (PV & CSP),
Biofuels, Biomass & Waste, other renewables like small hydro (< 50 MW), geothermal or marine
technologies, and energy smart technologies (smart grids, power storage, hydrogen and fuel cells,
advanced transportation and energy efficiency).

20 Frankfurt School-UNEP Centre/BNEE 2017. Global Trends in Renewable Energy Investment 2017.

21 See footnote 19 for the scope.
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Part of the reasons for this insufficient investment from the private sector is
linked to the fact that the cleantech industry requires significant and patient
capital (longer-term investment, between 10 and 15 years)?*.

Compared to other sectors with similar investment profile (such as the
pharmaceutical industry, see Table 1), large corporates of the field do not
sufficiently sustain this ecosystem, and VCs are more and more reluctant to
fund high-risk, capital-intensive ventures, and progressively disengage from
“deep technology” companies.

Exhibit 11
$bn
” ?
72
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88
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o 128 109
%
91
7
40 54 ail 100 109 126 158 195 168 187
31 53 65
17 25 32 e
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2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
APAC EMEA B AMER

In addition, the regulatory framework which had initially primed the pump
of Cleantech (especially via Feed-in-Tariffs for technologies of renewable
electricity), has maybe not been sufficiently stable and homogenous to provide
long-term visibility to investors. In the same vein, a more integrated European
market would have provided larger markets in size.

22 At the same time, we cannot deny that, as far as renewable energy is concerned, deploying new capacities
is a challenge due to the stagnating European energy demand and the overall overcapacity in the electricity
system. This is a crucial point considering that 216.1 b$ are related to renewable energy Asset Finance (ie the
financing of new build renewable assets), out of the 333.5 b$ of new investment in clean energy in 2017.
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The reluctance of private investors to sustain clean energy deep techs is one
of the issue. But are we really sure that the European and national R&I policies
are designed to capture the economic value (jobs, growth, competitiveness) of the
subsidised research, by transforming it in innovations that will find their way
to the market, and create jobs and growth? As underlined in the “Accelerating
Clean Energy Innovation” Communication, “over €10 billion in energy funding
is dedicated to clean energy research and innovation” in the period 2014-2020.
This represents a massive European investment, but there is no evidence that
we make the best use of that money. In addition to focusing on how to fix the
private investments, we must also focus on how to optimise the efficiency of the R
public policies in Europe.

Table 1
Time Required to 10105 s 1-5 years 10-15 years
Innovate
Capital Required to Medium to High Low to Medium High
Innovate
New Products Brnctomn)
Primarily Function/Performance Fhero Cost
Performance

Differentiated By

Large Firms Reinvesting
in R&D; Biotech
startups, often VC &
govt. funded; Govt.

Dynamic Startups,  Various: Ugtilities,
often VC-funded; Qil & Gas Co.s,

Large Firms Power Tech Co.s,
Reinvesting in R&D  Startups, Govt.

Actors Responsible
for Innovation

(NIH, NSF)
Typical Industry Risk : .
Tolerance High High Low
Innovation Intensity High High Low
Intellectual Property
Rights Strong Modest Modest
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2.2. The role of the European Union in innovation

“You cannot buy the ticket to bridge the valley of death”. Indeed, public support to
innovation cannot be reduced to the financial resource made available, especially
when it comes to the role that the EU level can play*. The funding coming from
the EU budget in terms of R&D, although it represents significant absolute figures
and has to play a decisive leveraging role, is only a small share of the money poured
on the continent overall. This implies that the European Union has an essential role
to play in steering the EU ReF1 strategy, and to steer it with an obsession for market
uptaking, notably by improving the lab-to-market phase.

Just like the heart and the brain only weigh few hundred grams, the EU should
create the brain of a fully-fledged policy-driven European innovation policy
committed to address the grand challenges, making sure that innovation, the
beating heart of modern economies, brings competitive advantage to Europe.

Exhibit 12
The EU innovation policy mix

Supply side Supply side

Financial support

Research and development policy State aid and t li
¢ aid and tax policy

| financial |

Industrial and SME policy 0%
EU <

POLICY
Education and skills policy _

regulatory

Regional and cohesion policy

|soft |

SECTORAL POLICIES Demand side

Health Energy Enviroment

Digital Transport etc.

Source: EPRS.

23 The average annual budget of H2020 is around 12 b€ for R&D expenditure of 302.2 b€ in 2016
in the EU.
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The EU is resourceful and can play with several levers to create the suitable
framework conditions (notably via regulatory measures and softer elements) and
unleash the innovative potential of the continent, instrumental for a renewed
European industrial strategy in tune with the times.

In this regard, the EU action can be summarised by 3 main features: 1) a clear
strategy to move forward, 2) the tools to implement the strategy, and 3) an
international diplomacy strategy.

Regarding he strategy to move forward, the EU has designed an entire strategy through
the Energy Union policy and actively engaged political and technical actions. In
particular, the EU builds up a comprehensive and coherent approach, as exemplified
by the creation of the SET Plan in 2007. The SET Plan promotes research and
innovation efforts across Europe by supporting the most impactful technologies in
the EU’s transformation to a low-carbon energy system. It also promotes cooperation
amongst EU countries, companies, research institutions, and the EU itself. In
September 2015, the European Commission adopted a Communication named
“Towards an Integrated Strategic Energy Technology (SET) Plan: Accelerating the
European Energy System Transformation”, that identified the “10 actions to accelerate
the energy system transformation and create jobs and growth™

Sustain technological leadership by developing highly performant renewable
technologies and their integration in the EU’s energy system

Reduce the cost of key (renewables) technologies.

Create technologies and services for smart homes that provide smart solutions
to energy consumers.

Increase the resilience, security and smartness of the energy system.

Develop new materials and technologies for, and the market uptake of, energy
efhiciency solutions for buildings.

Continue efforts to make EU industry less energy intensive and more competitive.

Become competitive in the global battery sector to drive e-mobility forward.
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Strengthen market take-up of renewable fuels needed for sustainable transport
solutions.

Step up research and innovation activities on the application of carbon capture

and storage (CCS) and the commercial viability of carbon capture and use (CCU).

Maintaining a high level of safety of nuclear reactors and associated fuel cycles
during operation and decommissioning, while improving their efficiency.

In addition, it has been decided to make the SET Plan more integrated, by:

Addressing the whole innovation chain, from research to market uptake, and
tackling both financing and the regulatory framework.

Adapting the governance structures under the umbrella of the SET-Plan to
ensure a more effective interaction with EU countries and stakeholders.

Proposing to measure progress via overall Key Performance Indicators (KPls),
such as the level of investment in research and innovation, or cost reductions.

More recently, and as a full part of the “Clean Energy for All Europeans” package, the
European Commission has adopted a Communication named “Accelerating Clean
Energy Innovation” (ACEI), aiming at making clean energy innovation support the
transformation of the European energy system. The ACEI Communication includes
a set of very concrete actions that intend to boost clean energy innovation, including
policy signals and regulatory frameworks, boosting private sector investments,
funding energy science and technology and its market adoption, leveraging Europe’s
global role, and identifying key actors of the energy transition. In addition, in the
annex to the Communication, 4 key priorities are clearly mentioned:

decarbonising the EU’s building stock by 2050,
strengthening EU leadership in renewables,
developing affordable and integrated energy storage solutions,

and electro-mobility and a more integrated urban transport system.

Papeles de Ne5
Junio 2018



Pierre Serkine and Diego Pavia

When it comes to the tools to implement this strategy, at the EU level, the Multiannual
Financial Framework (MFF) defines the financial resources dedicated to all the
European instruments for a 7-year period, including the budget dedicated to R&I
and energy instruments. Decision on MFF is taken by the European Member States
(unanimity) and the European Parliament (consent procedure). For the current
period (2014-2020), the overall budget of the EU is €960 billion, including €80
billion dedicated to R&I in Horizon 2020 (H2020), the 8th Framework Program
for Research and Innovation (FP 8). The total EU-level R&I budget (covering all
research areas) represents around 5% of the total European R&I budget (from
both public and private sectors)*. The goal of H2020 is to ensure Europe produces
world-class science, removes barriers to innovation and makes it easier for the
public and private sectors to work together in delivering innovation. The main
programmes and instruments supporting the clean energy transition at the EU
level are summarised on Exhibit 14, and further described after the exhibit.

H2020 remains the main EU instrument to support R&1 in the cleantech sector, with a
dedicated budget of 5.9 b€ (2014-2020) for the “Societal Challenge” called “Secure,
Clean and Efficient Energy” in Pillar 3 (see Exhibit 14), and a remaining budget
of 1.6 B€ for 2018-2020. In addition, the European Structural and Investment
Funds (ESIF — 351.8 b€ 2014-2020) are providing significant amount of money
for Research & Innovation and support to low carbon economy (around 44 b€
for each of them from the EU for the 2014-2020 period). The specificity of ESIF
compared to H2020 is that the use of financial resources is decided at the Member
State’s level, and not at the European Union level. H2020 as well as the ESIF
provide support to innovation under the form of grants.

In addition to these instruments, the European Commission also grants money
via the “Connecting Europe Facility” to infrastructure projects in energy, telecom
and transport, in order to improve the flow of people, electrons and information
in Europe and enable a fully functioning internal market (5.35 b€ dedicated to
Energy via the list of Projects of Common Interest - PCls). By essence, infrastructure
is necessary to facilitate the energy transition, notably to allow the increasing
penetration of intermittent renewable energy sources. 4 smart grid projects and
106 electricity transmission and storage projects are on the list of the CEF PCls.

24 See footnote 23.
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Exhibit 14

Overview of the European innovation landscape in Cleantech

Note: *The figures related to the EU level are for the period 2014-2020, except for the EIC Pilot which is
for 2018-2020, and for the EIT which is for 2014-2018. The other figures correspond to 2016.

Sources: EIT InnoEnergy, based on public data and Frankfurt School-UNEP Centre & BNEE, Global
Trends in Renewable Energy Investment’s report, 2017 Frankfurt School-UNEP Centre & BNEF,

Public R&D: 1.4 b$:016

Private Equity: 0.25 b$2016

Venture Capital: 0.25 b$2016

Asset Finance: 46.9 b$:016
Public Markets: 3.8 b$:016
SDC (solar): 6.7 b$2016

Private R&D: 0.8 b$:016

Rezrereeh & comlz:;:tcial
Development FOAK
H2020

e Pillar 1: ERC 13.1 b€

* Pillar 2: Innovation in SMEs: 0.6 b€; EIC Pilot: 2.6 b€*

* Pillar 3: Energy: 5.9 b€; Transport: 6.3 b€; Climate: 3.1 b€
* EIT: InnoEnergy: 0.4 b€*; Climate KIC: 0.4 b€*

e PPPs: esp. FCH2 & BBI and cPPPs: esp. EGVI and EeB

CEr

* Energy: 5.35 b€ (250 PClIs, including 159 on electricity, 75 on gas, and
4 on smart grids)

* Transport: 24.05 b€

ESIF .

¢ Research & Innovation: 44.1 b€
* Low-carbon economy: 44.6b€

—
NER 300 (Innovation Fund) 2.1 b€

InnovFin Science

InnovFin EDP (5 projects in the pipe)

Indirect EIF InnovFin products: Technology Transfer, BA, VC,
FoF, SME Guarantee

Indirect EIB InnovFin products: Emerging Innovators, MidCap
Guarantee, Corporate Research Equity

EFSI
* Energy: 28 approved; 73
signed; 5 in pre-approval
* RDI: 31 approved; 76
signed; 1 in pre-approval

@Grant @Equity @ Loan

Advisory

Global Trends in Renewable Energy Investment’s report, 2017.
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The European Commission can also allocate the funds received via the allowances
for the EU Emissions Trading Scheme — ETS to support the deployment of clean
energy technologies, via the NER 300 (and in the future, the Innovation Fund). This
fund specifically targets demonstration projects of Renewable Energy technologies
(such as bioenergy, CSP, PV, geothermal, wind, ocean or hydropower), but also
smart grids and CCS, and intends to leverage money from private sources. With
the first 2 decision awards, 39 demonstration projects have been selected (38 of
renewable energy technologies, and 1 of CCS). The NER 300 is directly managed
by the European Commission, but the projects are assessed by the EIB and approved
by the Member States.

Granting is not the only form of the support that the European Union employs
to accelerate clean energy transition. There are indeed other EU-funded
instruments intending to increase the synergies and collaborations between the
public and the private sectors, and leverage private resources. This is notably the
case of contractual Public-Private Partnerships (cPPPs) like the European Green
Vehicles Initiative (EGVI-750 m€ on 2014-2020 from H2020 budget) and the
Energy-efficient Buildings (EeB — 600 m€ on 2014-2020 from H2020 budget).
Other PPPs are also noteworthy, also named Joint Technology Initiatives (JT1s):
the JTI for Fuel Cells and Hydrogen (FCH-JU — 665 m€ from the H2020
budget and an industry contribution of 700 m€) dedicated to accelerate the
commercial deployment of hydrogen-based solutions across Europe, and
the /717 for Bio-Based Industries (BBI — 975 m€ from the H2020 budget and
an industry contribution of 1.8 b€) dedicated to develop new bio-refining
technologies. On top of that, the European Institute of Innovation and Technology
— EIT — whose the mission is to bring to life the “knowledge triangle” made of
Higher Education, Business and Research & Technology, is also a noteworthy
initiative launched by the European Commission in 2008 to accelerate the lab-
to-market in various sectors®.

Beyond the European Commission, other EU institutions have a crucial role to

play in the clean energy transition landscape, notably the European Investment
Bank Group (made of the EIB and of the EIF). Beyond the indirect products

25 Activities of EIT and of the Knowledge & Innovation Community for Energy, EIT InnoEnergy,
are further discussed in the next section.
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which are mainly equity-based products, such as the InnovFin Venture Capital,
InnovFin Business Angels, via financial intermediaries like SET Ventures or
Daphni, or the recent Funds-of-Funds programme named VentureEU created
by Commissioner in charge of R&I, Carlos Moedas, to boost VC investment
in the EU, the EIB has created a loan-based instrument specifically dedicated
to Energy Demonstration Projects called InnovFin EDP This instrument, which is
guaranteed by some H2020 budget, provides loans between 7.5 m€ to 75 m€ to
energy demonstration projects. As of April 2018, 5 projects have been selected,
notably a 52.5 m€ loan to Northvolt AB for the construction and operation of a
first-of-a-kind demonstration plant for the manufacturing of li-ion battery cells,
in Sweden.

Finally, regarding the international diplomacy strategy of the EU, the European Union
provides a political support to innovation in clean energy at the international
level, via the official partnership with Mission Innovation, the global initiative
of 22 countries and the European Commission partnering to reinvigorate and
accelerate clean energy innovation launched at COP 21 in 2015, notably by
seeking to commit to double their government investment in clean energy
research and innovation over five years to 2021. The European Union is chairing
Mission Innovation in 2018, and will have a leading role at the 9" Clean Energy
Ministerial end of May 2018.

10 conclude, the EU has designed its strategy, through the Energy Union policy,
and is on the path to a comprehensive and coherent approach, as exemplified
by the creation of the Strategic Energy Technology (SET) Plan in 2007, which
is also well aligned with the Energy Union political ambition, one of the 10
political priorities of the European Commission. In addition, the EU institutions
(EIB Group and the EC) can count on a full set of programmes and instruments,
and are clearly committed to accelerate the energy transition and to leverage
innovation in Europe. Furthermore, we can acknowledge the commitment taken
within the context of Mission Innovation by the EU institutions, which is clearly
a very positive initiative. This leadership is provided by showcasing European
success stories in international fora, which in turn contributes to create a sense
of pride and self-confidence in Europe and can help in attracting brains and
investment into Europe, and by leading this initiative, the EU commits itself to
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maintain a high level of funding to support cleantech in Europe in the coming
years.

'The European Institute of Innovation and Technology (EIT) is an independent
body of the EU, set up in 2009, to address the EU’s innovation paradox:
Europe has a lot of top-notch publicly funded research, while the translation of
knowledge into innovation that can be marketed and be commercially successful
creating growth and jobs is seriously lagging behind. The uniqueness of the EIT
is to bridge that gap, and also the method to fulfil that goal: the knowledge

triangle integration.

A KIC (Knowledge Innovation Community) is a long term (minimum 15 years)
public private partnership, that fully integrates the so-called ‘knowledge triangle
‘of business, education and research. The Commission approved in 2009 plan is
to launch, sequentially, one KIC per societal challenge identified. So far there are
six KICs running: for Energy, ICT and Climate since 2010; Raw Materials and
Health since January 2015; and one for Food since 2017.

The KICs are awarded under public competition. The financial model of a given
KIC is that 1€ of public EIT support leverages at least 3€ of private investment;
and that in the medium term a KIC should be financially autonomous, and thus
independent from EIT/EU funds.

KIC InnoEnergy* was the winner in 2010 of all the proposals for becoming the
selected KIC in sustainable energy.

26 In this section, KIC InnoEnergy, EIT InnoEnergy and InnoEnergy are used interchangeably and
refer to the same organisation.
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Our vision is “10 become the leading engine in innovation and entrepreneurship in
sustainable energy”.

Our mission is “to build a sustainable long-lasting operational framework amongst
the three actors of the knowledge triangle in the sustainable energy sector: industry,
research and higher education. And ensure that the integration of the three is more
efficient and has higher impact in job creation, growth and competitiveness of the
European energy system than the three standing alone”.

The three strategic objectives of any activity we invest in are:
Reduce the cost of energy (c€/kwh).
Increase security (autonomy of supply, intrinsic operability of energy assets).
Reduce greenhouse gas emissions (GHG/kwh).

Totally aligned with the objectives of the Energy Union and of the “Clean Energy
for All Europeans” package.

We risk-invest in three types of assets, operationalized through three distinct
business lines:

Education programmes (Specialized Master School, PhD School and Executive
programs), which create the future game changers (Masters, PhDs, mid-term
professionals) in sustainable energy;

Innovation Projects, which focus on producing incremental — and a few
disruptive — innovations (technological, business model or social), that contribute
to the above mentioned energy strategic objectives.

Business Creation services, where we create innovative high potential start-ups, and
grow them.
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All our activities focus on eight thematic fields that evolve with the energy market
changes, and that are fully aligned with the current SET Plan (European Strategic
Energy lechnology Plan), where we have been heavily contributing:

Clean Coal & alternative fuels Technologies
Smart Grids

Smart Cities and Efficient Buildings
Energy from Chemical Fuels

Convergence Nuclear-Renewables

Energy Efficiency

Storage

Renewables

InnoEnergy approach to innovation is following three guiding principles, which we
follow both when selecting the investment cases, as well as when operating those:

The challenge is multidimensional (i.e. technology, business models, supply
chain, human capital, regulation, ...) and requires a multidimensional approach.
And all dimensions should be addressed at the same time, because they are
interlinked. From a traditional 7RL (technology Readiness Level) to an /RLO
(Innovation Readiness Level) approach.

The challenge is European, and requires a European solution.

The challenge —the energy transition— is a systemic problem that requires a
systemic solution
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Let’s elaborate on the first one (multidimensional approach) because it is what
makes InnoEnergy truly different.

Exhibit 15
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Getting more into the details, in the diagram we distinguish three curves
(InnoEnergy judgment):

The nude: that is the contribution of each dimension as of 2015 to the energy
transition

The orange: the contribution by 2020

The red: by 2025

As we can see the dimensions that need to evolve more to contribute to the
energy transition are regulation and societal appropriation, where the gradient
between today and in 10 years' time is higher, and where Europe, and all the
key stakeholders like KIC InnoEnergy should make a special effort. Addressing
all the six dimensions briefly, KIC InnoEnergy focus in the period 2016-2022 is
to contribute to bring each dimension from the nude curve to the red curve, by:
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As far as regulation is concerned, the Commission itself has “counted” 700
interventions (Oettinger report in 2014) that are polluting the final price of
the energy paid by the consumer (industry or retail) and making it double or
triple compared to competing economies like the USA. At the same time, the
European market is fragmented, with in many occasions as many transpositions
of the Directives as member States exist. One key criterion when InnoEnergy
decides to invest in a given innovation is to check whether the market uptake
will be easy (same regulation all across Europe) or different regulations. The
more homogeneity, the easier the Innovation will be uptake by the market.
As an example, please see underneath the different regulations in Europe for
demand response (DR), aggregators. The more different colours, the worst
for innovators, the worst for the energy transition.

As far as societal appropriation is concerned, buzz words like demand response,
prosumer, distributed generation, autarkic islands, energy efficiency. .. are populating
the state of affairs. They all capitalize into the ability of the consumer to become

Exhibit 16
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B DR & aggregation enabled in a range of markets
BN DR or aggregation illegal or aggregated demand not accepted as a resouce
Legal in theory in one or two market but not commercially viable, critical barriers remain
DR & aggregation legal in selected market, BRP-BSP relationship unclear but market viable
No information available
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an active, responsible, knowledgeable player in the new value chain. Buz is the
consumer (the one paying the bill) prepared, or willing to become active? Are price
signals the only key incentives? Does the consumer link bis individual energy world to
the big picture? Our answer is no, because the consumer is at the bottom of the
pyramid, but we are asking him/her to engage in the fourth level.

Exhibit 17
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KICInnoEnergybelieves thatin order to reach the fourth level, necessary to actively
contribute to and enable the energy transition, the consumer has to sequentially
progress first to awareness, then to understanding, then to involvement, finally to
appropriation; and it is a (long) journey with no shortcuts recommended. In our
understanding, the first two levels are responsibility of the public administration,
and the third and fourth level to the private sector, offering competitive services
where the consumer can be involved and actively leading. We will play a leading
role in this challenge.

As far as Supply Chain is concerned, we have the duty (as President Junker
has clearly expressed) to re-industrialize Europe, bringing the contribution of
industry from 15% to 20% of the EU GDP. We can not make the mistakes that
we did with the PV industry, and we should capitalize along all the value chain so
the wealth is kept in Europe. In InnoEnergy an investment in a given innovation
also takes into account whether the supply chain for the innovator exists in
Europe, whether the innovator is able to fill the gaps, and engage upstream and
downstream in its supply chain.
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In the same dimension we need to be aware that the main private investors
(Utilities, Equipment Manufacturers) have seen their balance sheets shrinking
by 4 or 5 in the last 5 years; and their credit rating deteriorate several notches, so
the available money for research and innovation is going to be less, much more
prudent, and much more looking at the payback and return.

As far as Value Chain is concerned the future will be totally different: the
traditional world (top-down approach, centralized big production, ..) is gone
for ever; the new regulation (“Clean Energy for All Europeans”) is fertile for new
business models (e.g. aggregators, local energy communities, storage operators,
....); incumbents of the past face future scenarios that are gloomy at least;
the new entrants are risk averse because it is still a CAPEX intensive sector in
many steps of the value chain; digitization and digitalization is an enabler of
new business models .... Over the last two years more than 50% of the funnel
of innovation opportunities coming to InnoEnergy are based on OPEX driven
business cases where the innovation is not technological but social or business
model innovation.

As far as Human Capital is concerned, we need to understand that the basics
of the business have changed, the traditional engineers are not anymore “fit for
purpose”, so new profiles (with innovation, entrepreneurial, anthropological,
humanistic skills, ..) are required to drive and implement the change. This is
InnoEnergy corner stone: to feed the market with the game changers that will change
the game, being equipped with the skills and competences (entrepreneurship,
innovation, business, multidisciplinary approach, ..) that are taught in our
education programs.

Finally 7echnology that was in the past the key dimension, but that is not anymore.
Still fundamental, but in total coordination and systemic approach with the other
5 dimensions.

This multidimensional approach has allowed InnoEnergy to de-risk the
innovations we are supporting; and our method is today being piloted by
the European Commission to eventually adopt it for all the innovation based
instruments to be deployed in the upcoming FP9 (Horizon Europe).
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As expressed in the mission statement, InnoEnergy uniqueness is to demonstrate
that an innovation ecosystem based the structural integration of the knowledge
triangle actors (Business, Higher Education and Research Organizations) will give
more throughput (quantity) and different outcomes (quality, type of innovation)
that traditional innovation instruments.

This has to be demonstrated, and a proxy way to do it has been to measure the
liquidity of the “output” of what we do, namely:

how many graduates are manpower to new start-ups and to innovation
collaborative projects

how many start-ups have been created by newly graduates

how many start-ups have been created as commercial vehicles of a given
collaborative project

how many start-ups, in a very selective process, have been awarded innovation projects

Exhibit 18
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This of course only proves the quantity, benchmarked with the same measures
in a traditional established environment. The quality will be tackled in the next
chapters.

The result is graphically explained underneath, and proves that the ecosystem
created is much more fertile in those KPIs than any other known to date.

A vehicle like InnoEnergy could follow three of the possible Innovation models
(Coordination, Brokerage or Integration), which implement different levels of
integration (see Exhibits 19 and 20).

Because we are innovators, we also innovate in this dimension and have created a
fourth, more demanding model of innovation, which is an extension of the (Level /11
or Integration model) as shown in the Exhibit 19, where Research (R), Education
(E), and Business (B) need to evolve, migrate and create a NEW space (the KIC
with full KT —Knowledge Triangle— integration), is ambitious and requires a
strategic approach from the partners, a long term vision and the ambition to
explore outside the “Business as Usual”. It takes longer but is structural.

Exhibit 19
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Exhibit 20

KIC

KIC InnoEnergy is a company (SE: Societas Europaea), for profit and not for
dividend (all profits are reinvested), with 24 European shareholders from the three
dimensions of the knowledge triangle: Industry, Research and Higher Education.
Those shareholders have signed for a 7+7 years company plan; and intend to be
financial independent from EIT/EU in the medium term (202x).

Since 2010 more than 370+ additional partners —mainly SMEs— have joined our
activities, and now we have activities in 17 of the 29 EU Member State.

Which has resulted after 7 years in a trusted innovation ecosystem of partners:

across all the value chain: Generation, TSO, DSO, ESCO, aggregators, pools,

municipalities, ..

across all the supply chain: utilities, equipment manufacturers, research
institutes, universities, Venture Capitals, Business angels, business schools, ...

covering all energy carriers: heat, electricity, gas, biofuels, ...
challengers and incumbents

trading in 11 different regulations across 17 countries
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Exhibit 21
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Source: EIT InnoEnergy.

= with accessibility to 120 end energy customers through the partner utilities

3.7. The results achieved and some examples:

All the previous descriptions have a real meaning if the achievements, results and
impact prove that InnoEnergy model has delivered to the strategic objectives set.
The graphical representation of the achievements for the period 2010-2017 is:

Where we highlight:

= 763 “game changers” graduates populating today the energy institutions (94%
work in energy related matters), out of more 14.000 eligible applicants. Three
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Exhibit 22
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(3) of them hold CXO positions in medium or big business institutions. In
2016 we repositioned the Ms School, and in 2017 10% of the intake (30
students) have paid the 12K€/year each to attend our Master programs.

117 new start-ups, after screnning 3000+ early stage business ideas. These start-ups,

up to December 2017, have raised more than 92M€ of private and public investment

(78% of our start-ups have raised external financial support); and combined they

have invoiced 42M€. Their valuation (let’s remind that they are early stage) is north

of 125ME, based on the last investment rounds successfully closed. InnoEnergy VC

Community, created in 2013 and now holding 14 members, has invested in 7 of
our start-ups. In all these start-ups InnoEnergy has equity.

107 innovative products and services, all of them with a Return on Investment (ROI)
term sheet signed. These innovative products have facilitated the construction or
expansion of eight manufacturing facilities. The past and future revenues of these
107 innovations are forecasted at 9BE.

Overall 133 patents have been filed and today more than 260 industries (80%
SMEs) are actively participating in our programs.

All InnoEnergy actions and assets created have a potential impact in:
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energy (decrease cost of energy, increase the operability of the energy system,
decrease the GHG emissions), being fully aligned with the Energy Union goals

in economy (job creation or maintenance, growth, increase of competitiveness
of industry)

Financially, InnoEnergy has invested 380M€ from the European Commission, and
mobilized 2,4B€ of the ecosystem [S00ME cash, 1,9BE€ in-kind]. All in all, 1 € of
public tax payers money has created 24€ of value.

A final verification of the contribution of InnoEnergy to the Energy transition is having
been nominated formally in two structural papers of the European Commission:

as the “market uptake” instrument in the SET Plan communication done by
the Commission in September 2015

as a key instrument for the implementation of the “Clean Energy for all
Europeans” package known as Winter Package (Exhibit 23).

Exhibit 23
SMART AND CLEAN ENERGY FOR ALL - IMPLEMENTING THE ENERGY UNION STRATEGY
AN ENERGY UNION BASED ON 5 MUTUALLY SUPPORTIVE AND INTERLINKED DIMENSIONS
Energy Efficiency first
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A special structural strategic InnoEnergy achievement: 7he European Battery

Alliance.

In October 2017 Vice President Sefcovic mandated InnoEnergy to lead the
industrial stream of the Ewuropean Battery Alliance (the strategic move of
Europe to become the Fast Follower in Batteries and capture the maximum
of the annual 250B€ of new business 2025 onwards), which demonstrates the
perfect symbiosis of InnoEnergy with the policy making.

A final conclusive proof of value creation along the period is the price of
the InnoEnergy share value. Whereas the initial shareholders paid 10K€ for
one share back in 2010, the last transaction (June 2017) has been at 288K€
a share, so InnoEnergy company value has multiplied by 28 over the last 7
years.

We also need to verify if these achievements are better, worse or comparable to
other innovation engines. For this we attach the next table (Table 2), with some
benchmarks and partners testimonials.

Exhibit 24
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3.9. Impact modelling

Just as an appetizer that will require a full additional paper, please find attached
the graphical representation, for one of our business lines (business creation)
of the impact modelling of what we do, with: all the entities, the services, the
KPIs to measure the impact created and the different ecosystems.

Exhibit 25
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Source: EIT InnoEnergy.

4. CONCLUSIONS

The Clean energy for All Europeans package has delivered the political and
regulatory impulse that our economies need. Europe is through this package

showing to the world what should be done for not only fulfilling the pledges
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from COP21 but also going beyond that, delivering to our next generations a
more sustainable world.

Research and innovation are un-doubtfully identified as key enablers for the
journey. Europe is well positioned again, and has the will also, to leverage these
assets to be the early mover or fast follower in all the areas required.

But we need to keep on progressing on HOW we do innovation, HOW we
install, defend and support a culture of entrepreneurship and innovation, all
across the value chain, starting at school and never ending.

InnoEnergy was an early mover in different ways of doing different innovation.
Our lessons learnt are today formalized in practices (neither good nor bad, just
practices) that are being used by other ecosystems, which is good for all. Our track
record over the years proves that (1) open innovation is fundamental to address
systemic challenges, and that (2) a multidimensional approach where technology is
just one of the 6 key dimensions of management is the winning card.

The authors, combining a 30 year old man inherently driven by his unwavering
dedication to fight climate change and the utopian ambition to change the world
for the better, and a 55 year old man having created 7 companies in his life, with
a European education and a European family, believe that there is no better place
to make a positive impact in society than to be in innovation in energy in 2018.
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Abstract

This paper provides preliminary and suggestive evidence regarding the relation between
environmental policy and innovation using sectoral-level data on 39 major economies over
the years 1995-2009. First, we ask whether environmental policy stringency is associated with
higher or lower sectoral innovation levels. Unlike most of the literature, we focus on overall
innovation rather than low-carbon innovation, thus accounting for any substitution dynamics
between green and general technologies. Second, we ask whether (increased) innovativeness
impacts the ability of countries to implement more stringent climate policy, namely if our
data supports to hypothesis of an “environmental policy multiplier”. Our results suggest that
increased environmental policy stringency does not hamper innovativeness in our sample,
and also finds evidence that innovation acts as a springboard for further increases in policy
stringency. We conclude by highlight fruitful research avenues to test the robustness of the
preliminary results emerging from our base specification.

Keywords: Environmental policy, innovation, system estimation.

n recent years the number of contributions investigating the inducement

effect of environmental policy on innovation increased considerably. Most
of these studies are focused on testing whether increasing the stringency of
environmental policy induces more innovation in energy efficient and green
technology. The general conclusions that can be drawn from this literature is that
green innovation (generally proxies by patenting) is higher in those countries
which implement stricter environmental policy (Popp, Newell and Jaffe, 2010).

* Acknowledgement: The research leading to these results has received funding from the European
Union Seventh Framework Programme (FP7/2007-2013) under grant agreement n°® 308481
(ENTRACTE).

1 Fondazione Eni Enrico Mattei and CMCC. Email: elena.verdolini@feem.it
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Three are the main research gaps that characterize this literature. First, there is
only limited evidence of whether increased green innovation then translates into
less pressure on the environment. To what extent the innovation induced by
environmental policy stringency leads to a more efficient and less polluting way
of using energy is still an open empirical question. Second, practically all studies
in this respect consider environmental innovation alone, and dont explore
the implications that directing investment specifically towards environmental
innovation has on other types of innovation in the economy. Understanding
whether increased green innovation crowds out innovation in other sectors or
reduces overall innovation levels is an important step to assess the effects of
environmental policy on countries’ competitiveness as well as to fully understand
and estimate the economic costs of environmental policy. Third, the evidence
on whether increased innovation levels in turn act as an enabling factor
to increase the stringency of environmental policies and meet challenging
climate targets is limited to one paper, focused on the USA (Carrion-Flores
and Innes, 2010).

This paper is a first, preliminary effort to partially address two of the three
abovementioned questions using sector-level data from a panel of 39 countries
over the years 1995-2009. Specifically, we focus on the relationship between
(overall) innovation and environmental policy. First, weask whether environmental
policy stringency results in higher or lower sectoral innovation levels. Given the
strong and well-accepted evidence that links environmental policy to higher level
of innovation in energy efficient and green technologies, exploring the effects of
environmental policy on overall innovation can help shed light on the net impact
of any substitution dynamics between green and non-green innovation. Second,
we explore whether (increased) innovativeness impacts the ability of countries to

implement more stringent climate policy.

The paper is organized as follows. Section 2 briefly summarizes the relevant
literature. Section 3 presents the data used in the paper, the empirical model and

the results. Section 4 concludes, highlighting future avenues of research.
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The nexus between environmental regulation, innovativeness and competitiveness
has been widely studied in recent years, with both a theoretical and empirical
approach. From the traditional neoclassical economic perspective, (strict
environmental) regulation represents an additional cost for firms, and is bound
to result in lower overall competitiveness, with impacts also on trade dynamics
and firms’ relocations (Popp, Newell and Jaffe, 2010), at least in the short run.

The effects in the long run are less straightforward due to the inducement effect
that environmental policy can have on innovation. Environmental policy makes
dirty inputs comparatively more expensive by putting a price on pollution, thus
internalizing the environmental externality. This in turn gives rise to induced
innovation dynamics, as postulated by Hicks (1932). Firms and innovators in
more regulated markets would find it profitable to invest in innovation aimed
at increasing the efficiency of dirty inputs or at addressing pollution concerns.
Greener and improved technologies would result in changes in the production
structure. Moreover, as highlighted in Acemoglu ez /. (2012), if governments
capitalize on these changes through appropriate support policies, such dynamics
can help direct economies towards greener and more sustainable economies.

However, these long-term benefits likely come at a cost. Environmental
regulation forces firms to invest in R&D in cleaner technology, displacing R&D
expenditure in other, more profitable areas, such as the firm’s core business, given
that investment budgets are limited (see Gray and Shadbegian, 1995). Whether
investment in green innovation crowds out innovation in other sectors, due for
example to the inelastic supply of skilled labor or to switching of R&D funding
from other areas, is an important empirical question. The evidence in this
respect is scarce. This in turn implies uncertainty regarding all foregone benefits,
and affects the ability to fully understand and quantify the trade-offs and the
economic costs of environmental policy. Popp and Newell (2012), for instance,
provide some insights on this issue by focusing on the USA, but their results are
limited due to data availability constraints.

This traditional view postulating that environmental policy simply translates into

additional costs for firms has been challenged by the so-called Porter Hypothesis (PH).
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Porter (1991) argued that well-established environmental policy is a “win-win™
situation, that benefits both the environment and the firm. According to the PH,
firms have to face with market imperfections, such as imperfect information,
organizational inertia or control problems. Environmental regulation forces the
firm to overcome such market failures. Regulation-induced innovation helps to
increase resource efhiciency and enhance productivity, offsetting compliance costs.

Specifically, the PH has been translated as three possible and distinct research
statements (Jaffe and Palmer, 1997). First, the “narrow” version of the PH postulates
that flexible environmental regulation, such as market-based instruments,
increases firms’ incentives to innovate compared to prescriptive regulation, such
as performance-based or technology-based standards. Second, the “weak” version
of the PH postulates the positive effect of well-crafted environmental regulations
on environmental innovations (even when environmental innovation comes at
an opportunity cost that exceeds its benefits for a firm). Finally, the “strong” PH
states that innovation induced by well-crafted environmental regulation could
more than offset additional regulatory costs, and, consequently, increase firms
competitiveness and productivity. From an empirical point of view, there is much
evidence in support of the statement that environmental regulation induced
innovation in greener and less polluting technologies (hence, the “narrow” and
the “weak” PH), both for the USA and for EU countries (Popp ez 4l., 2010).
Conversely, evidence on the impact of environmental policy on “competitiveness”
generally defined, among which general innovation, is often contradictory.

Two key questions still remain unanswered to the best of our knowledge. First,
does environmental innovation come at the cost of innovation of other kind
in the economy? Understanding whether green innovation crowds out other
kinds of innovation is crucial to fully understand the economic impacts and
opportunity costs of environmental policy.

Second, does innovation simply respond to changes in environmental policy, or
does it also help in further increasing the stringency of environmental policy? As
argued in Carrion-Flores and Innes (2010), three could be the mechanisms at
play in this respect. To begin with, innovation may also spur at least temporary
over-compliance with government pollution, especially if the regulation is based
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on a market-based approach. This could result in innovation-induced tightening
of government standards. Moreover, in principle innovation and policy are
jointly determined. Hence, accounting for both directions of the effect is crucial
in empirical estimations to get unbiased results. Finally, the presence of a long-
run environmental policy multiplier would help mitigate the perceived short-
term costs of environmental regulation. Carrion-Flores and Innes (2010) provide
in fact some evidence of the bidirectional link of environmental policy and
innovation in the case of productive sectors in the USA.

Rubashkina, Galeotti and Verdolini (2015) takes a first step in this direction by
exploring the impactof environmental regulation stringency as proxied by Pollution
Abatement Costs and Expenditures (PACE) on the overall innovativeness and
competitiveness of European Manufacturing sectors. The paper finds that,
accounting for the endogeneity of policy in the empirical framework, more
stringent regulation is not associated with higher R&D investment levels,but is
associated with higher patenting. Moreover, stringent environmental regulation
fails to have an impact (be it positive or negative) on sectoral TFP. These results are
somewhat in contrast with other previously found in the few empirical analyses
addressing this issue, and suggest that such questions should be further explored.

This paper builds on this analysis and studies the dynamics of environmental
regulation and innovation at the sectoral level in 39 major economies over the
years 1995-2009. The analysis improves on and complements that of Rubashkina,
Galeotti and Verdolini (2015) by extending the sample beyond European
countries, by considering a different proxy for environmental policy stringency
and by jointly studying the determinants of innovation and environmental policy
stringency. This allows to take into account the possible feedbacks between these
two phenomena.

Specifically, the paper tests whether environmental regulation resulted in overall
higher (general) innovation at the sectoral level. If this is indeed the case, there
would be evidence that environmental innovation does not crowd out other
innovation activities. At the same time, it explores whether innovation has an
impact on the level of environmental policy stringency. This would provide
evidence of the potential environmental policy multiplier. We detail our empirical
approach in the next section.
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We rely on the framework set up in Carrion-Flores and Innes (2010) to analyze
the bidirectional link between innovation and environmental policy for the USA,
which specifies a structural model with four outcomes. Sectoral level emissions
and patenting are two observable variables which are determined, respectively, by
industry pollution targets and investment in R&D), which are unobservable due
to data constraints. The system of equations they propose is as follows:

Pyo= i+ by RDjiy + €y Xy + [ + i + [y + €y [1]
Qi = Ay + by Sj + U + i + e + €4 (2]

Sie = e + b, Py + ¢, Xy + , Sy + py + s + phy + €5 [3]
Ry, = arjit + b, E(S;) + ¢, Xy + d, S + p; + i + phy + €3 [4]

Where j indicates the sector, 7 indicates the country and # indicates time. P;, are
patents, RDJ,, is investment in Research and Development, Q;, is the level of
.. is the aggregate pollution target and X, are exogenous covariates.
In all four equations, € represent disturbances and y the fixed effects. This system

of equation suggests that:

emissions, S

Sector-level patenting (P) is determined by past R&D investment;

Emission respond to changes in the stringency of environmental policies as
proxied by industry-level standards;

Sector-level environmental standards are influenced by the availability of (more
efficient) innovations;

Sector-level R&D investment is influenced by both current and expected
environmental standards.

These four equations allow to derive the relationship between emissions and patents

by substitution (see Carrion-Flores and Innes, 2010 for details). Specifically, the
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level of emissions is a function of past emissions levels, patents and exogenous
variables; while patenting is a function of current and past emissions levels and
exogenous variables. Furthermore, we modify the original equations in Carrion-
Flores and Innes (2010) by substituting lagged emissions with a proxy for energy
intensity (EI) as a way to mimic the dynamics of sectoral emissions, without
having to necessarily estimate a dynamic model. As a result, our equations

become:
Qi = Ve + MELi; + Ny Py + 1, X + W + [y + U + Egjyy (5]
Pi=vyu+m, Qj+n, ELiy +1, X + Wi+ [ + U + €y (6]

We then estimate equations [5] and [6] accounting for the fact that innovation
and policy stringency are jointly determined and may influence each other.
Specifically, our system of equations is estimated via a three-stage least squares
method. To account for the panel nature of our data, we include fixed effects
controlling for sector and country heterogeneity, alongside time fixed effects.

Our estimates are conditional on the vectors qul.t and ijit , which include variables
likely to affect emission levels and patenting: sector value added (VA), the skill
of the labour force and trade dynamics. Specifically, the higher the production
in a given sector, proxied by VA, the higher the use of all inputs, including the
polluting ones. Hence, we expect the coefficient associated with VA in the emissions
equation to be positive. We also postulate that low-skill employment is associated
with higher emissions (Carraro and De Cian, 2012). We thus expect a positive
coefhicient associated with the the share of low skilled employment (LS). Finally,
trade patterns have been widely studied as determinants of sectoral emission
intensities (Levinson and Taylor, 2008). Evidence in this respect is somewhat
contradictory. Many postulate that trade patterns are among the adjustment
mechanisms that firms have to face following an increase in regulatory costs.
Hence, firms suddenly faced with more stringent environmental regulation may
resort to importing emission-intensive goods.

We further postulate that innovation levels are affected by value added (VA), the
share of high-skill employment in the sector as well as trade dynamics. We expect

Nes Papeles de
Junio 2018



Environmental policy and innovation: A sectoral analysis

the coefficient associated with the VA variable to be positive: the more productive
a given sector, the more likely are investments in innovative activity. The higher
the skilled labour employed in a given sector (HS), the higher the innovative
output. Finally, trade dynamics affect innovation levels since trade is among the
channels of foreign technology diffusion.

The data used in this paper were collected from two sources. For each NACE
rev.1.1 sector, EUROSTAT provides the number of patents applied for at the
European Patent Office. Patent data is assigned to a given NACE sector using
the methodology of fractional counting. The WIOD Database provided data
on emissions by sectors, imports and exports, value added and labor inputs.
The emission variable, which proxies for (the inverse of) environmental policy
stringency, is calculated as CO,-equivalent sum of all emissions (including CO,,
SOx, NOx, NH;, N,O, CH,). Energy Intensity is defined as energy use over
value added. Gross value added at current basic prices (in millions of national
currency) has been deflated. Import and export intensities are calculated as a
share of value added at the sector level. Finally, our proxy for high-skilled and
low-skilled labor measure the share of compensation to each of these types of
workers in total labor compensation.

Table 1
1  Food products, beverages and tobacco 15-16
2 Textiles and textile products; leather and leather products 17-19
3 Wood and wood products 20
4 DPulp, paper and paper products; publishing and printing 21-22
5  Coke, refined petroleum products and nuclear fuel 23
6  Chemicals, rubber and plastic products 24-25
7 Other non-metallic mineral products 26
8  Basic metals 27
9 Fabricated metal, machinery and equipment, electrical and optical 28-36

equipment, transport equipment, manufacturing n.e.c.
Papeles de Ne5
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Table 2
Log Patents 4,881 2.419 2310 0.000 9.943
Log Emissions 4,881 7.443 2.656 -2.432 13.501
Log Value Added 4,881 12.564 2.158 2.523 17.980
Energy Intensity (t-1) 4,881 -1.603 1.759 -6.281 5.442
Export Intensity 4,881 0.008 0.011 0.000 0.233
Import Intensity 4,881 0.011 0.027 0.000 0.515

Due to the different way in which sectors are reported in the two sources of
data, we focus on 9 manufacturing sectors as described in Table 1. The final
sample is unbalanced due to data availability and is composed of 39 countries:
Austria, Australia, Belgium, Bulgaria, Brazil, Canada, China, Cyprus, The Czech
Republic, Germany, Denmark, Estonia, Spain, Finland, France, Great Britain,
Greece, Hungary, Ireland, India, Italy, Japan, Korea, Lithuania, Luxembourg,
Latvia, Malta, Mexico, Netherlands, Poland, Portugal, Romania, Russia, Sweden,
Slovenia, Slovak Republic, Turkey, Taiwan, and the United States. Table 2 reports

the descriptive statistics of the main variables of interest.

Table 3 reports the result of the estimation of the system of equations, as explained
in the previous section, alongside with the results from the estimation of the two
equations separately, for comparison.

Focusing on the innovation equation, results are in line with our expectations and
confirm what presented in Rubashkina, Galeotti and Verdolini (2015). Overall
innovation levels are positively affected by lower emission levels (hence, in our
framework, by higher policy stringency). Those sectors which are subject to more
stringent regulation are also characterized by higher patenting levels, arguably as
a result of regulatory pressure. This is preliminary and suggestive evidence that
environmental policies do not hamper overall innovation in this sample; on the
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Table 3
Variables () Ly (2) 3)
Log Patents Log Emissions Log Patents Log Emissions
Log Emissions -2.333% -0.04917
& [0.774] [0.0121]
L0.632%%* -0.0516
Log Patents [0.216] [0.0509]
Energy Intensity (t-1) 0.0136%**  0.00605%**  0.000585%  0.00542%*
£y Y [0.00513] [0.00140]  [0.000340]  [0.00238]
Exoort Infonsit 46.36%%% 2] .39%*x -0.716 17.20%*
P Y [13.83] [2.659] [1.127] [7.505]
Hort Infensit I153%%% 5 066%* 0.622 -4.706
port Intensity [4.156] [0.927] [0.393] [3.430]
1.749%%% (. 801 *** 0.0669%**  (.655%**
L VT Al [0.499] [0.0582] [0.0206]  [0.0983]
o -0.00173 0.000340
0
High Skilled Labour (%) [0.00161] [0.000378]
. -0.000265 0.000182
0
Low Skilled Labour (%) [0.000230] [0.000264]
Observations 4,881 4,881 4,881 4,881
R-squared 0.205 0.875 0.989 0.900

contrary, countries with higher stringency (and lower emissions) are also more
innovative. Furthermore, more productive sectors (with higher value added) are
also those where innovation is higher. Conversely, the sectoral share of skilled
labor does not seem to impact sectoral innovation levels. With respect to trade
dynamics, high import dependence is associated with lower innovativeness, while
higher innovation levels characterize those sectors with large exports.

Considering that our patent variable measures overall innovation (as opposed to
green innovation only) our result on the inducement effect of environmental policy
stringency is consistent with two explanations. On the one hand, it could be due
to the fact that energy innovation, spurred by an increase in environmental policy
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stringency, does not crowd out innovation of other kinds. On the other hand,
this result could also arise if environmental policy spurs enough green innovation
to compensate for any decrease in overall innovation. While our analysis is not
able to discern the precise underlying dynamics, we provide evidence that overall
innovativeness is not hampered by environmental policy.

Focusing on the determinants of emissions (hence, in our framework, on the
determinants of environmental policy stringency), our analysis confirms
the presence of an environmental policy multiplier. Indeed, the coefficient
associated with patents is negative and significant, indicating that the higher the
innovation level in a given sector, the lower the emissions (hence, the higher
the environmental policy stringency). This should be considered as preliminary
and suggestive evidence that in our sample innovation does act as an enabling
factor for more stringent environmental policy. In line with expectations, value
added is confirmed as having a positive impact on emissions. Looking at the
impact of trade on our proxy of environmental policy stringency, sectors which
are export-dependent tend to be characterized by lower policy stringency (higher
emissions). The opposite is true for import-depending sectors.

Note that our system approach provides different insights when compared to a
more basic, separate estimation of the innovation and emissions equations. The
former finds evidence for both the inducement effect of environmental policy
and the presence of an environmental policy multiplier. The latter confirms that
higher environmental policy is associated with more innovation (albeit with a
much smaller marginal effect), but fails to identify any environmental policy
multiplier.

The evidence regarding the presence of an environmental policy multiplier
emerging from our analysis is in line with the results presented in Carrion-Flores
and Innes and with the insights emerging from the IV approach presented in
Rubashkina, Galeotti and Verdolini (2015). However, Carrion-Flores and
Innes (2010) focus on environmental innovation, while this paper focuses on
innovativeness in general. Therefore, our results suggest that the environmental
policy multiplier is present even after accounting for any substitution dynamics
between green innovation and other types of innovation.
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Similarly, our results are in line with the insights coming from the first stage of IV
approach presented in Rubaskhina, Galeotti and Verdolini (2015), which shows
that the coefficient of the knowledge stock in the first-stage, PACE equation is
positive. In this respect, it is important to note that Rubaskhina, Galeotti and
Verdolini (2015) use PACE as a proxy for environmental policy stringency, while
here the focus is on emissions levels. The former informs on inputs into the
process of emissions reductions, namely the amount of money spent. Conversely,
the latter measure the actual outcome of the efforts to limit emissions.

This paper is a first step towards shedding light on two questions which have
not been satisfactorily addressed by the empirical investigations focusing on the
relationship between environmental policy and innovation. The first question
relates to the relationship between environmental policy and overall inventiveness.
The second question concerns the possible presence of an environmental
multiplier effect by which innovation acts as a springboard towards more
stringent environmental policy. Our analysis thus provides insights on the overall
competitiveness of countries in terms of innovation potential as well as on the
inducement effect of (overall) innovation on environmental policies.

First, we complement previous results on the inducement effect of environmental
innovation by looking at the relationship between environmental policy and
overall patenting activity by sector. The positive link between more stringent
environmental policy and more environmental and green innovation has been
widely studied both using aggregate and micro-level data. In line with the
results presented in Rubashkina, Galeotti and Verdolini (2015) for European
countries, we confirm that countries with more stringent environmental policies
are characterized by higher innovation levels overall, and not just in green and
environmentally-friendly technology. This is an important insight because it
implies environmental policies do not only improve green innovation in a given
economy, but they do not come at the expense of overall activity within the economy.

Second, our paper however suggests that indeed there is an environmental policy
multiplier effect, whereby higher levels of innovation as springboards to further
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tightening environmental standards. Overall, this is suggestive of a virtuous cycle
whereby more stringent regulation increases innovativeness, which in turn makes
a further tightening of environmental standards easier to implement.

However, the robustness of our results, and the breadth of their implications,
clearly need to be further tested. Indeed, this preliminary analysis suffers from
several shortcomings, which should be the focus of further research. First, the
analysis should be extended by including information regarding sectoral low-
carbon innovation. When such data becomes available, it will be possible to fully
explore the inducement effect of environmental policy and the presence of an
environmental policy multiplier while accounting for substitution dynamics
between green and non-green innovation. Therefore, a first important future
effort should be to improve data availability regarding low-carbon innovation at
the sector level.

Second, the robustness of our findings should be tested by using different
proxies for environmental regulation other than carbon emissions, as in our
framework. Possible candidates in this respect include information on PACE,
or indexes of environmental policy stringency such as the OECD EPS. These,
however, are currently not widely available: PACE is limited to a few, mostly
European, countries, while there is currently no widespread index of sectoral
level environmental policy stringency.

Lastly, an important extension would be to estimate a system of simultaneous,
dynamics equation, in which emissions and patents are allowed to depend on
past emissions and the available knowledge stock, respectively.

In these directions we are currently focusing our research endeavors.
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Abstract

The 2020, 2030 and 2050 EU Energy Strategies propose targets for renewables, energy efficiency, and
greenhouse gas emissions reductions. However, these documents do not specify how those targets should
be met at a national level. In this paper, we characterize the national-level policies supporting renewable
energy technologies in Spain and the United Kingdom between 1990 and 2016 and assess the different
outcomes associated with such policies. In order to analyse and characterize the policy approaches used
by both countries, we implement a typology of policy instruments that can play a role in a transition to
a low-carbon economy developed as part of the H2020 INNOPATHS project. We find that while the
U.K. government relied on a wide range of policy tools, including auctions, tradable green certificates
(TGC), feed-in tariffs (FITs) and various new energy R&D funding institutions and mechanisms among
others, the Spanish government relied almost entirely on production-based subsidy instruments. We
characterise the UK approach to energy innovation policy as ‘holistic and experimental’ and the Spanish
approach as ‘deployment-focussed’. To analyse the outcomes in renewable energy in both countries, we
use an indicator-based methodology that considers technology, environmental, competitiveness, and
socio-economic issues, with a particular focus on technology innovation outcomes. We find that, the
combination of differences in the policies used, associated to the different geographic and industrial
contexts in both countries, have contributed to different outcomes in terms of installed capacity, mix
generation and patent portfolio among others. Overall, our analysis suggests that learning from history
in combination with an experimental approach to policy could shape the rate and direction of both, the
development and diffusion of energy technologies to better deliver societal goals.

Keywords: Renewable energy; support systems; innovation.

atalysing a transition to an electricity sector with a greater reliance on
renewable technologies in the European Union has become an important
policy goal for environmental, security, and competitiveness reasons. In particular,
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ensuring that the EU becomes a fertile ground for technology innovation in
energy industries and is able to capture a large share of a vast and expanding
global market is seen as a paramount goal by policy makers and the public.

Addressing environmental goals related to climate change has become an
important policy driver since the United Nations Framework Convention on
Climate Change was launched in 1992. The European Union has been active in
nudging and requiring Member States to take action. The EU has put in place
binding legislation in the form of the 2020 Package’ (EC, 2010), which consists
of three key targets to meet by 2020: a 20% cut in greenhouse gas emissions,
20% of energy across all sectors from renewables, and at least 20% of energy
savings when compared to 1990 levels. While some of the 2020 targets have
already been reached (for example, in 2015, the EU greenhouse gas emissions
were 22% below the 1990 level), the EU has proposed additional goals, this time
to 2030: at least 40% cuts in greenhouse gas emissions (from 1990 levels), a 27%
share for renewable energy (which is still under discussion), and an indicative
energy savings target of 27% (EC, 2016). And very recently, in January 2018, the
European Parliament approved by a large majority a more ambitious (although
not yet binding) target to have 35% of final energy consumption in the EU in
2030 from renewable energy sources.

It is generally believed, however, that these 2030 goals will be harder to meet and
there is widespread agreement that additional policies are needed to meet
and exceed these 2030 goals (EC, 2016). Within the European Union, Member
States differ in terms of their targets and/or of their policies to promote renewable
energy. In this analysis, we compare Spain and the United Kingdom. As we will
discuss in the article, the two countries differ in terms of their targets for renewable
energy and ‘renewable electricity’: while Spain’s government targets are aligned
with those mandated by the EC, the UK government targets are generally lower.'

A second driver to decarbonize EU electricity and transportation systems is the
perceived benefits of reducing energy dependence. According to Eurostat, in 2016
the European Union (EU-28) had an energy dependence of 53.6%. This average value

masks very significant differences among countries: e.g., Spain’s energy dependence

1 There are not yet bidding official targets by country regarding RE consumption by 2030.
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is approximately twice that of the UK (with 71.9% and 35.5%, respectively),
with this difference being mainly driven by the UK’s domestic primary energy
production of natural gas (although these resources are running out) (Exhibit 1).

A third and increasingly important driver of policies with the objective of
supporting a transition to a low-carbon economy, one relying much more
significantly on renewable electricity technologies, is economic competitiveness.
This focus of competitiveness in the energy sector is easy to understand given that
estimates from the International Energy Agency (IEA) expect that investment
in low-carbon energy technologies (including renewable power technologies)
under the Remap scenario may reach USD 29 trillions by 2050 (IEA, 2017), on
top of the USD 116 trillion under the reference (or business as usual) scenario.
Countries all over the world (including the Member States of the European
Union) are increasingly convinced that capturing part of this growing market is
crucial for the sustained growth of their economies.

Exhibit 1

a) 2015 CO2 emissions by sector* in (%) over total b) 2015 CO2 emissions by sector in KgCO2/per capita
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In this paper we focus on how both countries have tried to enable a transition
to a low-carbon electricity system. The focus on electrify comes because, at the
European level (EU-28), out of the total CO2 emissions coming from fossil fuel
combustion in 2015, 38.3% corresponded to electricity and heat production.
This sector represents 31.5% of total CO2 emissions in the UK and 32.9% in
Spain (see Exhibit 1).

Achieving the goals for the electricity system set by the EU and implicit
in international commitments, such as the 2015 Paris Agreement (United
Nations, 2016), will require a future electricity system with a greater reliance
on renewable energy sources; on technologies that facilitate the eflicient use
of energy in buildings, industry and transport; and on intelligent networks,
a greater use of hybrid and electric cars and enabling infrastructure. Other
technologies that allow reductions in CO2 emissions in the electricity
generation, such as carbon capture and storage are also likely to be necessary.
In this review, we focus on the policies shaping our ability to improve the
contribution of renewable power, including solar PV, concentrated solar
power, onshore and offshore wind, bioelectricity, hydro and ocean energy.
Importantly, we exclude from the analysis policies aimed at promoting other
sources of low-carbon power generation, most prominently, nuclear power,
given that the technical and political characteristics of this technology are
significantly different from others (including differences in public perception
across countries).

Exhibit 2 shows that between 2000 and 2016, Spain and the United Kingdom
made some progress towards reducing the fraction of net electricity generation
from combustion fuels (in light orange) from 63% in 2005 to 41% in 2016
in the case of Spain and from 77% to 63% in the case of the UK for the same
period. In addition, as previously mentioned, although some progress has been
made, it is time to take stock of what was learnt and what additional efforts
may bring about a larger increase in the contribution of renewables to electricity
generation (a faster rate of change).

In spite of the impressive cost reductions in the price of some renewable power

technologies over the past 5 years, particularly in solar PV and concentrated solar
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Exhibit 2
Net electricity generation 2016 by source Spain vs. United Kingdom*
(Percentage)
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Note: Total net electricity generation from Spain and from the UK reaches 264,351 GWh and 303,902
GWh respectively (Eurostat database).

Source: Own elaboration from Eurostat data.
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power but also (to a lesser extent) on onshore and offshore wind power (IRENA,
2018); policy makers at the national level are facing the challenge of providing cost-
effective support for renewable electricity to meet the various societal objectives
previously discussed, without locking-in prematurely particular technologies and
unfairly burdening those with the lowest incomes.

Generally, different countries have applied different types of policy instruments,
and, even when two countries use the same type of policy instrument, details in
its design and implementation can result in a wide range of financial incentives
for renewable power and a range of different outcomes across countries. To
stimulate demand for renewable power technologies, countries have used different
‘market pull’ or demand-side policies in the form of feed-in-tariffs, tradable green
certificates or auctions (Bunn ez 2/, 2014). Such market pull policies can spur cost
reductions through learning by doing or by using, enabling economies of scale,
induced research and development efforts, and the development of new business
models and the creation of feedbacks to technology developers (Menanteau et
al., 2003; Butler and Neuhoff, 2008; Del Rio, 2009). Often countries have
combined market pull policies with technology push support incentives such
as R&D tax credits or direct R&D support (Uyterlinde ez al., 2003; Del Rio
and Gual, 2004; among others). Popp (2010), Del Rio ez al., (2018), Jaffe et al.,
(2005) and Anadon ez al. (2014) argue that market pull policies and technology
push policies are complementary.

In addition to improving our understanding of the relationship between different
policies and innovation, technological, environmental, and socioeconomic
outcomes; the literature on the economics of innovation, innovation systems,
economic geography and entrepreneurial ecosystems has shed light on: (a) the
extent to which different demand-pull policies have locked in early generations of
renewable technologies (Hoppmann ez a/., 2013; Doblinger ez al., 2016; Nemet,
2009), (b) the extent to which policies have induced increases in private sector
investment in renewables R&D (Johnstone ez al., 2010; Lee ez al., 2009; among
others), and (c) the fact that technological and domestic characteristics shape a
country’s or region’s ability to develop an internationally competitive industry
(Binz and Anadon, 2018; Surana and Anadon, 2015; Choi and Anadon, 2014;
Huenteler ez al., 2016).
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In this paper, we draw on recent research, new data collection and analysis to
identify and categorize the set of policies that Spain and the United Kingdom have
put in place to promote a low-carbon transformation in the electricity sector to
meet the environment, security and competitiveness goals. This analysis is timely
and important for two reasons. First, as previously mentioned, there is agreement
that existing policies are not sufficient to meet EU and national goals (Robiou
et al. (2017), and states have discretion in terms of the policies they put in place
(Anadon, 2012). And second, governments in countries that hope to stimulate
renewable power, at least partly, to drive innovation and competitiveness, now
need to consider first, whether domestic industry formation is possible, and (if
s0), how much of a head start it could achieve before others (such as China)
either organically (like in the case of solar PV) (Binz and Anadon, 2018) or by
design (in the case of wind—(Surana and Anadon, 2015)) catch up.

The goals of the paper are thus three-fold. First, to provide an overview of the policies
and measures established in the demand and supply sides in Spain and the UK to
promote renewable energy generation. We do this implementing a typology of policy
instruments developed within the H2020 INNOPATHS project, thereby providing
a landscape of the policies and strategies followed by the different governments
since the early nineties. Second, to assess the relationship between key outcomes of
success and the policies by analysing a wide-range of criteria and indicators, with
a particular focus on the evolution of innovation and economic competitiveness
metrics. Third, we summarize the broader academic literature on the impact of
key policies to illuminate a discussion on how policy goals may evolve and what
additional policies may be necessary to meet and exceed domestic and EU goals.

The rest of the paper is structured as follows. Section 2 includes a classification of policy
instruments for the promotion of renewable electricity. Section 3 explains important
contextual details of the countries selected for the comparative case study analysis.
Section 4 outlines the methodology, including the classification of policies to stimulate
renewable energy development and deployment, the criteria and indicators used for the
evaluation, and the data sources. Section 5 presents the main findings grouping results
according to the following dimensions: a) environmental effectiveness, b) technological
effectiveness, c) cost-saving impacts, d) innovation incentives, c) socio-economic aspects.
In section 6 we discuss limitations, policy implications, and future research needs.
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Achieving reductions in GHG emissions requires the combination of technological,
behavioural and infrastructural changes with impacts in the short-, medium- and long-
term. It has been argued that policy instruments may be able to facilitate some of those
changes. Although there are some alternatives in the literature (see, Hood and Margetts,
2007; Linder and Peters, 1998), public policy instruments beyond the energy space
have traditionally been classified primarily in the following three categories according to
the design of the instrument (Borras and Edquist, 2013; Bruijn and Hufen, 1998; John,
2010; Rogge and Reichardt, 2016): regulatory instruments, economic instruments and
soft instruments. Applied to the electricity sector, this high-level classification adapted
from work in the H2020 INNOPATHS project’ allows us to categorize a range of
policy instruments according to their design, as shown in Table 1. This classification
complements the market pull vs. technology push classification introduced above, which
focusses on the primary goal of the policy. In section 6, we discuss how this analysis of
instrument design intersects with the analysis of the main focus of the instrument.

Table 1

Codes, standard and mandates

Obligation schemes or quotas: RE obligation schemes and carbon

Regulation .2 .
emission reduction targets

Other regulation: e.g. net metering

Direct investment: R&D funding

Fiscal and financial incentives: Instruments for the promotion of
Economic and renewable energy diffusion and cogeneration (FITs, Auctions, Grants
financial instruments  and Subsidies), carbon taxes or exemptions, loans or user charges

Market based instruments: GHG emissions allowances system, Green
certificates

Informational (or soft) Information campaigns
instruments Voluntary approaches (e.g., industry pledges)

2 http://www.innopaths.eu/
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The promotion of renewable electricity has traditionally relied on economic and
financial instruments, specifically three main instruments: feed-in tariffs (FITs),
quotas with tradable green certificates (TGCs) and auctions or tendering schemes
since the early nineties in Europe (See among others Del Rio and Gual, 2007;
IEA, 2008). In the United States, production and investment tax credits (other

types of economic incentives) have been the main policy of choice at the federal
level (Aldy ez al., 2018).

Economic instruments in the form of direct investments in R&D have been used
by both countries at different level and with different results.

For completeness, the supplementary information (Table A.1) includes a brief
description of each of the different policy instruments included in Table 1.

We now describe the policy framework and instruments used by Spain and
the UK since the early 1990s to promote renewable energy generation to meet
environmental, competitiveness and security goals by applying the typology
introduced in section 2. We choose these two countries because they are the
only two major economies in Europe’ that are expected to remain below the
10% electricity interconnection target in 2020 (EC, 2017). This situation will be
specially challenging for the UK in the following years. The Commons” Energy
and Climate Change Committee (2016) has warned that a hard Brexit may leave
the UK in an exposed gas situation and has urged to find proper alternatives for
electricity generation.

In addition, governments in both countries have stated publicly that they are
crucially interested in promoting domestic innovation and competitiveness,

3 'The UK are in the second position and Spain in the sixth in terms of nominal GDP in billion USD.
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with different levels of activity, with the UK recently releasing a major Industrial
Strategy initiative, which has energy at its core, partly spurred by concerns about
the impact of Brexit (Pye ez al., 2017; Pollit, 2017; EPTT, 2017).

As we will show in our analysis in section 5.2., in spite of the various similarities
between the countries regarding the gradual progress in the diffusion of renewables,
the low level of interconnection, the relatively similar size of their economies
(when compared to other much smaller EU countries), and their current focus
on limiting the negative impacts of the low-carbon electricity transition for the
poorest in society; the two countries have followed very different approaches to
the promotion of renewable power. We will show that Spain’s approach until
2012 can be characterized as a “deployment driven” approach, with an almost
single reliance on very generous Feed-in-tariffs (FITs), while the UK relied on
a more “holistic and experimental” approach focused on different parts of the
innovation system. Having said this, over the past few years (since 2010), the UK
has initiated a convergence towards production subsidisation moving closer to
the Spanish approach for deployment but using a different instrument (auctions),

while maintaining a lot of activity on various models for supporting energy
R&D directly.

Since the publication of the Law of the Electricity Sector and up to the
implementation of the Royal Decree (RD) 661/2007, the regulation of the Spanish
Electricity system has been limited to adjusting the levels of support in feed-in-
tariffs for different types of renewables to provide certainty to investors interested
in the electricity system. Until 2008, Spain was considered one of the most
successful countries in terms of its ability to spur the deployment of renewable
power technologies without considerations of cost-effectiveness (Del Rio, 2008).
After 2008, the combination of the high levels of support of Royal Decree RD
661/2007, solar PV prices falling faster than expected, and the availability of land
after the construction sector collapse (Del Rio and Mir-Artigues, 2012) caused
an exponential increase in the installed capacity of photovoltaic solar energy. This
fast increase in solar power installation contributed to an escalation in electricity
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system costs that have been reflected in the electricity bill of consumers and firms
(De la Hoz et al., 2014).

The 2009-2010 financial crisis and the overcapacity of the power generation
system* combined with decreasing demand, have led the Spanish government
to make relatively frequent legislative amendments to the feed-in-tariff system
that held back the deployment of renewable technologies when compared to
previous years. The regulatory risk creates uncertainty and volatility for investors
and it can jeopardize the achievement of Spanish objectives for renewable
generation established for 2020, including the goal to deploy 7250 MW of
solar PV installed capacity (current installed capacity does not reach 4900
MW) (REN21, 2017).

The publication of the RD 1578/2008 in 2008 marked a shift in Spain towards
designing policy instruments for renewable power generation to control public
expenditure moving to different types of economic instruments from FiTs to the
current scheme based in Auctions.

A new shift took place on June 6, 2014, when the RD 413/2014 framework
established a new remuneration system by which, in addition to the wholesale
market price, the renewable generator (the one with the right to receive a FIT
on July 14, 2013) receives a payment called “Specific Remuneration Regime”,
based on the reasonable economic profitability’ of a reference installation, and
no longer for each kWh of electricity produced®.

The last policy shift was to establish a new support scheme for renewable sources
based on auctions (More detail can be found in the supplementary information-

Appendix 2).

4 'The power installed at the peninsular level as of December 2016 was 100,059 MW, -0.9% lower
than in 2015. The maximum instantaneous power for the same year was 40,489 MW (REE, 2016).

5 Royal Decree 413/2014 establishes that reasonable profitability in the level to the profitability before
taxes of the average return on investment of the State Bonds to ten years in the secondary market of the
24 months prior to the month of May of the previous year plus a differential.

6 Some organisations and companies (Enel Green Power, APPA, among others) are taking the
RD413/2014 to trial the aforementioned Royal Decree 413/2014 because they consider it violates
the principle of non-retroactivity.
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In summary, since 1990, Spain has relied on feed-in-tariffs as the main instrument
to promote the use of renewable energy sources for electricity generation until
2012. Indeed, although the FIT/FIPs framework has been amended several times,
the same type of economic instrument (see Table 1) remained in place for fifteen
years. The change, driven by the financial crisis, overcapacity, falling demand, and
the falling costs of renewables, has led to the introduction of policies that could
lead to limiting cost for consumers. Incidentally, limiting the cost to consumers,
and particularly those with less ability to pay, has also become a focus of UK
renewable power policy, as outlined by the Helm (2017) review.

In section 5 we describe the evolution of various outcomes related to renewable
power in Spain.

The UK has followed a very different pathway to promote renewable power
generation. While FITs or FITPs were the only instrument used in Spain for
the promotion of all types of renewable energy sources for most of the period
between 1990 and 2016, the UK government has relied on several schemes to
provide financial support to different sources of renewable power. Currently, the
UK support system includes a combination of FITs, Contracts for Differences
(FIPs), quota systems with obligations and tradable green certificates and tax
mechanisms’.

Before the privatization of the British electricity sector in 1989, the UK renewable
energy policy consisted of R&D programmes and in demonstration projects
since 1970 (Mitchell, 1995). In contrast to the Spanish approach from the late
1990s relying on FITs and Feed in Premiums (FIPs), since the early 1990s the
UK designed a tendering scheme called the Non-Fossil Fuel Obligation (NFFO)
established as part of the 1989 Electricity Act. Under this scheme, electricity

7 It is worth mentioned that in April 2013, the UK adopted a tax on fossil fuels used to generate
electricity. This tax modified the previous Climate Change Levy (CCL). The renew tax applies carbon
price support (CPS) rates of CCL to gas, solid fuels, and liquefied petroleum gas (LPG) used in
electricity. The tax amounts USD 15.75 per tCO2e (2014). There are no carbon taxes applied in the
Spanish territory (World Bank, 2016).
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supply companies had to generate a specific amount of new capacity from non-
fossil sources, so the policy falls in the category of regulatory instrument in Table 1.
This support mechanism consisted of competitive orders to cover specific
technologies® for which renewable power developers concurred to an auction
specifying the energy price to develop a project (Butler and Neuhoff, 2008).
Successful bidders received a premium price per kilowatt-hour of generation as
a result of the obligation of the regional electricity companies (RECs) of buying
specific amounts of electricity generated from non-fossil sources (nuclear and
renewable source), so it combined a regulatory and an economic instrument. The
cost of the policy was assumed by electricity consumers who paid the difference
between the premium price and the average monthly pool-purchasing price
through their bills under the Non-Fossil Fuel Levy (Mitchell, 1995), effectively
in place from April 2001. The NFFO policy went through five NFFO orders
that resulted in 794 NFFO contracted projects with a capacity of 3271.106 MW,
although as we will see in section 5, little of this capacity was actually built

(NFFO FS11, 2005).

The NFFO scheme based on tenders was effectively replaced by the Renewable
Obligation scheme (RO) in 2002.” As part of the Utilities Act 2000, the RO was
proposed as a key policy for the UK to meet the targets for renewable electricity
supply. The RO scheme became one of the main mechanisms supporting the
deployment of large renewable electricity projects in the UK until 2013. Under
the RO scheme, electricity suppliers had to prove that a specific percentage of the
electricity sold to final consumers had been generated using renewable sources. The
accreditation took place with the acquisition of Renewable Obligation Certificates
(ROC:s), which were green certificates that could be traded among the utilities to
comply with their obligations. The corresponding obligation was set at 3% of the
generation in 2002/2003 increasing up to 15.4 % by 2015 (Butler and Neuhoff,
2008). There was a buy-out penalty system for those companies that would not
comply with the obligation. The RO obligation system was born with the main

goal of reaching a 10% of renewable generation out of all electricity by 2010
(Anandarajah and Strachan, 2010). In 2009, the Renewable Obligation Order

8 Capacity level for different technology bands was established by the Department of Trade and
Industry (Butler and Neuhoff, 2008).

9 In 2005 in Northern Ireland.
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2009 No. 785 revoked and replaced the previous Renewable Obligation
Order with more generous economic incentives with the main goal of generating
a greater and faster deployment of renewable in the UK. The RO framework has
been amended several times; however, the type of instrument used remained in
place during more than a decade until 2013.

However, neither the NFFO nor the RO delivered deployment at the projected levels.
Indeed, in 2010 the share of renewable energy in total electricity generation'® was
a4.7% far from the initial 10% target''. The Department of Energy and Climate
Change (DECC) (which was merged into the Department of Business, Energy
Innovation and Skills, BEIS, in 2016) acknowledged that UK policy goals had
not been met (DECC, 2009).

In 2009 (before the RO scheme was discontinued, under the mandatory EU
Directive 2009/28/EC) the UK, as well as the other Member States submitted
to the European Commission its National Renewable Action Plan establishing
internal renewable energy country targets. As previously indicated, the UK
committed to a share of 15% of final energy coming from renewable sources
by 2020s. Among the projected policy measures that would allow the UK to
achieve the targets, the British Government supported a range of economic
policy instruments spanning the market pull, technology push spectrum
of goals, including: the continuation of the RO policy, the establishment of
a FIT system for smaller scale generators, and increased cooperation with
the European Investment Bank and the Green Investment Bank for capital

funding provision, and growing and more stable support to R&D in key
sectors (IEA, 2014).

It is interesting to compare the policy approaches used by Spain and the
United Kingdom over time. While in 2005, Spain and the UK invested
both 0.053 monetary units per 1000 units of GDP in energy research
development and demonstration, according to data collected by the IEA,
over time the UK has relied more significantly both in terms of funding and
institutional innovation on technology push policies. The largest difference

10 Without taking biomass nor waste into consideration.

11 Data have been extracted from Eurostat databases.
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in terms of funding for direct R&D as a fraction of GDP was observed in
2010, when the UK had a public energy research and development budget
twice as large as that of the Spanish one when normalizing by the size of
the economy. Although the economic crisis affected both economies and it
resulted in lower funding (Chan ez /., 2017), the UK tried to keep more
or less stable a certain level of investment, while the public energy research
and development budget in Spain fell dramatically from 2011 to 2013 by a
factor of four (Exhibit 3).

Unlike the UK, which has created a plethora of technology push institutions to
fund and support energy research, development and demonstration since 2000
(see the exhibit 5 for an overview of the new public institutions in the space,
which are mainly, but not only, focussed on renewable electricity), funding from
the Spanish government has fallen and, to the best of our knowledge, there
have been no new public institutions created to advance energy R&D either

by conducting it or funding it in different ways except for a small and slightly
different R&D funding effort.

Exhibit 3
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Energy R&D expenditures in both countries have increased their focus largely on
renewable technologies over time. However, as previously mentioned, in Spain,
in particular energy R&D investments plummeted after 2011 due to the crisis

(See exhibits 3 and 4). In the UK the drop happened in 2010. In addition to

Exhibit 4
Spain
250 -
225 -
&
9 200 4
S
£ 1754
8
2~ 1504
)
oS 125 |
=S
ERS I
g 75 - =
© s0- ' .
5 =i ot
OrT—T—T T 1T 1T 1T 1T 1 T 1T T T 1T T T T T T T T T T T 11
O =~ N MY N WON®OAND AN MY WNAYN OO~ N O N
A AN A AN A A A AN AN AT = = R i R e e s A e S s B s
R R N N N N N N N S = G S I = = G R R = i R e R R IR =
B T R e I IS IS R I S B S IR ST S B U A TR S SR SR SR SR SRR
Solar ®Wind mMarine mBiofuels © Geothermal mHydro mOther renewables mUnallocated
United Kingdom
250
225 -
&
2 200
g
_§175-
>\"150'
© S 1254
ERS I
5 = 100
s
(%}
a, 75
% e g
2 258 1 ler. . i=-'i.
Ofr—Tr 1 11 1T 1 1 1 1 T T T T T T T T T T T T T T T T
O~ AN O Y N WO N 0N = AN NN OO ~ N MY N D
RN A =R == - B === =R T R B R
SN AN S SOSSSSSSS o000 0o o
e e I e e - B S B S R BRI ST S AR ST S B TR ST R SR S IR SIS
Solar ®Wind mMarine mBiofuels © Geothermal mHydro mOther renewables mUnallocated
Papeles de Ne5

Junio 2018



Cristina Pefiasco and Laura Diaz Anadén

higher levels of investment, there has been a focus on the development of new
institutions to harness innovation, as shown in Exhibit 5.

The year 2013 marked the shift away from the RO policy in the UK, with the
Energy Act of 2013. This Act replaced the RO policy by a Contract for difference
(CID). The CfD, effective from October 2014, provides a premium payment
for renewable electricity generated by large-scale projects not covered by the FIT
system, paid on top of the wholesale market price up to a limit called “strike
price”. If the market price is higher, the generator must pay back the difference.
Lastly, although we have previously mentioned the existence of a carbon tax in
UK, it is worth noting that the UK Electricity Market Reform introduced with

the Energy Act 2013 expects an increase in the carbon price floor to 30£ per
CO2 tonne by 2020

As we will show in section 5.2, the changes in the policy in the last few years have
spurred an exponential increase in the UK renewable energy installed capacity.
However, as we will see in section 5.5, consumers are seeing significant increases
in their electricity bills, with policy makers and researchers putting most of the
blame on renewable energy support schemes (Johnstone ez al., 2017).

Exhibit 5 summarizes the chronology of support mechanisms and research
institutions for renewable electricity generation in both countries. The top of
the exhibit includes renewable electricity policies in the UK, while the bottom
includes the instruments in Spain. The common (EU level) carbon tax instrument
separates policy instruments by goal, into technology push (at the top, above the

section for EU ETS) and pull (below the section on EU ETS), while the coloring
of the boxes indicate the type of instrument used using the Typology in Table 1.

In the next section we lay out the criteria used to determine the extent to which
the policy mixes (Rogge and Reichardt, 2016; Rogge ez a/., 2017) used in the UK
and Spain are helping them achieve their various policy objectives. In order to do
this, in section 4.1 we lay out the range of criteria used to determine the impact
of the policy mixes in both countries.

12 However, in Budget 2016 the price floor was frozen in 18/tCO2 from 2016 to 2021 to limit
potential competitive disadvantage by business and to reduce energy bills for consumers (Hirst, 2018).
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Having analysed the renewable electricity policy instruments deployed by
both countries over time, we now explain the data we use for measuring
outcomes.

As discussed in the introduction, governments have many overlapping societal
goals with their renewable energy policies. Improving cost-effectiveness,
including the internalization of social costs (e.g., the health costs from air pollution
or the harms induced by GHG emissions), and having policies that do not
disproportionately harm the worst off are important goals. But there are additional
policy goals that are relevant to the transition to a low-carbon economy that go
beyond internalizing environmental externalities, cost-effectiveness, and fairness.
For example, public policy could also have as a goal mitigating the uncertainty
about both costs and benefits in economic and environmental terms of energy
technologies, and incentivizing international industrial competitiveness and new
employment opportunities.

To reflect the range of outcomes and indicators that are being used to both
motivate policies and evaluate their impact, we develop an indicator-based
approach, which has as a side benefit the fact that indicator approaches
are widely used by international organisations (Mundaca ez al, 2016) to
understand the country-level landscape in particular areas. Of course,
evaluating renewable power policies based on a range of criteria and
indicators is not new in the literature. Previous attempts to create a set of
indicators include Gallagher ez 4/. (20006), Gallagher ez 2/. (2011), Wilson ez
al. (2012), Konidari and Mavrakis (2007) or Sonnenschein (2017) among
others. We build on previous efforts by creating a short list of indicators
along a set of policy goals and implement this short list of indicators in
our country case studies to provide a comparison of the evolution in the
indicators since 2000.
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The EU Commission has provided a set of guidelines for assessing different
regulations that can be summarized in five criteria: effectiveness, efficiency,
coherence, relevance and EU-added value'?, and different authors have used a
variety of different terms to refer to similar criteria (e.g., Konidari and Mavrakis,
2007). We combine the EU’s high-level criteria, with work on innovation
systems (which states that the evaluation of policy instruments for catalysing
a transition to a low-carbon economy needs to consider that policies affect
the whole socio-technical system (Neij and Astrand, 2006)) and the public
management and policy literatures, which further evaluate policies based on
more granular indicators that are in turn classified into inputs, outputs and/or
outcome-impact indicators. The analysis of renewable power outcomes in
both countries draws on research from the H2020 INNOPATHS project by
selecting a sample of outcome indicators. Although the focus is on outcome
indicators and on innovation, in some selected cases (e.g., technology impacts),
we include an analysis of output indicators (e.g. patents) due to the lack of

availability of data on broader outcomes.

Table 2 groups indicators into a modified version of the EU criteria for
evaluating policies resulting in six high-level criteria that also reflect
insights from the innovation systems and the public management literature.
These six high-level criteria are environmental effectiveness, technological
effectiveness, cost-saving impacts, innovation, competitiveness and socio-
economic impacts. While innovation and competitiveness are clearly
related, we separate these two criteria since the former is usually measured
with output indicators and the latter with outcome indicators. We also
separate innovation since that is an area of focus for this analysis. The
supplementary information includes a definition of the different criteria

(Appendix 3).

13 The EU has designed a set of guidelines or ‘high level criteria’ for assessing policy interventions:
Effectiveness, efficiency, coherence, relevance and EU-added value. However, because these are high
level criteria different authors have used a variety of terms to refer to the same criteria (Konidari and
Mavrakis, 2007). An overview of the types of criteria used to evaluate policy instruments in both policy
documents and academic papers is collected in Appendix.
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Table 2

Criteria

Environmental
effectiveness

Technological

effectiveness

Cost-saving
impacts

Innovation

Competitiveness

Socio-economic
impacts

Outcome/Output

1. GHG emission reduction and
distance to targets

2. CO2 intensity of the power
sector

1. Installed capacity of RE and

distance to targets

2. Electricity generated with RE

1. Support costs of generation RE

2. Differences in the financing
schemes of installed capacity

1. Cost reductions
and learning rates

2. R&D investments
3. Patents
1. Net job creation

1. Variation in the price paid for

electricity (households)

Specification

MtonnesCO2eg-Index
(1990=100)

GHG emission intensity of
energy consumption, gCO2eq/
KWh- Index (2000=100)

Carbon intensities of electricity

(gCO2eq/Kwh)

Cumulative installed capacity
MW and (%)

Generation EC effectiveness
indicator

Cost in €/ MWh of supported
electricity

Type of financing scheme and
entity (projects, loans, equity)

€/MW

Mill € 2016 and R&D
expenditures by each 1000
monetary units of GDP

Patent applications to the EPO
by applicant country and priority
date by technology in RE

Number of jobs

€/Kwh

Data Source

Eurostat database

Wigand ez al. 2016

IRENA database

Own elaboration from
IRENA database and
NREAPs

Council of European

Regulators (CEER)

IRENA database

IRENA database

IEA database

OECD database

IRENA database and
Ortega ez al. (2015)

Eurostat database

Sources: Own elaboration informed by previous categorisation (EC, 2015; GGKEP, 2013; IPCC, 2007;
IRENA, 2014; Konidari and Mavrakis, 2007).
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The data used to evaluate the extent to which the policy mixes used in the two
countries were moving them closer to their policy goals were collected from a
variety of sources. We obtained indicators from Eurostat, the OECD statistic
databases, the International Energy Agency, IRENA data and statistics, and
the Council of European Energy Regulators. We also reviewed the academic
literature and reports from international and national organisations on energy
and green economy indicators. See table 2 for more detailed information about
the data sources.

Environmental effectiveness is defined as the extent to which a policy
instrument meets its proposed environmental objective or realizes positive
environmental outcomes (IPCC, 2007). There is scarce literature analysing
the environmental effectiveness of the instruments for the promotion of
renewable energy deployment (Thapar ez 4/, 2016). The literature available
generally mentions that, in Europe, renewable support policies do not achieve
further CO2 emissions reductions, but they generate higher compliance with
the CO2 targets than would be the case in their absence (Frondel ez /., 2010;
Del Rio and Cerd4, 2017).

In 2015, the last year for which data is available, Spain emitted 335.56 M Tonnes
CO2 eq', 19% more than in 1990. However, using 2005 as the starting point
Spain reduced its GHG emissions by 24%. In the case of the UK, total GHG
emissions in 2015 were predictably higher (given the larger population and
economy), 503.50 MTonnes CO2eq. However, compared to 1990 emissions

14 Data come from Eurostat database. They represent GHG emissions from all sectors excluding
LULUCEF and memo items.
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fell by more than 30% (Exhibit 6) due, to a large extent, to a shift from coal to
natural gas (Wilson and Staffel, 2018).

Exhibit 6 suggests that, unlike the UK, which is on track to meet its 2020 goal,
Spain is not likely to meet its 2020 targets through domestic emissions reductions.
According to the Committee on Climate Change in the UK (CCC), the country
was 42% below 1990 levels in 2016. However, in spite of recent successes to
meet the 2020 goals, the UK’s ability to meet the carbon budgets in the period
from 2023 to 2027 is under question.

Exhibit 6
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The carbon intensity of electricity can be defined as the GHG emissions
generated in the production of a certain amount of electricity. Exhibit 7 indicates
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Exhibit 7
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that in the EU, starting in 2000, there has been quite a bit of convergence in
terms of the evolution (relative change) of the carbon intensity of the power
sector. The Exhibit also shows that the impact of the economic crisis was higher
in Spain.

In addition to the convergence in the rate of decrease of the carbon intensity of
power generation since the year 2000, in 2015 the carbon intensity of power
in Spain was similar to that in the UK (between 290 and 310 g CO2eq/kWh).
Last available data from Spain in 2015 show on average a carbon intensity of the
power sector of 294 g CO2eq/kWh. Note that the UK carbon intensity of power
generation experience a rapid decline of 47% in 5 years to 2016, largely due to
carbon pricing in 2015, which enabled a rapid fuel switch from coal to natural gas.
Having said that, some of the previous policies provided the enabling conditions
and investment in generation and infrastructure to allow the switch, including
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the Climate Change Act of 2008 and the Electricity Market Report 2013 (Wilson
and Staffel, 2018). Additional information about the evolution of environmental
effectiveness using other metrics can be found in the Supplementary Information

(Appendix 4).

Technological effectiveness is understood in the IPCC (2007) as the extent
to which policies are resulting in actual increases in the amount of renewable
electricity generated or share of renewable energy over the total supply
(IRENA, 2014). Perhaps more than any other indicator, the literature on
renewable power policy instruments has focused on measuring technological
effectiveness (Menanteau ez /., 2003; Butler and Neuhoft, 2008; Popp ez 4/,
2011; Del Rio and Linares, 2014; Choi and Anadon, 2014; Schallenberg-
Rodriguez, 2017; among others). There is consensus in this research that
deployment subsidies have been effective from a technological (deployment)
point of view. Moreover, these papers indicate that FITs, as implemented
since the late 1990s and early 2000s, have been the most effective instrument
in promoting RE deployment.

For the particular case of the UK, several articles have compared the British
TGC and ROC system with FITs in Germany, showing that the British policy
instruments have not stimulated the expected level of deployment and have
thus been less effective in stimulating technology deployment when compared
to FITs (Lipp, 2007; Butler and Neuhoff, 2008; Mitchel ez /., 2006; Wood and
Dow, 2011).

One of the most common indicators used to measure technological effectiveness
is installed renewable power capacity, even though the indicator has important
limitations". One reason for its popularity is that it is the simplest indicator and

15 For a full explanation of the limitations see IRENA (2014).
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data on installed capacity is readily available. The other two common indicators
in the technological effectiveness category are renewable electricity generated, or
the share of renewable electricity generated (IRENA, 2014). It is important to
note that these three indicators do not indicate the cost or cost-effectiveness of
achieving such RE deployment.

Exhibit 8 shows the evolution of the installed capacity of renewable energy
by technology as well as the evolution of the shares of electricity capacity by
technology in Spain and the UK between 2000 and 2016. The main differences
between the countries are that bioelectricity and offshore wind play more
important roles in the UK, while wind has been, to date, is the most significant
non-hydro renewable in Spain. In addition, while renewable energy capacity in
Spain installed after the crisis was stagnant because of the removal of support
from FITs, it continued increasing in the UK. Additional exhibits can be found
in the Supplementary Information-Appendix 5.

Exhibit 8
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Exhibit 8 (continued)
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The European Commission (EC) has a more elaborate technology effectiveness
indicator defined as the electricity delivered by a specific renewable energy
technology in GWh compared to the potential of the country for each technology
(EC, 2005). This indicator measures de additional generation achieved by
a technology in a given year as a percentage of the total additional realisable
potential by 2020.

We have calculated the EC effectiveness indicators for key technologies in UK
and in Spain using the binding 2020 targets provided by the British and Spanish
Government in their National Renewable Energy Action Plans (NREAPs) . The
calculation of the EC effectiveness indicator by policy scheme, technology and

16 See https://ec.europa.cu/energy/en/topics/renewable-energy/national-action-plans
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country shows that effectiveness, measured in this way, has varied widely under
different schemes (See the analysis in the supplementary information-Appendix 5).
In general, our analysis of this metric confirms that neither auctions under the
NFFO scheme nor TGC were able to trigger installed capacity, and it was not
until the introduction of FITs in the UK in 2010 that the policy instruments to
support renewable energy deployment have been effective. The only exception
was the Utilities Act 2000, which included renewable obligations and TGC and
resulted in significant increases in technology deployment for bioenergy.

In this section, we assess the expenditures dedicated to promoting renewable
energy through the national support schemes by technology and in an aggregate
way for the UK and Spain, on a comparable basis. Information and analysis are
based on data from the Council of European Energy Regulators.

Although the policy approaches in both countries have been historically very different
(as discussed in Section 2), the UK and Spain have relied on economic and financial
instruments funded through non-tax levies and passing down the RES costs
to the end users through the electricity bills. In 2015, Spain produced 54 714
GWh under support schemes and the UK 73 316 GWh. In 2014, the percentage
of electricity generated that received RES support represented 20.9% of the
gross electricity generation in Spain and 16.8% in the UK (CEER, 2017). Given
the large share of electricity that is supported by different incentives, these costs are

not negligible.

Exhibit 9 shows the evolution of unitary support levels (cost per MWh of
supported electricity) by the main renewable technologies from 2009 to 2015
in Spain and the UK". There are significant differences across technologies and
between both countries. We also see that the level of support in euros per MWh
has been relatively volatile over time.

17 We remit the reader to the previous sections to see which instruments were in place in the UK and
in Spain from 2009 to 2015.
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Exhibit 9

Comparison between cumulative installed capacity (MW) and Unitary
support level (E/MWh) by technology in Spain
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With the exception of the support for hydropower, in Spain there has been a
gradual decrease of support since the publication of the RD 1/2012 that suppressed
the support for new capacity (Exhibit 9). A completely different pattern emerges
when analysing the UK case. The UK has intensified its level of support in the
last few years (Exhibit 10). This may be the main reason why, from 2009, there
are no statistically significant differences in the unitary level of support between
Spain and the UK. However, it must be highlighted that this analysis only includes
relatively recent changes in the support. Previous research indicates that, in the
past, differences in the level of support across the two countries were significant.

Exhibit 10
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Exhibit 10 (continued)
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Exhibit 11 shows the relationship between total cumulative capacity in MW and the
level of support in €/MWh from 2009 to 2015 comparing both countries, 7.e. the UK
and Spain. As expected, there is a positive correlation between the level of deployment
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and the unitary level of support to renewable technologies: the greater deployment in
Spain was mainly due to the much larger size of the financial deployment incentive,
on average, 32% greater in 2010 and 17% greater in 2015 in comparison to the United
Kingdom.

From these graphs, we can extract as well that the increase in the installed capacity
in the UK has experienced a steeper slope than the Spanish one. This increase may
be partly due to a higher increase as well in the level of support in the last years.

REN21 (2017) reports a total investment in renewable power capacity in Europe
of approximately USD 60 billion in 2016. This represents an increase of 3%
when compared to 2015. Interestingly, this increase is mainly attributable to
important investments in offshore wind energy, where the UK has become
a leader in terms of attracting funds for deployment. In 2015 and 2016
United Kingdom has seen the largest amount of finance for renewable power
within the EU-28, with around USD 24 billion funded mainly through asset

finance.

Of the total investment in renewables in Spain in 2015 and 2016, some projects
were funded by loans from the European Investment Bank (EIB). According to
the IRENA database'® in Spain there were 13 projects from 2009 up to 2016
(2 built in 2015 and another 2 2016), and all of them were financed by EIB loans.
Out of the 13 projects, 7 of them are solar plants, 2 are wind plants, and there is
one for bionenergy, one for hydropower and two for other renewables. In total
2.3 USD billion have been financed through these instruments in Spain. The UK
has its own public green bank and has relied to a lesser extent on the EIB. Additional
information can be found in Appendix 7 of the Supplementary Information.

Grubler and Wilson (2014) define energy technology innovation, as innovation
in material and knowledge combined in some novel application, involving

18 http://resourceirena.irena.org/gateway/dashboard/?topic=6&subTopic=8
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energy conversion and/or the provision of a useful energy service. The analysis of
innovation effects of RES-E support schemes is a very relevant topic, as innovation
is expected to play an important role in lowering the cost of renewable energy
sources (Fischer and Newell, 2008) and some countries make explicit the fact
that one of the main objectives of their RES-E support schemes is to effectively
improve and reduce the cost of the technologies (BMU, 2008).

However, the importance of different policy instruments may vary across the
innovation process, as technologies become more mature and cost competitive.
The literature suggests that FITs may be more appropriate to incentivize innovation
in the form of cost reductions for more immature technologies and TGC for mature
ones (Del Rio and Pefiasco, 2014; IEA, 2008; Midtum and Gautesen, 2007). Del
Rio and Pefasco (2014), based on a review of the empirical literature, compared
innovation effects of different RES-E support instruments taking into account
a range of innovation dimensions including technological diversity; research,
development and demonstration (RD&D) investments; learning effects and
technological competition. The authors conclude that more research is needed to
attribute any causal relationships between deployment policies and those metrics.

Here we focus innovation outcomes on learning effects (outcomes), R&D
investments (inputs) and on the impact that support can generate over patent
applications (outputs) in renewable energy technologies.

Research has found large and statistically significant correlations between
deployment and decreases in costs through a range of processes that are sometimes
aggregated under the term of learning by doing. Since, as we have mentioned
previously, FITs are considered to be generally effective at increasing renewable
capacity in the European context (Menanteau et al., 2003; Meyer, 2003; Gan et
al., 2007; Lipp, 2007; IEA, 2008, Ragwitz ez al., 2007, among others), there is
consensus that they induce some cost reductions through learning by doing and
other simultaneous processes, such as economies of scale and feedbacks to R&D.
Most of this research has studied the evolution of wind and solar technologies in
countries with FITs like Germany or Denmark (Papineau, 2006; Soderholm and
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Klassen, 2007), but there is also some research specific on Spain: using learning
curves, Del Rio and Gual (2007) found a positive and large relationship between
FITs and cost reductions through learning by doing,.

There has also been work comparing different deployment instruments.
Menanteau et al. (2003) compared the innovation incentives generated by
different instruments, z.e. FITs in Germany vs. Auctions (NFFO) in the UK
and found that technological learning effects for manufacturing are greater in
countries with FITs that in countries with bid systems because the reduced margins
in bidding systems limits the R&D investment capability of manufacturers and
suppliers. However, they attribute the reductions not to learning by doing in
manufacturing, but to improved economies of scale and wind site selection.
Although research on learning rates has emphasized that FITs have been more
effective in Europe than TGCs (IEA, 2008), the last CfD auction in the UK got
the second contract for awarded over 3GW of wind offshore at the low price of
£57.50/MWh to be delivered in 2022-2023 undercutting 2015 prices by half,
suggesting that the auction had facilitated learning by doing and economies of
scale in offshore generation.

Wigand et al. (2016), from a complete case study analysis from twelve countries
do not find conclusive results regarding the role played by auctions neither in
terms of innovation incentives nor dynamic efficiency understood as the long-
term reduction of costs.

While the extent to which deployment incentives have contributed to the cost
reductions we have seen over time in wind onshore and residential solar PV is not
settled, there is some agreement that deployment incentives have contributed to
some of the cost reductions in the most mature renewable energy technologies.

Onshore wind costs have come down significantly in recent years (See
Supplementary Information- Appendix 6 for more information). Spain presents
the highest reduction in onshore wind installed costs (€/MW) between 1990
and 2016 out of the EU-28 countries, according to IRENA (2018), with a 52%
reduction in installed costs, when compared to a 30% reduction in the UK during

the same period. Regarding the levelized cost of electricity (LCOE) (See exhibits
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in the supplementary information- Appendix 6), from 2010 to 2016, onshore
wind LCOE has decreased by 48%, while LCOE in the UK only went down
by 10% during the same period. Capacity factors, another proxy for technology
improvement, went up in both countries to 16% in Spain and 11% in the UK
during the same period (IRENA, 2018). The extent to which the differences
in capacity factors can be explained by better resources, better operations and
maintenance, better siting, or turbine choice could be determined using an
approach such as the one developed by Huenteler ez 2/ (2018).

So far we have discussed R&D investments as an input (as a policy) created to
spur innovation and competitiveness in renewable power. In this section we focus
on what we know regarding the extent to which R&D investments, particularly
in the private sector, can be induced as a result of both deployment policies
and (to a lesser extent) public R&D funding. Rogge ez /. (2011) showed for
Germany that the greater effectiveness of FITs in increasing the diffusion of the
technology might positively influence R&D investments in firms.

Literature on technological change in green technologies agree that market-based
policy instruments tend to be more effective than command and control policies.
There is agreement in regards that there are other factors which may influence the
aforementioned effect, 7.¢ technology type, market structure and policy stringency
(Groba and Breitschopf, 2013). In this line, Nesta ez 2/. (2018) find that previous
technological capabilities of the countries have an influence on green innovation.
The role of R&D investment in important in this real. The authors conclude that
in those countries with a level of competencies below the median, “neither market-
based nor command-and-control policies” are effective in promoting greener
technology options. Increasing specialisation in green technologies favours the
positive effect of environmental policies. In thissituation, market-based instruments
are discreetly effective in promoting green innovation while command and control
policies would decrease brown innovation. When the country is already a leader in
renewable energy technologies, market-based instruments are the ones allowing to
consolidate comparative advantage (Nesta ez a/., 2018)
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R&D expenditures seems relevant to promote green competencies. Wangler
(2012) finds that that public R&D expenditures are important for innovative
activities in orange technologies. We lead the reader to exhibit 13 to see the
correlation between R&D in Renewable Energy and the total number of patent
applications in RE and Non-Fossil Fuel sources in Spain and UK.

Additional information can be found in Appendix 8.

Patent analysis by Johnstone ez a/. (2010) concluded that FITs encouraged to
a larger extent RD&D investments in more immature, high cost technologies
like solar PV while TGCs encouraged to a greater extent RD&D investments
in more mature technologies like wind onshore. The same conclusion is
reached by other authors (see Verbruggen ez a/., 2009; Bergek and Jacobsson,
2010 or Jacobsson ez al., 2009) who show that producer surpluses from TGC
schemes are reinvested in mature technologies in those contexts where they
are the main support scheme for renewable energy diffusion like in Sweden,
Flanders or the UK. During the NFFO auctions in the UK, the fierce
competition kept surpluses to the minimum and therefore there were limited
availability of funds to reinvest in R&D (Lewis and Wiser, 2007). Lee et
al., 2009 concluded that countries with tendering have not been those with
greater or lower patents.

A summary of relevant literature of the relationship between different policies
and different innovation outcomes (mainly patenting) on different technologies

can be found in Table 3.

In Exhibit 12 we show differences in total patents of patent applications to the
EPO in climate change mitigation technologies (CCMT), between the UK
and Spain, but also differences in the rate of increase. The reduction in both
deployment and R&D incentives in Spain can be seen with relatively sharp
declines in renewable patenting in Spain, a shift that did not take place in the
UK. Given that the UK presents increases in patenting even during a time
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Table 3
Paper Policy = Outcome
FITs
TGC
R&D
Johnstone RO investments
et al. (2010) Taxes P
Voluntary atents
programmes
Choi and FITs
Anadon RPS Patents
(2014)

Lindman and FITs

Soderholm  Public R&D Patents

(2016) support

SR e Incentives to

Jacobsson TGC innovation

(2010) v
Qualitative

Jacobsson analysis

et al. (2009) TGe innovation
incentives

Impact Scope

FITs: (+) on R&D investments and

patents in immature, high cost techs,

e.g. PV. 28 countries (AT, AU, BE,
TGC: (+) on R&D investments and CA, CH, CZ, DE, DK, ES
patents in more mature technologies, FI, FR, GB, GR, HU, IE, IT,
JB KR, LU, NL, NO, NZ,
PL, PT, SE, SK, TR, US)
[1978-2003]

e.g. wind onshore. Tax measures
and voluntary programs are not
significant for any technology.
Obligations are only significant for
wind

14 countries (AU, AT, CA,
CH, FR, DE, IT, JB, KO,
NE, ES, SW, UK, US) [2001-
2009] Final database 13

countries excluding China

FITs: (+) for PV, contingent on the
prior existence of semiconductors
manufacturing sector, with the
exception of China. No effects of RPS

Both: (+) on patent applications in
wind power sector. Impact of public
R&D greater if established with

FITs. The impact of FITs become
deeper as the technologies are more
mature. R&D programs should not
be designed in isolation. 10% increase
in FIT levels is associated with a 3-4%
increase in wind power patents

4 Western European
countries [1977-2009]:
DK, ES, SE, DE

No Technological change incentives:
it cannot be expected to contribute to
technical change and cost reduction
more than in a marginal way

Sweden [2003-2008]

Results for the EU with a
focus on previous studies

in Flanders [2002-2010,
analysis: 2002-2007], UK
[2002-2020, analysis: 2002-
2006] and Sweden [2003-
2030, analysis: 2003-2007]

No impact. The TGC system is
throwing money at investors,
rewarding them with excess profits.
These have been associated with
investment in mature technologies,
but little money on real RES-E

innovations

Source: Own elaboration from literature review.
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in which there were ‘weak’ deployment policies, we can hypothesize that the
domestic institutions created in the UK from a technology push perspective
may have helped drive UK competitiveness in research, in spite of lower
incentives for deployment and in spite of cuts to R&D budgets. Spain’s laissez
faire approach on the technology push side, as well as larger cuts in funding
amounts for R&D meant that, once deployment incentives and R&D were
cut, patenting suffered.

Mapping the stringency of environmental policies'” against the number of Climate
Change Mitigation Technology (CCMT) patents, we show a positive relationship
between the two developments for both countries Spain and UK from the period

19 The OECD Environmental Policy Stringency Index (EPS) is a country-specific measure of the
stringency of environmental policy defined as the degree to which environmental policies put an
explicit or implicit price on polluting or environmentally harmful behaviour. The index ranges from 0
to 6 (lowest to highest stringency). The index evaluates degree of stringency of 14 environmental policy
instruments related to climate and air pollution among these the existence of FI'Ts and/or TGCs (Botta

and Kozluk, 2014).
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1995 until the last year with available data®® countries. As has been observed more
broadly in a set of OECD countries (IRENA/EPO, 2017), the introduction of
more stringent environmental policies is associated with a larger focus on innovation
activities, at least as measured by patents in GHG mitigation technologies.

Although correlation does not imply causality, we could say that both regulation
and the amount of R&D expenditure are associated with increased innovation
activity measured by patent applications (Exhibit 13).
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20 2014 for patent applications to the EPO by application date and applicant country of residence,
2015 for the EPS of the United Kingdom and 2012 for the EPS of Spain.
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Supranational Organisations like the UNEP or the International Labour
Organisation (ILO) have stated that a green economy has positive effects on
labour markets and enhances social equity (UNEP, 2011; ILO, 2011). It has
been argued that promoting renewable energy can have positive effects on
reducing energy security, addressing climate change, and promoting job creation
(Lambert and Pereira-Silva, 2012). While the literature broadly suggests there
is some evidence linking renewable energy promotion to benefits related to the
two first challenges, the evidence is not conclusive with regard to employment
effects of the promotion of renewable energy sources when considering the full
economy and not just the renewable energy sector.

Although in the Impact Assessment on the Renewable Energy Roadmap,
the European Commission concluded that meeting the 20% renewable
energy target fix for 2020 would generate a net increase of 650,000 jobs in
the EU (EC, 2000), other estimates suggest that reaching the same target
would create 410,000 additional jobs (Ragwitz et a/., 2009). Cambridge
Econometrics (2013) estimates that the 2050 Road Map and the CO2
emissions targets for that date would increase the net employment in the
range of 0% to 1.5%.

Research suggests that the impacts on employment creation may depend on the
technology and the country context. With a focus on the two countries analysed
in this paper, Table 4 summarizes the results in literature. Most of the differences
can be attributed to the scope of the analysis. As one would expect, when jobs
in individual sectors in renewable were assessed, the results were more positive
regarding job creation than when analysis aimed to understand general effects
across the economy. This is the mirror image to research showing that imposing
higher costs on energy intensive industries may result in local job losses in those
industries with less negative effects (or in some cases positive) when considering
the full economy.
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Table 4

Calzada-
Alvarez et al.  Spain Negative
(2010)

Moreno and ~ Spain

Lopez (2008) (Asturias) S
European
Ortega eral.  countries Positive
(2015) (Spain and v
UK)
European
Markandya  countries ..
Positive

etal. (2016) (Spain
and UK)

European
Blanco and  countries
Rodrigues  (Spain and Positive
(2009) UK). Wind

sector

Papeles de

Green programs in Spain destroyed 2.2. jobs for every green job created.
Total of 110,500 destroyed jobs. Each MW of RE installed cacapcity
destroys 5.28 jobs: 8.99 by PV, 4.27 by wind or 5.05 by mini-hydro
mainly in metallurgy, non-metallic mining and food processing, beverage
and tobacco industries

New employment in Asturias from 2005-2010. For the energy sector:
creation of new 587 jobs in the baseline scenario varying from 782 jobs in
the optimistic to 274 in the pesimistic scenario

The deployment of the wind-onshore, wind-offshore and PV led to the
creation of 548,019 jobs (direct and indirect) in the EU28 in 2012. Five
countries account for more than 75% of the generated jobs, among them
Spain with a 9.5% of the total and the UK with a 5.7% of the total. See
exhibit 13 for a detailed data

39,700 new jobs in Spain because of a shift to green economy. In

the UK the generation of jobs had been around 13,300. In Spain

the highest loss of jobs: basic metals and fabricated metal industry
(-6,300), construction sector (-2,200) and financial intermediation
(-6,400). The more positive effects in Spain: electricity, gas and water
supply sector (+15,700), Renting of machinery and other business
activities (+13,400) and retail trade and repair of houschold goods
(+10,000). In the UK the highest loss of jobs: electricity, gas and water
supply sector (-4,000), financial intermediation (-3,000) and real estate
activity (-2,100). The more positive effects are: renting of machinery
and other business activities (+12,000) and the whole sale trade and
commission trade (+4,000)

In 2007 Spain had 20,500 direct jobs in the wind sector. This
situates the country as the third one after Germany and Denmark
within the European context. In 2007 most of the people working
in wind sector used to do it in the production of wind turbine
components (32%) and in the provision of specialised services
(31%). Wind turbine manufacturers represented 16% and
development and operation workforce accounted for 21% (AEE,
2007). In the UK, the number of direct jobs reached 4500 people
in 2007 with a high importance of offshore wind energy and small
wind turbines
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Table 4 (continued)

Boettcher ez UK. Wind Positi
al. (2008) sector osttve

Marsh and

Miers (2011) UK Negative
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Current and future jobs in the wind energy sector UK. The study provides
direct employment exhibit s. Authors estimates that between 18,000 and
52,000 of additional full-time workers will be needed in the near future vs.
the 2008 level of 5,000 people working directly in the wind energy industry.

Using an input-output model, the authors study the economic impacts

of the renewable energy policy in Scotland and the UK in general. Loss

in jobs in the UK economy in favor of green jobs. For 2009/2010 period
and based on the direct employment for every job created in the renewable
electricity sector 3.7 jobs were lost in the UK (-7,300 jobs of net impact)
while 1.1 in Scotland (-100 jobs of net impact). Conclusion: the policy to
promote renewable energy in the UK had an opportunity cost of 10,000
direct jobs in 2009/10 and 1,200 jobs in Scotland.

Table 4 suggests that more work reconciling and deepening evidence regarding
the overall ipmact of various policies on job creation is still needed.

Having said that, for completeness we include Exhibit 14 to show the extent to
which the renewbale energey sector has grown in the two countries, drawing on
wind and solar energy employment data presented by Ortega ez al. (2015).

Exhibit 14
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The last available data from IRENA (2017) from 2016, report that the total
number of direct employment in renewable energy technologies reached 111,297
people in the UK vs. 82,363 in Spain (Exhibit 15), suggesting a very significant
change between 2012 and 2016 in the UK.

Exhibit 15
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Climate and energy policies and, particularly, renewable electricity support
schemes are being financed in many EU countries through the electricity bill.
Policy makers are increasingly concerned about the distributional and welfare
impacts of those climate and energy policies and, particularly, on the effects on
the poorest segment of the population. Low-income households are more likely
to be negatively affected by the economic crisis and by higher electricity prices.
Too large welfare costs from energy and climate policies for the poorest segment
of the population may generate a social backlash against the policy, making it
socially unacceptable and politically unfeasible (del Rio ez 2/, 2012; Neuhoff
et al., 2013).
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Literature has been quite critical about the effects of renewable energy support policies
and the socio-economic impacts of this kind of instruments (del Rio and Gual, 2007;
Frondel et al., 2010; Menanteau ez al., 2003; Jacobsson ez al., 2009, among others).
Both the use of FITs and quantity instruments as TGCs have generate negative
increases in the market price paid for electricity and it cost for consumers.

According to Eurostat (2017), the price of electricity for medium size households in
Spain has doubled in a decade (from 0.11 €/kWh in 2006 to 0.22 €/kWh in 2016). A
similar pattern can be found in the UK where the price escalated up to 0.19€/MWh
in 2016, 90% higher than the 2006 price with 0.10 €/kWh. This growth has been
more dramatic than the average increase in the EU where prices in the same period
only upturned 50% (Exhibit 16). These marked patterns are raising the concerns of

Exhibit 16
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governments in both countries on the effects of the climate policy on electricity prices
and therefore on the welfare of households, particularly the poorest ones.

In the Spanish case, the increase in the retail price may be attributed to the objective
of the government to reduce the tariff-deficit, which reached its peak in 2013 with
30,000 M€, according to the European Commission (2014) and that has been
reduced up to 23,070 M€ in 2016 according to the CNMC?'. The tariff deficit
has been the result of a fast increase in regulated costs from 2006 that were not
covered by regulated prices for electricity. All the regulations established from 2012
onwards in Spain has had as their main goal to financially stabilised the electricity
system through the significant reduction of regulated costs and the FITs and FIPs
to support renewable energy generation (Costa-Campi, 2016; Dopazo and
Rivero, 2014). Diaz-Mendoza et al. (2015) states that from 2006 to 2013 the cost
of the electricity system increased 168% because of the subsidies to renewable
generation, the regulated costs and the payment of the existing debt.

Indeed, the most recent information provided by the CCC (2017) reports an
increase in electricity prices of 61% from 2004 to 2016 in UK households (31%
due to an increase in wholesale and network costs, 7% due to the impact of non-
climate policies and 25% due to the impact on climate policies on consumers).
For the purpose of this paper, we are interested in the latter. Price support for
low-carbon generation technologies added 1.6 p/kWh, the impact of EU ETS and
UK Carbon price support on the wholesale electricity price added 0.8 p/kWh
and 0.3p/kWh were added as a result of other climate policy costs as EE policies
or upgrades in networks. These costs were counterbalance partly by a reduction
in wholesale prices because of renewable generation of 0.6p/kWh. The CCC
(2017) estimates that electricity prices will rise 33% from 2016 to 2030 due to
rises in wholesale and network costs and climate policy costs.

National governments and policy makers are facing the challenge of how to
support the transition and transformation of a high-carbon electricity systems

21 The CNMC is the Spanish regulator called Comision Nacional de Mercados y Competencia.
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to low-carbon ones, with the main objective of addressing the threat of climate
change and complying with the objectives established at the supranational and
national levels, in terms of GHG emissions, as well as meeting policy goals in
terms of competitiveness, cost-effectiveness, security, and fairness.

We have compared the approaches towards promoting renewable energy, and their
outcomes, in two large EU countries with similar low levels of interconnection,
concern for energy poverty, and focus on competitiveness during the period
between 1990 and 2017. In order to do this, we implement two typologies to
characterize the approaches of both countries: a technology push / market pull
typology that divides policies by their main impact, and a policy design typology
that divides instruments into regulation, economic and financial instruments and
informational (or soft) instruments. Using these typologies, we found that the
Spanish approach can be characterized as ‘deployment focused” and based on a
single instrument, while the UK approach was more ‘holistic and experimental’.
Spanish energy policy has relied for more than 15 years on a single economic
instrument to promote renewable energy capacity. Deployment subsidies, and
specifically, feed-in tariffs/premiums payments to producers were the only policy
instrument in the space until 2012. The most important difference between the
Spanish and UK approaches were the efforts of UK policy makers on creating
new policies and providing funds for energy R&D but also the variety of market
pull instruments used by the UK over time.

We then evaluated the evolution of the renewable power sector in both countries
over time by developing and implementing a set of criteria: environmental
effectiveness, technological effectiveness, cost-saving impacts, innovation outcomes,
competitiveness and socio-economic impacts.

Drawing on a range of indicators, we found that Spain was able to stimulate
large amounts of deployment until it cancelled the support, because of its
choice of tool and its incentive level. This deployment is associated with some
cost reductions in the technologies and learning in terms of the integration of
renewable electricity production into the system. However, from an economic
and regulatory perspective the policy management does not seem to have been
as efficient as it could have been. We showed that increased deployment also led
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to increases in electricity costs for consumers, and although the development
of the wind and solar sectors (predominantly) was accompanied by jobs in
installation; domestic activity in private sector R&D and patenting may not

have developed.

The government has tried to control the costs of the system by publishing
successive regulations that have progressively reduced public support for
renewable generation, causing regulatory instability that harms and hinders
investment. After the cancellation of any further monetary support in 2012 and
the damage that the economic crisis caused in the budget allocated to renewable
energy R&D, recently Spain has established an auction framework for the support
of new installed capacity. These auctions are technology-specific and with a
predetermined volume of capacity in order not to incur in unexpected high costs
as in the past (Del Rio, 2017). However, it is unclear and perhaps even unlikely
that these auctions will result in increased innovation activities in the private
sector and universities, measured by patents and private sector entrepreneurship.
This is not necessarily a problem, but we argue that the literature does not support
making a case for these policies in terms of private sector innovation or high-tech
manufacturing.

A completely opposite approach has been followed by the United Kingdom.
The UK relied for more than 10 years on an auction system to promote
renewable generation capacity. However, as the country counted with natural
gas reserves and a high generation from nuclear power, it was not until the
early 2000 when government really tried to boost renewable generation. In
view of the low success of the auction scheme to promote deployment, the
UK government established a TGC system which was in place for more than
15 years. However, TGCs support in the UK has not been as effective as
FITs in Spain in order to promote renewable energy capacity. It has not
been until the introduction of FITs in 2010 for small projects and in 2014
with CfD that the UK has started to increase exponentially its electricity
generation from renewable energy. It should be highlighted that the strategy
followed by both countries has differed not only in terms of the type of
demand-pull policy instruments used but as well in terms of the supply-
push instruments. In view of the indicator-based assessment presented in
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previous sections, while the UK has relied on technology-push instruments,
e.g. direct investment in the way of R&D funding in renewable energy in the
last decades, Spain has not put in place any relevant institutional support
to renewable energy R&D. Partly because of the economic crisis, Spain has
not used neither direct funding, nor the creation of research organisations
or the establishment of public private partnerships. We argue, however, that
our analysis of policy approaches and outcomes in Spain and the UK makes
a strong case that if the Spanish government is interested in innovation and
competitiveness in the energy space, it will need to both invest more funds
but also set up new institutions. A lot has been learnt from some of the
approaches tried in the UK and we also have a growing body of evidence
regarding the effectiveness of approaches in the United States, e.g. Howell
(2017), Anadon et al. (2016), NAS (2017) or Doblinger ez al. (2018). We
believe that there is an opportunity to set up different mechanisms to both
allocate and fund research and development in key energy technologies,
where Spain may be able to compete with the right conditions.

Kitzing ez al. (2012) state that there is a trend among European countries towards
the use of policy mixes and the application of multiple support instruments in
parallel. This convergence may be taking place because, after more than two
decades trying to promote the use of renewable energy for electricity generation,
policy makers have more information and ex-post evaluations of how different
instruments have performed in different geographic and sectoral contexts. It may
also be happening because the costs of some of the technologies have come down
significantly and because their performance is better proven. This observation
regarding the use of policy mixes is more reflective of the UK approach over
time. While Spain is starting to test additional instruments on the market pull
side (e.g., it recently started to use auctions after several years of using FITs),
providing additional support to the hypothesis about policy convergence, it
has not yet devoted significant effort or resources for complementary programs
promoting R&D.

The following table (Table 5) summarizes the main indicators and outcomes

studied in this paper.
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Although the analysis can help to draw conclusion on RES-E policy support in
the UK and in Spain, there are some limitations to our analysis. First, as we have
acknowledged throughout, it is impossible to isolate the impact of individual
policies on the various outcomes used in the analysis. We draw on papers using
observational studies and. in some cases (very few) quasi-experimental approaches
to more clearly identify impacts, but none of the relationships between policies
and changes in deployment, carbon intensity, patents, jobs, etc, are causal. But
research undertaken over the past 20 years as well as data available regarding the
evolution of the renewable power space do suggest some areas in which there
is evidence that particular approaches fostered particular outcomes over others.
The clearest example is the positive relationship between FITs and increasing
deployment of renewable technologies, perhaps at the expense of costs. Evidence
regarding the impact of domestic deployment on innovation activities and jobs
beyond installation remains elusive.

The main reason for laying out the evidence (or lack thereof) on impacts is that
different policy makers may assign more or less weight to different criteria, and
an assessment of where two countries using different approaches ended up across
a range of criteria may help make the policy debate more transparent. We take
no view as to which approach was better, since that judgement would require
valuing some outcomes over others.
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Table A.1

1. Regulation

Cristina Pefiasco and Laura Diaz Anadén

1.1. Codes/standard/mandates

Building codes and

standards

Product standards
(Minimum energy
performance standards
/ energy efficiency
standards)

Sectoral standards

Vehicle fuel-economy
and emission
standards

Auditing
(Energy audits)

1.2. Obligation
schemes/Quotas

Ne5
Junio 2018

Standards or obligations for building energy consumption which try to
encourage an effective approach to capturing maximum energy savings
(Definition from IEA-IRENA policy database). Building codes or obligations
could require the installation of RE heat or power technologies, often combined
with efliciency investments RE heating purchase mandates IRENA 2012). For
our purposes, only mandatory building codes and standards will be considered

A product standard is a specification, containing a number of performance
requirements for an energy-using device that effectively limits the maximum
amount of energy that may be consumed by a product. They are usually
connected to programs for equipment renovation in buildings

Standards or obligations for sector energy consumption which try to encourage
an effective approach to capturing maximum energy savings or maximum
emission reductions (definition from IEA-IRENA policy database)

Limit that sets thresholds above which a different type of emission control
technology might be needed. While vehicle fuel-economy and emission
performance standards have been used to dictate limits for conventional
pollutants such as oxides of nitrogen and oxides of sulfur (NOx and SOx)
in vehicles, this regulatory technique may be used to regulate greenhouse
gases, particularly carbon dioxide (CO2)

Technical check of energy use, as in a home or factory, to monitor and evaluate
consumption. For our purposes, only mandatory energy audits will be considered.

Broad term that may include energy efficiency obligations on energy suppliers
requiring them to deliver certain energy savings, as well as energy mix quotas
requiring energy suppliers to include a certain amount of renewable energy in
their generation capacity (IEA-IRENA database glossary)

Papeles de



A comparative analysis of renewable energy policy in Spain and the United Kingdom — a focus on innovation outcomes

Table A.1(continued)

RE obligation schemes
(Renewable portfolio
standard / renewable
electricity standard /
renewable energy
quota)

Carbon emission
reduction target
(Energy Efficiency
Obligations/ Energy
saving obligations)

Obligates designated parties (generators, suppliers, consumers) to meet
minimum (often gradually increasing) RE targets, generally expressed as
percentages of total supplies or as an amount of RE capacity, with costs
borne by consumers (IRENA, 2012)

Minimum share of renewable energy sources (RES) in the energy mix of
power utilities, electricity suppliers or sometimes large electricity consumers.
Sub-quotas sub-quotas for individual RES in order to stimulate technology
diversification could be defined. These quotas are established by national,
regional or local governments and they usually increase over time in order to
support the development of RES (https://energypedia.info/wiki/Renewable_
Energy_Quota_and_Certificate_Schemes). Generally connected to tradable
green certificates

Target imposed on the energy transporters and suppliers to achieve
combined energy savings by assisting customers to take energy-efficiency
measures in their homes (OFGEM). Generally connected to White
certificates

1.3. Other regulations

Net metering

Net metering and Self-supply policies allow consumers to generate
their own electricity from renewable energy sources and inject surplus
generation into the grid, either to be balanced against future consumption
or to be remunerated under contractual terms. Specific design elements
include, among others, connection provisions, remuneration terms,
banking, balancing periods, off-site generation, transmission costs and
losses and fiscal regime (IRENA, 2015)

2. Economic and Financial Instruments

2.1. Direct investment

Funds to sub-national
governments
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Table A.1 (continued)

Government
procurement

R&D funding

Public procurement refers to the process by which public authorities, such
as government departments or local authorities, purchase work, goods
or services from companies. In the context of this project Government
procurement is directly connected to green and sustainable work, goods
or services. A specific way of Government procurement is infrastructure
investment in RE. Under infrastructure public investment renewable
energy projects are directly developed by the governments (IRENA,
2015). Financing provided in return for an equity ownership interest in
a RE company or project. Usually delivered as a government managed
fund that directly invests equity in projects and companies, or as a funder
of privately managed funds (fund of funds) (IRENA, 2012)

R&D funding

2.2. Fiscal/financial incentives

FITs/FIPs

Auctions

Ne5
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Price-driven instruments. Feed-in tariffs are regulatory instruments
that provide guaranteed purchase at a (often above market price) tariff
to eligible producers of electricity from renewable energy sources for
a defined period of time (e.g. 20 years). Tariff design can account,
among others, for technology, capacity installed, electricity prices and
overall cost. As such, feed-in tariffs in some countries are designed with
degression mechanisms to account for the reduction in generation costs
(IRENA, 2014). FIP guarantees RE supplies an additional payment on
top of their energy market price or end-use value (IRENA, 2012)

Auctions refer to competitive bidding procurement processes for
electricity from renewable energy or where renewable energy technologies
are eligible. The auctioned product can be either capacity (MW) or
energy (MWh). Project developers who participate in the auction submit
a bid with a price per unit of electricity at which they are able to realise
the project. The government evaluates the offers on the basis of the price
and other criteria and signs a contract with the successful bidder, usually
a long-term power purchase agreement (PPA) (IRENA, 2015)
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Table A.1 (continued)

Grants and subsidies

Loan/soft loans

Taxes & tax relief or
exemptions

(tax credits/tax
rebates)

Papeles de

Monetary assistance that does not have to be repaid and that is bestowed
by a government for specified purposes to an eligible recipient. Usually
conditional upon certain qualifications as to the use, maintenance of
specified standards, or a proportional contribution by the grantee or
other grantor(s). Grants (and rebates) help reduce system investment
costs associated with preparation, purchase or construction of renewable
energy (RE) equipment or related infrastructure. In some cases, grants are
used to create concessional financing instruments (e.g., allowing banks to

offer low-interest loans for RE systems) (IRENA, 2012)

Provided by government, development bank or investment authority
usually on concessional terms or below the market rates (e.g., lower
interest rates or with lower security requirements) (IRENA, 2015).
Financing provided to a RE company or project in return for a debt (i.e.,
repayment) obligation

According to the OECD, Eurostat and other international organisms,
Environmental taxes are those ones whose tax base is a physical unit
(or a proxy of it) that has a proven specific negative impact on the
environment Environmental taxes are divided into four categories: energy
taxes (including CO2 taxes), transport taxes, pollution taxes and resource
taxes (excluding taxes on oil and gas extraction)

Environmental taxes can be allocated to the different tax payers: industry 7.c.
by economic activity according to the statistical classification of economic
activities in the European Community (NACE), households as consumers,
non-residents and not allocated. The most common in terms of low-carbon
transitions are carbon taxes. Carbon taxes are a climate change mitigation
policy that, by increasing the cost of fossil fuel technologies, arguably make
low-carbon technologies such as renewable energy more competitive in that
particular jurisdiction (IRENA, 2015). Other taxes with environmental
purposes can be considered

On the opposite site Tax reduction/exemption are found. Reduction in
tax—including but not limited to sales, value-added, energy or carbon tax—
applicable to the purchase (or production) of RE or RE technologies (IRENA,
2012)
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User charges

Cristina Pefiasco and Laura Diaz Anadén

A user charge is a charge for the use of a product or service. A user charge may
apply per use of the good or service or for the use of the good or service. The
first is a charge for each time while the second is a charge for bulk or time-
limited use.

2.3. Market-based instruments

GHG emissions
allowance trading
scheme

Green certificates

White certificates
(Energy efhiciency
certificates / energy
saving certificates

/ energy efficiency
credits / white tag)

Ne5
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In GHG trading schemes, industries must hold permits to cover their GHG
emissions; if they emit more than the amount of permits they hold, they must

purchase permits to make up the shortfall. If they emit less, they may sell these
(IEA-IRENA policy database glossary).

These systems are based on obligations to produce or purchase renewable energy-
sourced power (generally electricity). Green certificates refer to renewable energy
certificates which represent the certified generation of one unit of renewable
energy, generally one megawatt-hour (MWh). Certificates can be traded and
used to meet renewable energy obligations among consumers and/or producers
(IEA-IRENA policy database glossary). The main objective of a system of
tradable green certificates is to stimulate the penetration of green electricity
into the electricity market. In a green certificate system, certification serves two
purposes. It functions as an accounting system to verify whether the obligations
have been met. Besides, it facilitates trade in electricity from renewable energy
sources. Thus, through the establishment of a green certificate system (GC) a
separate market for renewable electricity will originate besides the market for
conventionally produced electricity (ECN, 1999)

These systems stem from energy efficiency or energy savings obligations; White
certificate schemes create certificates for a certain quantity of energy saved, for
example a MWh; regulated entities must submit enough certificates to show they
have met energy saving obligations. Again, if they are short, this must be made-up
through measures that reduce energy use, or through purchase of certificates (IEA-
IRENA policy database glossary). Under such a system, producers, suppliers or
distributors of electricity, gas and oil are required to undertake energy efficiency
measures for the final user that are consistent with a pre-defined percentage of their
annual energy deliverance. If energy producers do not meet the mandated target
for energy consumption, they are required to pay a penalty.
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The Law 24/2013 regulates four modalities of self-consumption and it was explicit
that all these forms, provided they are connected to the system, must pay tolls for
access to the network, the costs associated with the system and those generated
by the backup service. In the case that those facilities wanted to sell the surplus of
electricity production to the system, the Government would establish the conditions.
Indeed, in 2015 the RD 900/2015 established the charges on existing and new self-
consumption RES plants both on capacity and generation levels (RESLegal, 2017)
which is hampering the recovery of the photovoltaic sector in Spain that had seen in
self-consumption a way to regeneration (Mir-Artigues, 2013). On the other hand, and
regarding the support mechanisms for renewable generation, in 2017 both the RD
359/2017 and 650/2017 included calls for the allocation of specific compensation
for new renewable energy installations through auctions for specific technologies, PV
plants and Wind plants, with a cap of 3000 MW (RESLegal, 2017).

Table A.3

Extent to which a policy meets its proposed environmental

Environmental effectiveness L. ) - .
objective or realizes positive environmental outcomes.

Extent to which a policy meets its proposed objective in terms of

Technological effectiveness . o
deployment or realizes positive outcomes

Extent to which a policy has been economically efficient in terms
Cost-saving impacts of the resources expended (on financial terms or against social
costs/impacts)

Potential for innovation (R&D investments and patent

Innovation incentives . ..
applications) and competition to reduce costs.

Economics effects of the policy in terms of net job creation,

Competitiveness . . .
industry creation or other macro magnitudes.
Socio-economic impacts Fairness of the instrument in distributing compliance costs and benefits.
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Exhibits A.4.1 and A.4.2. show respectively the evolution and the correlation between the
GHG emission reduction and the renewable installed capacity in the UK and in Spain.
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E ]’1 = Effectivness indicator for RET i for the year n

G; = Electricity generation by RET i in year n

POT,,,, =Total generation potential of RET i until 2020

The EC establishes as a score to consider an effective deployment above 7% for
mature technologies as wind and above 3% for bioenergy and other moderate
technologies and 0.5% for solar photovoltaic and immature technologies. These

Exhibit A.5.1
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Exhibit A.5.2
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thresholds were determined in 2013 so we should be careful when applying them
to the different policies in more recent periods.

The following exhibits, i.e. Exhibit A5.3 and Exhibit A5.4 show an
individual analysis of the effectiveness measured by the EC effectiveness
indicator of the different schemes and instruments used in Spain and in the
UK, respectively, differentiating by technology. The calculations have been
made using IRENA data and the information provided by each country on

their NRPEAs.

The share of RE in final energy consumption in 2016 and the distance to the 2020
target is another way in which we can measure the technological effectiveness of
the different policy frameworks, the following exhibit shows this indicator
for the European countries.
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Exhibit A.5.3
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Exhibit A.5.5
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Although there are some studies that analyse learning rates at the country level®*;
generally, information on learning rates is available by region but not by country (See
Rubin e# al. 2015 for a review of learning rates for electricity supply technologies).
This is one of the reasons why we are going to focus on Wind onshore and residential
PV in this section. Besides, highlighting the cost reductions in wind onshore as
the most mature renewable energy technology and in residential PV as one of the
technologies key for future sustainable cities is worth willing.

Installed costs reductions in commercial deployment for wind onshore varies
widely from different countries. In the case of the United Kingdom and Spain,
IRENA (2018) reports information from 1989, date that both countries started to

22 See e.g. Neij ez al. (2004) for turbine producers in Germany, Denmark and Spain; Ibenholt (2002)
for UK and Denmark land-based turbines or Klassen ez /. (2005) for Wind farms in Denmark, UK
and Germany among other.
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deploy wind onshore, to 2016. Among the countries in the same situation®, Spain
show the highest reduction with a 52% reduction in costs while UK only reaches a
30% reduction up to now. Anyway there is a wide range of individual project costs
even withing a region mainly due to different maturity in local markets. Regarding
the levelised cost of electricity (LCOE), Exhibit A.6.1. presents the evolution of
the LCOE of onshore wind in Spain and in the UK. From 2010 to 2016, Spain
presents the highest fall in LCOE, at 48% while the UK has experienced in the
same period a decline in the LCOE of 10%. In the same period, capacity factors
have increase 16% and 11% in Spain and in the UK respectively.

Exhibit A.6.1
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Regardingsolar, in 2015 and 2016 only 49 MW and 55MW were respectively installed
in Spain. Since, 2012 the solar industry in Spain has been stagnant because of all the
changes and instability in the regulatory framework and support schemes. However,
in 2017 135 MW of new installed capacity arose mainly driven by the combined
effect of a reduction in PV equipment prices and the commitment of agents different
from the central government, e.g. SMEs or regional administrations against climate
change. Most of the new installed capacity comes from grid-connected PV systems
for self-consumption and stand-alone systems (UNEE 2018).

23 Canada reports cost reduction of about 32% of totalled installed costs in wind onshore and Italy 44%.
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The following exhibit (Exhibit A.6.2) show the evolution in the last years of both
the average total installed costs and the LCOE for solar PV residential systems.

Exhibit A.6.2
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The British case is more interesting in terms of instruments and funders. From 2009
to 2016 the number of projects financed by development financial institutions
have been much higher than in Spain. There have been 52 renewable energy
projects assets from 2009 to 2016. The European Investment Bank through
loans has financed 10 of them (8 for wind plants and 2 for other renewables) for
3213.6 USD Mill; while the Green Investment Bank has financed the other 42
(20 bioenergy projects, 10 wind projects and 2 projects for other renewables).
The UK Green Investment Bank (now the Green Investment Group) was a non-
departmental public body of BEIS, but is now an independent organisation
owned by Macquarie Group Limited. This bank has used either loans (1038.8
USD Mill) or equity (3496.9 USD Mill) to finance renewable energy projects.

While the Pearson correlation coefficient is higher between the patent applications

for the wide range of CCMT and the stringency of the policy for the UK (0.942)
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than for Spain (0.658), the opposite happens when considering the correlation
between R&D expenditures in renewable energy sources and the patent
application for such technologies with correlation coefficient for Spain (0.808)

higher than for the UK (0.773).

Exhibit A.8.1
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There are more research on the implications of the renewable energy support
policies and the green economy targets on labor markets in Spain (Moreno
and Lopez, 2008; Caldes ez al., 2009; Llera et al., 2013; Cansino ez al. 2014;
among others) than in the UK. Literature is scarce for the British case with few
exemptions (Boettcher ez 2/. 2008; Marse and Miers, 2011). The UK is generally
analysed within the European or OECD contexts (Blanco and Rodrigues,
2009; EC, 2006; Markandya ez al. 2016; Ortega et al., 2015, among others).
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Opposite to the Spanish case, the Department of Energy and Climate Change
(DECC) states that the average net impact of energy and climate change policies
between 2010 and 2013 has been to reduce electricity bills. Increases in energy
bills in recent years have been driven mainly by rising international prices for fossil
fuels, particularly gas. The UK currently ranks well in Europe for household energy
prices. UK households faced comparatively lower electricity prices in 2016 than
the average of the European Union, and therefore than Spain which is above the
average electricity price paid in the continent. Although in the last year, taxes and
levies have increase, comparatively low levels of government policy costs and levies
in the UK may contribute to this position. Taxes on energy in the UK are among
the lowest in Europe while high prices in some countries are often the result of high
levies generally driven by environmental policies (OFGEM, 2016). Anyway, Spain
remains in 2016 as the 7* country with the highest electricity prices for households
while the UK are in the 9™ even being under the EU average.

Literature has been quite critical about the effects of renewable energy support
policies and the socio-economic impacts of this kind of instruments (del Rio and
Gual, 2007; Frondel ez a4l., 2010; Menanteau ez al., 2003; among others). Del
Rio and Gual (2007) analysed the Spanish case for the period 1998 to 2003. The
results show that costs of the RES-E support from 1998 to 2003 were almost
entirely paid by consumers which may affect to the future acceptance of policies.
The authors concluded that additional costs for RES-E support for the consumer
increased by an annual average of 23% from 270M€ 1998 to 620M€ in 2003.
The conclusion for other countries with FITs is similar. Menanteau ez al.,
2003 stated that although FITs are simple to implement from an administrative
point of view they are costly in terms of subsidies for customers. Frondel ez al,
2010 showed that the EEG’s in Germany increased the consumer prices for
electricity by 3%.

It could be the case the quantity instruments mainly used in the UK had generated
different results. However, literature is even more unfavourable for TGC than
for FITs. Jacobsson et al. (2009) in a comparative analysis of different type of
instruments stated that, in the UK, the RO has been costly for the consumer.

Nes Papeles de
Junio 2018



A comparative analysis of renewable energy policy in Spain and the United Kingdom — a focus on innovation outcomes

Data published by the Non-Fossil Purchasing Agency (2008) suggests that the
average price per MWh of wind power in 2006 was around £93.5/MWh, while
the Department of Trade and Industry and Ofgem in the UK estimated the
production cost at around £55/MWh (DTI, 2006). The profits amount to over
40% of the turnover. The TGC systems seems to have thrown money at investors,
rewarding them with excess profits at consumer budget’s expenses. According to
Marsh and Meirs (2011), Renewables Obligations as the main policy tool used to
stimulate renewable energy generation raised the market price paid for electricity
and it cost electricity consumer £1.1B in the UK and £100M in Scotland in
2009/2010.
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