Green Growth Knowledge Platform (GGKP)
Third Annual Conference

Fiscal Policies and the Green Economy Transition: Generating Knowledge — Creating Impact
29-30 January, 2015

University of Venice, Venice, Italy

The impact of policy and uncertainty on innovation in the wind industry:
evidence from European countries

Elena Verdolini (FEEM)
Valentina Bosetti (Bocconi University)
Pierre Jockers (Bocconi University)

The GGKP’s Third Annual Conference is hosted in partnership with the University of Venice, The
Energy and Resources Institute (TERI) and the United Nations Environment Programme (UNEP).

GREEN GROWTH

Knowledge Platform



Theimpact of policy and uncertainty on innovation in thewind industry: evidence from European
countries

Pierre Jockers Valentina Bosetti? and Elena VerdoliAi
Long Abstract

Frequent changes to environmental policies area@gd¢o weaken innovation. The 2010 moratoriumhan t
level of feed-in-tariffs in the French solar phattigic industry offers one of the best illustrasoof how
impactful an abrupt policy change can be. Fearimg development of a “green bubble”, the French
government suspended the grid connection permisgarsolar PV installations over 3 kilowatts pdaka
period of 3 months. Since then, the French soldustry has repeatedly been described as “plungedh in
induced coma” with dramatic social and economicseguiences. Projects backlog reached ~3.6GW at the
end of December 2010 fell by 58% as of June 2@&8ployment in the French photovoltaic sector dedin
from 32,500 in 2010 to 18,000 in 2012 while maeg ¢he restructuring of solar installation leadeaddl
having its roots in the 2010 moratorium. This i® af many examples highlighting the negative impmct
policy uncertainty, namely of uncertainty arisimgrh policy change and complexity.

This paper attempts to bridge a gap in the empifitaxature by analyzing the econometric relatltps
between policy uncertainty and innovation dynaniicthe wind industry. We focus on dynamic efficighc
and estimate the impact policy and its surroundingertainty on innovation in the wind industry i8 1
OECD countries over the years 1995-200%Ve use patents as a key indicator of innovatienthey
measure the private sector’'s efforts to improveltmg run cost-effectiveness of wind power generati
Learning-by-researching is indeed one of the manotors — along with learning-by-doing — of costs
reduction for carbon free technologredle restrict our attention to wind energy becausefe is a leading
producer of wind energy, representing the largkates of wind installed capacity in the world. Moveg

this sector is one of the most mature sources réwable energy, one that received widespread policy
support in the past decades.

To measure policy and it uncertainty we build nquelxies which are inspired by the real option tigetve
start from the assumption that changes in windhllest capacity can be attributed to three factdrs:

wind availability, (2) wind cost competitivenessdaf8) policy. We use regression analysis to exttaet
policy component of this relationship. We then exelthe impact of such proxy and its variability on
patenting patterns. Unlike other previous approschar proxies for policy stringency and policy atillty
are robust to three major concerns. First, we oethe effects of those non-policy factors whictgiidrive
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% One may distinguish between four criteria to eat#a given policy instrument: ecological accuréioywhich extent
the instrument manages to achieve emission tamgetsore generally the ecological objectives of pindicy); static
efficiency or cost-effectiveness (to which extdr policy instrument allows to reach goals at @ nogyreater than any
other instrument); dynamic efficiency or cost-effeeness (to what extent the policy instrument gitbe right
incentives to develop new technologies and redustscover time); and political acceptability (hoketpolicy is
accepted by stakeholders, i.e. individuals, intagesups, political parties, firms, etc.).

* The countries included in the analysis are: AastBelgium, Czech Republic, Denmark, Estonia, FidjaFrance,
Germany, Greece, Hungary, Italy, Luxembourg, Né#amgls, Poland, Portugal, Spain, Sweden and theednit
Kingdom18 European countries: Austria, Belgium, €eé&kepublic, Denmark, Estonia, Finland, France,ntzery,
Greece, Hungary, Italy, Luxembourg, Netherlanddafdy Portugal, Spain, Sweden and the United Kingdo

® In most Integrated Assessment Models (IAMs), tedbgical change is driven by both effects, as i@ WITCH
model (2008).



capacity addition on top of government policiesc@wl, our proxies account for the fact that rationa
investors refer texpected policy and policy changes, namely future capaaiditions rather thaourrent
ones, to make their decisions. Finally, and momd&mentally, we clean our proxies from the issue of
potential reverse causality between installed dapéand its volatility) and innovation. More spécally,

we control for the fact that innovation may stimtal@aapacity additions through technology improvetsien
resulting in greater efficiency and/or lower costs.

Our empirical analysis address the econometricessdinked with estimation in a count data setting
characterized by unobserved heterogeneity. We duptthe approach suggested in Blundell et aDZR0
where a fixed effect Poisson model is estimatedh Wit Generalized Method of Moments and the data is
scaled by the ratio of individual or within-groupeams to account for individual specific effects. Waude

in our regression additional controls that areljike affect innovation, such as knowledge stochsasures

of market size, etc.

We show that a higher level of policy commitmam&U countries is associated with higher innovation
wind energy technologies. Such effect is howeveelon those countries where policies are more riaice
These results are robust across different prowiemhovation and the inclusion of various contratiables.

Our empirical findings provide additional evidenoe the relationship between environmental policg an
innovation. On one hand, we confirm that the lesfepolicy commitment positively affect innovation i
wind technologies. On the other hand, we provideshmmsights on the relationship between innovaaod
policy uncertainty. Namely, uncertainty surroundiggvironmental policy lowers the benefits assodiate
with a given level of policy commitment. Those ctiies where uncertainty is higher are charactertzagd
less innovation on average and ceteris paribus iEhan important insight for policy making, asliggests
that while planning the strength of the commitmentenewables, governments should also consider tha
policies which are stable over time or change atbyvly would maximize the beneficial effects of iogl
commitment. Big and sudden changes in governmditypare not compatible with private investments in
innovation which involve large capital expendityrese often made on a long-term horizon and are
irreversible or quasi irreversible. Policy uncartgireduces dynamic efficiency, implying higher tsoto
abate emissions. A key implication is thus that gtability of the policy framework for renewableeegy
should be a high priority on the government’s ageritherefore, government’s policy should be clewt a
stable over time while regulatory changes shouldxXaeptional or at least predictable.



