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Overview

European renewable energy policies are going thr@ugeriod of changes, often unanticipated, whiehlikely to
influence both long- and short-run decisions oesters in the sector.

The literature on innovation and diffusion has shdhat uncertainty (for instance, on market pricgstechnology
costs) has a negative effect on technology adomimh use (Stoneman and Battisti, 2010). Howevdy, arfew
contributions, so far, have attempted to clarifywhbe above finding applies fmlicy uncertainty and what are the
consequences in terms of the diffusion of enviramaléy friendly technologies. Such studies adopea options
approach and examine how the positive probabilitp change in renewable energy or climate politya given
point in time, may affect a single investor’'s démis overall, the standard inhibitory effect of en@inty on
investments is confirmed (among others, Boomsna& €2012 and Yang et al., 2008).

This work focuses, instead, on the diffusion pattand considers a single Renewable Energy SourES)(Ror
power generation. The objective is to examine ffeceof market environment characteristics, ad aglthe role of
policy uncertainty on the adoption decision. Diffetly from previuos work, policy uncertainty is oefd as a
continuum of major and minor changes in the suppchieme. Also, both the methodological approachtiaadiata
set are original. While the former is describedobe(see “Methods”), we recall here that the lattensists of all
onshore wind plants connected to the grid betwe#i’ land 2014 in Italy. This is combined with infation
regarding institutional stability, investment costed presence of production-based support schemes.

Another original aspect of the work regards thecemtual model designed to capture the role of palitcertainty.
Specifically, we assumed that a first set of dsvef the diffusion of wind technologies comprisks tvell known
effects of production-basedupport schemege.g., green certificates) which, together witharket-related
characteristics(e.g., investment costs) amasitive externalitiege.g., learning effects), influence the decision to
invest— adopt the new technology. Another driver infloesy instead, the decision related to the timinghef
connection to the grid the time at which the new technology starts ¢eised. This decision is attributed to the
specific structure of the support scheme whicigplace at the time of connection — as this isethent defining
which support scheme is awarded to the investocostingly, the conjecture is that policy changefedfthe
diffusion rate by inducing a strategic responsethi@ timing of “first use” of the technology. Specilly, the
expectation is that the effect of policy uncertgiista clustering in the occurrence of first-usergs, which leads to
periods with high number of connections and periaith relatively few of them. Also, clustering of/ents is
expected to be observable on a finer time scaletically assumed in the study of diffusion patbsveral years).

Methods

Whitin survival analysis, a point process perspec(ihat is, the idea that first-use events cacdeted as times
passes) is adopted. This allows to considemwkes processefHawkes, 1971), which are able to capture the
potentially clustered nature of events. In thistegt this corresponds to the irregular alternatbperiods of peaks
and drops in the number of connections to the g¥jblied to seismology, neural networks, reliagil#gnd, more
recently, to finance, Hawkes processes assumertdsemnce of contagion: past events increase theabpilitp of
events today (in time series econometrics, an ggatan be made to an autoregressive process).rlnameeptual
model, such a clustered proliferation of eventsnised to (technology) policy uncertainty. The mbadeestimated
via maximum likelihood, implemented in Matlab.



Results

A statistically significant effect of clustering feund, providing evidence that, independently leé size of the
onshore wind installation, investors make policgdrhdecisions even in the short run (e.g., relatiibe choice of
the date of connection to the grid). Significarfeets of the market environment characteristicghan (long-run)
investment decision are also found. More precis@lyall model specifications the instability of thestitutional
setting (proxied by an index for economic policycertainty) has a delaying effect on the investnukaision. The
same happens for the proxy for investment cost () a wind turbine price index computed fromrggeand
material indexes). The presence of support schetnegn by electricity demand (and proxied by GDd? papita),
has, instead, an accelerating effect on the decisiinvest in a wind technology, as expected.

These results are robust to the introduction ofi@able capturing cumulated knowledge about thbrtelogy and,
hence, a potential higher incentive to invest dughe possibility to learn from existing users. Isan effect is
present when the model is estimated on the fullpg®nimplying the presence of learning. Howevee #ffect
disappears when installations of capacity lowenthaMW are excluded, suggesting that sourcing médion about
the technology from other users is important maiafysmall investors, who are likely newer to thectricity sector.

Conclusions

Results from the estimated Hawkes models indidad, tdespite wind technologies having become irsimgdy
competitive with conventional ones, and despitedigaificant effect of market environment charaistérs on the
decision to invest, investors make decisions thastongly policy-driven, even in the short ruhat is, relating the
date of first use of the technology. This leadsa @iffusion path which is S-shaped in the long twrt, shows also a
distinctive clustering of events on a finer timalsc

These results are important in terms of policy iogilons. Indeed, the fact that all investors aoée a@o react
relatively fast to RES policy changes raises plagnissues both from a technical and a governmeshdipg
perspective. From the technical point of view, pési of high demand for the connection to the ged create
problems to the system operator. As far as govemtirsgending is concerned, given this high sensitgs of
investors to RES policy changes, choosing the tinfor the actual implementation of such changesnse® be
crucial.

Looking at future developments of this study, itwserth highlighting that, potentially, individualsould make
multiple adoption decisions. This happens alsohm tonsidered sample. However, this work did net thss
information. Instead, the focus was on driversifitigion external to individuals, as the main im&rwas in the fact
that an adoption event occurred, independentlytaf actually made the investment. In other wordsl|eathey did
not enter this study, the analysis of rank effeotsstitutes an interesting extension.
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