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1 Introduction

The literature on the determinants of aggregatdéinieal progress, which has tremendous
repercussions on economic growth, focuses on utagheliag how innovation endogenously responds to
economic forces (Romer [1990], Grossman and Helpnia®91]). A crucial aspect in this respect is the
bias of technological change towards particulatoi@cof production, as argued in Acemoglu (2002).
Issues of directed technical change are essentiah\studying policy mechanisms aiming at sustagabl
growth. The bias of innovation towards new and reéeaechnologies or towards incumbent and dirtier
production significantly affects not only the cosfsreducing harmful anthropogenic pollution, bigoa
the effectiveness of government policy interven{i@oemoglu et al. [2012]).

This paper contributes to the literature by testiogv intellectual property rights protection and
environmental policies, which are used primarilyinfluence the responses of the domestic research
sector, impact the transfer of technology by togeifmn inventors to the domestic market. Most of the
analyses on the inducement effects of public pedidocus on the endogenous domestic responses.
However, the international diffusion and transfératready available superior technologies through
predictable and long-term signals and incentivesnisequally important issue (de Conick et al. [3008
OECD [2011])* Supporting such transfer of technologies wouldicedduplication of research effort and
would be particularly beneficial for those courdrighich are off the technological frontier, whiclowid
otherwise be unlikely to catch up given the weakrafstheir innovation sector (Evenson and Westphal
[1995]).

The positive contribution of technology diffusiondcatransfer to economic growth through trade,
Foreign Direct Investment (FDI) or labor mobilityag been confirmed by a rich literatdr@n the
contrary, the extent to which domestic policiespghdhe diffusion and transfer of clean and dirty

technologies from abroad has received little abentThese issues are of great relevance because

1 In this paper, the terms “technology diffusion’tidtechnology transfer” are used interchangeably mfier to the marketing of
a new technology for production in a given marKéiis can be thought of as machines to produces dimod.

2 See for example Coe and Helpman (1995), Bayoune, &d Helpman (1999) on trade-related spillov@rsssman (2013) on
the role of labor mobility, Branstetter, Fishmaru &oley (2006) on the role played by FDI.
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countries that are still lagging behind in the depment of clean innovation contribute substantitdi
multiple global environmental externalities. Henpeymoting the flow of less polluting technologies
those countries would lower the costs of compliaméth stringent climate change targets for all
countries, without impairing local sustainabilitycathe domestic econorfy.

Our analysis is novel in many respects. First, wewdon the recent literature on trade and
technological transfers (Park [1999]; Helpmann, iM&ind Ribinstein [2008]; Eaton and Kortum [2009])
and environmental technical change (Acemoglu ¢28ll2]) to sketch a general two sectors (“cleamd a
“dirty”) model of transfer. The model identifiesraing and receiving country characteristics whitfact
the diffusion of technological know-how.

Second, we show that cross-country patent appicatare good candidates to study international
technology transfer. Indeed, patents fit well tharacteristics of our model, in which heterogeneous
innovators are endowed with blueprints of differguofality. Moreover, patents can be clustered into
“clean” and “dirty” technological categories moresdy than other indicators. Finally, patent apgiicns
in specific energy technologies are highly coredatvith other (less available) proxies of market
penetration and technology diffusion for clean dinty technologies.

Third, we use patent data in clean and dirty teldgies for the production of electricity to
empirically test the model's predictions in a saenpf 13 top innovating OECD countries and 40
receiving countries. Our focus on the power seidatictated by its relevance with respect to energy
security, sustainable growth and climate changeA ([E012a]). While innovation in efficient and
renewable technologies for power production is eot@ted in few developed countries, securing clean
and accessible electricity is a necessary stepdontries off the technological frontier to suppgrten
and sustainable growth.

Fourth, core of the analysis is assessing to wktgne two widely debated policy measures

(namely, IPR protection and environmental policiefluence the transfer of superior technologiesrir

% The rapid diffusion of more efficient and cleaechnologies to developing countries and emergimmemies has such a
critical role in international policies that a pement international body (Subsidiary Body for Stfenand Technological
Advice) has been created within the United Nations.



frontier innovators. Empirical evidence in this pest is rather scarce. IPR protection addresses the
knowledge market failure by providing temporary rmpaly rights to innovators, while environmental
policy internalizes the costs of pollution. Theiducement role on innovation and technical charage h
been largely debated both in academic circles artthé policy realm, but to our knowledge no other
contribution focuses on their contribution to cleamd dirty technology transfer. The key question we
address here is whether the effect of these twdicypahstruments differs between mature dirty
technologies and less mature clean technologidadrop

Finally, a main matter of concern in our empiriegiplication is dealing with the count data
nature of our dependent variable while controlliagthe endogeneity of the policy proxies. We addre
these issues by implementing an instrumental variapproach within a Generalized Method of
Moments estimation framework in line with Blunde®riffith and Windmeijer (2002), which uses pre-
sample information to account for unobserved hegtmeity. This departs from most available literatur
on innovation and diffusion in clean energy prodrcgtin which these issues are often overlooked.

We show that IPR and environmental policies posigiwaffect the rate at which both green and
fossil efficient technologies for power productiare transferred from innovating to receiving coiestr
but with diminishing marginal returns. A 1% increds the strength of patent protection increases th
probability of transfer of renewable ideas by 7.5%hjle the corresponding effect on the probabitify
transferring efficient fossil fuel technologiesasund 5%. Both general commitment to environmental
policy and the number of policy instruments impleteel in a given country have a positive effectfun t
transfer of foreign renewable and fossil blueprifysecifically, market-based mechanisms are the tme
which foreign innovators in renewables respond m&enversely, the innovators of efficient fossil
technologies are attracted towards those marketshwimplement more technology policies to support
cleaner production (as for example R&D tax breakd ether forms of public support to targeted R&D
investments). The use of command-and-control ingnts has on the contrary no discernible effect on
the flow of foreign technologies.

The rest of the paper is organized as follows:iBe& justifies the choice of patents as a proxy
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for technology diffusion and transfer, and sketche@sodel where the number of blueprints patented in
foreign country is a function of fixed and varialkbgport costs, of the innovative activity of thedimg
country and the size of the receiving market. $ac8 describes trends of technology transfer thrdahg
patent system for the power sector, which is tloegof our empirical application and presents the
estimation strategy. Sections 4 and 5 presentrtipérigal results under the assumptions of exoggneit

and endogeneity of the regressors, respectivettidde6 concludes.

2 Technology diffusion and transfer through patents

Most previous literature focuses on trade, FDI aivor force mobility as important channels
through which technologies and know-how diffusesinaitionally (Coe and Helpman [1995]; Eaton and
Kortum [2002]; Hunt and Gauthier-Loiselle [2010]eker [2010]; Kerr and Lincoln [2010]). A few
contributions use instead data on patent filing®se countries to study the diffusion and transfier
technologies (Eaton and Kortum [1996], Branstetiishman and Foley [2006], Eaton and Kortum
[2009])).

Patents are legal titles providing a temporary npohppower in a given market to the applicant.
The costs associated with a patent application hagh, both in terms of information disclosure
(knowledge spillovers) and in terms of patent §lifees, translation fees and agent's feetence, a

patent application testifies that a (generally @&y innovator is willing to pay to protect her adéne

4 To be eligible for a patent, an invention (devipecess, etc.) needs to be new, susceptible ofsiridl application and to
involve a non-obvious inventive step. To obtainagept, an inventor files an application to a pategnauthority. The patenting
office will check whether the application fulfilbe relevant legal criteria and will grant or rejéoe patent accordingly. The
limitations of patent data as an indicator of inaitbxe activity are summarized in Griliches (1990Mhile their use as indicators
of innovative activity is validated in a numbergifidies (Griliches, Pakes, and Hall [1987]; Paatittl Soete [1980]; Sokoloff
and Khan [1990]). In this extensive, literaturegpatdata is used to study the dynamics of bothviation and inter-sectoral and
international knowledge flow and spillovers at firen, sector and country level (Jaffe [1986]; Jadfied Trajtenberg [1996];
Jaffe, Trajtenberg and Henderson [1993]; Peri [20@akakibara and Branstetter [2001]). Applicaticos energy-related
innovation include Lanjouw and Mody (1996), Jaffel@almer (1997), Popp (2002) and Verdolini anceGil (2011).

5 Patent costs are heterogeneous across countdefeprend on several components, among which dffitiray fees, agent's fee
and translation fees. In the 1990s estimate raimgeglfgott’'s (1993) go from USD 460 in India to DS},600 at the EPO, with
the majority of countries lying in the range of USM00 to 3,000. Lerner (2000) estimates the fodit of patent protection
(including renewal fees) in 60 major countries. YOrd handful, such as the Philippines, Paksitarwdduand Egypt lie in the
lower range (less than 100 1998USD), while the nitgjof countries has fees ranging from slightlgdehan 1,000 (Malaysia) to
slightly above 15,000 (Japan). A Roland Berger Maresearch commissioned by the EPO in 2004 petsdbts of a Euro-
direct and a Euro-PCT patent at 37,500 and 57,004 respectively, including all in-house coststfe firm (Roland Berger
[2005]).



can therefore assume that the profits associatéd thee exploitation of the technology in the spiecif
market more than compensate the patent applicattidacosts of patentirfg.

Many case studies point to the role of patents aseans to protect a technology in foreign
countries where the innovation will be marketed aalll. For example, Helfgott (1986), who served as
the Head of General Electric’s Foreign Patenting@i@tions, argues that firms patenting abroad stdve
protect their innovations in markets where demailidow high. Boldrin and Levine (2013), point ohit
Foreign Direct Investment flows are directed tovgattibse foreign sectors where patents are frequentl
used.

As a proxy of technology diffusion, patent dataased here to study how the decision of foreign
innovators regarding the transfer of a blueprintaffected by domestic policy. The details which
characterize patents allow focusing on both cleahdirty technologies, so as to explore the diffiéisd
impact of domestic policies on these very differprdduction options. In recent years, great effias
been devoted to identifying patent classes whidh blassify patents as clean or diftyn this lies the
considerable advantage of patent data, one that ptloxies used in the literature to study techgwlo
diffusion, such as trade and FDI, do not shareufiog on patenting dynamics in the clean and dirty
sectors, we thus provide important insights thahmlement the available studies focusing on other
channels of transfer.

However, patent indicators are imperfect and suffan a number of shortcomings which have
been widely discussed in the literature (GrilicflE290]). Most relevant for our analysis is the fetat
the number of technologies diffused from countty countryj through the patent system in each period
of time (denoted i) equals the number of patent applications froneimers in country to countryj’s
patenting authorities (denoted PADnly under two very strict and unreasonable agsiams (Griliches

[1990]). The first assumption is that all patentst@ct innovations of equal size and quality, whiie

® While licensing data would be extremely usefuhtmess which patents are eventually worked in engiarket, such data is
extremely hard to come by in a cross country pseting.

" In recent years great effort has been put towtagging patent applications to identify green, vesigle and more efficient
innovation (see for example OECD [2012] and WIPQ12))



second assumption is that all patent applicatiorenteially result in a patent granted and licensed.
However, patent applications do not inform on theliy of the innovation, the breadth of each pgten

the length of the patenting process, nor do theyide information on whether the technology

subsequently passes the test of patentability actisally licensed.

We address these issues in two ways. First, ird#te description section we substantiate our
claim that patent flows mirror trade flows in sgictechnologies (Section 3). We also show thas¢ho
countries towards which patent flows of specifichteologies are higher are also the countries where
these technologies are mostly used. While we cagisbhguish those patents which are licensed aseh
products which are imported or sold, the evidenegovide suggests that patent applications arethd
good indicators of technology diffusion and transfe

Second, in our model we allow the relationshipMeein the number of patent applications in a
given market and the number of technologies diffuse that market to be strict but not perfect.
Specifically, we define the relationship betweeansfer (T;;) and applications(PAT;;) as T;; =
PAT;;/¢;j, whereg; is a sending-receiving couple-specific effect taibws the average number of
transferred technologies to differ across countyptes.&; thus controls for (1) differences in the
average size and quality of patents across innmyatbuntries, such as the (unobservable) average
number of claims and (2) differences in the prolitgtihat a patent application in counigrys eventually
granted protection and licensed.

To study the diffusion and transfer of technologesoss countries, we develop a simple two-
sector model inspired by recent contributions imtitade and innovation literature (Helpman, Medited
Rubinstein [2008], Eaton and Kortum [2009]) and athfits well the characteristics of our empirical
proxies, namely cross-country patent applicatioffee model identifies those factors influencing the
decision of (heterogeneous) firms to transfer affimt to a foreign market. In this framework, the
decision to export an idea - a recipe for produrctidepends on whether its implied productivitpligve

a threshold specific to the sending-receiving coupéir.



Unlike the contributions focusing on bilateral teadur focus is on the number of technologies
crossing borders, not on the volume of trade, sipagents only inform on the number of
blueprints/technologies that firms willingly protein a foreign country. Moreover, unlike Eaton and
Kortum (2009), we distinguish between “clean” (neable) and “dirty” (fossil-based) technologies to
explore the differential impact (if any) of domespiolicies on blueprints which improve the effiagrof
the dirty incumbent technology versus blueprintgettgping new carbon-free technologies.

Consider a world witl economies indexegeétl, 2, ..., i, ..., Jn which a research sector produces
ideas and a productive sector produces a uniqaédod® Every year innovators in the research sector
of countryi produce clean and dirty technologies accordinghto following knowledge production
function:

R = w;KOf, ,  s=clean, dirty (1)
New knowledge is a function of own knowledg€o(,,) available in each country to “stand on the
shoulders of the giants” (Caballero and Jaffe [19%aton and Kortum [2009]) and the average
productivity of research in countiy(w;). Technologies invented inare heterogeneous and differ along
a € A, the recipe quality dimension. A higheemeans that a specific output can be producedsmiihller
amounts of factors of productidrEach idea is protected through the patent sysasna, result of which
the innovator effectively gains a temporary monggmwer on the innovatiolf.Each innovator chooses
in how many markets to seek protection on the haisthe quality of her idedhe world's market for
technology is thus characterized by monopolistimpetition.

In each economy, a unique final good is produced competitivelyngsi‘clean” and “dirty”

inputs,Y;. andY;4, according to the following aggregate productiondtion:

-1 E— ET

8 In what follows, is the country where ideas originate aislthe country where the ideas are transferred.

% Inputs and factor inputs are measured in unitoastant quality.

Opatent protection effectively grants the innovater ability to exploit the property rights on thebvation which generally
amounts to 30 years.



Wheree € (0, +) is the elasticity of substitution between the fwputs. Each of the two input¥, is

produced using a continuum of sector-specific tetdgies’ such that:

4 og—1 p—y
Yis = {fo ]Sy]' - dSJ 3)

where the parameteg € (0, +00) represents the elasticity of substitution acr@ssetiesAs available in
countryj and might differ across the “dirty” and “clean’csers. Technical progress, which is the result of
both innovation and technological transfer, takes form of increases ifs or number of blueprints
available in country. Technology transfer is modeled by allowing theiges of each country to originate
in any of then research sectors of the world. Hence, bluepriats ariginate in country or can be
imported in countryj from innovators in any other foreign countiy,As the quality of ideas is
heterogeneous, ideas of high qualityare patented widely (in more than one country)ilevdeas of
low quality a, might be patented in only one country or not at\&le modela as the realization of a
random variable drawn from a Pareto distributiothvé shape parametér> 1, so that the fraction of
ideas with quality higher thamis a=¢ (Helpman, Melitz and Rubinstein [20087).

Given the structure for the production of the finatput, the optimal levels df. andYj4, given

total spendingl;, in countryj are:

Yis = M; (%)_g 4

]S

1
WhereP; is the country price indexp; = (del“€ + chl‘s)l-f, P;s is the price index for each of the two

1

sub-nest®;; = lfOA"S p};"sdsjm andp;is the price of each variety . Finally, total demand in country

j for any varietyy;s is:

me=m () (%) ©

Js J

™ Production in both sectors will depend also onuke of labor and natural resources, but, as tbesfof the paper is on
technologies, we will keep our attention on theitportion of production and abstract from thentibution of labor and
natural resources, as they appear as part of thdldto which variable costs refer.

12\We are implying that the location parameter is 1.



The value of a patent in any couniryvill depend on the profit which that specific i is able
to generate in country As we have seen, the idea could be generatedyic@untryi, with i equal or
different from;j.

The cost of producing one unit of output in courjtnyith a recipe originating in counttiyis
7;;Cjs/a, whereC;s can be thought of as the country-specific cost bfindle of individual factor inputs,
combined according to the recipé® Cis may also differ between the dirty and clean poweehnologies
to reflect differences in the level of internalinat of the social cost of the dirty input or sulisidto
renewables.

The t;; factor, which is similar to the melting icebergesjfication of exporting costs, reflects
here the additional unit costs borne by produagysshich use a recipe originating iinc;; is specified as
a function of bilateral country characteristicB;;() capturing distance-related barriers to transfer:
Tije = Dg’je‘”if where u;; are ii.d. unmeasured country-pair specific faos. Furthermore, we
normalizer; = 1 and assume that;; > 1. These assumptions are consistent with the fattetkporting
an idea to another country is more costly thanisgrthe home market (Helpman, Melitz and Rubinstein
[2008]). If the inventor country produces and m&kée given good in markgtdistance will matter as
goods need to be physically transferred. Howevistadce is likely to also play a role if a foreign
inventor decides to license to a local producetooa subsidiary. In this case, some tacit knowleidge
embedded in the innovation and needs to be traedfeto the foreign market. The greater the
geographical, linguistic and cultural distance lestwthe countries, the more complicated and expensi
the transfer is. In addition, we include a courgpgcific fixed costs tern?; to capture all lump-sum
costs.
The price charged for an intermediate good prodweitld an idea of qualitya originated ini, when

selling it in countnyj is therefore:

13 There are two possible cases. First, the i-inrvedn licence the patent to i-firms, which willpext the good to the j-market.
Second, the i-innovator can licence the patentfioms, which will produce the good locally. In ampgse, the monopolistic
nature of the knowledge market means that the mtoovis the one who reaps all the economic benafisociated with the
innovation. In what follows, we assume that progrcts relocated to the j market, hence the cogtroflucing is indexed by j.
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iiCs
Dijs = ﬁjs . (6)

Whereﬁ,l = -%_ s the standard Dixit-Stiglitz (1977) mark-up.

s os—1
As a result, the associated operating profits innty j of adopting a technology whose recipe

originated in country are:

7;iCis 1-o0y -
mjs(a) = [1— ] ( b ) M;PS " Pf — F @)
The owner of an idea in countiryvill seek a patent in any countjrif the profit associated with

the quality of her idea is greater than 0, or, alternatively, if

15 () R > ®

This equation then implicitly defines the cut offlwea; ;. countryi blueprints of valuer > a;
will be protected by patent in countjy The threshold qualityi;;; varies across different destination
countries, so that an idea may be patented in smonetries but not in others; it may also be differer
the two clean and dirty technologies. These assomgptare consistent with previous literature (Scott
Morton [1999]).

Given our assumptions on the distributionaofind on the threshold,j,, it follows that the
number of ideas originating from countrgnd patented in countjys T;s(a) = ‘{j‘jRis, whereR; is the

stock of ideas which originated inlf a < a;js: for all countryt firms, no idea originating in countiy

will be patented in country If a > a;;, for at least one firm in countiy

_o_ e 6 0 cin-B
Tys = [B] 7301 - Ry w ], p ot () ) ©

Substituting into (9) the expressions for; and R;; and accounting for the relationship between

technology transferT{s) and patent applications (Pf), bilateral transfer becomes:
oyt o Lt HEE L
PATyjs = KOR, [Dy] 15 G510 (M1 [P~ *A7]5 (B = 1| Gyes  (10)
where Ei]- = w; &;;. The number of patent applications from inventiorsountryi and to countryj’s

11



patenting authority is (1) increasing in the segdiountry’s knowledge stoc(kK Ol-st), (2) decreasing in

bilateral distance between the sending counttgd the receiving countrjy(Dij), (3) decreasing in the

1

costs of production ih(ij st> and, for values of; greater than 1, (4) increasing in the market size

in countryj (M;), (5) increasing in the price of the good in counfr(P;;*~*P;*).** Equation (10) also
accounts for sending-receiving countries fixedcﬁﬁééii = a)iEij) and an error terrfe™).

Focus of this paper is how policy levers, eithegeéting innovation or the environment, might
affect the propensity to transfer clean and dietghhologies by altering their costs. On one haR& |
protection affects the payoffs associated witheamrlor dirty blueprint because it is inversely tediato
the likelihood of imitation. If property rights ateetter protected and enforced, the benefits eatsuki
with marketing a technology in a given country &es uncertain. Besides creating incentives for
domestic innovators, stronger patent protection eigacts the transfer of innovation from abroadl(H
and Helmers [2010]). However, a rich literaturehtights that the effect of stronger patent rightstioe
transfer of foreign technologies is not clagsriori (Maskus [2000, 2012]).

On one hand, if exclusivity is better protectednevship rights are better defined and inventors
and patent holders face higher financial returnsfexploiting their innovation, as uncertainty ahd
likelihood of imitation are lower. In this sensésosger IPR protection could have a positive effaat
foreign technology transfer. Eaton and Kortum ()996r example, assume that transfer is negatively
correlated with a lax IPR system: the higher islikelihood that an idea will be imitated, the ldizly
is the transfer. This effect might be particulamyportant for those (laggard) countries which could
benefit by becoming attractive markets for transfeough better protection of (domestic and forgign
patent rights.

On the other hand, the choice of the strength Bf pRotection in any country is influenced by the

level of development, the innovative ability, theokvledge stock of home innovators as well as the

“In our empirical application, which focuses on puever sector, we assume this to be the case. Eariorstudies of inter-
fuel substitution in fossil fuel powered generatieport values of the elasticity of substitutiorttie range of 1 to 3, for example
in Ko and Dahl (2001) and Soderh6lm (1998).
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characteristics of the innovation sector. Countvidich lag behind the innovation frontier may sugppo
lax property rights in an effort to gain from intiteg the innovations of more advanced countries. As
these countries develop and strengthen their daeniestovation capacity, stronger IPR protection is
advocated (see for example Ginarte and Park [198ffjore stringent IPRs arise from the demanda of
growing domestic research sector, IPR reforms canrise to powerful market power effects.

Moreover, if the market effects are reaped by ddimdsms, foreign technologies might be
crowded out. In this case, stronger IPR protectitght result in slower technology diffusion from
abroad. The effect of stronger IPR measures omsfeamight not be linear. Quian (2007), for ins&nc
argues that in the case of pharmaceuticals, inagdlse stringency of the patent system was beiagfic
but with decreasing marginal returns.

The effect of stronger property rights policies htigilso be conditional on specific market
characteristics of the technologies under consiidgraWhen substitutability between technologies is
high, stronger IPR protection will less likely repent a barrier to entry for new firms or higheces for
consumers (Barton and Osborne [2007]). The picisirtherefore arguably different for sectors with
different characteristics, for example pharmacelgias compared with power production. We contebut
to the literature by focusing on how changes in lB§mes affect the transfer of high quality cleenal
dirty blueprints from abroad in the power secfor.

The second major factor likely to affect the relatcost of clean and dirty technologies, hence
affecting the likelihood of their transfer, is theesence of environmental policies. Environmentéicies
promote cleaner ways of production. This can cotmeutin two ways. On the one hand, they can
promote the efficiency of technologies using theydinput, thus resulting in fewer emissions peit o
output. On the other hand, producers can dropritembent dirty technology and turn to renewable and
clean production methods, for which the pollutiopptoduct is in fact close to zero, net of life-@ycl

assessments.

15 See Eaton and Kortum (1996) for the effect of BRgeneral innovation, Hall and Ziedonis (2001) §emiconductors and
Qian (2007) for pharmaceuticals.
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To this end, policy makers can either directly tatgipollution or they can support innovation of
cleaner technologies. With respect to directly taijug pollution, economists distinguish betweer tw
approaches depending on the level of flexibilitygien policy provides to firms or consumers.
Command-and-Control (C&C) policies such as Starsjavd Mandates set a target in terms of emission
reduction or clean production, and thus providieliadditional incentives to go above and beyora th
required pollution reductions. C&C policies increake fixed and variable costs because of the shado
price of the imposed constraints. If C&C policiesult in absolute bans, they effectively raiseciss of
producing with dirty inputs up to infinity. Convedy, Market Based policies (MB) such as pollution
taxes, subsidies, as feed-in tariffs, or other eona incentives induce cost-effective pollution trohby
changing the relative prices of the clean verstty téchnologies.

These two sets of instruments are characterizatiffgrent effectiveness and long and short run
incentives (Hahn and Stavins [1992], Goulder andyP@008]). The comparison of C&C versus MB
instruments, which is often based on highly stylizeeoretical analyses under assumptions of perfect
information, zero transaction costs and perfectormefability and with little attention to political
constraints, concludes that the dynamic incentfeMB policies for domestic innovators are higher
(Hahn and Stavins [1992]). Being focused on theiactliffusion of cleaner technologies, this result
should carry over in a straightforward manner teeifgn innovators. By providing flexibility to the
innovators, MB policies likely provide greater imtiges also for the transfer of foreign technolasgie

Finally, environmental policies following the “temblogy” channel, either in the form of public
direct investment, RD&D programs or tax breaks, meant to overcome the knowledge externality of
environmental — friendly technologies rather thareadly targeting reductions in harmful pollutants.
Technology-specific environmental policies thus kvior the direction of lowering the cost of innoati
of a given technology and are traditionally targea¢ the home research sector. Hence they arg ligel
have little direct impact on the choice of foreifjyms to transfer an already existing blueprint.ttis
sense, they could lead to a strengthening of tbal Iieesearch sector and crowd out foreign techryolog

transfer. However, they might also have a positidirect effect as they contribute to the creatidra
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market for clean and efficient technologies. Therall effect will depend on the nature of the testbgy
under consideration, on specific market charadtesiand on the domestic research sector.

In this paper, we empirically test the effectivenesf these three different families of
environmental policies on the inward transfer atfgn top innovator technology. As explained mare i
detail in the next section, we develop two empirjmaxies to this end. First, an index captures the
commitment of a given country to environmental potibn and to supporting clean production
technologies. Second, an indicator measuring thersity of the policy instrument portfolio gaugéshie
combination of different policy approaches is beariaf for transfer. Finally, we focus on the three
different kinds of instruments presented abovesindy the relative impact of C&C, MB and technology
policies on the diffusion of foreign technology.

To test the prediction of our model and to expltat role IPR and environmental policy have
on international technology transfer, we focus eunpirical application on clean and dirty power
production. The next section presents a descrignedysis of international technology transfer lirs t
sector and a detailed description of the variabkesd in empirical estimation and estimation stiateg

Empirical results follow.

3 Data and Empirical Estimation

The power sector is a perfect case study to testethpirical predictions emerging from our
model and to assess the role of IPR and envirorahpalicy on technology transfer. This sector ishat
center of the political debate regarding sustamapbwth. Power is a General Purpose Technology,
namely an “enabling technology” the diffusion ofialin has long-lasting impacts on the organization of
production and long term economic growth (David9A@P Bresnahan and Trajtenberg [1995]; Moser and
Nicholas [2004]; Helpman [1998]). The negative exadity associated with the production of electyici
from fossil inputs has been addressed in many desnthrough environmental policies supporting

cleaner (more energy efficient or renewable) prtidndechnologies. Issues of directed technicahgba
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in this sector are particularly relevant in light the high capital investment characterizing power
production. The widespread diffusion of clean ortydipower technologies thus has important
repercussions on the entire economy. This aspeqritcularly crucial for developing countries, wée
energy poverty still affects a large share of topypation.

We extract data on patent applications for powedgpction technologies from the EP-KITeS
Patent Statistics Database (KITeS [2010], Lissdmrasconi and Sanditov [2006]), which includes
patents from over 90 patent offices worldwide, tiiihg regional offices and WIP® We attribute each
patent application to either the clean or the d@égtor using the list of patent codes listed ia th
Supplementary Table |. Efficient fossil-fuel powtgchnologies include those technologies which
significantly increase the efficiency of power puotlon through fuel preparation (e.g. Coal gasiitra
Coal pulverization, Coal drying), improvements umbines and boilers (e.g. Improved Boilers for Btea
Generation, Improved Steam Engines, Super-Hedtepspved Gas Turbines and Improved Compressed
Ignition Engines) or combined cycles for co-genierabf electricity and heat. Renewable technologies
include Hydro, Solar, Wind, Ocean, Biomass and Berotal’

Our sample includes 25,653 and 28,200 new bluepimtrenewable and efficient fossil power
technologies originating from 13 top innovating GE€ountries between 1990 and 268 We track the
pattern of application to 40 foreign patenting awities, including both OECD and non-OECD countries
Table | includes the list of innovating countrieslgprovides some descriptive statistics.

As in the case of general innovation, few developaehtries account for most of the innovation
in, and the technological improvement of, renewabled fossil efficient electricity production

technologies. Also, the high number of duplicatpligptions suggests that technical change in camtr

16 The database includes the full set of bibliographiriables concerning each patent applicationh siscpriority, application
and publication numbers and dates, informationnventors and applicants, legal status, and refese(dtations) to prior-art
patents and to non-patent literature.

1 Our selection relied on an extensive literaturdctvtidentified the IPC codes under which innovatianrenewable and
efficient fossil power production are classifiedheNPC codes for efficient fossil technologies arefinement of those presented
in Lanzi, Verdolini and Has¢ (2011), while renewable energy technologies codere compiled from a number of sources that
previously conducted searches in this respect, gmdrich Lanjouw and Mody (1996) and Johnstone ¢Ha@nd Popp (2010).

18 A top innovating country is a country whose reskasector over the sample period produced more @00 new ideas
(patent applications) in the technologies undesitsration.
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away from the innovation frontier is strongly irdluced by the international diffusion of power

production technologies (H&S et al. [2010], Keller [2004], Lanzi, Verdolini attb&i¢ [2011]).

[Table | around here]

Patent duplication from top OECD economies in thaqa 1990-2007 was substantial for both
fossil and renewable technologies, albeit with intgrat differences between these two technologibe. T
25,653 and 28,200 clean and fossil-based bluepgimis rise to more than 40,000 and 53,000 duplicate
applications. Overall, fossil patents have a higher patent duplication rate, arguably indicatihgtt
these technologies are incumbent with respectdctridity production. These technologies have aemor
widespread application due to the great availgbit fossil inputs: coal reserves are widespread an
available in the majority of countries; gas, whishthe second input in share terms for electricity
production, is extensively traded. Moreover, in #ieence of a policy internalizing GHG emission and
pollution, efficient fossil technologies have lowspduction costs than renewables in most countries

Not surprisingly, top innovators in both fossil arehewable power technologies are the USA,
Germany and Japan. These countries, however, deambtn terms of intensity of patent duplicatiom,
which other countries in our sample perform bet@mn. average, Swiss renewable blueprints are applied
for in 3.72 additional application authorities, VehiDutch fossil-based efficient power generation
technologies are applied for in 3.54 additional kats. Technology transfer is significant in our péem
with each “idea” giving rise, on average, to 1.6l dn9 additional patent applications for renewable
energy and fossil, respectively.

One of the main assumptions on which our analysiies is that patent duplications mirror
technology diffusion flows and that patent applmateflect the marketing of a given technology.eDa
data limitations, we cannot check the validityligtassumption on the whole sample, but we canigieov
insights relative to some specific power productiechnologies. First, we identify the bilateraldieaof
goods which is specific to wind turbine technolagiomm UN COMTRADE (2012) (  Wind [2008])).

In this specific technological field, the corretati between the stock of foreign patent applicatiions
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2007 and incoming trade flows over the period 2@0d 2011 is 0.75 and statistically significant. @&t

the correlation between the stock of patents indwamd solar technologies present in the receiving
country in 2009 and the installed capacities in #aene technologies (IEA [2012b]) is 0.58 and
statistically significant. This evidence supportg @ssumption that patent application abroad nsrror
technology diffusion.

Based on equation (10) from our theoretical modelamalyze renewable power technologies
separately from fossil-fuel power technologies. W&Hhioth renewable and efficient fossil technologies
reduce the amount of harmful emissions linked pitkver production, the level of development of these
technologies is starkly different. Fossil-fuel bésdectricity production has been the backbonehef t
world’'s energy systems, providing reliable energtha cost of anthropogenic CO2 emissions. Efficyen
improvements in this case can be implemented witmatgcost variations, but without production
paradigm shifts. Conversely, renewable technolo@idth the exception of hydropower) have enteres th
market only recently. Notwithstanding an averageuah growth rate of 13% over the last 10 yearsy the
currently supply only 3% of worldwide electricityquuction. Renewables are associated with drastic
changes in the way electricity is produced andiféal the grid and have received widespread attentio
for their potential to ease the pressure on théremwent and the dependence on fossil sources (IEA
[2012a]). Focus of the debate is how to improvér imermittency, lower their high costs and copighw
dependence on geographical factors.

Having introduced our dependent variable, we sunaman Table Il the variables and data
sources used in the empirical analysis. We staddsgribing those variables characterizing eaclpleou
of countries engaged in the transfer relation. nfeasure the distance between sending and receiving
countries, we follow the rich trade and innovatliterature and include three different indicataeach
capturing a specific aspect of distance. First,ggmghical distance betweenandj is measured in
thousands of kilometers. Second, we include a dunamwable equal to one for the presence of a caloni
relationship betweenandj. This variable accounts for the possibility thethnology transfer is more

likely if countries are used to dealing with eather and have had long lasting ties. Finally, a ohym
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variable equals 1 if the two countries have a comfanguage.

Previous studies show that the geographical viginiolonial ties and common language
positively affect both trade and knowledge flowaf{d, Trajtenberg and Henderson [1993] and Jafte an
Trajtenberg [1996], Helpman, Melitz and Rubinst@f08], among others). With respect to spillovers i
energy technologies, Verdolini and Galeotti (20tdhclude that geographical distance does affect the
magnitude of spillovers, but its impact is loweanhin the case of general technologies analyzeben
literature.

Among the distance variables, we expect the rolammjuage to be prominent: physical distance
in the case of blueprint transfer might have adessle than in the case of trade. However, if toes
have a different language, applying for a paterthinreceiving country will be more costly becatse

patent needs to be translated (Helfgott [1993]).

[Table Il around here]

We now turn to the characteristics of the sendiagntry which affect the level of bilateral
transfer. As described in equation (1), innovatioaountryi at timet in technologys (Ry) is a function
of own technology-specific patent stocks, whichxge for a country’s innovative ability. Following
previous literature, we compute the own stock obvdedge in the innovating countiyusing the
perpetual inventory method on the count of appbicet (singulars and claimed priorities) worldwidg b
innovators from countriyin technologys.

KOst = Pat;se + (1 — 6)Kise—1 (11)

where§ = 0.1 is the depreciation rate (Keller [2002])The knowledge stock variable is normalized so
that a one unit increase in the variable indicatescrease of 100 patents in the knowledge stock.

We now turn to the relevant characteristics of theeiving country. First, the number of

19 The results presented here are robust to choalffegent discount rates, in the range of 0.5 tb50 The initial value of the

stockK Oy, is defined ask0;5,, = f;Tf;‘; whereg;s is the average rate of growth of patenting irntedogical field s for the
period betweent, andt, — 4. We uset, = 1975 as the initial year to compute the knowledge Istachile the empirical
analysis starts in 1990. This ensures that thecehof the initial value of the knowledge stock kaminimum impact on the

variable itself.
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blueprints transferred to any given market is posliy correlated with expenditures for power. Lavfe-
variety models are based on the assumption thifieamarket gets bigger, it can support a wider eaofg
production technologies (Grossman and Helpman [)98%e control for the size of the market for
electricity inj (M; in the model) by including the lagged value otceie power consumption measured in
TWh.

The absorptive capacity of the receiving countsogblays an important role in the decision of
profit-maximizing firms to market a given technojoCohen and Levinthal [1990]). Unless the recipien
is willing and able to exploit the superior tectogy, the costs associated with patent applicatdmead
will not be recouped by the innovator. We assuhsg tbsorptive capacity in power technology is
specific for clean and dirty technologies, as the tategories of technologies have distinct featée
control for the technology-specific absorption adfaof country j by including in the estimationeth
number of patent applications in clean/dirty tedhgis the country produced in a given y&ar.

Finally, foreign patent applications are a decmadunction of fixed and variable costs, which
are in turn affected by IPR and environmental goliWe measure the quality of the IPR system by the
Ginarte and Park (GP hereafter) index of IPR (G&éand Park [1997], updated in Park, [2008]) which
rates the strength of national IPR regimes of I@tries on a scale from zero to five at intengfl®
years’* We interpolate the missing values and transformittiex on a 0 to 100 scale. We test the
hypothesis of diminishing marginal returns to sg@nIPR protection by including the squared valfie o
the GP index in the empirical estimation.

The GP index has the major limitation of measummdy the strengths of the law of patent
protection, not its actual implementation. For ginsen quality of the patent system, costs will bedr

and transfer will be higher in those countries wtsaccessfully implement the law and respect it.tRig

20 Renewables power technologies have an additiosalljarity in that their potential is constrained the natural potential.
This is, however, an almost fixed characteristieath country and we assume it is fully capturethbycountry fixed effects.

21 To compute the ranking, Park and Ginarte create different categories, namely the extent of cager membership in
international patent agreements, provisions fos lok protection, enforcement mechanisms, and duraif protection. They
define several benchmark criteria, such as thenpatéity of pharmaceuticals for extent of covera@énarte and Park (1997)
compute the share of “fulfilled” criteria in eachtegory for each country. A country's score is uhaveighted sum of these
shares over all categories. The index is calculatédyear intervals. See Ginarte and Park (198d)Rark (2008) for details.
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reason, we include in the estimation an additiomaéx, “Rule of Law”, provided by the ICRG (2011)
The “Rule of Law” indicator ranges between 1 anan8l is provided monthly. We average the data for
each year and country and rescale it between A@ddWe expect this variable to have a positiveaiotp
on bilateral transfer: if law and order are respececonomic transaction are more secure, thesraftdll
parties are well defined and defended and thelesgs uncertainty on the economic and legal outcomes
Moreover, rule of law is by definition negativelgreelated with corruption, which is often an adfitl
cost of serving any given market. Incidentally, ih@usion of the “Law and Order” index serves dise
purpose of controlling for the likelihood that emnmental policy is respected (see below). Conattio
on a given level of “Law and Order”, countries witthigher commitment to environmental policies will
likely be the target of more transfer.

An additional matter of concern regarding the leoElprotection of IPRs is that it might be
endogenous. Countries might choose a level of IRRRegtion which is dependent on their general
innovative capability: a more stringent IPR mightthe consequence of a rising domestic researttr sec
demanding better and stronger protection for inaiges innovation (Ginarte and Park [1997]). Striking
balance between the potential of imitating foretgohnologies and the need to encourage domestic
innovation is likely to play a relevant role in ddeping countries (Chen and Puttitanun [2005]). tids
the empirical analyses on the role of IPR on intiona knowledge transfer and diffusion do not addre
the endogeneity of the IPR regime and take IPRcatdrs as exogenous. Among the few exceptions,
Chen and Puttitanun (2005) focus on developing t@msmand show that the level of IPR protection is
raising the countries’ innovative ability. We adekdhe issue of endogeneity of the IPR regime tirou
an instrumental variable approach, which we desaiid discuss in detail in the next Section.

Finally, we control for the presence of environna¢pblicy in the receiving country. Building an
indicator of EP is a rather complex task, as peficre heterogeneous in nature, strength and iokfct
For the aim of this paper, we are interested insméag both overall commitment to cleaner power
production and diversity of the policy instrumemtrifolio. Committing to environmental protectionas

signal to innovators and patent holders worldwitat tdemand for cleaner technologies will likely
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increase in the coming years in that specific ntarktoreover, the decision to tackle environmental
problems by resorting to various policy instrumegi@&C versus MB or technology) is likely to influem
the response of foreign innovators. The directibths influence is however not clear a priori. G
one hand, many different policy interventions camréase uncertainty and complexity, reducing
incentives for diffusion. On the other hand, thisild be seen as a signal of strong commitment as mo
than one route is chosen to address the enviromhexiernality.

We collect data on the environmental policies djmatly targeting the power sector from the
IEA World Energy Outlook policy database (IEA [2QL&nd develop two distinct proxies. The first one
is a policy “stock”, namely the sum over time of tholicies introduced in any given country. Theosec
indicator focuses instead on the characteristighefpolicy portfolio. We identify 10 different tgp of
environmental policy that governments can choosémglement in order to address climate-related
concerns in the electricity sectors ranging from@#&easures to MB instruments and including R&D
subsidie$? We assign a value of 1 to the implementation gfaiicy in each policy type and sum these
values for a given country in each year. The inithers varies between 0 and 10 and reflects the tiread
of the instrument choice in any given country. &xplore the differential impact of C&C, MB and
Technology policy on the clean and dirty technoldiffusion we use the same methodology of this last
index to create a different variable for each efthcategories.

These indices of environmental policy commitmentfesufrom two major problems. First,
counting the number of environmental policies térgethe electricity sector is less than an optimal
indicator, even though similar indices have beesvipusly proposed in the literature (Dasgupta et al
[2001], Nesta, Vona and Nicolli [2012] among othefEhe scope, design and enforcing will differ by
country, so that this indicator is plagued with smw@ament error. This notwithstanding, governments d
not commit to specific environmental measures hghind the passing of a set of laws regulating the

power sector in favor of cleaner technologies & alatcome of very lengthy processes that involee th

22 We identify ten different policy instruments whitlave been implemented by countries in our sampée time to promote
efficient and renewable power generation: Taxegdhe Tariffs, Subsidies and Incentives, Permitgan8ard, Mandates,
Labelling, Quotas, R&D, and direct Investment ipital goods.
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voting of parties, the support of public opiniondahe respect of international treaties and comarits,
especially in a crucial sector such as energy supdence we believe that, net of an intrinsic
measurement error, our proxies should credibly omeasn a qualitative way the magnitude of
commitments of different countries.

Second, these policy indicators are endogenouschbiee of implementing a policy supporting
more efficient and less polluting technology iduehced by availability of technological alternatsy the
strength of the domestic research sector and theath\ability to enforce policy. Specifically, caies
with high domestic innovation and greater IPR gthnwill more easily commit to environmental
protection through public policy. If the supply ehergy-related blueprints is high, compliance with
environmental policy will be achieved at lower @ahd public support for environmental policy viaid
higher (Barrett [1994], Carrion-Flores and Inne@1[@)]). Indeed, this has been documented to beabe c
for the Montreal Protocol, the agreement aimingabing CFCs gases that largely benefited from the
development of new refrigerator technologies (FPu[@006]). Again, we resort to an instrumental
variable approach to correct both the measurenremt issues and the endogeneity of the environnenta
policy variable.

We turn now to the empirical estimation strategye Wodel the transfer patent application from
inventors ini to countryj (pair p) in a given technologg=c,d at timet (a count variable) through an
exponential model with an additive error of thetfior

PATys: = exp(Xps,t—lﬁX + ﬁst) T Est (12)
where PAT,, is the number of patent applications between @acbuntry-pairs at time tX,;;_4is a
vector of explanatory variables at time t8l, are the coefficients associated with time dumnaied
capture all common macro shocks agdis an i.i.d. error component. If unobserved hegeneityn,,; is
not appropriately accounted for, estimates fromdfiqn (13) are likely biased. We model the unobsérv

component, multiplicatively (Windmeijer and Santos-Silva [19%

PATps,t = exp(Xps,t—lﬁ + Bse + nps) T &gt (13)
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We assume that the, are not serially correlated‘,[estnps] =0, t=1,..,T and allow for correlation

between the individual effects and the regress!i‘{lﬁsps,t_1 TIps] # 0. Choosing an appropriate estimation
approach for (14) we thus also need to controtterendogeneity bias of our policy regressors, whic
might respond to unobservables affecting the b#dteansfer of technology, as previously explained

We address both unobserved heterogeneity and emeibgessues by implementing the pre-
sample mean estimator proposed by Blundell, Grifihd Windmeijer (2002) for count data dependent
variables. In this framework, the log of pre-samplean bilateral transfer is used to control for-pai
specific unobserved heterogeneity. This estimaahus well suited for patent data, which have long
historical series. The exponential model is estmdhrough a Generalized Method of Moments (GMM)
approach which allows us to also relax the assumpmth the exogeneity of the policy variables. Fate

s=c,dtechnology, the Moment Conditions are as follows:

= 21 2Tt Zyst—1 Opse — eXP(Bos + Xpse—18 = $ 10 Fpg0)) = 0 (14)
WhereP indicates the number of country paifsndicates the years (1990-200[) y, is the pair pre-
sample mean calculated between 1970 and 1889,is the vector of regressors as previously expthine
Zpst Is equal taX,;; when we assume that the regressors are exogedomgersely, when accounting for
the endogeneity of our policy variables,, = (1,EXpS_t_1,IVpS,t_k). EXpst-1 includes the set of
original regressors which are treated as exogenshie [V,,_, are a set of instruments which we

discuss in Section 5.

4 Baseline Empirical Results

Table Ill presents the results of the empiricaineation for renewable (R) and efficient fossil (F)
patent transfer. The first benchmark specificafmmeach of the two technologies (colums R1 andi§1)
a pooled Poisson estimation with country dummidge $econd and the third columns (R2, R3 and F2,

F3) present the results of the GMM pre-sample mestimator under the assumption of regressors
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exogeneity and endogeneity, respectively. The rpaipose of the comparison of the pooled Poisson
estimation and the GMM pre-sample mean estimatisrt® highlight biases in the estimation of the
coefficients when overlooking the issues of unolmgheterogeneity on the one hand and that ofyolic
endogeneity, on the other. Such a comparison spartisularly useful for an energy-related applicati
like ours because pooled count data models witmtcpuidummies have often been used in available

empirical analyses focusing on the energy sector.

[Table Il around here]

We focus in this section on the specifications dase the assumption of regressors exogeneity
(R2 for renewables and F2 for efficient fossil),ilhwe address endogeneity issues in the nextosecti
We start from those variables proxying for bilateliatance. The coefficients associated with ttstagice
variables in both the renewable and fossil spettifins are not statistically different from zerathathe
exception of the language dummy in the renewal#eiipation. The coefficient associated with common
language has the expected sign. The differencstim&tes with the basic pooled Poisson model sigges
that disregarding the presence of unobserved hyteeity leads to an overestimation of the contidlout
of distance to bilateral transfer. These biases saffgstantial: in both specifications the coeffitien
associated with distance drops by more than arr ofdeagnitude and becomes insignificant. In theeca
of renewable technologies, the effect of a colonidtionship vanishes, while the effect of a commo
language in the case of fossil technologies igstizdlly not different from zero. Conditional omep
sample transfer, geography does not affect patgplications between the sending and the receiving
country.

The coefficient associated with the innovator’'s \khealge stock in the pre-sample mean model
supports the finding in Acemoglu et al. (2012),ntivig to a directed technical change effect. Theemo
experienced is countiyin technology s, the greater the likelihood of @timg blueprints of that specific
technology. The resulting coefficients are howeawere than 3 times higher in the case of renewaddes
compared to efficient fossil patents. A 100 pateiniyease of the knowledge stock increases the
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probability of bilateral renewable transfer by ardu0.8% (exp(0.00784)) whereas the corresponding
effect in the case of fossil patents is lower tB2%6 (exp(0.00216)). The estimates from the preptam
mean model under the assumption of regressors’eeaity are more than one order of magnitude lower
in the case of fossil technologies, and about tfoeeths lower in the case of renewable technokgie
This indicates that the pooled Poisson model result biased upwards, as they confound the treeteff
of the sending country’s knowledge stock with tffea of unobserved pair heterogeneity.

We now turn to the characteristics of the receivimgrket. Market size, measured by electricity
consumption in TWh at time1, positively affects technology transfer. Moreovtire likelihood that
foreign inventors will apply for a patent in thendestic market is positively correlated with ourxrdor
the recipients’ absorptive capacity (own innovataffort). The effect is stronger in the case ofeneable
technologies. This results seems to rule out thpothesis of a crowding-out effect, pointing ratterla
crowd-in effect of own innovation. This result isline with a rich macro and micro literature paigtto
the role of absorptive capacity in attracting inaion (Cohen and Levinthal [1990], Griffith, Reddin
and Van Reenen [2003], Keller [1996]). For bothsu@riables, estimated coefficients are biased
upwards if unobserved heterogeneity is not accalfiate

The coefficient associated with the rule of lawidadior in specifications (R2) and (F2) is positive
in both the renewable and fossil specificationthaalgh it is around three times higher for the ferm
Specifically, a one point increase in the Rule aflindicators (which is equivalent to 1%) increatbes
probability of transfer by roughly 0.5% (exp(0.08§6and 0.1% (exp(0.00173)) for renewables and
fossil efficient technologies, respectively. Thesult is in line with Barro (2003), who finds a five
relationship between Rule of Law and economic gnowtoreover, it suggests that one of the channels
through which law enforcement contributes to ecaowogrowth is its positive effect on technology
diffusion and transfer. As a result, the receivaayintry moves closer to the technological fronded
arguably improves production efficiency. Once agaimmparing the GMM estimates with the Pooled
Poisson model, it is apparent that controllinguoobservable fixed effects corrects for upward.

Turning now to the variables of interest, namelRR [&hd environmental policy, results confirm
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expectations. A higher level of IPR protection ssaciated with higher bilateral technology transfére
square IPR term has a negative and significanfiicaaft, indicating that there are, indeed, dintiriig
marginal returns to stricter IPR protection, buttthey are small. A 1% increase in the Ginarte Raudk
index is associated with a probability of transi®b% and 5.1% higher for renewable and fossil
blueprints, respectively.

With respect to environmental policy, the estimatéghe pre-sample mean model under the
assumption of regressors exogeneity imply thattheginal benefit of an additional policy increaties
probability of bilateral transfer by 1.1% (exp(003)) and 1.3% (exp(0.0125)) for renewable and Fossi
technologies, respectively. Conversely, an incraasthe width of policy portfolio measured as the
addition of one policy instrument increases thebphility of bilateral transfer by 2% (exp(0.019))da
4% (exp(0.0398)).

The general conclusion emerging from a comparidoth@® GMM estimates with those of the
Poisson model is that not accounting for observetgrogeneity results in significantly different pbi
estimates on most model variables. In the GMM edtion with pre-sample mean, the coefficients
associated with some variables maintain the sagreksit are significantly smaller than those emaygin
from the Poisson model (for example, for the lamgudummy and the innovator's knowledge stock
variable). Other coefficients which reach accemdblels of significance in the Poisson estimation
statistically not significant from zero in the GMEktimation (for example, colonial relationship and

distance).

5 Instrumental variable estimation

We need to address two major concerns regardingaliay indicators, as discussed in Section 3.
First, if the regressors, and particularly the gplvariables, are not truly exogenous, the coeffits
presented in the previous Section are biased. Emdity arises from unobservables affecting both the

policy indices and the dependent variable, as a®lfrom feedbacks between the two policy indices
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themselves. Second, the bias in the coefficientchwvhs linked with the endogeneity of the policy
indicators is further complicated by issues relatedneasurement error. Therefore, it is hard ttesta
priori if an instrumental variable approach wilkdly change the magnitude of the estimated coefitsi
in one direction or the other.

To address the measurement error and the endogehéiie policy indices, we select a vector of
both in-sample and out-of-sample instruments anektienate our model with an IV approach. Lagged
values of the policy indices are good candidatgungents for current values under the weak exoggnei
assumption, namely that past values are not ctecelaith current shocks. This is also true if cotre
values of the explanatory variables are measuréd evior, under the assumption that the measurement
errors are not serially correlated. We use onespdeagged policy variables to instrument under the
assumption that past values of the policy variabtespositively correlated with current levels.

We also select two additional instruments whichndo directly affect the level of transfer of
renewable and fossil blueprints, but are likelyretated with both the quality of the IPR regime and
country’'s commitment to environmental policy. ThHielihood of committing to cleaner and more
efficient electricity production and to strongeRIPis likely influenced by public opinion and céizs’
support.

To capture this effect, we select a first indicatarasuring the length of the democratic system in
receiving country. This indicator has been previously suggestedasstrument in the literature (Nesta ,
Vona and Nicolli 2012) under the assumptions tlehakcratic countries tend to display higher levéls o
policy stringency and that long-lasting democragijovernments are more responsive to citizens’
preferences. This assumption is validated by eelargmber of previous studies. Grossman and Krueger
(1995), Fredriksson et al. (2005) and Ward (2008drzg others have shown that democratic regimes are
more likely to commit to strict environmental pglidemocracies are also characterized by a system o
check and balances and majority ruling. North (2080d Olson (2003), for example, argue that
democratic systems are more likely to enforce weligned property rights regimes to avoid that

individuals with superior coercive power enforce thiles to their advantage and infringe the riglits
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fellow citizens. The older a democracy, the more stringent thesy®®em and the higher the commitment
to environmental policy.

A second indicator we construct is based on inféionaregarding the occurrence of
environmentally-related disasters in the receivilogintry at any point in time. The data we rely on
includes information on occurrences and costs @gocwith droughts, extreme temperatures, floods,
storms or wildfires (EM-DAT [2012]). Such eventsore than any other significant discoveries or géec
of scientific evidence, are likely to affect indivals’ collection of samples of environment-related
problems, thus feeding availability biases. By @aging the perceived likelihood of negative
environmental events, natural disasters positiaéfiyct the demand for environmental policies. Tigim
line with what is found concerning self-protectibghaviors in the case, for example, of insurance
expenditures (Kunreuther et al. [1978]).

As such, environment-related disasters are expetdedbe positively correlated with the
environmental policy indices. We build an indicaggual to 1 if the recipient country has bornedbsts
associated with such events at time t-3 and useathan instrument in our regression. We allovBftags
to account for the longer term effect of environtaédisasters on policy commitméfit.

Our expectations with respect to the effect of @itsample instrumental variables are supported
by examining auxiliary reduced form regressionsoth policy indices on the instruments, which are
displayed in the Supplementary Table Il. The vdeabeasuring the length of a democratic systermahas
positive and significant coefficient both with respto the level of IPR protection and to the iediof
environmental policy. Conversely, the dummy indiogitthe presence of natural disasters has a pesitiv
and significant coefficient in the environmentallipp indices specifications, but no effect on IPR
protection.

Conditional on our exclusion restrictions beingidalWwe carry out an exogeneity test of the

policy indices as suggested by Woolridge (2002kc8jzally, we regress the policy indices on th# fu

23 EM-DAT (2012) also includes information about #iee of economic losses associated with each skthecurrences. We
rely instead on the dummy variable indicator assize of economic losses is conditional on the tgisisize of the economy
and on calculations related to the value of ste#iklives, etc.
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set of exogenous regressors and instruments, ahdlénthe residuals from the first stage regression
the pre-sample mean GMM model. Testing the sigaifoe of the coefficients associated with the
residual terms, we can reject the null hypothdsas they are different from zero. We thus confitratt
our policy indices suffer from endogeneity bias.

We then re-estimate model (10) with the full seinstruments described above. The estimated
results under the assumption of IPR and environahguilicy endogeneity are presented in Table I,
specifications R3 and F3. The point estimated dweffts with all vectors of instruments and for tbot
technologies are generally in line with the onesspnted above, with the exception of the variable
proxying for the number of environmental policytignents in the renewable specification, which is
smaller in size, and fails to reach acceptableldewd. According to the Hansen's J test of over-
identifying restriction, we cannot reject the nhilypothesis that the chosen instruments are valid,
supporting our IV strategy.

A final specification we propose (columns R4 and iR¢ludes the interaction between the two
EPs indices, to explore for the presence of anypoamd effect. While the coefficients associatedhait
other variables in these specifications are in kwith previous results, the coefficients of the two
environmental policy indices now increase in siZfbey are about 3 times higher in the case of
renewables and twice as high in the case of effidiessil technologies and statistically significam
both specifications. Moreover, the coefficient assted with the interaction term is negative, but
statistically significant only in the case of rerable patents. This suggests that the benefit otiaddl
environmental commitment by means of an additigmalicy instrument has diminishing marginal
returns.

To further explore if any particular category ofvieonmental policy instrument drives the
empirical results, we re-estimate the models irnogdhree different indicators, under the assunmptid
policy endogeneity (Table IV). The three indicesaswge the breadth of the policy portfolio in eatthe
three subcategories, namely Market-Based (spetiffit;a R5 and F5), Command-and-Control

(specifications R6 and F6) and Technology (spetifims R7 and F7).

30



[Table IV around here]

The estimated coefficients associated with all otbentrol variables are in line with what
presented in Table lll. Regarding the environmeptdicy indices, note that market-based measumes ar
the ones which are associated with a positive effec bilateral technology transfer in the case of
renewable technologies. MB instruments, in the fofraubsidies, feed-in tariffs or financial instrents
constitute a powerful incentive for foreign patdmiders, as they provide not only a clear signal of
commitment to cleaner power production, but thesp ahcrease the monetary rents of the inventors (or
alternatively, they lower the comparative costspodducing power with renewable energy sources).
Conversely, in the case of efficient fossil bluagsj the bilateral transfer of technology incredgethe
case of higher commitment to technology policy B&D investment specific to the power sector, as the
signaling effect of a growing market and of absorptcapacity clearly prevails on the crowding out

effect.

6 Conclusions

This paper investigates how domestic policies arflte the incoming transfer of clean and dirty
technologies from top innovator countries. Focusimgthese two different technological options is
important because the sustainable growth implinatiof diffusion differ dramatically in the two case
We present a two sector (“clean” and “dirty”) moaéltransfer identifying those characteristics hie t
sending and in the receiving country which affédw transfer of technological know-how. The model
shows that the transfer of clean and efficient imsrtechnologies from abroad is an increasing tionc
of the sending country’s innovative ability, of theceiving country’s size and its ability to enferthe
law. Conversely, it is negatively affected by akttiors which increase the fixed and variable coéts
technology transfer.

We use bilateral patent applications as a proxyechnology transfer because patents allow

distinguishing between clean and dirty technolagi¥e thus complement and enlarge previous results
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which focus on other channels of transfer, suchrade or FDI. We empirically test the model's
prediction focusing on the sector of power produtiin a sample of 13 top innovating OECD countries
and 40 receiving countries because of the relevafidhis sector with respect to sustainable growth,
energy security and climate change challenges.

The empirical analysis we present focuses on estimahe effect of two largely debated
policies. On one hand, IPR protection addresses ithevation externality. On the other hand,
environmental policy protection internalizes enuimental externalities. Results of a GMM estimation,
which accounts for both unobserved heterogeneitlythe endogeneity of our policy variables, confirms
the positive relationship between transfer andsémding country’s innovative ability, on one haadd
the receiving country’s market size and absorptagacity, on the other hand.

We show that countries whose property rights pt@te@nd ability to enforce the law are higher
are able to attract more foreign clean and efficiechnologies. This positive effect is slightlyegter for
the less mature technology (renewables), indicatha in this case an increase in the protection of
property rights and rule of law goes a great deaktds reducing the high uncertainty associatet wit
technology transfer for frontier technological opis.

Moreover, countries which commit to higher envir@mtal policy protection both by
implementing more environmental laws and by indreathe size of the policy instrument portfolio are
more attractive markets for the transfer of foreiglean and efficient technologies. However,
environmental policy per se does not necessariwprfahe transfer of renewables (less mature, but
cleaner) technologies more than the transfer ofenafficient fossil-based (and carbon-emitting) powe
technologies.

This likely depends on the fact that efficient fbsschnologies have lower costs of production
than clean technologies and might be more attmdtiv many receiving countries because they do not
require a paradigm shift in energy production. Tdusld also be the result of complementaries batwee
clean and dirty technologies, which is due to tlgfierent implied flexibility in meeting variablpower

demand. Our evidence thus suggests that in thersafcbower production environmental polipgr se
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does not lead to a switch in the type of technolwggsferred (renewable vs fossil efficient), ailtgb it
favors the diffusion of generally less pollutingti@ologies.

Looking at the effect of the different policy instnents, fiscal incentives are associated with a
higher transfer of renewable technologies. ConWeraepositive effect is found in the case of teabgy
policies supporting R&D and deployment in the cakéossil efficient technologies. Finally, command
and control policy instruments do not have a disibée effect on the inflow of foreign technologye b
renewable or fossil efficient. This last resultridine with a rich theoretical literature whichipts to the
dynamic inefficiency of C&C instruments for innoi@t. The evidence we present shows that C&C
policy instrument are inefficient also with respeot the transfer and diffusion of foreign superior
technologies.

Our results are of great relevance for the policgkimg community. Countries off the
technological frontier, for which foreign innovatiocepresents a great opportunity to catch up, shoul
carefully draft their IPR and environmental poliogt only to promote the strengthening of the doimest
research sector, but also to become attractiveandéisn markets for foreign technologies. The choic
regarding the type of environmental policy instrutngut in place should take into account the effleat
market-based, command-and-control or technologicpdahstrument have on the likelihood of foreign
clean and dirty technology transfer.

On a final note, this paper does not address thfaneamplications emerging from our presented
results (Branstetter, Fishman and Foley [2006]). d&ienot comment on whether an IPR reform or the
introduction of environmental policies have a gasitor a negative effect on the overall welfarethaf
research sector, the producers or the consuméhg ireceiving countries. Rather, we show that dtimes

policies affect the diffusion and transfer of fgrinnovation.

Valentina Bosetti is Assistant Professor at the &vapent of Economics, Bocconi University,
Senior Researcher at Fondazione Eni Enrico Mattel &cientist at the Euro-Mediterranean Center on
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Supplementary Data

Supplementary Table I. IPC Codes for renewable anéfficiency improving fossil fuel technologies

for electricity generation

COAL GASIFICATION

C10J3 Production of combustible gases containing carbonaxide from solid carbonaceous fuels

COAL DRYING

F26B Drying solid materials or objects by removing liquieér&from

F26B Drying solid materials or objects by removing liquién&from (exclude combinations with A, B and D)

F26B Drying solid materials or objects by removing liquién&from (with combinations with classes A, B and D)

C10B 47 Destructive distillation of solid carbonaceous matenth indirect heating, e.g. by external combustio

C10B 49 Destructive distillation of solid carbonaceous matefg direct heating with heat-carrying agents inclgdhe
partial combustion of the solid material to be teeat

C10B 51 Destructive distillation of solid carbonaceous mateitiy combined direct and indirect heating

C10B 53 Destructive distillation, specially adapted for parkge solid raw materials or solid raw materials in spidorm
(wet carbonising of peat C10F)

C10B 55 Coking mineral oils, bitumen, tar or the like, or moibes thereof, with solid carbonaceous materials (angakils
C10G)

C10B 57 Other carbonising or coking processes; Features afudéise distillation processes in general

COAL PULVERIZATION

B02C

Crushing, pulverising, or disintegrating in generaljimg grain

B02C 1/00-14

Crushing or disintegrating by reciprocating members

B02C 2/00-10

Crushing or disintegrating by gyratory or cone crushers

B02C 4/00-02

Crushing or disintegrating by roller mills (with millimgembers in the form of rollers or balls co-operatindnwi
rings or discs B02C 15/00; roller mills or roll refinensclusively for chocolate A23G 1/10, A23G 1/12)

=3

B02C 4/0¢-12 - with cc-operating corrugated or toothed crusl-rollers
B02C 4/18 in the form of a bar
B02C 4/2( wherein the roller is corrugated or toc

B02C 4/26-34

in the form of a grid or grating

B02C 4/40-44

Detachers, e.g. scrapers

B02C 7/00-17

Crushing or disintegrating by disc mills

B02C 13/00-31

Disintegrating by mills having rotary beater elements

B02C 15/00-16

Disintegrating by milling members in the form of BB or balls co-operating with rings or discs

B02C 17/00-24

Disintegrating by tumbling mills, i.e. mills havirgcontainer charged with the material to be digirated with
or without special disintegrating members such &bles or balls (high-speed drum mills B0O2C 19/11)

B02C 23/00-40

Disintegrating by tumbling mills, i.e. mills havirgcontainer charged with the material to be digirated with
or without special disintegrating members such &bles or balls (hic-speed drum mills B0O2C 19/1

B02C 25/00

Disintegrating by tumbling mills, i.e. mills havirggcontainer charged with the material to be digiratied with
or without special disintegrating members such &bles or balls (high-speed drum mills B0O2C 19/11)

IMPROVED BURNERS

F23C1 not B60, B68, F24, F27

Combustion apparatus specially adapted for combusfibmo or more kinds of fuel simultaneously or
alternately, at least one kind of fuel being fluent

F23C5/24 not B60, B68, F24, F3

Combustion apparatus characterized by the arrangemerdunting of burners; Disposition of burners toadtt]
a loop flame.

F23C6 not B60, B68, F24, F

Combustion apparatus characterized by the combinafitwo or more combustion chambers (using fluest)

F23B10 not B60, B68, F24, F27

Combustion apparatus characterized by the combinafitwo or more combustion chambers (using onlydsol
fuel)

F23B30 not B60, B68, F24, F27

Combustion apparatus with driven means for agitatiegourning fuel; Combustion apparatus with drivenms
for advancing the burning fuel through the combustioamber

pa

F23B70 not B60, B68, F24, F27

Combustion apparatus characterized by means for regusniid combustion residues to the combustion
chambe
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F23B80 not B60, B68, F24, F27

Combustion apparatus characterized by means creatiisgiract flow path for flue gases or for non-comiedist
gases given off by the fuel

F23D1 not B60, B68, F24, F27

Burners for combustion of pulverulent fuel

F23D7 not B60, B68, F24, F27

Burners in which drops of liquid fuel impinge on a sgg

F23D17 not B60, B68, F24, F27

Burners for combustion simultaneously or alternayivélgaseous or liquid or pulverulent fuel

FLUIDIZED BED COMBUSTION

B01J8/20-22

Chemical or physical processes (and apparatus therefmtyucted in the presence of fluidized particleshwi
liquid as a fluidizing medium

B01J8/24-30

Chemical or physical processes (and apparatus therefmtycted in the presence of fluidized particles,
according to “fluidized-bed” technique

F27B15

Fluidized-bed furnaces; Other furnaces using or treditmedy-divided materials in dispersion

F23C10

Apparatus in which combustion takes place in alfagd bed of fuel or other particles

IMPROVED BOILERS FOR STEAM GENERATION

F22B31

Modifications of boiler construction, or of tubestgms, dependent on installation of combustion rabps;
Arrangements or dispositions of combustion apparatus

F22B33/14-16

Steam generation plants, e.g. comprising stearersaif different types in mutual association; Comtiames of
low- and high-pressure boilers

IMPROVED STEAM ENGINES

FO1K3 Plants characterized by the use of steam or heat atatons, or intermediate steam heaters, therein

FO1K5 Plants characterized by use of means for storing steamalkali to increase steam pressure, e.gooifidginann
or Koenemann type

FO1K23 Plants characterized by more than one engine delivpdngr external to the plant, the engines beingedrivy
different fluids

SUPERHEATERS

F22G Superheating of steam

IMPROVED GAS TURBINES

F02C7/08-105

Gas turbine plants - Heating air supply before conitmisé.g. by exhaust gases

F02C7/12-143

Cooling of gas turbine plants

F02C7/30

Gas turbine plants - Preventing corrosion in gas-seggtes

COMBINED CYCLES

FO01K23/02-10

Plants characterized by more than one engine delivpongr external to the plant, the engines being drine
different fluids; the engine cycles being thermalygled

F02C3/20-36
F02C6/10-12

Gas turbine plants characterized by the use of ostign products as the working fuel

Combinations of gas-turbine plants with other apparaupplying working fluid to a user, e.g. a cherica
process, which returns working fluid to a turbinehsf plant

F23R

Generating combustion products of high pressuregir #locity, e.g. gas turbine combustion chambers.

IMPROVED COMPRESSED-IGNITION ENGINES

FO02B1/12-14 not B60, B68, F24
F27

Engines characterized by fuel-air mixture compresigjoition

F02B3/06-10 not B60, B68, F24
F27

Engines characterized by air compression and subsefpet addition; with compression ignition

FO2B7 not B60, B68, F24, F27

Engines characterized by the fuel-air charge beingeidiiy compression ignition of an additional fuel

FO2B11 not B60, B68, F24, F21

Engines characterized by both fuel-air mixture corsgimn and air compression, or characterised
by both positive ignition and compression ignitierg. in different cylinders

F02B13/02-04 not B60, B68,
F24, F2

Engines characterized by the introduction of liquidlfinto cylinders by use of auxiliary fluid; Compsem
ignition engines using air or gas for blowing fuébinompressed air in cylinc

F02B49 not B60, B68, F24, F271

Methods of operating air-compressing compressioni@néngines involving introduction of small quaietit of
fuel in the form of a fine mist into the air in thegine’s intake.

COGENERATION

FO1K17/02 Using steam or condensate extracted @ustéd from steam engine plant, (...) for heatinggaep

FO1K17/06 Use of steam or condensate extracted or exhaustedsfeam engine plant; Returning energy of steam, in
exchanged form, to process, e.g. use of exhaush$twalrying solid fuel of plant

FO1K27 Plants for converting heat or fluid energy into medterenergy

39




F02C6/18

Using the waste heat of gas-turbine plants outsid@lants themselves, e.g. gas-turbine powergiaats

F02G5 Profiting from waste heat of combustion engines

F25B27/02 Machines, plant, or systems using waste heatfrem.internal-combustion engines

WIND

FO3D 1/00-06 Wind motors with rotation axis substantially in widdection

FO3D 3/00-06 Wind motors with rotation axis substantially at rigimgle to wind direction

FO3D 5/00-06 Other wind motors

FO3D 7/00-06 Controlling wind motors

FO3D 9/00-02 Adaptations of wind motors for special use;

FO3D 11/00-04 Details, component parts, or accessories not proyaad, or of interest apart from, the other groupthcs
subclass

B60L 8/00 Electric propulsion with power supply from force @ftare, e.g. sun, wind

B63H 13/00 Effecting propulsion by wind motors driving water-engepgpropulsive elements

SOLAR

FO3G 6/00-06 Devices for producing mechanical power from solar energy

F24J 2/00 Use of solar heat, e.g. solar heat collectors

F26B 3/28 Drying solid materials or objects by processes invgiihre application of heat by radiation -e.g. sun

HO1L 27/142

Devices consisting of a plurality of semiconductamponenets sentive to infra-red radiation, light --exially
adapted foor the conversion of the energy of sudiatian into electrical energy

5]

HO1L 31 Semi conductor devices sensitive to infra-red radiatight, electromagnetic radiation of shorter wasreght, or
corpuscolar radiation and specially adapted eithethi®conversion of the energy of such radiation into
electrical energy or for the control of electridcaéegy by such radiation

B64G 1/44 Cosmonautic vehicles..arrangements or adaptatiorrépugsion systems using raiation, eg deployablersola
arrays

HO01G 9/20 Electrolytic capacitors, rectifiers, detectors,tshWing devices, light-sensitive or temperature-seresievices;
processes of their manufacture...light-sensitive devices

HO2N 6/00 Generators in which light radiation is directly corted into electrical energy

E04D 13/18 Aspects of roofing for the collection of energy — selar panels

B60K 16/00 Arrangement or mounting of propulsion units not preddor in one of main groups B60K 1/00-B60K 7/00

HO1L 25/00 Assemblies consisting of a plurality of individ@miconductor or other solid state devices (devicesisting
of a plurality of solid state components formed iiron a common substrate HO1L 27/00; assemblies of
photoelectronic cells HO1L 31/042

HO1L 25/04 Assemblies consisting of a plurality of individ@miconductor or other solid state devices (devicesisting
of a plurality of solid state components formed iiron a common substrate HO1L 27/00; assemblies of
photoelectronic cells HO1L 31/042) ... the deviceshaving a separate container

GEOTHERMAL

F24J 3/00-08

Other production or use of heat, not derived from comitrus using natural or geothermal heat

FO3G 4/00-06

Devices for producing mechanical power from geotheenatgy

fure

FO3G 7/04 Mechanical-power producing mechanisms -- using presgifferences or thermal differences occurring in na
HO2N 10/00 Electric motors using thermal effects

OCEAN

E02B 9/08 Tide or wave power plants

FO3B 13/10-24

Submerged units incorporating electric generators ormnotmracterized by using wave or tide energy

FO3G 7/04-05

Mechanical-power producing mechanisms - ocean thezmelyy conversion

HYDROP POWER

E02B 9/00-06 not E02B9/08

Water-power plants

FO3B 13/06-08 not FO3B 13/10-
26

Submerged units incorporating electric generators ormnotmaracterized by using wave or tide energy

FO3B 3 not FO3B 13/10-26

Machines or engines of reaction type (i.e. hydraulibines)

FO3B 7 not FO3B 13/10-26

Water wheels

FO3B 15 not FO3B 13/10-26

Controlling machines or engines for liquids
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BIOMASS AND WASTE

C10L 5/40-48

Solid fuels based on materials of non-mineral origanimal or vegetable substances,; sewage, townuseho
refuse; industrial resides or waste materials

Ci0L 1/14 Liquid carbonaceous fuels; Gaseous fuels; Solitsfue

FO2B 43/08 Engines operating on gaseous fuels from solid feej.-wood

B01J 41/16 Anion exchange - use of materials, cellulose or wood

C10B 53/02 Destructive distillation, specially adapted for partée solid raw materials or solid raw materials in sqlorm
(wet carbonising of peat C10F)

F23G 7/0* Methods or apparatus, e.g. incenerators, specialfytedidor combustion of specific waste or low gradeefyfs,
e.g. chemicals ... of field or garden waste

F23G 7/1* Methods or apparatus, e.g. incenerators, specialfytedidor combustion of specific waste or low gradeefyfs,

e.g. chemicals ... of field or garden we

C10L 1 and (F23G5 or F23G7)

Liquid carbonaceous fuels

C10L 3 and (F23G5 or F23G7)

Gaseous fuels; Natural gas; synthetic natural gesrea by proceesed not voered by subcallses C10G;C1
liquefied petroleum gas.

C10L 5 and (F23G5 or F23G7)

Solid fuels

B09B 1 and (F23G5 or F23G7)

Destroying solid waste or transforming solid wastes samething useful or harmless

B09B 3 and (F23G5 or F23G7)

Incineration of waste; Inceneration constructions
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Supplementary Table II; Instrumental variable estimation, auxiliary first stage regressions

Count of Policies j Policy Portfolio's Width j IPR

Length Democracy 0.118*** 0.0310*** 0.251***
[0.00371] [0.00110] [0.00792]

Natural Disasters 0.726*** 0.185*** 0.452

[0.156] [0.0463] [0.334]

Observations 8,626 8,626 8,626
R-squared 0.616 0.591 0.567

F-test 506.9 400.4 502.0

Prob > F-test 0 0 0

Notes: regressors in auxiliary models include alh@genous variables, the two out-of-sample instrumés and time fixed
effects. *, ** and *** indicate levels of significance at 10%, 5% and 1%, respectively.
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Tables

Table I. Innovation and transfer from top OECD innovators, 1990-2007

Renewables Fossil

Icrt](\)/j::?yr BIuZSriV\:1ts Duplicates Dupﬁ\clgltion Blul;lsx\:ns Duplicates Dupfi\(\:gtion
AT 455 833 1,83 567 1.049 1,85
CA 355 716 2,02 1.003 1.159 1,16
CH 305 1.134 3,72 1.369 2.983 2,18
DE 4177 7.193 1,72 10.159 9.448 0,93
ES 1.038 506 0,49 114 265 2,32
Fl 378 536 1,42 628 1.983 3,16
FR 1.162 2411 2,07 1.750 4.888 2,79
GB 2.070 3.216 1,55 963 2.696 2,80
IT 466 1.019 2,19 582 1.736 2,98
JP 7.090 10.278 1,45 3.253 6.511 2,00
NL 685 1.218 1,78 342 1.212 3,54
SE 444 812 1,83 610 1.503 2,46
us 7.028 10.934 1,56 6.860 17.596 2,57
Total 25.653 40.806 1,59 28.200 53.029 1,88
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Table IlI: Variables description, empirical proxiesand data sources.

Mocdel Variable | Indicator | Data | Data Sources
Dependent Variable
Ti patent Transfer Count pf patem applications frominventors in coymto application KITES Patent database
authority j
Explanatory Variables
D_j Geographical Distance Distance
Cultural Distance Dummy variable for same language CEPII
Historical Ties Dummy variable for colonial relat®imip
M_j Total Spending in receiving countnyf  Total Powem@umption WDI
Policies targeting greener electricity productiondceiving country IEA World Energy Outlook Polibatabase
FiCj Fixed and Variable costs of Rule of Law ICRG
’ production in j Proxy for intellectual property rights in receivieguntry (and square) Ginarte and Park (1998) amki(Pa08)
Absorptive Capacity of receiving country measured by inat@n leve) KITES Patent database
(patents)
KO i Own Stock of |r.1.novat|ng count?atent.Stock of own innovation, perpertual inventory methinitialized ir KITES Patent database
— (technology specific) 1975, discount rate 10%
) Observed and unobserv . .
Ej . ( &untry dummmies or pre-sample mean as in Bluetal (2002) KITES Patent database
heterogeneity

Notes: Variables capture bilateral characteristicg(jj), characteristics of the sending country (i), o characteristics of the
receiving countries (j).
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Table Ill: Estimation Results, baseline specificatins

(R1) (R2) (R3) (R4) (F1) (F2) (F3) (F4)
Pooled Poisson Exogenous Endogenous Endogenpus P adeseh P Exogenous Endogenous Endogeno
Own Stock (is) 0.0268*** 0.00784** 0.00863*** 0.0113*** 0.0210*** 0.0026** 0.00222*** 0.00232***
[0.00589] [0.00330] [0.00303] [0.00310] [0.00710] [0.@73] [0.000862] [0.000899]
Common Language 0.295*** 0.129** 0.119*** 0.115* 0.440*** 0.0711 0.0613 0622
[0.0577] [0.0507] [0.0459] [0.0489] [0.0526] [0.0463] Qa54] [0.0455]
Distance (1,000 km) -0.0470*** -0.00325 -0.00349 -0.00456* -0.0583*** 0.0037 0.00295 0.00211
[0.00595] [0.00271] [0.00267] [0.00262] [0.00509] [0.6® [0.00281] [0.00273]
Colonial Relationship 0.260*** 0.00158 0.00361 0.0343 0.0818 -0.147 -0.135 -0.13
[0.0666] [0.0529] [0.0477] [0.0490] [0.0606] [0.0955] 0932] [0.0919]
Market Size (j) 0.000904*** 0.000218*** 0.000228*** 0.000226*** 0.00067*** 0.000181*** 0.000182*** 0.000183***
[8.53e-05] [3.77e-05] [3.45e-05] [3.32e-05] [0.000113] 2.35e-05] [2.22e-05] [2.27e-05]
Absorptive Capacity (js) 0.00178*** 0.00102*** 0.000984*** 0.000958*** -7.75e-05 0.000146** 0.000131** 0.000101*
[0.000200] [0.000179] [0.000139] [0.000155] [0.000154] 6.44e-05] [6.36e-05] [5.69e-05]
Rule of Law (j) 0.00811*** 0.00458*** 0.00456*** 0.00347*** 0.00849*** Q00173* 0.00187** 0.00187**
[0.00196] [0.00151] [0.00133] [0.00129] [0.00163] [0.GuB) [0.000921] [0.000942]
IPR () 0.0454*** 0.0729*** 0.0828*** 0.0828*** 0.0316*** 0.0506"** 0.0530*** 0.0524***
[0.00546] [0.0148] [0.0145] [0.0150] [0.00372] [0.00565] [0.00628] [0.00626]
IPR squared (j) -0.000416*** -0.000710*** -0.000776*** -0.000766*** -0000296*** -0.000515*** -0.000534*** -0.000530***
[5.10e-05] [0.000109] [0.000114] [0.000117] [3.82e-05] 4.gle-05] [5.28e-05] [5.36e-05]
Stock of Policies (j) 0.00808*** 0.0105** 0.0109*** 0.0562*** 0.0103*** 0.0125** 0.0134*** 0.0271**
[0.00310] [0.00409] [0.00383] [0.0181] [0.00226] [0.0234 [0.00334] [0.0133]
Number of Policy Instruments (j) -0.0363* 0.0190* 0.0107 0.0418*** -0.00598 0.0398*** 0.03** 0.0440***
[0.0185] [0.0106] [0.0137] [0.0155] [0.0120] [0.0130] 01.40] [0.0139]
Interaction Policy Indexes (j) -0.00536** -0.00175
[0.00216] [0.00151]
Pre Sample Mean Country 0.933*** 0.932*** 0.903*** Country 0.942*+* 0.913*+* 0.940***
dummies [0.0225] [0.0227] [0.0247] dummies [0.0161] [Gop [0.0171]
Year FE Yes Yes Yes Yes Yes Yes Yes Yes
Observations 8,376 8,376 8,376 8,376 8,626 8,626 8,626 8,626
Moments 30 32 33 30 32 33
Hansen's J Test 1.549 4.065 0.511 0.923
Significance Hansen's J Test 0.461 0.131 0.775 0.630

Notes: Dependent variable: patent applications in@newable (R1-R4) and efficient fossil technologi€E1-F4) from sending countryi to receiving country j. Standard
errors clustered at the country-pair level in parenthesis. Specification 1: Pooled Poisson Model witountry dummies. Specification 2: pre-sample meand?sson Model

with GMM estimation, regressors’ exogeneity. Spedifations 3 and 4: pre-sample mean Poisson ModelstiGMM estimation, regressors’ endogenity. Instrumats: IPR

and environmental policy indices lagged once, lengtof democratic system, presence of natural disasgein time t-3. All models include time fixed effets. Variables

indicated by (s) are technology-specific. *, ** and** indicate levels of significance at 10%, 5% andl%, respectively.
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Table IV: Estimation results, additional environmental policy indicators

(RS) (R6) (R7) (F5) (F6) F7)
Endogenous Endogenous Endogenolis Endogenous EndogenousdogeBous
Fiscal Regulatory Technology Fiscal Regulatory Technglo
Own Stock (is) 0.00951*** 0.00809*** 0.00745** 0.00193** 0.00195** 0.0B22**
[0.00284] [0.00303] [0.00299] [0.000941] [0.000897] [00392]
Market Size () 0.000219*** 0.000220*** 0.000214*** 0.000173*** 0.00018+** 0.000180***
[3.29e-05] [3.47e-05] [3.38e-05] [2.25e-05] [2.20e-05] 2.1Be-05]
Common Language 0.151%** 0.116** 0.106** 0.0606 0.0534 0.0608
[0.0505] [0.0481] [0.0432] [0.0472] [0.0461] [0.0445]
Distance (1,000 km) 0.00197 -0.00338 -0.00336 0.00330 0.00205 0.00152
[0.00289] [0.00274] [0.00263] [0.00316] [0.00291] [0.G8&2
Colonial Relationship 0.0264 0.00916 0.0155 -0.139 -0.134 -0.139
[0.0427] [0.0517] [0.0463] [0.0947] [0.0946] [0.0901]
Absorptive Capacity (js) 0.00113*** 0.000995*** 0.000987*** 0.000125** 0.000159* 0.000146**
[0.000152] [0.000166] [0.000163] [6.03e-05] [5.85e-05] 6.17e-05]
Rule of Law () 0.00389*** 0.00416** 0.00429*** 0.00154 0.00192** 0.001%*
[0.00136] [0.00163] [0.00128] [0.000964] [0.000960] [00950]
IPR (j) 0.0833*** 0.0802*** 0.0820*** 0.0499*** 0.0506*** 0.0506**
[0.0133] [0.0143] [0.0145] [0.00599] [0.00578] [0.00620]
IPR squared (j) -0.000813*** -0.000736*** -0.000747*** -0.000495*** -0000498*** -0.000506***
[0.000105] [0.000110] [0.000112] [4.99e-05] [4.88e-05] 5.00e-05]
Stock of Policies (j) 0.0118*** 0.0109*** 0.0124*** 0.0140*** 0.0142*** 0.0123**
[0.00353] [0.00361] [0.00372] [0.00324] [0.00312] [0.063
Number Policy Instruments (j) 0.172%* 0.0428
Fiscal [0.0324] [0.0326]
Number Policy Instruments (j) -0.0450 0.0330
Regulatory [0.0427] [0.0288]
Number Policy Instruments (j) -0.0537 0.0633***
Technology [0.0340] [0.0242]
Pre Sample Mean 0.917*%** 0.936*** 0.943*** 0.948*** 0.949%** 0.944***
[0.0220] [0.0236] [0.0220] [0.0172] [0.0160] [0.0157]
Year FE Yes Yes Yes
Observations 8,376 8,376 8,376 8,626 8,626 8,626
nr moments 32 32 32 32 32 32
Hansen's J 1.154 1.488 1.267 0.723 0.881 1.252
pvalue J 0.562 0.475 0.531 0.696 0.644 0.535

Notes: Dependent variable: Patent applications in enewable (R6-R8) and efficient fossil technologie@6-F8) from

sending countryi to receiving countryj. Standard errors clustered at the country-pair leel in parenthesis. All models are

pre-sample mean Poisson models with GMM estimatiomnd endogenous policy regressors. Instruments: IPRnd

environmental policy indices lagged once, length ademocratic system, presence of natural disasters itime t-3. All

models include time fixed effects. Variables indidad by (s) are technology-specific. *, ** and *** ndicate levels of

significance at 10%, 5% and 1%, respectively.
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