
Conclusions

Dear readers, I would like to thank you for making it to this point of the thesis and hope
that my wishes expressed in the introduction became true, and that this journey through
the past three chapters has at least laid open some of the possibilities of using patent
data to investigate various kinds of question using different methodologies, at various
scale, scope and level of analysis. I hope to have brought to some of you interesting
new insights and maybe also some sparks of new ways to look at the problems at hand.

To summarise quickly, in this thesis, I have analysed issues related to the rise of global
value chains and climate change during the beginning of the 21st century by linking
these two global phenomena to topics in innovation. In the following final remarks of my
thesis, I want to not only summarise the findings but more directly compare the three
chapters, highlight their differences but also their overlap, and finally look also into the
future, of the world in general but also in terms of research ideas. In all three chapters,
I try to better understand the incentives to conduct certain types of innovation. While
in chapters 1 and 2 I explore incentives to develop process and product innovation,
the third chapter is focussed on the incentives for different types of green innovation,
namely energy generation, integrated technologies and end-of-pipe technologies.

Although I have always remained during my thesis within the topic of innovation in
the manufacturing sector, and focussed on the use of patent data, the methodologies,
geographical scale, and level of analysis differ greatly between projects. While Chapter
1 is empirical work, heavy in data, explorative, and more descriptive in nature, Chap-
ter 2 is a theoretical piece, where a calibrated dynamic partial-equilibrium model is
at the heart. Lastly, Chapter 3 is about causal inference and policy evaluation, where
propensity score matching and difference-in-difference techniques are applied. Concern-
ing geographical scope and level of analysis, Chapter 1 includes 38 countries from Asia,
Europe, Australia, as well as North and South America, and the analysis takes place
at the country-industry level. Chapter 2 is developed to include N-regions, and allows
therefore for global geographical scale. In practise, we calibrate it for three global re-
gions, that are represented by Germany, Poland and China. Finally, Chapter 3 is a
firm-level analysis that focusses on European firms only.
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The first chapter highlights how the position in the value chain and hence the type of
business function undertaken correlates with the type of innovation that is being devel-
oped. I find that while innovation in general is for specialised industries more associated
with an upstream position in the value chain, innovations further downstream are more
related to process innovations and that country-industry pairs that are positioned here
are often typical offshore destinations. Typical offshoring countries, on the other hand,
often show more upstream positions and develop technologies more related to product
innovations.

These findings are on the basis of the second chapter, where global integration leads
to the specialisation of the global North, which is the technological leader in our case,
into upstream research, which produces product innovations, while the global East and
South in absence of additional research support will become locked into downstream
manufacturing activities, where only process innovation takes place. The incentives to
conduct product innovations are here demand driven, as a larger market size increases
the potential profits the monopolist holder of a patent can capture from the innovation.
Process innovations in our model are incentivised, on the other hand, by cost-reduction
motives, meaning incentives to make the manufacturing and assembly of final goods
more productive. I show that this specialisation due to the formation of value chains
across borders can be beneficial for all trading partners but might also result in welfare
losses, especially for those countries whose upstream research strength is rather high
but cannot be sustained with respect to the technological leaders when entering a trade
bloc with them. The country is then pushed to downstream business functions instead.

Finally, in Chapter 3 I showed that green innovation can be incentivised through poli-
cies that put a price on emissions, without crowding out other types of innovation.
Explicitly, I focus on green innovation that the policy induces for regulated firms such
that, just like process innovation in our model, green innovation here should be incen-
tivised by the possibility of reducing costs of the firm. Therefore, the direction of green
technological change might be more related to new processes. On the other hand, those
firms that see in the regulated firms a larger market demand for green products and
machinery, could be incentivised to develop green product innovations. The spillover
effects of the policy on unregulated firms and the distinction between green product
and process innovations is beyond the scope of this thesis but would be an interesting
path for future research.

Instead of distinguishing between product and process innovations, in this last chapter, I
have been analysing in which part of the manufacturing process firms react to the policy
and found that firms react in very diverse ways, not only changing their main industrial
processes, but also by developing green innovations related to energy generation and
end-of-pipe technologies. Unlike integrated technologies, which are at the heart of a
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firm’s main industrial process, end-of-pipe and energy generation technologies might
be beyond a firm’s key expertise. I also show that firms in low-tech sectors do not
adjust to the policy with new innovation. However, many of these low-tech sectors
are very emission intensive, such that it should be investigated if emission reduction
can be achieved through other means such as adoption of technologies, and if not it is
important to understand what the main barriers to green innovation in these sectors
are.

At the very last, I would like to quickly, but importantly, turn back to the two trends
I have introduced in the preface and leave the reader with my thoughts of the future.
First, the rise of geopolitical tension and protectionism: I have focused on the conse-
quences of the rise of global value chains on innovation. However, what will instead be
the effect on innovation outcomes in this reality of extreme geopolitical tensions and
greater protectionism with its aim of reducing the reliance on foreign economies? What
are the consequences on research collaboration, knowledge spillovers, and technology
diffusion? The world is connected better than ever before, such that Cairncross’s death
of distance (Cairncross, 2002) has never been closer. Moving towards greater protec-
tionism and higher tariffs cannot uninvent technologies that allow countries to connect
beyond trade in goods.

Second, and interrelated, are the increasing threats from climate change and the dev-
astating consequences felt around the world, stronger and more widespread than ever.
Policies have been ambitious in parts, and the future of the EU ETS has many things to
offer. But I have introduced this policy as being grown out of the Kyoto protocol, which
was born in a period of increasing global connection and formation of new alliances.
We live right now in a world that sees the opposite trend, but climate change is and
will remain a global issue that requires collaboration, acknowledgement of responsibil-
ity by everyone, and commitment. Instead we experience withdraws of countries from
climate agreements, ex post weakening of climate goals and postponements of emission
compliance regulations, and a focus to rearm the globe for a fight against each other
instead for a fight together against climate change.
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Summary in English

In my doctoral thesis, titled “Trade and environmental regulation as structural drivers
of innovation: Theory and empirics on product, process, and green patents”, I provide
empirical and theoretical insights on the direction of technological change related to
acute and important global challenges. Explicitly, the three chapters of the thesis anal-
yse, respectively, the role of global value chains (GVCs) and international production
structures, the role of globalisation and the formation of trade blocs, and lastly the role
of environmental policy on innovation outcomes.

The rise of GVCs, especially in the early 2000s, caused production to fragment across
countries, and not only separated manufacturing processes, but also innovation activi-
ties. Theoretically, product innovation is usually associated with upstream, early-stage
production functions, while process innovations can be thought of as taking place more
downstream, where cost reduction and optimisation of production and assembly activi-
ties are key. What the geographical separation of upstream and downstream production
stages then means for product and process innovation is largely a black box. This is
because empirical analyses on product and process innovation have been largely limited
to country-level studies that use survey data, making a more broad understanding of
global patterns of product and process innovation difficult.

In the first chapter, I propose a solution to this: I identify product and process innova-
tions using patent data and link it with GVC measures from input-output tables. This
results in a mapping of product vs. process innovation across 20 manufacturing indus-
tries in 38 countries. In an explorative analysis of this data, I then analyse how product
and process innovations are related to GVC position and participation. For example,
I show that process innovations are correlated with more downstream functions of the
value chain. These functions often perform labour-intensive activities and take place
in typical offshore destination countries. Product innovations, on the other hand, are
more likely to occur in upstream country-industry pairs held by Western economies.

Following the empirical evidence in Chapter 1, the question arises what the incentives to
conduct and specialise in product or process innovation are and how they change when
countries start participating in the global production network. We give in Chapter 2
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insights to these questions with the help of a three-sector, multi-region, endogenous
growth model that distinguishes explicitly between product and process innovation.

By calibrating the model with data from Germany, Poland, and China, three global
regions are represented. Germany as a technological leader and Poland and China as
technological laggards. We show that integration without additional policies can lead
to a lock-in of technologically lagging regions into downstream manufacturing, where
process innovation takes place. The technological leader, on the other hand, specialises
in upstream research and intermediate good production. This causes concentration of
market power and widens the technological gap between leader and laggards. While in
our model the formation of trade blocs raises overall welfare, we find that for technologi-
cal laggards this is not necessarily the case, especially if integration means being pushed
out of promising upstream research activity. With this chapter, we therefore contribute
to the literature on trade models, not only by focussing on technological leaders and the
benefits of trade as often is the case. Instead, we also unveil the effects of integration
on different types of technological laggards and by highlighting the potential risks and
challenges global integration can bring to them.

Lastly, in Chapter 3 I shift my focus to environmental policies. Explicitly, I analyse
the effect of the EU emission trading scheme (EU ETS) on the development of green
innovation. As one of the largest carbon pricing tools in the world, it is crucial, in order
to reach climate goals, to pinpoint where the successes of such a policy are concen-
trated and where additional support is required. To contribute to this understanding,
I estimate the causal impact the EU ETS had on the development of green innova-
tion by regulated firms. I make use of firm-level data from regulated and unregulated
firms within the EU and employ propensity score matching and difference-in-difference
techniques.

The results indicate that, overall, the policy has been a successful tool to spur green
innovation. This is especially the case for manufacturing firms regulated due to their
combustion activities and firms in already innovative industries. Firms regulated due
to industrial processes and in sectors low in R&D intensity find it difficult to react and
might benefit from additional support. I also find that firms react more strongly by
developing technologies that are integrated in their own production process. Although
also end-of-pipe and energy-generation technologies, which can be seen as auxiliary
functions in which regulated firms do not hold expertise, show positive effects, these
effects are lower in magnitude.
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Sintesi in Italiano

Nella mia tesi di dottorato, intitolata “Trade and environmental regulation as structural
drivers of innovation: Theory and empirics on product, process, and green patents”,
fornisco spunti empirici e teorici sulla direzione del cambiamento tecnologico in relazione
a importanti e acute sfide globali. Nello specifico, i tre capitoli della tesi analizzano
rispettivamente il ruolo delle catene globali del valore (GVC) e delle strutture produttive
internazionali, il ruolo della globalizzazione e la formazione di blocchi commerciali e,
infine, il ruolo delle politiche ambientali sull’innovazione.

La crescita delle catene globali del valore (GVC), soprattutto all’inizio degli anni 2000,
ha causato una frammentazione della produzione tra i paesi, separando non solo i
processi produttivi, ma anche le attività di innovazione. In teoria, l’innovazione di
prodotto è solitamente associata alle fasi a monte della catena del valore, mentre le
innovazioni di processo possono essere considerate più a valle, dove la riduzione dei
costi e l’ottimizzazione delle attività di produzione e assemblaggio sono fondamen-
tali. L’impatto della separazione geografica delle fasi di produzione a monte e a valle
sull’innovazione di prodotto e processo è in gran parte sconosciuto. Questo perché la
maggior parte delle analisi empiriche sull’innovazione di prodotto e processo si sono
limitate a studi a livello nazionale basate su sondaggi alle aziende, ciò rende difficile
una più ampia comprensione dei modelli globali di innovazione di prodotto e processo.

Nel primo capitolo, propongo una soluzione a questo problema, cioè identifico le in-
novazioni di prodotto e processo sulla base dei dati relativi ai brevetti, mettendoli in
relazione alle misure delle GVC ricavate dalle tabelle input-output. Il risultato è una
mappatura dell’innovazione di prodotto rispetto a quella di processo in 20 settori mani-
fatturieri in 38 paesi. Attraverso un’analisi esplorativa di questi dati, analizzo poi come
le innovazioni di prodotto e di processo sono correlate alla posizione e alla parteci-
pazione nelle catene del valore globali (GVC). Mostro, ad esempio, che le innovazioni
di processo sono correlate a funzioni più a valle della catena del valore; queste funzioni
spesso svolgono attività ad alta intensità di manodopera e si svolgono in paesi che sono
tipiche destinazione di offshoring della produzione. Le innovazioni di prodotto, d’altra
parte, hanno maggiori probabilità di verificarsi in coppie paese-settore a monte, tipiche
delle economie occidentali.
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Alla luce delle evidenze empiriche del Capitolo 1 sorge la domanda su quali siano gli
incentivi a condurre e specializzarsi nell’innovazione di prodotto o di processo e come
questi cambino quando i paesi iniziano a partecipare alla rete produttiva globale. Nel
Capitolo 2 forniamo approfondimenti su questi temi con l’ausilio di un modello di
crescita endogena multiregionale a tre settori che distingue esplicitamente tra inno-
vazione di prodotto e di processo.

Calibrando il modello con dati provenienti da Germania, Polonia e Cina, vengono rap-
presentate tre regioni globali: la Germania come leader tecnologico, mentre Polonia e
Cina come ritardatarie tecnologiche. Dimostriamo che l’integrazione, senza politiche
aggiuntive, può portare a un lock-in delle regioni tecnologicamente arretrate nella pro-
duzione a valle, dove avviene l’innovazione di processo. Il leader tecnologico, d’altra
parte, si specializza nella ricerca a monte e nella produzione di beni intermedi. Ciò
causa una concentrazione del potere di mercato e amplia il divario tecnologico tra
leader e ritardatari. Sebbene, nel nostro modello, la formazione di blocchi commer-
ciali aumenta il benessere complessivo, scopriamo, che il benessere non necessariamente
aumenta per i ritardatari tecnologici, soprattutto se l’integrazione implica l’esclusione
da attività promettenti di ricerca a monte. Con questo capitolo, quindi, contribuiamo
alla letteratura sui modelli di commercio, concentrandoci non soltanto, come spesso
accade, sui leader tecnologici e sui benefici del commercio. Piuttosto, sveliamo anche
gli effetti dell’integrazione su diverse tipologie di ritardatari tecnologici, e evidenziamo
i potenziali rischi e le sfide che l’integrazione globale può comportare per essi.

Infine, nel Capitolo 3, sposto la mia attenzione sulle politiche ambientali. Analizzo es-
plicitamente l’effetto del sistema di scambio di quote di emissione dell’Unione Europea
(EU ETS) sullo sviluppo dell’innovazione verde. Essendo uno dei principali strumenti
di valorizzazione del costo delle emissioni di anidride carbonica al mondo, è fondamen-
tale, per raggiungere gli obiettivi climatici, individuare dove si concentrano i successi
di tale politica e dove è necessario un ulteriore supporto. A tale scopo, stimo l’impatto
causale che l’EU ETS ha avuto sullo sviluppo dell’innovazione verde nelle aziende re-
golamentate. Utilizzo dati a livello aziendale provenienti da aziende regolamentate e
non regolamentate e adotto le tecniche di propensity score matching e difference-in-
difference.

I risultati indicano che, nel complesso, l’EU ETS si è rivelato uno strumento efficace per
stimolare l’innovazione verde. Questo è particolarmente vero per le imprese manifat-
turiere regolamentate per via delle attività di combustione e per le aziende che operano
in settori industriali già innovativi. Le imprese regolamentate per processi industriali e
quelle appartenenti a settori con bassa intensità di ricerca e sviluppo trovano invece più
difficile reagire e potrebbero avere bisogno di supporto ulteriore. Ho inoltre riscontrato
che le aziende reagiscono in modo più deciso nello sviluppo di tecnologie integrate nei
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propri processi produttivi. Anche le innovazioni nelle tecnologie "end-of-pipe" e quelle
per la generazione di energia - considerate funzioni ausiliarie in cui le imprese regola-
mentate non possiedono competenze specifiche - mostrano effetti positivi, sebbene di
minore entità.
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Samenvatting in het Nederlands

In mijn proefschrift, getiteld “Trade and environmental regulation as structural drivers
of innovation: Theory and empirics on product, process, and green patents”, bied ik
empirische en theoretische inzichten met betrekking tot technologische verandering in
relatie tot acute en belangrijke globale uitdagingen. De drie hoofdstukken van het proef-
schrift analyseren respectievelijk de rol van globale waardeketens (GWKs) en interna-
tionale productiestructuren, de rol van globalisering en de vorming van handelsblokken,
en tot slot de rol van milieubeleid op innovatieresultaten.

De opkomst van globale waardeketens, met name in het begin van de jaren 2000, zorgde
voor een fragmentatie van de productie over verschillende landen en scheidde niet
alleen productieprocessen, maar ook innovatieactiviteiten. Theoretisch gezien wordt
productinnovatie meestal geassocieerd met stroomopwaartse productiefuncties, dat wil
zeggen functies die vroeg in het productieproces plaatsvinden, terwijl procesinnovaties
gezien kunnen worden als processen die verder stroomafwaarts plaatsvinden, waar voor-
namelijk kostenreductie en optimalisatie van productie- en assemblageactiviteiten cen-
traal staan. Wat deze geografische scheiding van stroomopwaartse en stroomafwaartse
productiefasen vervolgens voor gevolgen heeft product- en procesinnovatie, is eerder
nauwelijks onderzocht. Empirische analyses van product- en procesinnovatie hadden
zich grotendeels beperkt tot studies op nationaal niveau. Deze studies maakten boven-
dien gebruik van enquêtegegevens, waardoor het moeilijk is tot een breder begrip van
wereldwijde patronen van product- en procesinnovatie te komen.

In het eerste hoofdstuk stel ik een oplossing voor: ik identificeer product- en procesin-
novaties met behulp van octrooigegevens en koppel deze aan globale waardeketens uit
input-outputtabellen. Dit resulteert in een overzicht van product- versus procesinno-
vatie in 20 maakindustrieën en 38 landen. In een verkennende analyse van deze data
analyseer ik vervolgens hoe product- en procesinnovaties verband houden met de posi-
tie en deelname van GWKs. Zo laat ik zien dat procesinnovaties gecorreleerd zijn met
functies in de waardeketen die meer stroomafwaarts gelegen zijn. Deze functies voeren
vaak arbeidsintensieve activiteiten uit en vinden typischerwijs plaats in niet-westerse
landen. Productinnovaties daarentegen komen vaker voor in stroomopwaartse land-
industrieparen, meestal, maar niet altijd, gevestigd in westerse economieën.
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Aansluitend op de empirische analyse in hoofdstuk 1 rijst de vraag wat de prikkels
zijn om product- of procesinnovatie uit te voeren en zich daarin te specialiseren en
hoe deze veranderen wanneer landen beginnen deel te nemen aan het wereldwijde pro-
ductienetwerk. Hoofdstuk 2 geeft inzicht in deze vragen met behulp van een endo-
geen groeimodel met drie sectoren en meerdere regios dat expliciet onderscheid maakt
tussen product- en procesinnovatie. Door het model te kalibreren met gegevens van
Duitsland, Polen en China worden drie wereldwijde regio’s weergegeven. Hierbij is
Duitsland de technologische leider en Polen en China de technologische achterblijvers.
We laten zien dat integratie zonder aanvullend beleid kan leiden tot een lock-in van
technologisch achterblijvende regio’s in de productie stroomafwaarts, waar procesinno-
vatie plaatsvindt. De technologische leider daarentegen specialiseert zich in onderzoek
stroomopwaarts en de productie van halffabricaten. Dit leidt tot concentratie van mark-
tmacht en vergroot de technologische kloof tussen koplopers en achterblijvers. Hoewel
in ons model de vorming van handelsblokken de algehele welvaart verhoogt, zien we dat
dit voor technologische achterblijvers niet noodzakelijkerwijs het geval is, vooral niet
als integratie betekent dat ze worden verdrongen uit veelbelovende stroomopwaartse
onderzoeksactiviteiten. Met dit hoofdstuk dragen we daarom bij aan de literatuur over
handelsmodellen, niet alleen door ons te richten op technologische koplopers en de vo-
ordelen van handel, zoals vaak het geval is. In plaats daarvan onthullen we ook de
effecten van integratie op verschillende soorten technologische achterblijvers en door de
potentiële risico’s en uitdagingen te belichten die wereldwijde integratie met zich mee
kan brengen.

Tenslotte verleg ik in hoofdstuk 3 mijn focus naar milieubeleid. Ik analyseer expliciet
het effect van het EU-emissiehandelssysteem (EU ETS), een van de grootste instru-
menten voor CO2-beprijzing ter wereld, op de ontwikkeling van groene innovatie. Om
klimaatdoelen te bereiken is het cruciaal om te bepalen waar de successen van een
dergelijk beleid zich concentreren en waar aanvullende ondersteuning nodig is. Om bij
te dragen aan dit inzicht, schat ik de causale impact van het EU ETS op de ontwikkel-
ing van groene innovatie door gereguleerde bedrijven. Ik maak gebruik van gegevens op
bedrijfsniveau van gereguleerde en niet-gereguleerde bedrijven en pas propensity score
matching en difference-in-difference technieken toe.

De resultaten geven aan dat het beleid over het algemeen een succesvol instrument is
geweest om groene innovatie te stimuleren. Dit geldt met name voor productiebedri-
jven die gereguleerd zijn vanwege hun verbrandingsactiviteiten en voor bedrijven in al
innovatieve sectoren. Bedrijven die gereguleerd zijn vanwege industriële processen en
bedrijven in sectoren met een lage R&D-intensiteit hebben daarentegen moeite om te
reageren en zouden baat kunnen hebben bij extra ondersteuning. Daarnaast blijkt dat
bedrijven sterker reageren door technologieën te ontwikkelen die geïntegreerd zijn in hun
eigen productieproces. Hoewel ook end-of-pipe- en energieopwekkingstechnologieën die
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kunnen worden gezien als ondersteunende functies waarin gereguleerde bedrijven door-
gaans geen expertise hebben positieve effecten laten zien, zijn deze effecten kleiner van
omvang.
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How do trade and environmental policies shape technological change?  
This dissertation provides three approaches that leverage patent data to 
better understand the incentives to conduct innovation, focussing on 
different innovation types. The first chapter investigates whether patent 
data can be used to distinguish product from process innovation at 
country–industry level. It then analyses how these types of innovation are 
linked to global value chain measures, such as participation and position. 
The second chapter extends the analysis by theoretically exploring how the 
formation of trade blocs affects the specialisation choices of countries. The 
model shows how regional integration can lead economies to focus, either, 
on upstream product development or, on downstream manufacturing and 
process innovation. Finally, the dissertation turns to environmental 
regulation and examines the impact of the EU Emissions Trading System 
on green innovation. The chapter identifies which regulated firms adjust the 
scale and direction of their technological efforts and assesses what kinds 
of green technologies are developed in response to the policy. Together, 
these three chapters provide empirical and theoretical insights into how 
global integration and environmental policy influence the development of 
different forms of innovation across firms, countries, and industries. 
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