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® Policy hype around the Twin
Transition (TT): combining the green
' and the digital transition.

® New EU Industrial Strategy, European
(Industrial) Green Deal, Digital
Compass, ... policy initiatives to
accelerate the TT: e.g. PNRR funds
for TT by 2026, Industry 5.0, ...

® TT enabling technologies: "digital x

green” and "green-digital” technologies
(IEA, 2020; Faucheux & Nicolai, 2011).
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Motivations (cont’d)

® Regional differences in the unfolding of the TT
(Maucorps et al., 2022), heterogeneity in:

e costs (direct and indirect) of the green transition (e.g.,
Rodriguez-Pose & Bartalucci, 2023);

® infrastructures and capabilities for the digital transition
(e.g., Corradini et al., 2021) and for the green one (e.g.,
Montresor & Quatraro, 2020);

® developing TT technologies: see RegStud S| by Faggian,
Marzucchi & Montresor (2025).
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Focus and aims

® New focus: geography of TT technologies resulting from
temporal lags in the local implementation of new global
green-digit knowledge — Regional twin transition speed.

® Aims:

1. Argue about its relevance.

2. Propose a new patent-based measurement of this
regional speed.

3. Look for its possible determinants and possible
technological impact.
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Theoretical background: regional twin speed

® Recombinant theory of innovation (Weitzman, 1998; ...): new
technologies developed across regions through local knowledge
recombinations (Berkes & Gaetani, 2021; Mewes, 2018; ...).

® | ocal combinations across regional knowledge spaces, fuelled by the
evolution of the global knowledge space (networks!) (Boschma et al.,
2023; Balland, 2006) — “technological frontier” — with different
temporal lags.

® Regional twin-speed: inverse of lags to catch up with the TT
frontier. Twofold relevance:
1. reduction of regional compliance costs to environmental policies
and regulations (He & Hultman, 2021);
2. benefits from being forerunners in the development of new
technologies at the frontier (Capello & Varga, 2013).
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Determinants of the regional twin speed

Recombinant theory of innovation and knowledge-based
determinants, based on patent-data analysis (Acs et al., 2022).

1. Features of the regional knowledge-base of digit-green (twin)
technologies.

2. Patterns of regional relationships between green and digital
technologies.

3. Type of agency of new regional green-digital technologies.
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Regional twin speed determinants (cont’d)

1. Green-digit (twin) technologies in the regional
knowledge-base: regional patents sharing green and digital
classifications (twin patents).

® 1.1 Depreciated stock of twin patents: knowledge cumulativeness
(Agion et al., 2015; Dosi, 1982) and experience for more
expedited new local green-digit combinations.

® 1.2 Scope of twin patents: breadth of technological applications
(Lerner, 1984; Schoenmakers & Duysters, 2010) and local
opportunities for implementing new green-digit combinations
faster.

® 1.3 Originality of twin patents: plurality of prior-art-knowledge
(Trajtenberg, 1990) and capacity to accelerate the combination
of diverse (digit and green) knowledge inputs.
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Regional twin speed determinants (cont’d)

2. Relationships between green and digital technologies in the regional
knowledge space/network (Basilico & Graf, 2023): technological classes
co-occuring (combination) with green and with digital ones in patents.

2.1 Co-occurrence overlapping: sharing of “third” (i.e. non-green and
non-digital) technologies, (indirect) cognitive proximity (Koegler et al.,
2013; Boschma, 2015), and higher chance of faster combinations.

2.2 Number of intermediate co-occurrences (between a green and a digit
class): indirect combinatory relationships, combination length (Normaler &
Verspagen, 2021), possibly slowing down the twin-speed.
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Regional twin speed determinants (cont’d)

3. Agency of new regional green-digital technologies:
characteristics of the inventor teams (Dornbusch & Neuh&usler, 2015)
of twin patents.

3.1 Inventor team size of twin patents: creativity speed enabled by
more numerous ideas and knowledge sources (Hu et al., 2021).

3.2 Inventor team diversity of twin patents: variety of individual
knowledge sources as creativity sparkle and inventive speed enabler
(Damioli et al., 2023; Marino & Quatraro, 2023).

3.3 Share of public applicants in twin patents: interdisciplinary
inventions, driven by societal goals, possibly lead to prompter local
responses to new green-digital combinations at the frontier.
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Impact of the regional twin speed

Technological impact of the regional twin-speed: knowledge
spillovers of new green-digit technologies (Jaffe & Trajtenberg, 1999).

* Forward citations of twin patents (Trajtenberg et al., 1997):
importance of green-digit knowledge in driving future waves of
technological development.

* Possible contrasting effects of a higher regional twin speed (like at
the firm level for fast NPD):

(+) generation of prior-art knowledge for regional followers;

(—) overlook of potential mis- and/or additional specifications and patent
quality deterioration.
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e EPO PATSTAT 2022 Spring.

P Green-technologies: patents classified with Y02 CPC
(Barbieri 2016);

> Digital technologies: ICP/CPC and textual analysis of
patents (Martinelli et al. 2021; UK IP Office 2013; UK IP
Office 2014a; UK IP Office 2014c; UK IP Office 2014b);

> Twin-technologies: patents with at least one green
#and+# on digital class (co-occurrence of classes).

e Eurostat and Office for National Statistics (GB): Gross
Domestic Product (GDP), ...
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Data (cont'd)

e Construction of two kinds of networks: nodes (patent
classes); edges (co-occurrence links);

® 1. "Global knowledge space”: all EPO patent applications
1996-2019 (5 yrs moving windows).

® 2. Regional knowledge spaces:
- patents assigned to NUTS3 regions based on location of
inventors;
- regions with at least 15% of the regional distribution of
green and digital patents (Pinheiro et al., 2022).
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Data (cont'd)

Top 10 frequent combinations of (5-digit CPC) green and digital classes
across regions.

Number of combinations in NUTS3 regions

CPC dlasses combined
E.g.: FO5B2 (digital wind turbines) and YO02E1 (technologies for renewable energy generation)
GO05B1 (elements for comparing existing and expected values) and Y02P9 (enabling technologies for GHG

emissions mitigation).
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Data (cont'd)

Top 10 regions in combining (5-digit CPC) green and digital classes.

Number of combinations between digital and green CPC classes

E.g.: DE212: Munich; FR105: Hauts-de-Seine (Paris); NL414: South-East
North Brabant (Eindhoven, Tilburg and Breda).
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Variables: regional twin speed

® AverageSpeed, ;: average number of new combinations, c,
of green and digital technologies, realised by region r at t,
weighted by their combination speed (SDT¢ , ;).

® SDT. ,:: complement to 1 of the standardised difference
(DT¢,r+) between the time of the first global (EU)
combination ¢ and that of the local one.

® |ntuition: the lower the time-period difference for ¢
(DTc,rt), the higher its speed weight (SDT¢ ), the higher
AverageSpeed, ;
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Variables: AverageSpeed, ; (cont'd)

(1) DTc,rt = Pcrt — Pc.e.r, region time-gap in the twin combination ¢

(2) DT, ¢ standardized and subtracted from 1: higher values entail
earlier/faster combinations (0 to no combination)

DTc,¢— min DT,
SDTe i =1- vOTED: (1)

max DT.,:— min DT.,;
vbTeD.  ©"' vpTeD. "

(3) SDT.,, : as a weight for the total number of successful
combinations and divided by the number of twin patents (TP. ;) in

the region:

ZcErﬁt SDTCJ,t

2
TPc,r,t ( )

AverageSpeed, ; =
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Variables: AverageSpeed, ; (cont'd)

Correlation between average number of twin combinations

AverageSpeed, ;

Average Speed by period

R=06.p<226-16

s

and

& Ed — % Fa
Average number of twin combinations by period
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Variables: AverageSpeed, ; (cont'd)

Correlation between average number of twin combinations and
AverageSpeed, ¢

NUTS 3 region

Rank Average Speed Rank Average number
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Variables: other dependent and indep nt variables

Dependent Variables

Average Speed Average standardized difference in
time periods for each period and
region

Average Fw Citations Average number of forward cita-
tions in twin patents for each pe-
riod and region

Regional knowledge base of twin inventions

Stock Patents Patent stock for the patents iden-
tified as twin for each period and
region

Patents Scope Average number of CPC classes in-

cluded in patents identified as twin

for each period and region
Originality Backward  Originality of the patents identified
Cit as twin for each period and region

19/33



Other Variables (cont'd)

Relationships among green and digital technologies

Co Occ Overlap

Average Steps

Overlap (co-occurrence) between
the technologies that are con-
nected to one green or digital tech-
nology in each period and region
Average standardized difference in
number of steps for each period
and region

Regional Actors

Avg Team Size

Avg Tech Team Dis-
persion

Share N Public Patents

Average team size of the patents
identified as twin for each period
and region

Average number of technologies
for each inventor identified as par-
ticipating in twin patents for each
period and region

Share of twin patents which have
as an applicant a public institute
for each period and region
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Other variables (cont'd)

N _classg 4 r.t

Co_Occ_Overlapy + =
0_Occ_Overlapy N_classg. .+ + N_classy ; + G)

where:

N_classg 4 r+: n. of classes co-occurring in both green (g) and
digital (d) patents in region r at t;

N_classg r+ (N_classq ,+): n. of classes co-occurring in the
green (g) (digital (d)) patents of region r at t.
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Other variables (cont'd)

Tot_Fw_Cit, +

Avg_Fw_Cit, ; = TP, . (4)
where:

Tot_Fw_Cit, +: n. of forward citations generated by twin patents
in region r at t;

TPy ¢ n. of twin patents in region r at t.
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Other variables (cont'd)

AverageSteps,:: average number of new green and digital combinations c,
realised by region r at t, weighted by their combination length (SDSc ,.¢).

SDS
AverageSteps, s = M (5)
TPc,r,t
where:
TPc ,+: total number of twin patents in region r at t;
DScre = vo?i%s DSe.re
€DS5c
SDSc,: = - 6
et max DSc,:— min DS, : ©)
VDS€EDS, VDS€EDS,
Dsc,r,t = Sc,r,t - Sc,e,t (7)

where:
Sc,r,e: n. of steps separating c in region r at t

Sce,t: n. of steps of the realized combination in the world knowledge space.

23/33



Variables (cont'd)

Example

* combination ¢ (between HO4L6 (digital) and Y02T1 (green)) realized in
the global (European) knowledge base, for the first time, in 2000

* same combination c in the regional knowledge space, separated by 3-steps
in 2000 (left-hand side), gets realised in 2010 (right-hand side)

* DT+ = 10 — combination weight for Average Speed

* DS.,,+ =3 — combination weight for Average Steps

2000 2010
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Avg_Speed, .+ = o + 1 KnowledgeBase, ; + > GreenDigitRelat, ;
+ BslnventActors, : + BaGDP, + + wr + ai + fire (8)

Avg_Fw_Cit, ; = Bo + p1Avg_Speed, : + P> KnowledgeBase:
+ B3 GreenDigitRelat, ; + BalnventActors, + + 5 GDP;
+ wr + ar + e (9)

® Two-way fixed-effects (time and region) panel regression;
® Driscoll-Kraay standard errors;

® Robust with respect to clustered standard errors.
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Results: twin speed determinants

Average Twin Speed

TP Applications

Stock Patents 0.0000
(0.0000)
Patents Scope 0.0083***
(0.0017)
Originality Backward Cit 0.0712%**
(0.0152)
Co Occ Overlap 0.2382%**
(0.0618)
Average Steps 0.6283***
(0.0704)
Avg Team Size 0.0002
(0.0006)
Avg Tech Team Dispersion -0.0117**
(0.0052)
Share Public Patents -0.0017
(0.0058)
GDP 0.0000***
(0.0000)
Constant -0.0437%*+*
(0.0114)
Region FE YES
Year FE YES
N 17904
Note: Signif. Codes: ***: 0.01, **:-0.05, *7°0.1
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Results: twin speed determinants

Average Twin Speed

TP Applications TP Granted
Stock Patents 0.0000 0.0000
(0.0000) (0.0000)
Patents Scope 0.0083*** 0.0094***
(0.0017) (0.0018)
Originality Backward Cit 0.0712%** 0.1047***
(0.0152) (0.0211)
Co Occ Overlap 0.2382%** 0.2504***
(0.0618) (0.0530)
Average Steps 0.6283*** 0.5895%**
(0.0704) (0.0639)
Avg Team Size 0.0002 0.0008
(0.0006) (0.0010)
Avg Tech Team Dispersion -0.0117** -0.0112**
(0.0052) (0.0045)
Share Public Patents -0.0017 0.0080
(0.0058) (0.0055)
GDP 0.0000*** 0.0000%**
(0.0000) (0.0000)
Constant -0.0437%*+* 0.0155**
(0.0114) (0.0074)
Region FE YES YES
Year FE YES YES
N 17904 14402
Note: Signif. Codes: ***: 0.01, **:-0.05, *7°0.1
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Results: twin speed determinants

What's account for the positive effect of AverageSteps?

1) Policy pressure?

Average Speed

Env. Policy Stringency

Low Medium High

Average Steps  0.8543***  (.5401***  (.6093***
(0.0866)  (0.0575)  (0.0651)

Region FE YES YES YES
Year FE YES YES YES
N 6097 8793 2664
Note: Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
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Results: twin speed determinants

What's account for the positive effect of AverageSteps?
2) Network structure of the regional knowledge space?

High density substructures allowing for combinatory short-cuts along
longer paths?

Average Speed

Base Interaction
Average Steps 0.6298*** 0.1390
(0.0708) (0.1594)
Transitivity 0.0575*** 0.0492%**
(clustering coefficient) (0.0207) (0.0183)
Transitivity#Average Steps 0.8291**
Region FE YES YES
Year FE YES YES
N 17904 17904
Note: Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
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Results: technological impact of regional twin-speed

Average Fw Citations

TP Applications TP Granted
Average Speed -0.1685 1.1695%*
(0.8513) (0.5821)
Stock Patents 0.0009*** 0.0008**
(0.0001) (0.0004)
Patents Scope 0.2631*** 0.4855%**
(0.0922) (0.0824)
Originality Backward Cit -0.0996 -0.1056
(0.1430) (0.2095)
Co Occ Overlap 4.2215%** 5.4334%**
(1.2668) (1.0642)
Average Steps -0.5363 -2.1140*
(0.8736) (1.1425)
Avg Team Size 0.3179%** 0.2350*
(0.1213) (0.1300)
Avg Tech Team Dispersion -0.3577** -0.3811**
(0.1802) (0.1697)
Share Public Patents -1.8063** 0.2887
(0.7819) (0.6668)
GDP -0.0000*** 0.0000*
(0.0000) (0.0000)
Constant 5.0470%** 0.0000
(0.2604) (0.0000)
Region FE YES YES
Year FE YES YES
N 13988 10821
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Conclusions

e Green and twin transitions are urgent (policy!!!)
— Investigate the regional speed in combining green and
digit technologies.

® (1) Twin speed affected by different local factors:

1. variety, novelty, and cognitive proximity of local green-digit
combinations:
— STI policies targeting the quality, rather than quantity of
twin inventions.

2. intricate (long-path) local relationships between green and
digit technologies:
— STI policies valuing and exploiting direct and indirect
green-digit relationships.

3. focalised inventor teams:
— STI policies spurring focused collaboration efforts in
inventing in the twin realm.
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Conclusions (cont'd)

® (2) Twin speed increases the technological impact of new
green-digit technologies:
— Policies fostering local fore-runners in the twin transition
pay-off in terms of technological (and possibly also
economic) impact.
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Thanks for your attention
sandro.montresor@unitn.it
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