L E !
ﬂ" L --'
- W .
-

’ o
v
L N g 'L
\ \? -
. .-
e 2 Soedy
» l"- . 4
. -
Imperial
College C centre for Economic Performance
Business

School . T ——— o

ﬁél_f Martin

r

Joint with Dennis Verhoeven

Prepared for PSE-CEPR Policy Forum
June 30, 2023




esearch

Mobilising ™

I l I E; Hom )
x weme > Funding programmes
es
and fuster\ng‘umovanun
. Transforming the : =
CO[leCtlo n | EU's economy fora A zero pollution a'f‘h":::m
e B C0st sustainable future for a toxic-free enviro
| “bition for 2030 and 2050 inab!
| rving and restoring
i d biodiversity

ecosystems an

Net Ze
e Revi . . ro Innovatio . :“
ival of vertical Industrial Policy n Portfolio -
Net Zero 'nnOVatio forad’:;:i:,s,g‘g::ﬁ?(nnuﬂw

n Portfoljo .
r ,
nd system Provides fundin

. and renovatingin an
pie urce efficient way

energy and reso!

g forlow-

° IRA' $ 00 b. i I
[ ]
4 I||I0n over Oyears decarbonisati S. Decreasi
ion, the Portfolio wil he| reasing the costs of
Le(ajv\;:‘;]r:‘nsi

Financing the transition

its contribution to ¢

friendly

lerating the shi
mart

sustainable and s

food system

ft to
mobility

 EU Green deal €1.5 Trillion

P enable the UK to enc

limate change.

A European
\ Climate Pact

- \ The EUas2a
\ globalleader

From: Depa
: rtment f
E or Ener .
Nergy & Industrial Strate Security and Net Zero and De
artment for Bys;
usiness,

Published 3 March 2021

Energy funding from the Bipartisan Infrastructure Law and the Inflation L
Reduction Act spans major funding themes, totaling $370 billion. ast updated 25 May 2023 _ < .
See all updates HMGovern
B Inflation Reduction Act W Bipartisan Infrastructure Law Jo— mCﬂt
Str ate Industrj
Publishey g Ic p a rt n ustrial Strate
ersh ay

unding by theme and source, $ billion

Energy f
0 20 40 60 80 100
Batteries and renewables
Strat,
I cevio
el L e o 2218 Nuckes (o, sectors
—— o e o T e vear o Nt a2,
» ec 20 : Grow th,
Aim: T, 12) m & globaf
Clean transportation _ the © Make the UK arket share; sap Informay
e global hup o 7 that nuclgqr out role Eeo on
Im: :
Aera ‘to sejzg
Hyarooen i g 2rch 2012) o opboruniies
4 INtain pxicrs ey
Grid and resiliency — Market gh, existing Yy Ol an, tech oy
emplo A1 Sar Uk a d Gag (March nology
clean energies [ B ° e o ¥inent : M Increase jnyq, 2013)
ritain in 2030 ruestmant et Tt Consirucy
Smart tech - s Professio SUpPly chajn nergy Uuly 210;_;;"
hal Altny ;
Recyeing. | tronger Together for a green and digital Services Business ;;M Uk theglcb:".’makp
future 3 U 2013) Aim; Automotive B cader
Other l K the gioha)p, \b ke the tluty 2013) 4, MStruction
0 20 40 60 80 100 expertise I’ I n e
ks ment in fgp. Agritech
ar &
Note: This exhibil reflects analysis of the appropriation figures contained in the Inflation Reduction Act, as well as those reported by the Congressional Budget Educatigy, supp d '_jWEth Uk _u""" 2013) Ajm.
Office and Joint Committee on Taxation. This analysis may differ from other analyses due to differences In methodology- Uuly 29 13 ¥ Chain crease oy g
Aok of 9002, H.R. 5376, 117th Cong. (2021-22) A araeture Investment and Jobs Act, HR. 3684, 17t Cong. (2021-22) Inerease ¢ h‘e Alm: Investmant ard
i Uk's Offshore - ang
education exports {August 7 S‘Jfl;’dA ports
Build g, im:
; mpetitive
inovatiye o - nd
chain UK suppiy

Source: Inflation Reduction

McKinsey
& Company



Policy objectives

Mitigating
Climate

Emergency

Energy security

Increasing economic Reducing economic
growth & incomes inequality

* Inexorable tradeoffs?
* Or potential for win-win-win-win?
« Spillovers are key

Can we trick
Tinbergen?



Efficient industrial

Guillard et al: “Efficient Industrial policy for innovation:
standing on the

O u r resea rc h oo Policy: Stanhc?(ijndgecr?r;’icgre]tzbouIders I <1oulders of hidden

giants

Charlotte Guillard
Ralf Martin

Pierre Mohnen
Catherine Thomas

* New approach to measure knowledge spillovers and the Dennis Vesboeven
return to public R&D subsidies from patent data i

« Compare clean tech to other (trending) technology fields

« Examine spillover flows between countries and regions (and
how they differ for clean tech vs other tech




And how we try to

QueStions answer them..

Can we have both: more and cleaner growth?

Are knowledge spillovers from clean tech bigger than from other techs?

Which (clean) areas in particular should we support?

Do some clean areas generate more spillovers

Should we be worried (e.g. in the UK or Europe) if the US expands subsidies for clean?

Examine spillover flows between major regions

How inclusive is "green growth”?
Examine spillover flows between (and within) leading and lagging regions



Measuring knowledge spillovers from patent data
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Hidden Giants vs lllusory Giants

\ | v \ !/
Private Value (PV)=$1MM :O: -O\

/ \ PV=$100MM
Indirect O :O/
Impacts - -

matter

PV=$0.1MM PV=$0.1MM PV=$0.1MM

The Private Value of
citing patents matter




PRANK vs Page Rank

From random surfer to economic value

Social Value of Innovation i

PRANK; = PrivateValue; + z ¢;j PRANK;
JEB()

Private Value + Share of PRANK of citing
innovations All Innovations citing i

5 1
sij — 0 : :

4 BackwardCitations;
Similar to Google's Page Rank but

social value interpretation instead of
random surfer

PAGE RANK; =

a+ Z ¢:j PAGE RANK;

#Webpages &



. . - o 1—
Motivation: PRANK; = A; x (BC;)| x X}™°

Think of it as a Social value production

Sum of backward citations of
innovations i

function

o = elassticity of value response to citations

From PRANK to spillovers

Prank corresponds to the marginal
PRANK; = PrivateValue; + z ¢;; PRANK; impact of one more backward citation

JEB(i) Bj =21

Spillovers; = PRANK; — PrivateValue;




Let's stop being In-

Prank vs counting citations Comeren

PRANK; = PrivateValue; + Z ¢ij PRANK;
JEB(D)

CiteCount; = Z 1
JEB(1)

Innovations are

homogenous on the
RHS

Innovations are

heterogeneous on the
LHS




Private Value of an Innovation

* Privat Value: Kogan (QJE2017) et al propose eveht stuc
Probability of
Success

For non public firms? - Extrapolate by
e Technology class
e Claim count
* Family size




National vs Global Spillover

How internalised are spillovers at the level
of countries/regions/sectors




National vs Global vs between nations

1IN

We can also examine flows of
knowledge between countries; e.g.
how a non-Belgian innovation
contributed to Belgium.

l‘ |

h‘ !




The return on R&D subsidies....

So far we discussed how we can compute “social value” of innovations

Relevant for investors and government is the return on R&D or R&D subsidies

Heterogeneity in R&D investment required for an inventive step (patent) across fields

Heterogeneity in how innovators respond to R&D subsidies



A simple model @

Flow of ideas

(Pareto
distribution)

Curvature of idea
distribution Project cost

Qv if 2> v

P(PV; < v|6 > \) = &V (v) = { (et
(PVi <] ) 2 {1—Z—rj+fvﬂ if 2c < v

«  We calibrate this model using the distribution of private patent values

« Specific parameters for narrow technology fields



Inferring R&D spending from the private value distribution

Backing out the innovation response from

. the curvature of the private value
e — Lowaand ¢ .. .

0.7 - —— Highce | distribution

. —— High a
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0.4 1
0.3 - Figure 7: Actual vs modeled PV distributions
0.2 - (a) AGIK (b) GO6F
U " 1 7 —— Model with @ =1.18, c=9.07 —— Model with a=1.24, c=2.91
0.06 0.175 4
C'.U T 0.05 0.150 -
T T 0.125
> 0.04 >
2 3 4 5 g £ 0100,
0 0.03
. 0.075
Private Value
0.050
0.01 0.025
0.00 - S 0.000 - - - - - -
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Private Value Private Value

Notes: Comparison of actual and modeled private value distributions for two prevalent IPC subclasses.
Histogram plots actual private value distribution in the class, blue line shows the modeled density.

BaCk|ng Out the R&D COSt from the |OC8tIOﬂ Private values are based on those estimated in KPSS.
of the peak of the private value distribution

33 A61K: ‘Preparations for medical, dental, or toilet purposes’ and GO6F: ‘Electric digital data processing’



The marginal impact of subsidies @

Subsidy increase implies that barriers are lowered
Somewhat lower quality ideas get now developed
Impact depends on tech specific R&D cost and
probability density of ideas near threshold

Also: marginal spillovers might be different from
average




Marginal financial return of increasing per

ISTRAX Delllail project support s

~ [(OE{V} OE{S} OFE {S}\
psmax = (YL _OE(S)) (0E(5)) a
_ 1+ %E {EV (o — a X ]IfU_ZiC} + {v < 2¢}) |6 > A} . (22)

E{EV(a—ax]I{v>§c}+]I{’v<2c})|5>)\}

a,K

1
— #_A ZEVZ- X (O!a — g X ]I{vz- > 200,} + ]I{Uz' < QCa})
€A



Data

PATSTAT (2021 edition)

* Innovation level (patent family) 2000-2018
* Drop own citations of firms (via ORBIS IP)

Table 1: Summary statistics

Obs. Mean S.D. Min. 25th pct. 50th pct. 75th pct. Max.

Innovations
PV 7,017,805 17.44 20.24 0.0 2.62 12.83 23.57 590.05
SV 7,017,805 5.09 13.94 0.0 0.0 0.64 4.9 3236.8




What’s clean?

* YOZ2
* BEIS categories

Nl ke

Japan
South Korea
China
United States
Germany
France
United Kingdom
Canada
Italy
Netherlands
Spain
Switzerland
Sweden
Austria
Denmark
Poland
Belgium
Israel
Australia
Finland
Czech Republic
Norway
Mexico
Turkey
Romania
Hungary
Greece
Ireland

New Zealand
Portugal
Slovakia
Chile
Bulgaria
Luxembourg
Slovenia
Croatia
Latvia
Estonia
Lithuania
Iceland
Malta
Cyprus

Figure 3: Innovations by country
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Our Results.....



Global returns globally

Figure 4: Global returns — weighted

(a) All innovations
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Figure 5: Clean Subsidy Advantage by country — Global returns
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Clean advantage varies a lot

In most
countries clean
provides above
average returns




Local (national) vs global returns

Figure 7: Local returns — weighted average across countries
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Figure 8: Clean Subsidy Advantage by country — Local returns
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Most countries will not have sufficient incentives for clean from a purely

national perspective (global clean advantage > national clean advantage)




Share of spillover internalised

KR
us
JP
DE
FR
LT
cz
ES
T
DK
GR
NL
LV
AT
FI
PL
SE
BE
IE
S|
SK
PT
HU
EE
LU

D -.lll“lIIIIIIIIIIII

-
(=]
(]
o
W
(=]
S
o



Policy Thought experiment: Increase clean innovation by 1% -
A: according to national rank '
B: according to supranational grouping rank

Figure 9: Benefits of supranational coordination

Supranational subsidy return (%)
100 150 200 b

¢ Nationally targeted
& Supranationally targeted

Global

How much do the returns from clean
Relative benef|t supranational coordination (%) R&D increase by SUpra ﬂatiOﬂal CO-
ordination?




Spillover flows

US clean subsidy increase =
increase of indirect subsidy for
EU inventors

Benefit per $ spent in US
United StaiEurope

China
Clean 1.47 1.26 1.07 1.09 1.10
All 1.50 1.18 1.06 1.07 1.09

Japan Korea

Net effect higher elsewhere compared to US

(a) Overall

United States |

United States |

United States -

United States

Europe q

Europe

Europe 1

Japan 4

Japan 4

Korea 1

= Outgoing Spillovers
r Europe < Incoming Spillovers
= Net Flow
I Japan
I Korea
r China
FJapan
r Korea
r China
I Korea

r China

r China

30

= Outgoing Spillovers
United States - t Europe <« Incoming Spillovers
s Net Flow
United States - l > FJapan
United States « . 4 I Korea
United States - « . > I China
Europe ] ) - . [Japan
Europe < I > I Korea
Europe « I > r China
Japan | b - : [ orea
Japan -« . 4 r China
Korea A “ I > r China
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Inside & outside the golden triangle

Lagging on Lagging

Return within leading regions of the UK Spillovers to lagging regions

Return within lagging regions of the UK

2. Ret " m Other
LM My own m Mechanical Engineering

m Total UK Clean Innovation Lagging on lagging
m Chemistry
average

20% = m - m BEIS Clean Innovation Sectors =
___________________________ 2 m Instruments
m Electrical Engineering

m Trending .

TEB it 5 5 0. 5 o oo .

Average

0% F===-=

Clean tech;
* Creates highest returns within lagging regions
« Leads to highest spillovers from leading to lagging regions



Lagging regions have a clean comparative advantage:

A. % total UK innovation B. Covid-related % of regional innovation C. Clean % of regional innovation

% of UK

25
20
15
10
05

R&D investment in clean disproportionally helps lagging
regions:

- Directly
- Indirectly: via spillovers from clean inventors in

leading regions

Figure 1: Share of clean in total innovation (in %)

https://mondpanther.github.io/wwwmondpanther/posts/2021-03-03-cleanrta/



https://mondpanther.github.io/wwwmondpanther/posts/2021-03-03-cleanrta/

possibly a positive
Impact

Conclusion

- By providing strategic support for specific clean policies we can ensure that the
transition to a clean economic equilibrium has the least negative impact on
growth.

* These effects can be improved by supra national co-ordination of R&D policy

- We should welcome initiatives like the IRA: knowledge spillover effects will be
felt everywhere and improve on status quo

- The clean transition can also have the potential to lessen economic differences
within and between countries.

Transition to clean: a win-win-win-win strategy? Clean, inclusive and secure, growth




A

Thanks

r.martin@imperial.ac.uk







Share of spillover internalised

KR
us
JP
DE
FR
LT
cz
ES
T
DK
GR
NL
LV
AT
FI
PL
SE
BE
IE
S|
SK
PT
HU
EE
LU

D -.lll“lIIIIIIIIIIII

-
(=]
(]
o
W
(=]
S
o



Global social return to R&D subsidies

Relative return clean vs other
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In almost all countries the return
to R&D subsidies is higher for

clean tech
 Variation in top sub fields across
countries
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Within country (national) social return to R&D
subsidies

Relative return clean vs other Return by detailed field
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The global vs within country
difference

Share of spillovers
internalised within

D D —
 Reason for difference: Spillovers spill mostly out of countries C =
 Strong motivation for co-ordination of R&D policy (e.g. at EU f
level: 25% higher returns of R&D subsidies)
Gap between global and
national in clean vs other
* Implication for how we assess policies such as Inflation o teck

Reduction Act (IRA): includes $391 billion for climate change

uuuuuu

llllll

IRA will make the US Gap between global and

llllll
FI(20) =

generate more knowledge national is 40% bigger for
spillovers clean vs other tech in US

-04 -02 00 0.2 04 06 0.8 10
[(Global - National IStraX Clean)/(Global - National IStraX Other)}-1
- EU [0 North America NN EastAsia WM UK
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