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• Revival of vertical Industrial Policy

• IRA: $400 billion over 10 years

• EU Green deal €1.5 Trillion



Mitigating 
Climate 

Emergency

Increasing economic 
growth & incomes

Reducing economic 
inequality

Energy security

• Inexorable tradeoffs?
• Or potential for win-win-win-win?
• Spillovers are key

Can we trick 
Tinbergen?



• New approach to measure knowledge spillovers and the 
return to public R&D subsidies from patent data

• 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

> ?

Guillard et al: “Efficient Industrial 
Policy: Standing on the shoulders of 

hidden giants”



• 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

And how we try to 
answer them..



Understanding 
Ocean waves helped 

in dealing with 
Audio Waves



A B

Private Value (PV)=$1MM

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

PV=$100MM

Indirect 
impacts 
matter

The Private Value of 
citing patents matter



𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖 = 𝑃𝑃𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑖𝑖 + �
𝑗𝑗∈𝐵𝐵(𝑖𝑖)

𝜙𝜙𝑖𝑖𝑖𝑖 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑗𝑗

Social Value of Innovation 𝑖𝑖
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Similar to Google’s Page Rank but 
social value interpretation instead of 

random surfer

From random surfer to economic value

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

innovations
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Think of it as a Social value production 
function

Sum of backward citations of 
innovations i

Motivation: 𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝒋𝒋 = 𝑨𝑨𝒋𝒋 × 𝑩𝑩𝑪𝑪𝒋𝒋
𝝈𝝈 × 𝑿𝑿𝒋𝒋𝟏𝟏−𝝈𝝈

Prank corresponds to the marginal 
impact of one more backward citation

𝐵𝐵𝑗𝑗 = ∑𝑖𝑖 1
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Let’s stop being In-
coherent

Innovations are 
heterogeneous on the 

LHS

Innovations are 
homogenous on the 

RHS



• Privat Value: Kogan (QJE2017) et al propose event study

Δ𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑒𝑒𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹(𝑖𝑖) = 1 − 𝜋𝜋𝑖𝑖 × 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑒𝑒𝑖𝑖

Probability of 
Success

For non public firms? → Extrapolate by 
• Technology class
• Claim count
• Family size



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



A

PV=$1MM

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

We can also examine flows of 
knowledge between countries; e.g. 

how a non-Belgian innovation 
contributed to Belgium.



• 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



Flow of ideas 
(Pareto 

distribution)

Curvature of idea 
distribution Project cost

• We calibrate this model using the distribution of private patent values
• Specific parameters for narrow technology fields



Backing out the R&D cost from the location 
of the peak of the private value distribution

Backing out the innovation response from 
the curvature of the private value 

distribution  

Private Value



• 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 
project support s



• PATSTAT (2021 edition)

• Innovation level (patent family) 2000-2018

• Drop own citations of firms (via ORBIS IP)



• YO2

• BEIS categories







In most 
countries clean 
provides above 
average returns



Most countries will not have sufficient incentives for clean from a purely 
national perspective (global clean advantage > national clean advantage)





How much do the returns from clean 
R&D increase by supra national co-

ordination?

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



US clean subsidy increase = 
increase of indirect subsidy for 

EU  inventors

Benefit per $ spent in US
United StatEurope Japan Korea China

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

Net effect higher elsewhere compared to US



Clean tech:
• Creates highest returns within lagging regions
• Leads to highest spillovers from leading to lagging regions



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

R&D investment in clean disproportionally helps lagging 
regions:
- Directly
- Indirectly: via spillovers from clean inventors in 

leading regions

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


• 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.

possibly a positive 
impact

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



Thanks

r.martin@imperial.ac.uk



Extra 
Slides





Relative return clean vs other Relative by detailed field

• In almost all countries the return 
to R&D subsidies is higher for 
clean tech

• Variation in top sub fields across 
countries



Relative return clean vs other Return by detailed field

• National returns for clean are also 
generally larger (big exception 
CH)

• But different technologies matter 
from a national point of view



• Reason for difference: Spillovers spill mostly out of countries 

• Strong motivation for co-ordination of R&D policy (e.g. at EU 
level: 25% higher returns of R&D subsidies)

• Implication for how we assess policies such as Inflation 
Reduction Act (IRA): includes $391 billion for climate change

Share of spillovers
internalised within 

country

Gap between global and 
national in clean vs other 

tech

Gap between global and 
national is 40% bigger for 
clean vs other tech in US

IRA will make the US 
generate more knowledge 

spillovers
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