
Multinationals and the 
Green Transition

Roberta Rabellotti
Università di Pavia



Multinationals and the environment 
A dangerous liaison 

Multinational enterprises (MNEs) can have both positive and negative 
effects on the green transformation

MNEs are often associated with 
environmental wrongdoing and 
for organizing globally to avoid 
environmental regulations. 

MNEs can contribute to diffuse 
environmentally friendly knowledge 
and to increase green innovation.







MNEs as a green knowledge spreader via 
green foreign direct investments (FDI)

1. How to identify green FDI?
2. Green FDI impact on the green innovative 
capacity of the investors?
3. Green FDI impact on the green innovative
capacity of their subsidiaries?
4. Green FDI impact on the green innovative 
capacity of the host countries?



How to identify green FDI? 
1. Identify all patents in PATSTAT “technologies or applications for mitigation or 

adaptation against climate change” (EPO classification: Y02 category);
2. Focus on technologies related to energy generation from renewable and non-fossil 

sources, i.e. wind, solar, hydro, geothermal, marine, waste, biofuel (DOCDB families); 
3. Select among them, all the green patents with a firm as applicant;
4. Identify among the firms with at least one green patent, those with at least one 

foreign subsidiary (>50% ownership) in ORBIS and Zephir;
5. Textual search on the foreign subsidiaries’ business activity to select only FDIs aimed 

at establishing or acquiring subsidiaries related to the production or distribution of 
renewable energies.

The database include 1217 FDI (from 2003 to 2015, recently
updated to 2022)



Green FDI: home and host countries
Home countries Host countries 

Entry mode

Greenfield (%) M&As (%) Total (%)

Income level

High income 840 (95.02) 385 (91.7) 1225 (93.94)

Lower middle income 10 (10.13) 7 (1.7) 17 (1.30)

Upper middle income 34 (3.85) 28 (6.6) 62 (4.76)

Region

East Asia & Pacific 193 (21.83) 67 (15.95) 260 (19.94)

Europe & Central Asia 555 (62.78) 247 (58.81) 802 (61.5)

Latin America & Caribbean 7 (0.79) 4 (0.95) 11 (0.84)

Middle East & North Africa 4 (0.45) 3 (0.71) 7 (0.54)

North America 115 (13.00) 94 (22.39) 209 (16.03)

South Asia 10 (1.15) 5 (1.19) 15 (1.15)

Total 884 (100) 420 (100) 1304 (100)

Entry mode

Greenfield M&As Total

Income level

High income 624 (70.58) 355 (84.52) 979 (75.08)

Lower middle income 85 (9.62) 14 (3.33) 99 (7.59)

Upper middle income 175 (19.80) 51 (12.15) 226 (17.33)

Region

East Asia & Pacific 214 (24.20) 42 (10.00) 256 (19.63)

Europe & Central Asia 503 (56.90) 268 (63.80) 771 (59.13)

Latin America & Caribbean 36 (4.07) 34 (8.10) 70 (5.37)

Middle East & North Africa 11 (1.25) 3 (0.71) 14 (1.07)

North America 40 (4.53) 60 (14.29) 100 (7.67)

South Asia 75 (8.48) 11 (2.62) 86 (6.60)

Sub-Saharan Africa 5 (0.57) 2 (0.48) 7 (0.53)

Total 884 (100) 420 (100) 1304 (100)



Green FDI impact on the green innovative capacity 
of investors

• Innovation in renewable 
energies is crucial to increase 
their  economic 
competitiveness and 
sustainability relative to 
fossil fuels. 

• MNEs are key actors in R&D 
and therefore they have an 
important role to play in the 
green innovation process.



Research questions

How do green FDI impact on investors’ green innovative 
capacity?

Ø on the number and quality of their green patents?

Ø on their specialization in green technologies ?

Øon the variety of their green patents ? 



Empirical methodology
• To address a possible bias of self-selection, we adopt a propensity score matching 

combined with Dif-in-Dif estimators (Debaere, 2010; Stiebale & Trax, 2011; Stiebale, 
2013, Cozza et al., 2015; Stiebale, 2016), based on two steps: 

1. Counterfactual sample of non-investors with similar ex-ante probabilities to undertake 
FDI with a logit model (the counterfactual sample share the same time distribution as 
the investments by the proportional random investment time assignment as in Chari 
et al 2012);

2. With the sample including both investors and non-investors selected by propensity 
score matching, we estimate the following equation:

∆𝑦!,#,$,%&' = 𝛼 + 𝛽 𝐹𝐷𝐼!,#,$,% + 𝛾#+𝛿$ + 𝜗% + 𝜀!,% ,

where gj, dx, and qt are fixed effects for industry, home country and deal year 
s=0,1,2,3,4,5. 



4 output variables
1. Green Intensity: % of green patents in total investor’ 

patent portfolio after the deal
2. Green Specialization: Herfindhal index measuring the 

concentration in green patents after the deal 
3. Green Patents: #  of investor’s green patents  after the 

deal 
4. Forward citations: # of forward citations to investor’s 

green patents after the deal



Greening Effect and Green Innovativeness



Greening effect
• Green FDIs enhance the green intensity of investors’ patent portfolios, 

which means that the share of RE patents increases in the investors’ 
total patent portfolio in the first five years after the investment: 
• There is an increase in the green innovative activity in 

multinationals. 
• GFDIs increase the specialization in specific renewable energy 

technologies:
•MNEs deepen their innovative capabilities in the technologies such 

as solar or wind in which they already have most of their green 
patents.

Green innovativeness
• GFDIs increase the green innovativeness of investors in terms of 

number of green patents (forward citations has a positive but not 
significant coefficient)



The greening effect
• In the sample there are two types of MNEs:

• Multi-technology corporations with 50% or fewer green patents in their portfolio, which 
accounts for most investors and investments. Examples are Siemens, General Electric, 
Samsung.

• Pure green players with more than 50% of their patents in renewable energies (Y02E 
subgroup), which accounts for around 25% of total investments. Examples are Vestas, Yingly
Energy.

• Green FDI increase the green specialization also in multi-technology corporations. 



The mode of entry: 
greenfield investments vs. acquisitions



The mode of entry matters
• Newly established subsidiaries contribute more to green 

innovativeness and the greening effect than acquisitions of foreign 
firms.
• Firms that make green greenfield investments file more green patents 

(and these patents are cited more) than firms that make acquisitions. 
•When Green FDI takes the form of an acquisition of an existing 

company, there are only short-term effects on the MNEs green 
innovativeness.
• In terms of policy implications this implies that greenfield investments 

must be preferred to acquisitions for the purpose of accelerating the 
green transition.



Key takeaways
•We show that green foreign direct investments increase the 

green specialization of large multinational conglomerates. 
•Given the fact that the world’s largest and most influential 

manufacturers have a multi-technology nature, this insight is 
good news from the perspective of the green transformation. 
• If the largest MNEs increasingly devote their innovative 

activities to making green technologies more efficient, 
affordable and accessible, their contribution to the green 
transformation could be significant. 



GFDI impact on the green innovative
capacity of their subsidiaries?

• If MNEs positively spur green 
knowledge though their 
subsidiaries across countries at 
different levels of development, 
they can contribute kickstarting 
the green transition.



Research question

To what extent are MNEs contributing to increase 
the green innovative capabilities of their subsidiaries 

vis-à-vis domestic companies?



Methodology
• Negative binomial model  (Piperopoulos et.  al., 2018) 

• Counter sample: 6,276 DOMESTIC COMPANIES with at least one patent in RE technologies (in the 
same sectors/countries of the subsidiaries)

• Output variables
§ # of green patents (DOCDB families) up to 5 years after the investment
§ # forward citations (average) to green patents up to 5 years after the investment
§ Patents are attributed to subsidiaries if at least one inventor is from the same country of the 

subsidiary (Stiebale, 2016): 1,410 SUBSIDIARIES’ PATENTS IN RE

§ Main independent variable: Dummy 1= MNE subsidiary 0 = domestic company

• Moderating factors: Host country-specific characteristics (GDP per capita; # of patents per capita in 

the country; oil rents %GDP)

• Controls: SIZE, AGE, PRE-DEAL KNOWLEDGE BASE

• Fixed effects: NACE 2-digit sector and deal year





Full sample

•Subsidiaries outperform comparable 
domestic companies with respect to # of 
green patents & # of forward citations. 

àSubsidiaries have a green innovative 
advantage with respect to domestic 
companies





Interaction terms
• GDP per capita

§ Relative to domestic companies the subsidiaries of multinationals are 
more innovative when the GDP per capita is lower. 

→ In less developed countries being a subsidiary it really makes a 
difference!

§ Patents per capita
• The advantage of being a subsidiary is larger in more innovative

countries
→ better absorptive capacity

• Oil Rents (% GDP)
• In oil-reliant countries, subsidiaries engage less in green innovative

activity
→ the resource curse hypothesis.



Solar vs. Wind

OUTPUT: # green patents OUTPUT: # forward citations to green patents

t t+1 t+2 t+3 t+4 t+5 t t+1 t+2 t+3 t+4 t+5

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

FDI SUBSIDIARY -0.197 0.986*** 1.888*** 1.503*** 2.309*** 2.410*** 3.827*** 3.742*** 5.139*** 3.731*** 4.654*** 3.288***

25

Wind

OUTPUT: # green patents OUTPUT: # forward citations to green patents

t t+1 t+2 t+3 t+4 t+5 t t+1 t+2 t+3 t+4 t+5

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

FDI SUBSIDIARY -0.079 -0.717 0.078 -0.169 -0.167 1.440*** 3.491*** 2.985*** 2.933*** 1.688** 2.908*** 3.561***

Solar



Sector specificity

• Wind subsidiaries outperform domestic companies in 
both outputs;

• Solar subsidiaries outperform domestic companies only 
in forward citations; 

→ Knowledge is more tacit in wind and more codified in solar!
→The subsidiaries’ advantage in terms of patent quality is 

larger in wind than in solar PV. 



Mode of entry

OUTPUT: # green patents OUTPUT: # forward citations to green patents
t t+1 t+2 t+3 t+4 t+5 t t+1 t+2 t+3 t+4 t+5
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

FDI SUBSIDIARY -1.134*** -0.133 -0.027 0.408 0.443 0.728* 1.119** 0.869** 0.397 1.920*** 1.356*** 1.895***

27

OUTPUT: # green patents OUTPUT: # forward citations to green patents

t t+1 t+2 t+3 t+4 t+5 t t+1 t+2 t+3 t+4 t+5

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

FDI SUBSIDIARY 0.536 2.331* 2.244** 2.020 3.708*** 3.416*** 7.262*** 7.417*** 6.490*** 7.227*** 7.566*** 6.646***

Greenfield FDI

M&As



Mode of entry

• Greenfield investments outperform domestic companies in terms of
forward citations, but not in terms of # of patents.
• M&A perform better in terms of both output variables, i.e., the amount
and quality of innovation.
→ Greenfield subsidiaries rely mostly on foreign investors’ knowledge;
→ Acquired companies combine parent’s knowledge with an easier access
to local knowledge.
→ The gap between subsidiaries and domestic companies in terms of
innovative capability is larger in case of acquisitions than in greenfield
investments.



Key takeaways

• Subsidiaries of green MNEs are more innovative than domestic firms with
similar characteristics.

• The green innovative advantage is larger in less developed countries, in
particular when they already possess high levels of relevant domestic
innovative capacity, as exemplified by the cases of China and India.

• Firm-level and sectoral characteristics also matter.
• Green FDI is more effective when technologies are characterized by low

tradability and uncodified knowledge, as in wind compared to solar PV
industries.

• Cross-border acquisitions are more efficient at establishing green innovative
capabilities than newly established greenfield subsidiaries.



Policy implications
• Foreign direct investments should become more central in the policy discourse as
channels to transfer knowledge

• From the home country point of view, governments should encourage and sustain
firm green internationalisation considering that it helps green innovation, sustaining
the green transformation.

• From the host country point of view, especially in the Global South, should focus on
attracting green FDI to boost local green innovation, enhancing the adaptation of
green innovative solutions to local needs and the creation of new global green
solutions.

• The increasing adoption of screening investment frameworks may be detrimental
to green innovation that can speed up the green transformation worldwide.

• Considering intellectual property in green industries, there is mounting consensus
about the need to treat green technologies, especially in renewable energy, as
essential global public goods.



Limitation!!!
We don’t measure knowledge spillovers 

in the host economies!

Green FDI and 
technological 
spillovers in the 
host economies
Vito Amendolagine, 
Roberta Rabellotti & Dalila Ribaudo



• Extending Branstetter (2006), who finds that Japanese FDIs in the USA increase
the likelihood of domestic firms to license Japanese technology, and the
licensing leads to an increase in their innovative activity, we will test a negative
binomial model with two outputs:
• # of citations of foreign investors’ green patents by the green patents applied

in the host economy;
• # of co-patents in green technologies applied by green foreign investors, their

subsidiaries and other local companies.
• Moderating factors: FDI mode of entry (greenfield or cross-border acquisition);

technology specialization of foreign investors (solar or wind); technological and
economic development level of the host economy; direction of green FDI: i.e.,
North-South or South-North.



https://robertarabellotti.it/




Logit – PSM scores
• Based on Stiebale (2016) we include the 

following regressors at t-1:
ü patent_portfolio_L1:  log of patent stock 
ü n_green_patents_L1: log of the number 

of RET patents applied for at one year 
before the deal; 

ü Age: log of the investor’s age at the year 
of the deal; 

ü pre_sample_patent_avg: average 
number of patents produced before 
2003 

ü pre_sample_patent_d: dummy taking 
value 1 if at least 1 patent was produced 
before the deal and 0 otherwise

• Controls: size, legal status, FDI 
experience, technological dispersion of 
green patents, green patent share in 
patent portfolio






