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• Environmental policy should foster innovation and technology 

diffusion,  but �.

• � abrupt policy changes can create uncertainty for investors 

and halt such processes 

• This has been the focus of much public and policy debate 

around the world, but little explored in empirical analyses. 

0. Motivation
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1. Green Innovation, Policy and Uncertainty

We fill this gap in the literature

• Horizon 2020: embeds the idea of a Greener 
economy and invests in the transformation of the 
energy system (SET Plan 2008)

• But private investments needed to pass “valley 
of death” (Funding from the private sector: 70% 
of the total R&D in SET Plan priorities; European 
Industrial Initiatives)

Key policy question : 

How does policy uncertainty affect       

incentives to innovate?
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• EU leads the world in wind installed capacity (“Mature” REN)

• Wind is second largest renewable in EU

• Globally, operation costs decreasing 

• LCOE decreased (78 $/MWh in 2013), but variation is high 

• Received widespread policy support (feed-in and RECs)

• Annual turnover of major suppliers ~ 20 billion Euros in 2012

• BUT Ernst & Young Wind Attractiveness Index in EU countries declined

• Italy 38 in 2013, Spain 37 in 2013 

• China 78 in 2013, United States 68 in 2013

2. Focus on Wind Technologies in the EU



Uncertainty and Innovation in the Wind Industry

Innovation: measured using patents (rather standard in the literature)

Policy and Policy Uncertainty: measured with a novel approach (next slides)

Estimation Technique: 
• Panel data (18 European countries between 1995 to 2009)

• GMM Fixed Effect estimator (Woolridge 1991) for count data 

• Ceteris paribus: covariates include govt RD&D, energy prices, time trend, 
propensity to patent
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3. Empirical Approach: Variables and Estimation

Inno� �������	,���������	������, ����	��������

E ��,	 ��,		��,		��,	 � exp �
 � ����,	 � ����,	 ��� � ��,		



Uncertainty and Innovation in the Wind Industry5

Capacity additions at time t are the result of policy in support of wind energy, but also

1. Wind attractiveness

2. Decreases in costs arising from technological innovation and learning

Regress capacity additions on measures of (1) and (2) 

• Use error as proxy for policy stringency (linearizing)

• Error measures changes capacities not explained by changes in economic 
conditions or variations in generation costs

• Hence it is arguably attributable to policy shocks

Policy volatility

• take the absolute value of the error term, normalize it by Δ capacity, and 
calculate the coefficient of variation 

4. Empirics: Measuring Policy and Uncertainty
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5. Results

Own Innovation Own Innovation Own Innovation Own Innovation

Claimed Priorities Claimed Priorities Claimed Priorities Claimed Priorities

Knowledge Stock 0.190*** 0.191*** 0.205*** 0.195**

[0.000653] [0.00681] [0.00405] [0.0129]

Policy 0.0120*** 0.0119** 0.0126** 0.0131**

[0.00384] [0.0464] [0.0237] [0.0220]

Uncertainty -0.126** -0.125*** -0.123*** -0.136***

[0.0111] [0.00742] [0.00748] [0.00110]

Law and Order 2.274** 2.275** 2.271** 2.657***

[0.0152] [0.0157] [0.0122] [0.00467]

Price of Gas 0.00622 -0.0696 4.29e-05

[0.982] [0.779] [1.000]

Access to Credit 0.0348 0.0283

[0.292] [0.427]

Public R&D Wind 2.997

[0.131]

Trend YES YES Yes YES

Observations 164 164 164 140

Variable Obs Mean Std. Dev. Min Max

Policy 164 0.0696489 4.400554 -28.86036 16.1876

Uncertainty 164 -0.6433893 0.7705623 -4.411947 0.24358
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Main empirical results

1. Positive effect of environmental policy on wind innovation confirmed 

2. This is counterbalanced by negative impact of policy volatility on innovation, 
which can offset (1)

3. [Take with care: preliminary] Specifically, if policy increased by one standard 
deviation, the “average” country’s innovation level would increase by roughly 

5%. If at the same time uncertainty increases by one standard deviation, the 

country’s innovation level would decrease by 5% with respect to the initial level

4. Current work focuses on robustness of these results

Main policy implication:

1. Ability of EU countries to become hubs of green growth will greatly depend on 
the stability of policy signals to investors. 

2. Long-term planning and commitment is key in this respect

3. Policy implementation with frequent changes means eroding the inducement 
effect of policy mechanisms

6. Quantification and Conclusions
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French moratorium

�
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�

RES-E RD&D investment by source of funds
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Increase in wind capacity in the EU

�



Uncertainty and Innovation in the Wind Industry12

�

LCOE for wind -- 2013 
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Evolution and uncertainty of LCOE for wind

�
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Policy support to RES-E

�
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�

Attractiveness of wind market
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Austria, Belgium, Czech Republic, Denmark, Estonia, Finland, France, 

Germany, Greece, Hungary, Italy, Luxembourg, Netherlands, Poland, 

Portugal, Spain, Sweden and the United Kingdom �

Sample 
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Wind Attractiveness (“effective” wind potential):

• Regional wind potential

• Regional GDP

• Capacity additions are higher where wind resources are more 

abundant and where economy is more developed

• Cleaned from feedback effect: innovation in wind not likely to affect 

regional GDP or size

Cost: 

• Normalized to 100

• Doubling of capacity yields around ~10% cost decrease
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Determinants of capacity additions
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�

Exogenous policy shock indicator


