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1. WHAT ROLE FOR PUBLIC POLICY IN ENERGY 
TRANSITION?
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Energy transitions in history
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Source: O’Connor 2010, 9. 
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CLIMATE CHANGE CHINAENERGY CRISIS



Progress of sectoral low-carbon transitions
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Source: Victor et al. 2019.
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Four energy transition wedges
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Source: Willliams et al. 2012.

+ CARBON REMOVAL



Four drivers of energy transitions

1. Supply constraints

2. Cost advantages

3. Performance 
advantages

4. Public policies
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Source: O’Connor 2010, 17. 



Market failures

1. Technological spillovers
– Private underinvestment in R&D because firms cannot capture all 

profits from R&D investment
2. Innovation snowballing
– Path dependence in types of innovation creates higher returns for 

dirtytech innovation
3. Negative environmental externalities
– Social cost of carbon is not internalized, putting cleantech at a cost 

disadvantage
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These market failures all create cost barriers to innovation.



The social cost of carbon
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Source: Pizer et al. 2014.



Techno-institutional lock-in
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Source: Unruh 2000.

Techno-institutional lock-in refers to a “process of technological and institutional co-evolution 
driven by path-dependent increasing returns to scale.”



Capital turnover and lock-in
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The longer the lifetime of a technology and the higher the cost for 
early retirement, the higher the lock-in of a technology. 

Source: Seto et al. 2016.



Escaping lock-in: 
Tech-push and demand-pull policies
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Source: Grubb et al. 2021.



Tech-push and demand-pull policies
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Source: Karp and Stevenson 2012; Nemet 2009; Rodrik 2014.

Tech-push Demand-pull

• Tax credits
• R&D subsidies
• Production subsidies
• Loan guarantees
• Local content rules
• Trade restrictions

• Pollution taxes
• Emissions trading systems
• Deployment subsidies
• Export credits
• Deployment mandates
• Performance standards



Tech-push and demand-pull policies in transition 
from ICE to electric vehicles?
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The rise of green public investment
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Source: Meckling et al. 2022.



Challenge 1: Picking winners

• Information asymmetries between 
government and firms lead governments to 
pick wrong technologies (Helm 2010).
– E.g., Solyndra

VS

• A portfolio of investments can mitigate that 
risk (Rodrik 2013; Mazzucato 2015).
– E.g., Tesla and others
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Challenge 2: Managing economic rents

• Risk of regulatory capture of 
government by economic interests, 
resulting in public over investment and 
excessive profits (Helm 2010).

VS

• Institutional design can prevent 
regulatory capture (Rodrik 2014).
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A subsidy race: The Governor’s Cup
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3. CASE: LOAN GUARANTEES FOR SOLYNDRA 
AND TESLA
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Green stimulus spending in 2009
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15% of global stimulus spending was green spending.
Source: HSBC 2009. 



American Recovery and Investment Act
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• More than $90 billion of clean energy government 
spending leveraging more than $100 billion of private 
sector investment. 

• DoE received more than $35 billion for clean energy 
investments, which was more than triple its 2009 budget 
for all civilian energy investments. 

• Strong focus on commercial technology deployment.

• More than $25 billion to renewable energy power 
generation, $20 billion to energy efficiency investments, 
and $400 million to new Advanced Research Projects 
Agency-Energy (ARPA-E) for R&D.

Source: Aldy 2012. 



Loan guarantees and the valley of death
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Solyndra vs. Tesla
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• Based in CA
• Founded in 2005
• Produced solar cells
• Received $535 million in govt. 

loan guarantees
• Went bankrupt

• Based in CA
• Founded in 2003
• Produces EVs
• Received $465 million in govt. 

loan guarantees
• Paid off govt. loan early



Solyndra’s technology

28
Source: blogs.cas.suffolk.edu/seveilleux/files/2012/02/solyndra.jpeg
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• 2006 – Applies for guaranteed loan under Bush admin

• 2009 – Solyndra wins US Department of Energy (DOE) loan for $535 million

• 2010 – Solyndra out of cash

• 2011 – DOE helps Solyndra with refinancing

• Late 2011 – Solyndra goes bankrupt



Solar-grade silicon prices ($/kg)
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Solar-cell production
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Federal loan guarantee for Solyndra
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Tesla
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• Roadster begins production in 2008

• 2009 – DOE provides $465 million loan guarantee to produce new Model S

• 2010 – IPO raises $226 million

• 2012 – First Model S delivered to customers

• 2013 – Pays back government-backed loan early



Innovation policies key to Tesla’s growth
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Source: Grubb et al. 2021.

Loan guarantee

Credits from Zero Emission 
Vehicle program

Norway’s subsidies for 
electric vehicles



Portfolio success of loan guarantee program
• ”The standard rule of thumb in venture capital is that 

three out of four start-ups fail. The DOE Loan 
Programs Office has provided $34.2 billion in loans 
and loan guarantees, and companies have defaulted 
on only $780 million--a loss rate of only 
approximately 2 percent.” 

• “DOE also has collected $810 million in interest 
payments, putting the program $30 million in the 
black.”

• This does not include tax revenues from successful 
firms.
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Source: White House Council of Economic Advisors 2016. 



3. THE INFLATION REDUCTION ACT
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From carbon pricing to green industrial policy

• Federal attempts to introduce carbon 
pricing failed in 2009

• Great Recession: green crisis spending

• Biden Administration: green industrial 
policy with sectoral focus
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Innovation vs industrial policy?
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Source: MacNeiil 2017.



US spending on energy R&D
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Source: Anadon et al. 2017.



Key bills under Biden Administration

• Key bills
– Inflation Reduction Act
– Bipartisan Infrastructure Act
– CHIPS and Science Act

• Inflation Reduction Act
– $369 billion over 10 years for energy security and climate change
– Focused on clean technology manufacturing and deployment
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Inflation Reduction Act
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Some other provisions

• Boosting electric vehicles and alternative vehicle fuels 
• Funding green banks to leverage private capital ($27B)
• Funding environmental justice initiatives
• Spurring transmission line development and funding
• Facilitating onshore and offshore oil and gas leases
• Imposing fees on methane emissions
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Emissions impact of IRA
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Policy challenges ahead

1. Picking winners
– Shift from picking companies/consortia to technologies to 

regulatory instruments as markets mature
– Make government investment decisions rules/goal-based, 

e.g., SunShot Initiative
– Focus on technologies that maximize emission reductions 

(emissions/unit x scalability)
– Bridge the valley of death through, for instance, advanced 

market commitments

Sources: Meckling et al. 2022



Policy challenges ahead

2. Managing rent-seeking
– No policy can be finetuned enough to avoid rents, be okay with 

transient rents
– Be aware of overlapping subsidies across agencies and levels of 

government
– Use cost, productivity, environmental targets, automatic sunset 

clauses

3. Expecting some failure
– Create portfolio with goal of maximizing energy innovation 

returns
– Manage expectations on government investments (e.g., 

Solyndra)
– Facilitate continuous learning through policy evaluation

Sources: Meckling et al. 2022



Summary

• What role for public policy in technology innovation?
– Problem: market failures and techno-institutional lock-in
– Tech-push and demand-pull policies 

• Challenges of public climate investment
– Picking winners
– Managing rent-seeking
– Expecting some failure
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