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The green transition is a plural

• Multiple transitions:
• Transition in energy system
• Transition in minerals supply chains
• Transition on labor market
• Transition in global division of labor



Resources



Critical resources
New energy system requires massive amounts of minerals

Source: IEA 2022; World Energy Outlook Special Report, The Role of Critical Minerals in Clean Energy Transitions, 
https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions, License: CC BY 4.0]



Critical resources
However, so does the old energy system

Source: IEA 2022; World Energy Outlook Special Report, The Role of Critical Minerals in Clean Energy Transitions, 
https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions, License: CC BY 4.0]



Jobs



Source: IEA 2022; Skills Development and Inclusivity for Clean Energy Transitions, https://www.iea.org/reports/skills-
development-and-inclusivity-for-clean-energy-transitions, License: CC BY 4.0]

Reskilling
Example: energy transition

• Net zero emissions pathway
• 15M new jobs in clean energy sector
• 5M lost jobs in old energy sector
• Training/reskilling for 30M workers 



Reskilling is not trivial
Example: From mining to solar panels (O*NET)

Source: https://www.onetonline.org/



Reskilling is not trivial
Example: From mining to solar panels (O*NET)
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Source: IEA 2022; Skills Development and Inclusivity for Clean Energy Transitions, https://www.iea.org/reports/skills-
development-and-inclusivity-for-clean-energy-transitions, License: CC BY 4.0]

Reskilling
Example: energy transition

• Net zero emissions pathway
• 15M new jobs in clean energy sector
• 5M lost jobs in old energy sector
• Training/reskilling for 30M workers 

• “Green” jobs tend to require higher levels of 
education (Bowen/Kuralbayeva/Tipoe, 2018) and 
different skill sets



Transitioning from brown to green jobs 
Skill spaces (Mealy/Del Rio Chanona/Farmer, 2018)

Easiest to transition from brown jobs to other brown jobs

Source: Mealy, P., del Rio-Chanona, R.M. and Farmer, J.D., 2018. What you do at work matters: new lenses on labour. What 
You Do at Work Matters: New Lenses on Labour (March 18, 2018).



Source: IEA 2022; Skills Development and Inclusivity for Clean Energy Transitions, https://www.iea.org/reports/skills-
development-and-inclusivity-for-clean-energy-transitions, License: CC BY 4.0]

Reskilling
Example: energy transition

• Net zero emissions pathway
• 15M new jobs in clean energy sector
• 5M lost jobs in old energy sector
• Training/reskilling for 30M workers 

• “Green” jobs tend to require higher levels of 
education (Bowen/Kuralbayeva/Tipoe, 2018) and 
different skill sets

• Old energy system’s predominantly male workers 
(~80% vs ~60% in new energy system)



Opportunities
Space of solutions



Green pathways
Heterogeneous technology landscape (Li/Neffke, 2023)



Green pathways
Heterogeneous technology landscape (Li/Neffke, 2023)



Opportunities: 
Complexity & developing the adjacent possible



metallurgy

vegeta bles

fishing

garments

coffee and cocoa
products

fruits

17Source: Hidalgo, C.A., Klinger, B., Barabási, A.L. and Hausmann, R., 2007. The product space conditions the development of 
nations. Science, 317(5837), pp.482-487.



Opportunities in the green transition
Clean tech in the product space

Products related to wind power

Source: Ongoing work Yang Li @Harvard Growth Lab

electronics

copper



Opportunities in the green transition
Clean tech in the product space

Products related to carbon capture

Source: Ongoing work Yang Li @Harvard Growth Lab

Carbon related chemicals

tubes



Making long jumps
Can resources be leveraged to make long jumps?

• Suppose a country possess rich lithium deposits. Can this kickstart 
diversification dynamics?

• Moving down the value chain may require new capabilities

• How to acquire these capabilities?
• Training: expensive & where to get initial experts?
• Immigration (Moser et al. 2014; Peri et al. 2014; Hornung, 2014, Hausmann 

and Neffke, 2019,…)
• FDI (local sourcing conditions)



Uncertainty



Example 1: adoption of electric vehicles
Changes have been taking us by surprise

• Electric vehicles
• ILO 2018 projections market shares of electric vehicles for 2025:

• Global: 14%
• Europe: 31%
• China: 16%
• US: 5%

• IEA 2023 projection (based on sales in first quarter sales):
• Global: 18%
• Europe: 25%
• China: 35% (government’s 2025 goal: 20%)
• US: 12%



Example 2: Evolution of the cost of electricity
Large historical underestimates (Way/Ives/Mealy/Farmer, 2022)

Predicted costs of solar power Presumed cost floors (IAM) Projected costs 2040

Past predictions by
IAM & IEA

Presumed cost floors

Projected levelized electricity costs:
Today: ~100 USD/MWh
2040: 2-40 USD/MWhSource: Way, R., Ives, M.C., Mealy, P. and Farmer, J.D., 2022. Empirically grounded 

technology forecasts and the energy transition. Joule, 6(9), pp.2057-2082.



Uncertainty
Green transition: fast moving & constant changes

• Uncertainty in many domains
• Technological, with spiraling, self-reinforcing dynamics
• Relative prices
• Policy
• Labor markets

• Systemic constraints are not permanent, but have shadow prices
• Technological and policy constraints have implicit prices
• As constraints become binding, workarounds increase in value
• Consequence: innovation to substitute materials, resolve systemic 

bottlenecks, etc.



In sum
Multiple transitions, challenges and solutions
• Green transition is multifaceted and promises transformation across labor 

markets, industries, firms and the global division of labor

• Opportunities exist, but with many uncertainties 
• Different industries require different solutions
• Uncertainty across many domains
• Systemic shifts due to rising shadow prices of constraints

• Guiding principle: How can the green transition contribute to sustained 
competitive advantages? (Juhász, Lane, Rodrik, 2023). 

• Fit with current capabilities?
• Local effects (pollution & social consequences)?
• building up new industries (e.g., local sourcing requirements)? Or reducing costs for other 

industries? Sovereign wealth funds?
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