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Deviation from mean (1850-1900) in °C

Some (Really) Bad News

RECORD NUMBER OF DAYS ABOVE 1.5°C IN 2023 ,r’&\

1.9 Number of days with temperature increase above pre-industrial
level (1850-1900) within the following ranges:
B1to1.25°C M1.25to0 1.5°C M 1.5°C or more
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In 2023 all 365 days were above 1°C
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Some Stellar News for Renewable Energy
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Generation Increasing Fast from Nothing
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Solar PV Module Cost (2019 US$/ W)

A Technological Revolution Decades in the Making

Solar Costs
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The Renewable Energy Revolution:
Opportunities and Challenges

1. What are the new opportunities that arise
a. Economic gains from the great technological revolution
b. Promise of European (and more) energy security
c. Environmentally friendly (You can have your cake and eat it too!)

2. What are the challenges of the transition
a. Transmission Grid constraints
b. Intermittency of renewables
c. Local opposition and policy barriers
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Clean Growth Research: Two Main Questions

1. Who are the winners and losers of this technological revolution
a. What s the impact on electricity markets: renewable share, prices etc
b. Welfare gains: welfare improvement, income effects etc

2. What is the role for policy?
a. Subsidies to renewables (e.g. Inflation Reduction Act)
b. Investments in the grid (e.g. Infrastructure Investment and Jobs Act)

Based on
Arkolakis Walsh '23 “Clean Growth”,
Arkolakis Walsh 24 “The Economic Impacts of Clean Power”



Clean Growth Research Goal:
An Integrated Assessment Model w/ Energy Markets

 Study implications of energy transition
 Model energy markets, transmission, renewables
* Model spatial element -follow Quantitative Spatial Literature-

* Model investment in energy resources —renewables: modular/fossil: resource extraction-
* Model interplay of all these forces through integrated modeling in General Equilibrium

* New predictions for
* Renewable investment and fossil fuel extraction in the long run
 Electricity prices across countries
* Welfare implications of energy transition and policies across countries, regions



The Economy:
Energy, Production, Consumption



The Economy: Energy, Production, Consumption

Electricity Generation Production of Goods Consumer Demand
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General Equilibrium: Work for
Energy-Economy model production, save in capital New Quantitative

Spatial/Trade Literature
Macroeconomic Effects



Trade in Goods (Gross)




Trade in Electricity (Net)




The Economy:
Electricity Generation and Electricity Markets



Electricity Generation Technologies
B> “&-

h Traditional Energy Sector "”.”‘y Renewable Energy Sector

* Install capacity in region i, KZ}— * Installed capacity in region i, KX, R = {S, W}
* Wind or Solar, Efficiency Q;R

Global Installed Traditional Energy Sector Capacity Global Variation in Solar Efficiency

Capacity (MW)




Electricity Transmission Technology

* Electricity in a region i, generated by traditional and renewable assets
* Net supply of each regionis P; = Y. — D(p$)w

NS

* Losses, A, determined by physical constraints in"trapsmission network
e Matrix of links, resistance (inv Iof capacity) of lines, and net supply in each link
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Price and Marginal Cost

Electricity Markets: Merit Order Dispatch

Prices set by grid planner

Maximize total welfare (all regions in grid)
subject to

1. Losses+Supply=Demand (Kirkoff law)

2. Capacity constraints

3. Line capacity constraints

Profit from electricity production /




Price and Marginal Cost

Profit from electricity production

Electricity Markets: Merit Order Dispatch

Fossil fuels

squeezed out as
renewable penetration
rises



Renewable Investment and Fossil Extraction



Total Installed cost ($/kW)

* Renewable investment * Fossil Extraction

* |s modular * Not modular
* Has (close to) zero marginal cost * Has increasing marginal costs
* |s subject to learning by doing (/bd) e Little Ibd (some technol. progress)
 Solve value function in Walsh ‘21 * Hotelling ‘31 resource extraction
* Add /Ibd scale effects * Extraction costs key for wealth effects
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Predictions and Counterfactual Policies



The Regional-Global Data

 Compile, combine, harmonize regional datasets (e.g. commuting zone)
* 56 countries, 2531 regions
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Clean Growth Across the Globe

* Renewables dominate
* Countries with ample fossil resources experience slower transition
* Prices fall globally
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Winners and Losers Across the Globe

* Countries with connected grid, developing countries win
* Countries specializing in exporting fossil fuels experience negative wealth effects
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Inflation Reduction Act

* Signed into law Aug ’22. Provides (retains) tax credit to renewable energy
* S5 in our counterfactual ($5-26). Phases out in 2033
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Renewable Transition Challenges
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Grid Constraints: Infrastructure & Jobs Act

* Model specific lines under completion. Add them to our network

* Estimated cost of S10 billion. Generate $1.5 billion annual net benefit. Effects not uniform

Capacity Change
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Grid Interconnectivity & Green Transition:
s Europe There?

* What are planned investments? How many upgrades do we need for transition?

The evolution of Europe's interconnected power grid: An interactive map

Explore expected changes in interconnection capacity (blue) and compare this to required capacity under
three different energy transition scenarios (orange). Share of wind and solar in countries' electricity mix is
indicated in each node (green).
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Cost per Kilowatt ($)

The Intermittency Challenge & the Storage Solution

* To deal with the intermittency storage is needed
* Photovoltaics with sufficient storage (e.g. 8 hours) is called “firmed solar”
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Challenges: Local Opposition and Policy Barriers

* Renewables are deploying extremely fast
* For some they are an eye shore, and large land clearance for their use (>1% for Greece!)
* It is not long until resistance to renewables develops

* In the United States local governments or states set increasingly more barriers
* Europe plowing through new regulations facilitating renewables. Centralization is key
* Needs to be done with care or else opposition will mount. Offsetting payments to locals
* Data indicates opposition comes from variety of reasons. Increases when more land used



Conclusions and Food For Thought

* Age of renewables has begun!

* Lower capital costs spur adoption, which further lower capital costs and prices

* Are we the optimists?

1 EASY PV how solar oulgrew expectations

On average, actual installations have been more than
three times higher than their five-year forecasts

Capacity added each year, GW
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Sources: IEA; Energy Institute; BloombergNEF
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Share of electricity production from renewables

Renewables include electricity production from hydropower, solar, wind, biomass & waste, geothermal, wave, and
tidal sources.
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