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The Energy Crisis

Oil and gas prices have skyrocketed

80
40
70 35
60 30
Feb 16 20 26 Mar 10 @& Feb 16 20 2 Mar 10 &
(a) Crude oil prices (b) TTF gas prices

Figure: Oil and gas prices (TTF) since the war in Iran

Source: TradingEconomics
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The Energy Crisis

The gas price increases have been passed through to electricity markets

Spain == Belgium mm Germany

Figure: Wholesale electricity prices in Europe, Feb-March 2022 and 2026 (€/MWh)
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The Energy Transition is Critical for Climate Change...and Beyond!
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What is Energy Transition?
“Global shift in how we produce, distribute, and consume energy — moving away from fossil
fuels toward cleaner, low-carbon energy sources. It's not just about swapping fuels: it's a
broad economic, social, and technological transformation.”
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The Energy Transition is Critical for Climate Change...and Beyond!

What is Energy Transition?
“Global shift in how we produce, distribute, and consume energy — moving away from fossil
fuels toward cleaner, low-carbon energy sources. It's not just about swapping fuels: it's a
broad economic, social, and technological transformation.”

Decarbonization: Reducing greenhouse gas emissions from energy use.
Electrification: Replacing fossil-fuels with electricity powered by renewables.
Energy efficiency: Using less energy to achieve the same output.

Market Integration: Building grids to connect new generation sites with consumers,
and to interconnect regions.

Digitalization: Using smart tech to optimize energy production and consumption.
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The Technology Revolution in Energy is Underway

New ways to generate electricity
New ways to transport and store electricity
New ways to use electricity
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(a) Solar and wind (b) Batteries and grids (c) EVs and heat pumps

Figure: Expansion of renewable energies, batteries, electric grids, EVs, and heat pumps

Source: Ember
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The Technology Revolution in Energy is Underway

Solar PV module cost
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(a) Solar PV modules

Source: Our World in Data
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(b) Lithium-ion batteries

Figure: Declines in the costs of solar PV modules and battery cells for lithium-ion batteries
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Funding for Low-Carbon Investments
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Figure: Financing for low-carbon generation by banks and institutional investors

Banks and institutional investors are increasingly financing low-carbon generation
projects, away from fossil fuels

Source: |EA (2026)
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Challenges for the Energy Transition

Technological breakthroughs have been crucial in advancing the energy transition, but
regulatory developments and the broader social context are equally important.
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Roadmap for today’s lecture:
How to design electricity markets?

Local jobs to overcome local opposition to renewable energies?
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Challenges for the Energy Transition

Technological breakthroughs have been crucial in advancing the energy transition, but
regulatory developments and the broader social context are equally important.

Roadmap for today’s lecture:
How to design electricity markets?

Local jobs to overcome local opposition to renewable energies?

Many other challenges remain!
Scaling up energy storage
Expanding transmission grids and interconnection capacity
Fostering demand response (automation?)
Promoting electrification

Streamlining administrative procedures
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I. How to design electricity markets and contracts?
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Stylized Facts #1&2

Renewable energy investments are highly capital-intensive, and their marginal costs are almost zero
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Figure: Cost break-up of power generation technologies

Source: Lazard (2023); own computations (ass. 90€/Ton CO2; 40€/MWh gas)
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Stylized Fact #3

Wholesale electricity prices are highly volatile, still re ecting the costs of gas- red generation in most hours
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Figure: Wholesale electricity prices in Europe, Feb-March 2022 and 2026 (€/MWh)

Source: Redeia
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Stylized Fact #4

But prices fall when renewable energies become the price-setting technology, also increasing price volatility
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(a) Wholesale electricity prices

Figure: Wholesale electricity prices and generation by technology in Iberia on 1/03/2026

Source: Omie
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Key Implications for Market Design

mmm Fixed & Variable costt—Financing cos#
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The cost of capital is one of the biggest
costs for renewable energy investments.

Recovering these costs through short-run
electricity prices ishighly uncertain, and will
becomeincreasingly challenging as more
renewables come online.

Total Cost Share of Renewableg

This uncertainty addgisk premia to the
cost of capital and limits access to capital,

L . Ol’/o 2% 413/0 6% 8% 10% 12%
constraining the scale of investments. Cost of Capital
Source: Beiter et al. (2024)

The Energy Transition: Challenges and Opportunities March 2026 13/ 43



Key Implications for Market Design

mmm Fixed & Variable costt—Financing cos#
T T T T

T T T
a0/ %9
26:
Il Il Il Il Il

The cost of capital is one of the biggest
costs for renewable energy investments.

Recovering these costs through short-run
electricity prices ishighly uncertain, and will
becomeincreasingly challenging as more
renewables come online.

Total Cost Share of Renewableg

This uncertainty addgisk premia to the
cost of capital and limits access to capital,

L . Ol’/o 2% 417/0 6% 8% 10% 12%
constraining the scale of investments. Cost of Capital
Source: Beiter et al. (2024)

What is the solution?
Long-term contracts are needed to derisk renewable energy investments
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Private Long-term Contracts (PPAS)
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Regulator-backed Long-term Contracts (CfDs)
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European Commission's New Electricity Market Design

\The proposal...will optimize the electricity market design by complementing the short-tern
markets witha greater role for longer-term instruments , allowing consumers to bene t
from more xed priced contracts, andacilitating investments in clean technologies...

providing secure, stable revenues for renewable and low carbon energy developers and

bring down risk and capital costs while avoiding windfall pro ts in periods of high prices."

Source: Proposal for th&®egulation of the European Parliament and the Council to improve
the Union's electricity market desig(2023).
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Long-term Contracts: Policy Concerns

= "A barrier to the growth of this market is thecredit risk that a consumer will not
always be able to buy the electricity over the whole period.”

= "Member States should be free tdecide which instruments they use to achieve their
decarbonisation objectives."
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Long-term Contracts: Policy Concerns

= "A barrier to the growth of this market is thecredit risk that a consumer will not
always be able to buy the electricity over the whole period.”

= "Member States should be free tdecide which instruments they use to achieve their
decarbonisation objectives."

Research and policy questions:

m How does counterparty risk a ect contracting? Who should the counterparty be?
Are public guarantees useful?
(Ryan, 2023; Fabra, EneEco 2023; Fabra and Llobet, 2026)

m How should long-run contracts be designed and allocated? How should they be
passed-on to nal consumers?
(Fabra and Llobet, 2026; Fabra and Montero, EJ 2023; Newbery, 2021)
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Modelling the Contract Market with Buyer Counterparty Risk

Fabra and Llobet (2026): The Costs of Buyer Counterparty Risk

Demand for contracts :
m Buyers contract at prices below the
expected spot pric& (p).
Supply for contracts :
m Sellers contract if they break even
(upward-sloping region)...
m ...and if they make more pro ts

than in the spot market ( at
region), E(p) r.
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Modelling the Contract Market with Buyer Counterparty Risk

Fabra and Llobet (2026): The Costs of Buyer Counterparty Risk
f

E(p)
If there iscounterparty risk :
m Contract supply shifts in as this
cost is passed on to prices.
m The more so, the higher the
likelihood of renegotiation.

f
E(p T
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Contract Market Equilibrium

Low renegotiation risk

If there is a (low)renegotiation risk :
m Counterparty riskraises the
equilibrium contract price ,

m ...resulting inine ciencies as all
sellers face higher costs due to
higherrisk premia.

The Energy Transition: Challenges and Opportunities
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Contract Market Equilibrium

High renegotiation risk

If there is a (high)renegotiation risk :

m Supply shifts in more, leading to
low liquidity and ine cient
rationing as there are not enough
investments to cover demand.

m The equilibrium price maximizes
seller pro ts, resulting in the
highest possibleisk premium.
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Empirical Evidence on Counterparty Risk in Long-term Contracts
Ryan (2026): Holding Up Green Energy: Counterparty Risk in the Indian Solar Market

Comparison of auction results in India where the tendering authority is either the central
government vs. (less reliant) states, shows that counterparty risk increases contract price

Figure: Solar auction clearing prices by intermediation; Indian solar auctions
The Energy Transition: Challenges and Opportunities



Empirical Evidence on Counterparty Risk in Long-term Contracts

The supply curves for higher-risk counterparties shift sharply inwards relative to what wol
be o ered to the central government, increasing prices and reducing investment

Figure: Counterfactual procurement by risk under uniform ceiling prices
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Public Policies to Address Counterparty Risk in Long-term Contracts

\The proposal further aims...to incentivise investments in renewables by facili-
tating access to longer-term contracts for developers...(b&tate supported such
as contracts for di erence , and private, such agpower purchase agreements
)...This will be achieved by requiring Member States to ensure [the availability of]
instruments to reduce the nancial risks associated to the buyer defaulting
on its long-term payment obligations... These can be guarantee schemes at
market prices, as well as public support for non-fossil fuels PPAs. "

Source: Proposal for th&®egulation of the European Parliament and the Council to improve the
Union's electricity market desig2023).
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The Market Impacts of Public Guarantees

Fabra and Llobet (2026): The costs of buyer counterparty risk in long-term contracts

Public guarantees eliminate counterparty risk, leading to lower prices and higher investme
However, they involve costly public funds.

(a) PG reduce contract prices
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The Market Impacts of Public Guarantees

Fabra and Llobet (2026): The costs of buyer counterparty risk in long-term contracts

Public guarantees eliminate counterparty risk, leading to lower prices and higher investme
However, they involve costly public funds.

f

(a) PG reduce contract prices (b) PG expand investments
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Simulating the Spanish Long-term Contract Market for Solar Investme
Fabra and Llobet (2026): The Costs of Buyer Counterparty Risk in Long-term Contracts

(a) New solar PV plants in Spain (2022)
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Simulating the Spanish Long-term Contract Market for Solar Investme
Fabra and Llobet (2026): The Costs of Buyer Counterparty Risk in Long-term Contracts
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(a) New solar PV plants in Spain (2022) (b) Average Costs of solar PV plants
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Contract Supply Curves

We derive the supply curves that rms would o er under varying levels of counterparty risk
assuming mean-variance preferences.
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The E ects of Counterparty Risk on Equilibrium Outcomes

Prices and Investment

Counterparty risk (weakly) pushes contraptices up and investment down.
Higher contract demand promotes more investment, but it is less e ective under high
counterparty risk.
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Welfare E ects of Public Guarantees

Public guarantees increase welfare, but this can be at the expense of consumers.
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The Design of Regulator-Backed Contracts

Key policy and research questions

Contract design:
m How much exposure to spot prices?
Fabra (2023); Fabra and Imelda (AEJ:EP, 2023); Fabra and Llobet (2025)
m Payments proportional to capacity or output?
Aldy et al. (JAERE, 2023); Fabra and Llobet (2025)
m Baseload versus pay-as-produced?
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The Design of Regulator-Backed Contracts

Key policy and research questions

Contract design:
m How much exposure to spot prices?
Fabra (2023); Fabra and Imelda (AEJ:EP, 2023); Fabra and Llobet (2025)
m Payments proportional to capacity or output?
Aldy et al. (JAERE, 2023); Fabra and Llobet (2025)
m Baseload versus pay-as-produced?

Auction design:
m Technology-neutral or technology speci c?
Fabra and Montero (EJ, 2023)
m Price-only auctions, auctions with pre-quali cation or scoring auctions?
Asker and Cantillon (RJE, 2008, 2010); Fabra and Montero (2026)
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Il. Local jobs to overcome local opposition to renewables?
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