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The Fundamentals of Electricity Markets
From forward to spot

13 November 2025

Disclaimer: these slides are working illustrative documents used as a support for the presentation.
They should not be considered as formal ENGIE position nor formal documentation.

Introduction & key concepts
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1. Introduction & Key Concepts
2.Day Ahead, Intraday and Balancing
3.Forward

4.Hedging

Why ?

Fundamentally, energy supply is an engineering challenge. Good market design should give economic
incentives to align economics to physics in the short term and physics to economics in the long term

Target model: a pan-European electricity market

Physically, we are interconnected and interdependent
But almost everything else has yet to follow this physical reality

Which benefit for the global welfare ?

Increase efficiency
Increase robustness and liquidity
Integrate new technologies and facilitate the energy transition

Why do we want it as market participant ?

Managing cross-border portfolios
New buying and selling opportunities
Facilitate the integration of new technologies




Market price: expectation about future real-time price

Important to keep balance
* Market is based on supply-demand equilibrium => each equilibrium point

corresponds to a market price. There is an equilibrium point (= imbalance
settlement price) at each period of time (ISP) = imbalance settlement
period

Demand
{consumption)

Supply
Frequency (Hz)  (Generating amounts

All actions undertaken by market parties in forward, day-ahead and intraday are based on the expectation of this
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Electricity markets: time frames

« Integrated zonal Markets
« From Forward to real time
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Day-Ahead market

1. Zonal market

— Bidding Zone = geographical zone in which traders can
buy/sell electricity without having to take into account grid
constraints. Between 2 zones, traders have to consider
availability of transmission capacity:

— For the market: “one country = one price = one electrical
node”

— Not true in reality => TSO to manage the grid

2. In Day-Ahead, one common auction

—  Electricity market prices are based on a supply-demand
equilibrium
— One auction to determine the price for each zone

Average annual DA electricity price in European Bidding Zones - 2024

Prices decreased by 16%.
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Day-Ahead Auction
Market Coupling

oD

Day-ahead
auction

The Day-Ahead Process merges capacity

(transport) and energy

Day-ahead
1. Trader bids for energy (bids and offers) in each auction
zone to the Power Exchange A B

2. TSOs provide the available capacity between each
zone

Pric

w

. The energy bids and offers in the different zones is
then matched, depending on the availability of
capacity

> If no congestion (ie: enough capacity): no price difference between A and B o

imports I

> If congestion (ie: not enough capacity allocated to the market), a price
difference between A and B appears e
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Building the merit order

o In the merit order units are ranked according to their marginal cost of production.
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Day-Ahead versus Intraday
» Day ahead market: considered the market
giving the reference price in Europe
« Link to nomination and scheduling process
historically happening in D-1
* But... the real price signal for market participants
is the imbalance price!
» Intraday market: considered the market to
optimise/correct positions close to real time
« Intraday market liquidity increases, ability to trade
closer to real time!
« Acomplex mix between continuous and auctions

day-ahead

intraday

Share of continuous intraday-traded volumes according to intra-|
zonal vs. cross-zonal nature of trades in Europe and yearly
continuous intraday-traded volumes — 2019-2022 (% and TWh)
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* Exact time of market closure might slightly vary depending on country

As time passes, uncertainty reduces
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Is the forward market important ?

= Volumes traded in forward represent +/- 10 times more than the volume traded in the short
term market (Day-Ahead and Intraday)

Market Distribution (Twh for Current Year)
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- Mw daily load profile
Forward products for electricity /AR

What can you trade in each zone ?

= Daily products: D+1, D+2 base load
= Weekly products: W+1, W+2, W+3 N R SRR R T
= Monthly products: M+1, M+2, M+3 Souree: Wikipe

= Quarterly products: Q+1, Q+2, Q+3 Base-load vs. Peak-load
= Yearly products: Cal+1, +2, +3 [
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Market instruments: spot, forward, future

= Spot contract: an agreement to buy or sell an asset today, for a certain price.
v In the case of, for example, gas and electricity, this typically means day-ahead.

= Forward contract: an agreement to buy or sell an asset at a specific moment in time, for a
predetermined price.

v Normally traded over-the-counter (OTC); a deal between two institutions

= Future contract: an agreement to buy or sell an asset at a specific moment in time, for a
predetermined price.

v" Normally traded on an exchange; the exchange is the counterparty for both participants.
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Market liquidity & traded volumes

= Market liquidity reflects the ability to buy or sell an asset without causing a significant movement

in the market price of that asset.
= In less liquid markets we expect the bid-ask spreads to be wider than in more liquid markets.
The bid-ask spread represents transaction cost.

= The German electricity market, for example, is relatively liquid market, especially compared to the
Dutch or Belgium electricity market.

= Where liquidity is limited, there is a greater risk that it may not be possible to close a position at a
favorable price.

= Short term products are in general more liquid than long term products.
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From a physical portfolio ...
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... to hedging strategies

1 2

Risk Mapping: Definition of Hedging Strategy

Forecast (2
Position
modelling .

3.
Execute Strategy

Netexposure
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1. Risk mapping

« A portfolio of assets is by definition “risky” -> what is “risk” for a portfolio manager ?
= Uncertainty on future revenues generated by the assets in the portfolio (power plants, procurement
contracts, ...) 70  Belgian forward electricity price
= Different kind of risks: .
v price risk, 550
v volume risk,
v regulatory risk,
v counterparty risk
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« How to tackle price risk ? Price
= First step is to accurately forecast the positions of each asset and contract movements
= Second step when trying to mitigate risks is to identify and classify/organize the risk factors e
= To mitigate the price and volume risks, market participants can then perform hedging actions

—
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0 Forecast: key principles

Fleet information

Fleet information,
— market prices and
constraints are used as
input for the optimization

The output of the model is the forecasted
production and fuel consumption which
maximizes S-P (cashflow), while
respecting the constraints

FWD Prices

model
Gas
0al
sl @ OPTIMIzATION [ 2 ;
MODEL | ———

Maintenance planning

Constraints

Techical constraints
(Revision planning, max
power, ....)

Contractual constraints
(reserves, fuel contracts,..)

Choosing the best moment to place a maintenance (while
respecting the technical constraints) is also a possibility to
optimize S-P results

'Forecasting exercise: to be done for all contracts (industrial and residential
customers) and assets (power plants including RES, storage, ...)

Risk mapping: case study:
forecasting Q and modelling G a gas power plant

Gas-fired power plant Option

“run or stop"
CSS > 0&M : Run
CSS < 0&M : Stop

Gas Market
20 EUR'MWh

Efficiency = 50%

UMW/EN3 OF

Production cost

EU CO, 20 €/MWh_gas / 50% +
market 5 EUR/ton * 0.185
- e ton/MWh_gas / 50%
5 EUR/ton =41.8 € MWh_elec
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Fuel Costs
Powerplant is short Fuel (Gas, CO2)
If fuel prices increase 2Asset S-P decreases

Power Revenues
Powerplant is long Power
If Power prices increase = Asset S-P increases

eNGIC
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2. Hedging

1

Risk Mapping:

23

- Position
modeling
- Forecast

2. 3.
Definition of Hedging Strategy Execute Strategy

Netexposure

Hedging can start...

After step 1, portfolio managers have an accurate view on
their EXPECTED positions (long, short, ...) in the different
commodities, for the full trading horizon (real time to Y+4/5) —

CNGIC
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Hedging: case study:
hedging a gas power plant

Power plant with 50% efficiency:
Input of 2 units of gas to produce 1 unit of

A Strategy “Hedge and Sleep”

T1: forward gas 48 €/ MWh ; power 100 € MWh
= Forecast: Plant margin: 4 € MWh => plant will run
= Hedging: Sell power, buy gas, margin of 4 €/MWh

T2: forward gas 50 €/ MWh ; power 95 €/ MWh
= Forecast: Plant margin: -5 € MWh,
but already hedged at 4 € MWh

T3: forward gas 49 €/ MWh ; power 96 € MWh

= Forecast: Plant margin: 2 €/ MWh,
but already hedged at 6 € MWh

P&L: 4 €/MWh

power (we ignore CO2 for simplicity)

B. Strategy “Option Value”

T1: forward gas 48 €/MWh ; power 100 € MWh
= Forecast: Plant margin: 4 € MWh => plant will run
= Hedging: Sell power, buy gas, margin of 4 €/MWh

T2: forward gas 50 €/ MWh ; power 95 €/ MWh
= Forecast: Plant margin: -5 € MWh
= Sell gas, buy power, additional margin 56/MWh

T3: forward gas 49 €/ MWh ; power 96 €/ MWh
= Forecast: Plant margin: 2 €/ MWh
= Sell power, buy gas, additional margin 2€/MWh

P&L: 11 €/ MWh

eNGIC

Why hedging ?
Good reasons to hedge

Avoid adverse
mismatches
with
competitors
Meet
shareholders

expectations

Secure
affordable
prices for
customers

Comply with
your
communication
to the market

Secure your
P&L
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Why hedging ?
Good reasons to NOT hedge

Avoid too
expensive or
inefficient
hedging

Avoid hedging
uncertain
positions

© Original a1 Atist

Due to
expectations
about price
evolution

“It's nice but will it be a hedge against inflation?"

eNGIC
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What do we need for good hedging ?

Figure 26 — Annual change in traded volume of electricity on the most liquid European markets
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CONCLUSION: forward markets are crucial for the efficiency of electricity systems. They are key to
ensure a competitive price for the final customers. Despite the increasing interest in short term

markets generated by the energy transition, forward markets remain fundamental. NRAs and policy
makers should hence also ensure their efficiency.
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