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What to expect...

...over €700m in 2030

The Easy (EU) way to
trade electricity

COsSt...

What traders are
trying to do

The Hard way to
trade electricity
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The easy way to trade power

Life after Market Coupling
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The easy way to trade power
Coupled markets: you only need to know your costs

Consumers Consommateurs
~ ‘ ‘ Trader - &
e <>

Price i1s €40/MWh Price is €40/MWh

Generators Générateurs

R
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This slide describes the way that with coupled markets, power automatically flows between markets if this is needed to equalise prices


Dispatching electricity

EIMWA Gross Marginal Cost
Demand
Net of Renewables
P ol
GW
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Large amounts of renewable output will reduce the price within a country, before taking account of trade.


The gains from trade
Unconstrained transmission line

£/MWh Local demand £IMWh Local demand

- Imports

+exports _ MC

/I\/IC

GW GW

Exports and imports between zones allow the prices to equalise
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Flows and resulting price differences

Flow from France to GB

—_—

Britain is windy

A

«—

Britain exports | Britain imports

< Britain cheaper
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French price

France is sunny

Britain more expensive——
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Presentation Notes
This shows the relationship between the amount of power flowing between two markets and the price difference between them.  The horizontal axis shows the position with no trade; as power flows from France to Great Britain, that will increase the demand on French power stations (raising the French price) and reduce the demand on British stations (reducing the British price), hence moving towards the left on the diagram.  High renewable outputs would tend to reduce the price in the affected country.


Trade on a constrained line
Power flows too low to equalise the prices

£/MWh Local demand £IMWh Local demand

- Imports

P v
/ System Operator charges

line users the difference

between the two prices

+ exports

/I\/IC
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Flows and resulting price differences
Capacity limits stop prices from equalising

Flow from France to GB
N

_

Britain is windy

ldeal trading  paximum flow

from France

Britain imports

s, GB price, less
French price

Maximum flow
to France

France is sunny

Britain more expensive —
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This shows how trade will be constrained by transmission capacity – sometimes the flows cannot be large enough to get to the vertical axis and equalise prices.
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The easy way to trade power
Shaded areas represent “buy high, sell low”

Flow from France to GB
(proportion of capacity)

ldeal trading

e

Britain imports

GB price, less
French price

2017

Britain more expensive —
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This shows what actually happened in 2017.  Large numbers of points at full capacity (in either direction) are slightly obscured by the red line.  There is a small fee to use the line, and so prices need to be slightly different before it is worth moving power between the two markets.
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The hard way to trade power

Life before Market Coupling
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The hard way to trade power
Separated markets require forecasts

Trader

&
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Before market coupling, traders had to commit to a position in the French market before they knew the situation in Britain.
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The hard way to trade power
Separated markets require forecasts, which can be wrong...
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Some of the time, they found themselves moving power from an expensive market to a cheaper one.
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The hard way to trade power
Shaded areas represent “buy high, sell low”
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These results from 2009 show how wrong the traders often were
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Desired flows depend on market conditions
“Conditional Trade” would equalise prices

Trade from France to GB
N

.'(B]
)
o
= Britain is windy
C .
= Maximum flow
= from France
m
S Market
Conditions

Maximum flow
to France

France is sunny

Britain more expensive —
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We can represent market conditions either by the price difference we would have with zero trade or by the amount of trade needed to equalise prices, which we’ll call “conditional trade”


Actual flows must respect capacity limits
Conditional Trade often exceeds line capacity

Actual Flow from France to GB (MW)

A
" Conditional Trade
*g IS achieved
o
£
= Maximum flow
©
= from France
m
S Conditional
Trade (MW)
Maximum flow
o to France

Britain more expensive —
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The diagonal line shows points where the level of “conditional trade”, which we will estimate, is equal to the actual trade we can observe – although conditional trade may be greater than the available capacity
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Predicted and actual flows under market coupling (2017)

e

Britain imports

Actual Flow from France to GB (MW)

N
Conditional Trade

/ IS achieved
Maximum flow

___from France

Conditional

Imperial College Business School

s
= Trade (MW)

Maximum flow
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In practice, when capacity limits bind, we observe less than the amount of conditional trade – but we already saw that this is optimal (given constraints).  The horizontal bands show that available capacity was sometimes reduced in increments of 500 MW for technical reasons.
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Predicted and actual flows without market coupling (2009)

Actual Flow from France to GB (MW)
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Again, this shows that before market coupling, the actual flows were often below the conditional flow that would equalise prices, and sometimes in the wrong direction.  A flow between the vertical axis and the red line would be great enough to reverse the price difference between the markets.
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How much were the lines under-used?
Tobit regression for “censored” data

We see Actual Trade,, and Available Capacity,

We estimate:
Desired Trade, = a + B Conditional Trade,, + ¢,

given:
Actual Trade,, = Min(Desired Trade,,, Available Capacity,,)

Actual Trade
N

Desired Trade Available Capacity

S Conditional
Trade

Desired Trade
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How much were the lines under-used?
Tobit regression for “censored” data

We see Actual Trade,, and Available Capacity,

We estimate:
Desired Trade, = a + B Conditional Trade,, + ¢,

given:
Actual Trade,, = Min(Desired Trade,, Available Capacity,,)

Desired Trade,: Amount traders would like to trade (given no capacity limits)
In hour h

Conditional Trade,: Amount to equalise prices, given market conditions
In hour h

o and B are the parameters we estimate
gn, IS the error in our prediction
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Predicted and actual flows without market coupling (2009)
Tobit regression line (black) shows Desired trade is 27% of Conditional

Actual Flow from France to GB (MW)
A

Conditional Trade
IS achieved

e

Maximum flow
from France

Britain imports

st @ 7 Conditional
oo Trade (MW)

___________________________________________

Maximum flow
to France

Britain more expensive —
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This presents the regression result graphically.  The hollow points represent hours in which actual flows were at a capacity limit, and so the desired trade is likely to have been greater than that limit – the Tobit regression technique takes this into account.
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Using this “model of mistakes”

Scenarios for trading in 2030




Norway

Could traders make bigger mistakes in future?

NorthConnect,
2022

More uncertainty over renewable output NorthSea Link

More interconnector capacity to misuse 2020

(unless it gets cancelled)
North Sea

Moyle,
2002
o/. Viking Link,
2022
East-West,
2012
Netherlands
Ireland
.\ UK BritNed, 2011
Greenlink, '4\;mo Link, 2019
2021 ‘aﬁ,
IFA, 1986
Eleclink, 2019
FAB Link,
2022 France

IFA2, 2020
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Central scenario for 2030
ENTSO-E Vision 3 — “Green Transition”

Vision 3 2030 GB

Wholsale
price [=rhiuih]
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140 [
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More demand for electricity
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Results

ENTSO-E Vision 3 for 2030

GB France
Elecxit type: Soft Hard Diff Soft Hard Diff
Imports TWh 6.1 2.2 -3.9 0.7 0.5 -0.2
Price €/MWh 81 85 4 76 71 -5
CO2 mT 59 72 13 30 27 -3
cons. pay €m 22.1/6 23,037 3861 | 26,037/ 25,167 -870
GGen rents €m 3,663 4.325 662 | 10,864 9691 -1,1/3
|/C rent €£€m 263 168 -95 263 168 -95
Net Cost €m 18,250 18,544 294 | 14910 15,308 398
Cost €m 33,160 33,852 692

Imperial College Business School
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Other scenarios for 2030
ENTSO-E Vision 1

Vision 1 2030 GB and France
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Demand growth is lower
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Vision 13 2030 GB and France
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Sensitivity analysis
Comparisons within scenarios of hard v soft Elecxit

Vision 1 (very different supply curves):
Combined cost rises by €2.7 billion
British prices rise by €2.4 billion, French fall by €3.2 billion

Vision 13 (similar supply curves, Britain net exporter):
Combined cost rises by €0.2 billion
British prices fall by €0.5 billion, French rise by €1.6 billion

Vision 13CP (British supply curve pushed back up by border carbon tax):

Combined cost rises by €0.8 billion
British prices rise by €1.0 billion, French fall by €1.3 billion
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