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Lecture 5 : Day-ahead market
with transmission




Previous week

e Day-ahead market principles and the EPEX SPOT clearing and settlement
mechanism.

e Formulation of the optimal day-ahead dispatch problem (primal form).
e Formulation of the day ahead settlement problem (dual form).
® Particular case of inelastic demand.

® Influence of RES on the clearing prices.



Optimisation problem - Reminder

Demand bids:
* Np demand bids: set of offers L, = {D;|i = 1,:--, Np}

« Quantity for offer D;: EP

« Price for offer D;: p?

Generation bids:

* N; demand bids: set of offers Ly = {G;|j = 1,---, Ng}
* Quantity for offer G;: E/’

: . NG
* Price for offer G;: p;

Variablesof the problem:

* Consumption level yl-D: how much energy is cleared from bid D; at price piD

* Generation level ij: how much energy is cleared from bid G; at price p](-;



Optimisation problem - Reminder

max Epl vP Zp,y,
PL{s}
Np N¢
Zle—ZyJGz()
i=1 j=1

0 <y?<EP, Vvi=1,,Np
0 <y <Ef, Vj=1,,Ng

subject to

The solutionto the problemis the optimal dispatch for the market participants:

the sequence of generation and consumption levels {yl-D*}, {ij*} of each offer
maximising social welfare.



Optimisation problem - Reminder

Np Ng
min 2 vPEP — Z ijEJG
Veg {VP} {V-G . .
eq’ AL j l:1 ]:1
subject to
VP +Veq = p?, Vi=1--,Np

G G :
Vj _Veq 2 _p], VJ - 1,”',NG
v >0, Vi=1,,Np

vi =0, Vj=1,,Ng

The optimalvalue of the dual variable v, gives the market price.



Transmission networks

Many European countries can bid on EPEX SPOT.

What would happen if all the energy is generated in
Belgium and consumed in the Netherland?Is it
possible to transmit the energy over the network?

The network is divided into nodes sharing the same
day-ahead price. The nodes are interconnected with
transmissionlines. It is possible to transmit a limited
amount of power from one node to the other
through these lines.

How to take this constraint into accountin the day-
ahead auction?


https://www.epexspot.com/en/market-data?market_area=&trading_date=2020-09-06&delivery_date=2020-09-07&underlying_year=&modality=Auction&sub_modality=DayAhead&product=60&data_mode=map&period=

Transmission networks - Solution

The objective remains to maximize the total social welfare over the
different nodes.

The energy exchanged between two nodes is limited by the
maximal capacity of the transmission line connecting them.




Optimisation problem - Formulation

Each offer is now associated withanoden =1, -+, N:

Demand bids

« Npdemand bids: set of offers L, = {D/!|]i=1,::-,Np;n=1,--+,N}
* Setof indices of demand bids innode n: I, = {i|Dl-"’ €Lp;n’ =n}
* Quantity for offer D*: EP

* Price for offer D*: p?

* Nodefor offer D*: n

Generation bids
* N generation bids: set of offers L; = {G]T‘|j =1, ,Ngn=1,---,N}

* Setof indices of generation bids innode n: J,, = {i|Gj"' €Lg; n' =n}
* Quantity for offer G;*: EJ-G
o : n, G
Price for offer G;": p;
* Node for offer G;": n



Optimisation problem - Formulation

Maximal capacities C,, ,,+ of the interconnections between two nodes n and n' are
taken into account.

Variablesof the problem:

* Consumption level y? of offer D!*: how much energy is cleared from the bid D" at
price plP

* Generation level ij of offer G]n: how much energy is cleared from the bid Gj" at
price p]G

* Power exchanged q,, ,,» between the nodes n and n’ (> 0 when power flows from n

ton’).



Optimisation problem

The objective is still to maximise social welfare:
e z . zp, i
yP )¢}

Each bid can still be partiallyaccepted butis bounded by the quantity offered at that
price:

0 <yl <EP, Vvi=1,-,Np
0 <yf <E’, Vj=1,-,Ng



Optimisation problem

The exchanged power between two nodes is bounded by the maximal capacity of
the line. The power can nevertheless flow in both directions:

_Cn,n’ = Ann’ = Cn,n’; vn, n' = 1,--,N

The power flowing from node n to node n’ is the opposite of the power flowing
from noden to node n':

_ r_
Ann' = —9n' n» van =1,---,N

At each node, the difference between consumption and production equals the
total power exchanged by this node with the other nodes:

N
S5 =S = qwn, Va1
n'=1

i€l JE€In



Optimisation problem

The solutionto the problem is the optimal dispatch subject to the transmission constraints.

max ZPL yP — Zp, vy

P61
subject to
i€l JEJn

0 <yl SED, vi=1,-,Np
0 <yf <EG Vj=1,-,Ng
_Cn,n’ = Ann' = Cn,n’» vn,n'=1,-,N
nn' = —qn' n» vn,n'=1,-,N



Optimal dispatch - Discussion

The power q,, ,» transmitted on a line can be expressed as a function of the

susceptance of the line, B,, ,,7, and of the difference of phase between the voltages
at the nodes, 6, 7 :

Qnn' — Bn,n’an,n’

In a two-node system, the power flows from the cheapest node (if cleared

independently) towards the most expensive node. It is not true when there are
more than two nodes.



Exercise

Simplify the previous model to a two-node system.
* Considera transmission line with capacity C.
* Let g be the power exchanged between the two lines.
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Exercise - Solution

subject to

max z ply; z pjy¢

P }{v¢}

LElL JE1

D G _
29 = 9=
LEI, JEJ2



Merit order
- Exercise

Build the merit orders for both
nodes assuming first they are
not interconnected.

Assuming we can transfer from
node 1 to node 2 10 MWh, is it
profitable to trade from one
node to the other given their
Independent merit orders?

Sell/Buy

Sell

Buy

Node

Capacity for

hour h

50 MWh

100 MWh

20 MWh

200 MWh

10 MWh

100 MWh

50 MWh

100 MWh

50 MWh

100 MWh

200 MWh

50 MWh

100 MWh

120 MWh

Price of the

energy

20 €/MWh

10 €/ MWh

30 €/ MWh

5 €/MWh

0 €/MWh

30 €/ MWh

10 €/ MWh

5 €/MWh

1 €/MWh

15 €/MWh

20 €/ MWh

30 €/ MWh

5 €/MWh

20 €/ MWh



EUR/MWh

Merit Order - Solution

Build the merit orders for both nodes assuming firstthey are not interconnected.

Merit Order Merit Order
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MWh MWh
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Merit Order - Solution

Assuming we can transfer from node 1 to node 2 10 MWh, is it profitable to trade from
one node to the other given their independent merit orders?

The 30 MWh available at the second node are less expensive than the system price at
the first node. It will thus be profitable to additionally transfer 10 MWh from node two
to node one. In this example, the equilibrium prices remain unchanged. The merit order
at node one is shifted by 10 MWh !

Merit Order Merit Order
30 30 4 —
25 A 25 4

20 A 20 A

54 J 54
01 o4 l

0 50 100 150 200 250 300 350 400 0 25 50 5 100 125 150 175 200
MWh MWh

EUR/MWh

EURfMWh

A
:




Settlement

Nodal prices : equilibrium prices of the merit order at each nodes. The nodal
prices are different if the transmission lines are saturated.

In Europe, the zones sharing the same prices do not exactly correspond to the
nodes of the network, meaning we do not consider all sources of congestion in
the network.

Zonal prices: prices in such a clearing zone.

In Europe, each participant pays or is paid at its zonal price.



Settlement - Congestion surplus

Congestion surplus : difference between the payments made by the loads and
the revenues of the generator.

Congestion surplus only arises when the transmission line is
saturated/congested.



Settlement - Computation

The zonal prices correspond to the optimal dual variables v,; paired with the
equilibrium constraints between production and consumption in each zone.

These optimal dual variables represent the marginal cost of buying the last unit of
power in a zone.



Limitations

* When a bid is partiallycleared, is it feasible to deliver the fraction cleared? For
example, is it possible to use a big coal engine to produce a little of energy?

* |s it possibleto change the productionfrom one hour to another
instantaneously? Do you think a coal engine can be started very fast?

* Are the costsindependenton the state of the production plant?

* There are many operational constraints !



More advanced EPEX products - Overview

Classic block orders : several hours at the same price.
Big blocks : larger than classic blocks with the maximum size going up to 1300 MW.

Curtailable blocks: set of blocks which can be either entirely executed or entirely
rejected.

Linked blocks: set of blocks with a linked execution constraint, meaningthe
execution of one block depends on the execution of its father block. They allowto

represent the variation of electricity generation with regards to the market price.

Exclusive blocks: group of blocks within which a maximum of one block can be
executed, so you’re your electricity is traded at the most profitable moment.

More at: https://www.epexspot.com/en/tradingproducts



https://www.epexspot.com/en/tradingproducts

More advanced EPEX products - Optimisation

* It is not straightforward to extend the market-clearing with block order.
e All 24-hourly products shall be considered together.

* |t can be formulated as a Mixed Integer Linear Program (MILP).

 The EUPHEMIA algorithm is used to clear the EPEX market, more details at :

https://www.n-side.com/wp-content/uploads/2017/08/Euphemia-Public-
Presentation.pdf



https://www.n-side.com/wp-content/uploads/2017/08/Euphemia-Public-Presentation.pdf
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