Chapter 4: Markets

Industry Guide to the I-SEM
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4. Markets
4.1 Overview
The I-SEM comprises two physical ex ante markets for energy trading:

•

Day-Ahead Market (DAM)—see Section 4.3,

•

Intraday Market (IDM)—see Section 4.4,

a market for energy and non-energy system balancing:
•

Balancing Market (BM)—see Section 4.5,

primary and secondary capacity auctions:
•

Capacity Market (CM)—see Section 4.6,

and two markets for energy-related financial instruments:
•

Forwards Market (FWM)—see Section 4.7,

•

FTR auctions—see Section 4.8.
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Referring to Figure 1, in order of time, capacity is
traded in the CM up to five years in advance of
the trading day. Financial instruments are traded
in the FWM and FTR auctions from over a year to
one month ahead of the trading day. Energy is
traded in the ex ante (or “spot”) physical markets
(DAM and IDM) from one day ahead of the trading
day up to shortly before real time. And the BM
runs before and into real time. Note that the BM
runs while the IDM is still open.
The function and operation of each market and
the timelines for submission of orders, market
clearing, publishing market schedules, and
settlement are described in the following sections.
Refer to Abbreviations and symbols at the front of
this guide for definitions of timeline symbols (e.g.
D-1, t+0.5, CY-4, etc.) and other abbreviations.

Figure 1 Market time frames
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4.2 Market fundamentals
4.2.1 Trading currency
The use of dual currency (euros and GBP) is available in some markets, as shown in Table 4.
Where trades are conducted in GBP, they are converted by the market operator into euros.
Currency costs are charged to suppliers as a tariff.
Table 3 Trading currencies
Market
Day-Ahead Market
Intraday Market

Currency
Euro and GBP
Within-in Zone: Euro

Balancing Market
Capacity Market
Forwards Market
FTR auctions

Cross-Border: Euro and GBP
Euro and GBP
Euro and GBP
To be advised
Euro
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4.2.2 Trading day
The I-SEM trading day (D) for trading energy and balancing services is from 23:00 GMT/IST the
day before (D-1) to 23:00 GMT/IST on the day (D), which is midnight in Central European Time
(CET). Note that the SEM and the IEM observe daylight saving, and so an event that occurs at 12
noon in the summer (IST) also occurs at 12 noon in the winter (GMT).
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4.2.3 Energy position
A participant’s energy position is the accumulated volume of all its trades in the physical
markets—that is, in the ex ante markets (DAM and IDM) and any energy balancing actions taken
by the TSO in the BM, as illustrated in Figure 2. Trades in the other markets are financial—that is,
they do not change the net energy balance of the transmission system.
All physical trades in the ex ante markets are
firm, and the participant is financially exposed
in the BM if it cannot adhere to its
commitments. In particular, if an assetless unit
does not have a net zero position by the gate
closure of the ex ante markets, it must buy
back what it has sold or sell what it has
purchased in the BM at the imbalance
settlement price.

Figure 2 Participants energy position
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4.2.4 Transmission losses
Ex ante markets
Traded volumes are at the market boundary, and so bids and offers submitted to the DAM and
IDM must be net of transmission losses (i.e. quantities are adjusted to account for losses).

Balancing market
Bids, offers and physical notifications submitted to the BM are gross of losses at the gate (i.e.
quantities are not adjusted to account for losses).

Metering
Metered data is adjusted for losses in settlement.
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4.3 Day-Ahead Market
4.3.1 Function
The Day-Ahead Market (DAM) is a single pan-European energy trading platform in the ex ante
time frame for scheduling bids and offers and interconnector flows across participating regions of
Europe. It is the cornerstone of European market integration. The goal of the DAM is to schedule
orders such that the social welfare19 generated is maximised without compromising the capacity
of network elements.
The DAM involves the implicit allocation20 of cross-border capacity through a single centralised
price coupling algorithm (EUPHEMIA). The algorithm, taking into account the cross-border
capacity advised by the TSOs, determines prices and positions for all participating participants in
all coupled markets.
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4.3.2 Relevant codes
The operation of the DAM and the roles and responsibilities of the market operator and market
participants are governed by the following codes and guidelines:
•

Guideline on Capacity Allocation and Congestion Management (CACM)

•

SEMOpx Rules (or the NEMO market rules of any designated NEMO)

For further information, refer to Chapter 2, Section 2.5.

4.3.3 Market operation
The DAM is operated by Nominated Electricity Market Operators (NEMOs) in each bidding zone
or geographical region. In the SEM bidding zone (the island of Ireland), EirGrid has been
designated as a NEMO for Ireland, and SONI has been designated as a NEMO for Northern
Ireland. EirGrid and SONI will operate as SEMOpx in their roles as NEMO for the DAM.
Participants can use other NEMOs, if available, to trade in the DAM; however, each NEMO
operates under their own set of rules and this guide is specific to SEMOpx and the SEMOpx Rules.
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SEMOpx is responsible for registration of participants, market systems operation (excluding
running EUPHEMIA), settlement, credit risk management, currency risk, and access to market
data.

Participants submit bids and offers to SEMOpx, who acts as the central counterparty to all
trades—that is, participants buy and sell from SEMOpx (the NEMO) rather than from each other.
SEMOpx interacts with the Market Coupling Operator (MCO), who runs the EUPHEMIA price
coupling algorithm.
The market trading system for the SEMOpx DAM is provided by EPEX Spot21 and settlement
services are provided by European Commodity Clearing22 (ECC) under contract to SEMOpx.
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4.3.4 Participation
Participation in the DAM is not mandatory, but it is the only way of achieving a day-ahead
position in the SEM, which is the primary mechanism through which participants establish a
physical position to minimise their exposure in the Balancing Market. Participants do, however,
have the opportunity to adjust their position by trading in the IDM.
Generators with non-firm access can trade in the DAM to levels above their firm access quantity;
however, if they do so, they risk being scheduled back to their firm capacity in the BM, where the
difference is settled at the imbalance price.

SEMO provides an Agent of Last Resort service to assist small or intermittent generators to
participate in the DAM by making submissions to a NEMO on their behalf.
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4.3.5 Market timeline
Trading participants submit orders in the DAM to support their desired physical position for each
1-hour trading period23 in day D. Submission of orders opens at 11:00 D-19 (19 days before
trading day D) and closes at 11:00 D-1 (see Figure 3). The market is then cleared and market
schedules are published at 13:00 D-1. Settlement is performed daily by the market operator.
Participants submit physical notifications reflecting the agreed trades to the TSOs by 13:30 D-1.
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Figure 3

Day-Ahead Market timeline

13

4. Markets
4.3.6 Agent of Last Resort
The AOLR does not exercise commercial judgement in executing trades. Instead, it adopts a
passive approach based on predefined inputs, forecasts and technical availability.
The AOLR submits simple hourly bids and offers in the DAM (and IDM) on behalf of its users. Bid
and offer prices are set by a formula, based on the available information submitted by AOLR users
and TSO forecasts of intermittent generation. In their submissions to SEMO, AOLR users can
specify the portion of their capacity available to be offered into the market.
AOLR users are not guaranteed of achieving an ex ante position. To the extent that an AOLR user’s
unit output varies from its ex ante position, it will be subject to the balancing arrangements and
imbalance settlement prices.
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4.3.7 Order types
The following types of orders can be submitted to the DAM:
• Simple: one or more price-quantity pairs (€/MWh, MWh) to buy or sell in a specified onehour period. Any order that is in-the-money is fully accepted. Any order that is out-of-themoney is rejected. And any on-the-money (marginal) order can be accepted fully or partially
or rejected.
• Complex: a simple order with a minimum income (with or without a scheduled stop) or a
load gradient condition or both conditions. The minimum income condition applies a
constraint such that the amount of money collected by the order in all periods must cover a
fixed term (€) and a variable term (€/MWh) multiplied by the total volume (MWh). The load
gradient condition defines the maximum increase or decrease of the accepted volume of the
order between trading periods. A complex order can have a increase gradient (covering
ramp-up) or a decrease gradient (covering ramp-down) or both or neither.
• Block: an order to buy or sell a volume below or above a set price limit over a number of
(typically consecutive) periods.
•

Linked block: a linked set of block orders containing a parent block and one or more child
blocks. A child block cannot be accepted unless the parent block is also accepted. Any surplus
revenue from child blocks is considered when evaluating the parent block, but a parent block
cannot contribute revenue to a child block.

•

Exclusive group: a group of block orders in which only one block order can be accepted.
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4.3.8 Market clearing
After the auction gate closes, all orders are aggregated into two curves for each delivery hour in
the SEM. Two curves are also generated for each European bidding zone. If there is no
congestion, EUPHEMIA solves the problem as if it was a single Europe-wide market, setting a
single market price for all bidding zones. However, if there is congestion, EUPHEMIA adjusts the
curves by managing trades between bidding zones—in effect, offers in one zone supply bids in
another—thereby optimising cross-border flows up to the limit of the interconnector capacity.
When congestion occurs, market prices in each zone will diverge.
Consider the simplified example in Figures 4a, 4b and 4c, where there are only two zones. Zone A
has surplus demand and Zone B has surplus supply. Figure 4a shows how the markets would clear
if they were independent (uncoupled), with a high market price in Zone A and a low market price
in Zone B. Now, if the markets are coupled (Figure 4b) and there is no congestion, the flow goes
from the lower-price, surplus bidding zone B to the higher-price, deficit bidding zone A,
equalising the prices in both zones. The coupled markets act as if they were a single market.
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Figure 4a

Independent markets
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Figure 4b

Coupled markets with no congestion

However, if the flow is constrained and there is not enough flow from Zone B to meet the
demand in A (Figure 4c), the prices in each zone diverge.
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Figure 4c

Coupled markets with congestion

The revenue generated from a difference in price between interconnected bidding
zones is termed a “congestion rent”.
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4.3.9 Settlement
The ex ante markets (DAM and IDM) are settled daily by SEMOpx under its own settlement rules.
Refer to Chapter 6 for information on SEMOpx collateral requirements. All transactions are
settled at the DAM marginal price. FTRs are settled in accordance with the Harmonised Allocation
Rules for forward capacity allocation.
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4.4 Intraday Market
4.4.1 Function
The IDM allows participants to adjust their physical positions closer to real time. The need to
adjust their positions can arise for a number of reasons, including orders failing to clear in the
DAM, new information becoming available (e.g. plant shutdowns and changes to forecasts),
congestion on interconnectors driving price differentials between zones, and assetless traders
wishing to exit their positions.
The long-term model for a single European trading platform is based on continuous trading
across interconnectors known as XBID (Cross Border Intraday). However, at go-live24, the SEM will
not be able to join in the XBID as the required preliminary tasks will not have been completed.
The SEMC noted in its decisions that an interim intraday solution will have to be developed by the
designated NEMOs. The rest of this chapter discusses the interim intraday design proposed as
part of the SEMOpx implementation being undertaken by EirGrid and SONI as designated NEMOs.
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At go-live, intraday trading is only continuous within the SEM (within-zone), where bids and offers
are continuously matched on a first-come-first-served basis. Three cross-border intraday auctions
are also run using a version of the EUPHEMIA algorithm, which allow cross-border trades
between SEM and BETTA (the bidding zone of the island of Great Britain), which can alter
interconnector flows.

4.4.2 Relevant Codes
The operation of the IDM and the roles and responsibilities of the market operator and market
participants are governed by the following codes and guidelines:

•

Guideline on Capacity Allocation and Congestion Management (CACM)

•

SEMOpx Rules (or the NEMO market rules of any designated NEMO)

For further information, refer to Chapter 2, Section 2.5.
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4.4.3 Market operation
This implementation of the IDM is operated by SEMOpx, with the same responsibilities for
registration, market operation, settlement and credit risk management as in the DAM.
Participants submit offers to SEMOpx, who acts as the central counterparty to all trades. On
cross-border trades, SEMOpx interacts with a regional Coupling Operator, who runs the
EUPHEMIA price coupling algorithm. As with the DAM, the SEMOpx IDM market trading system is
provided by EPEX Spot and settlement services are provided by ECC.

4.4.4 Participation
Participation in the IDM is the same as the DAM, as described in Section 4.3.4.
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4.4.5 Market timeline
The IDM trading day is divided into 48 (30-minute) trading periods (compared with 1-hour
periods in the DAM).

Within-zone (continuous)
Referring to Figure 5, the submission window for within-zone trades opens at 11:45 D-1 and
closes one hour before real time (t-1).
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Figure 5

Intraday Market timeline
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Cross-border (auctions)
Referring to Figure 6, the submission window for cross-border trades opens D-19 and
closes at the time of each auction:
• Auction 1 (cross-border) at 15:30 D-1 for all 48 trading periods on day D.
• Auction 2 (cross-border) at 8:00 on day D for the 24 trading periods from 11:00 to
23:00 D.
• Auction 3 (cross-border) at 14:00 on day D for the 12 trading periods from 17:00 to
23:00 D.
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Figure 6 Cross-border intraday auction timeline
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4.4.6 Order types
The following types of orders can be submitted to the IDM:

Within-zone (continuous)
•
•
•
•
•
•

Simple: one or more price-quantity pairs (€/MWh, MWh) to buy or sell in a specified 30minute period.
Fill or kill: The order must be immediately accepted for its full volume or it will be cancelled.
Immediate or cancel: The order must be immediately accepted fully or partially against one
or more orders or it will be cancelled.
Good ‘til date: The order is cancelled if it cannot be matched by a specified date.
Iceberg: The order is sliced and only the upper slice is displayed in the order book. After
execution of the displayed slice, the next slice is displayed.
Block: an order to buy or sell a volume below or above a set price limit over a number of
(typically consecutive) periods.

Cross-border (auctions)
•

Simple: one or more price-quantity pairs (€/MWh, MWh) to buy or sell in a specified 30minute period.
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4.4.7 Market clearing
The within-zone IDM (continuous matching) and cross-border IDM (auctions) are separate
markets and are cleared independently.

Within-zone
Within-zone bids and offers for each 30-minute trading period (t to t+0.5) are matched
continuously and paid-as-bid. Orders are stored in order books, which are visible to all traders.
An order is immediately executed if an opposite order already exists in the order book where an
order to buy is priced at or above the lowest offer in the book, or an order to sell is priced at or
below the highest bid in the book. If the order cannot be immediately executed, it is entered into
an order book and executed in price merit order. In case of tied orders, the order with the older
time stamp is executed first.
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For example, if the order book contains two offers:
Order 1 – 16:00:00 Sell 10 MWh @ €50
Order 2 – 16:00:01 Sell 20 MWh @ €40
and the following bid is received:
Order 3 – 16:01:00 Buy 20 MWh @ €80
then order 3 is executed immediately and entirely from order 2 (the lowest priced offer in the
book)—that is, 20 MWh @ €40—and order 1 is retained in the book.

If, however, orders 1 and 2 have the same offer price, the older order (order 1) would be
executed first and the balance of order 3 would be met (if not restricted from partial execution)
with 10 MWh from order 2, leaving 10 MWh from order 2 in the book.
And if order 3 was 35 MWh @ €80 and not restricted from partial execution, 30 MWh would be
executed immediately (20 MWh @ €40 from order 2, then 10 MWh @ €50 from order 1) and the
remaining 5 MWh @ €80 of order 3 would be retained in the book.
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As indicated in these examples, offer and bid quantities may be partially executed and, depending
on the restrictions attached to the order (see Section 4.4.6), any residual quantity is either
retained in the order book for further matching or cancelled. Any bids and offers, whole or
partial, that cannot be matched when the submission gate closes at t-1 are cancelled.
Products are based on their delivery period with orders for each product entered into different
order books. Matching is restricted to the order book in which the order is stored; hence, a block
offer cannot be matched with a daily bid.

Cross-border
The three cross-border auctions are cleared in the same manner as the DAM—that is, flows
between coupled markets are optimised for each 30-minute trading period using the EUPHEMIA
algorithm. For more information, see Section 4.3.8.
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4.4.8 Settlement
Although the detail of quantities and prices used in settlement differ, the settlement
arrangements for the IDM are broadly the same as the DAM, as described in Section 4.3.9.
Note: Intraday trading overlaps with the Balancing Market, which opens at the same time.
Nevertheless, all cleared IDM trades are included in the participant’s ex ante quantity in
settlement of the Balancing Market (see Section 4.5 for more information).
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4.5 Balancing Market
4.5.1 Function
The Balancing Market (BM) determines the imbalance settlement price for settlement of the
TSO’s balancing actions and any uninstructed deviations from a participant’s notified ex ante
position. The BM is different from the other markets in that it reflects actions taken by the TSO to
keep the system balanced and secure—for example, any differences between the market
schedule and actual system demand, variations in wind forecasting, or following a plant failure.

4.5.2 Relevant codes
The operation of the BM and the roles and responsibilities of the market operator and market
participants are governed by the following codes and guidelines:
•

Trading and Settlement Code (TSC)

•

Balancing Market Principles Statement25 (BMPS)

•

Electricity Balancing Guidelines

For further information, refer to Chapter 2, Section 2.5.

33

4. Markets
4.5.3 Market operation
The responsibilities for market operation are split between the TSOs and SEMO. The TSOs are
responsible for:

•

Market systems operation and access to market data.

•

System balancing and dispatch.

And SEMO is responsible for:
•

Registration of participants.

•

Administration of the market rules for the settlement of imbalances and the capacity market
in the Trading and Settlement Code.

•

Receiving submissions from participants.

•

Determining prices used in settlement.

•

Receiving unit metering data from meter data providers (MDPs).

•

Settlement and billing.

•

Credit risk management.

Planned changes to European balancing guidelines26 will also place obligations on balancing
market operators in each bidding zone of the IEM.
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4.5.4 Participation
Participation in the BM is mandatory for all dispatchable generators with a maximum export
capacity above the de minimis threshold and voluntary for dispatchable generators below that
threshold. Generators that wish to qualify for the Capacity Market must be registered in the BM.
Participation is at the generating unit and supplier unit level; however, some portfolio
participation is permitted in certain circumstances. Although only generators submit commercial
offers in the BM, interconnectors can have exposure in settlement of the BM through an
Interconnector Error Unit, which accounts for differences between dispatched and delivered
positions.
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4.5.5 Market timeline
The BM trading day is divided into 48 (30-minute) imbalance settlement periods (aligned with the
IDM trading periods). Within each imbalance settlement period there are six (5-minute)
imbalance pricing periods.
Referring to Figure 7, the submission window for market data opens 19 days ahead of the trading
day (D-19) and closes 1 hour before the start of each 30-minute imbalance settlement period (t1). Refer to Section 4.5.6 for the gate times specific to each type of data (TOD, COD and PN).
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Figure 7 Balancing Market timeline
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4.5.6 Data submissions
Participants provide the market operator and TSOs with physical, technical, and commercial data
for each 30-minute imbalance settlement period, as described in the following sections and
summarised in Table 4.
Table 4 Market data requirements
Physical
Technical Offer
Notification (PN)
Data (TOD)
Dispatchable generator


Non dispatchable but controllable generator


Non-dispatchable and non-controllable generator


Supplier


Interconnector


Assetless trader


 required  optional  not required
Unit

Commercial Offer
Data (COD)







Default data is converted to daily data on day D-19, which is then overwritten by daily data when
or if submitted over the submission window.
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4.5.6.1 Physical notifications
Physical notifications (PNs) define the expected output of generator units. A PN should reflect the
participant's best estimate of its intended level of generation, taking into consideration the
physical capability of plant to changes in operating level. It also reflects a participant’s position in
the ex ante (DAM and IDM) markets.
Physical notifications (PNs) provide the TSO with a profile of the expected output of the unit at 1minute or greater intervals within each imbalance settlement period. The unit is assumed to
change output at a constant rate between these data points in accordance with their submitted
Technical Offer Data. The TSO validates the profile against the technical capabilities and declared
availability of the unit. Commercial offer data (see Section 4.5.6.3) is defined relative to the
interpolated profile at the time a dispatch instruction is generated.
Initial PNs are required by 13:30 D-1. At 13:30, the TSO should have PNs for every hour of the
next trading day. Participants can update their PNs up to 1 hour before the start of each 30minute imbalance settlement period. At gate closure, the last-submitted PN becomes the
participant’s final physical notification (FPN).
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The requirements for participants to submit PNs are:
Dispatchable generators
Dispatchable that have achieved a position in the ex ante markets in the imbalance
settlement period must submit physical notifications (PNs). If no PN is submitted, the TSO
bases its decision on the available data.
When a dispatchable unit is under test, the PN should reflect the test profile. All test profiles
and subsequent updates are subject to approval by the TSO. A test flag is applied to any PN
associated with a unit under test so that it can be manually approved. The unit under test is
dispatched to its test PN unless, for reasons of system security, it needs to be dispatched
differently. If dispatch instructions take the unit away from its test PN, it will be settled at the
imbalance settlement price. Uninstructed imbalance charges will apply for any failure to
deliver on a dispatch instruction. The same applies to TSO-required tests. Testing tariffs are
applied to a unit under test in I-SEM.
Non-dispatchable generators
Non-dispatchable-but-controllable and non-dispatchable-and-non-controllable generators
are not required to submit PNs. Instead, the TSO uses energy output forecasts. If a nondispatchable unit submits a PN (optional), the TSO may use that data instead of deriving its
own estimates, but is not required to.
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The requirements for participants to submit PNs are (continued):
Priority dispatch generators
The requirement for priority dispatch generators to submit PNs is based on whether the unit
is dispatchable, as described above.
Interconnectors
Interconnectors do not submit PNs.
Suppliers

Suppliers are not required to submit PNs. The TSO uses its own demand forecasts in
scheduling.
Assetless traders
Assetless traders do not submit PNs. The net output from an assetless trader is assumed to
be zero.
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4.5.6.2 Technical offer data
Technical offer data (TOD) describes the physical characteristics of generator units. This includes,
as applicable, information on its capacity, minimum running levels, start-up and shut-down
characteristics, ramp limits, and energy limits. This information, which is updated infrequently, is
used by the TSO in forming dispatch instructions.
Combined cycle and dual-rated plants, which can be configured in different ways, must hold TODs
for each configuration and submit a new TOD each time the configuration changes.
Generators must provide and maintain standing (default) technical data. Generators can submit
updated TOD for each imbalance settlement period from D-19 to t-1. If no submission is made
during this period, the TSO uses the available standing data.
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4.5.6.3 Commercial offer data
Generators and suppliers submit commercial offer data (COD) that defines the costs27 at which
generators are prepared to increase or decrease their output. Offers can be complex or simple
(see below).
Generators must provide and maintain standing (default) complex offer data. Generators and
suppliers can submit updated COD for each imbalance settlement period from D-19 to t-1. If no
submission is made during this period, the TSO uses the available standing data.
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Complex offers
Complex offers are used for balancing actions taken before balancing market gate closure. A
complex offer comprises:
•

a start-up cost (€) for committing a unit;

•

a no-load cost (€) for each trading period that the unit is committed;

•

an incremental offer curve (MWh, €/MWh) for increasing energy supplied at each level of
output, and a decremental bid curve (MWh, €/MWh) for decreasing energy supplied at each
level of output.

An absolute MW approach is used in interpreting €/MWh costs. Up to ten price-quantity steps
can be provided in each incremental and decremental (“inc & dec”) cost curve (i.e. potentially up
to 20 steps), spanning the full output range, from zero to unit availability.
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In the example shown in the Figure 8, a dispatch instruction to increase output from X to Y MWh
follows the upper (blue) incremental curve, and an instruction to decrease output from Y to X
MWh follows the lower (yellow) decremental curve. This pricing arrangement applies to all types
of generator units, including demand-side units and pumped storage units. Example inc & dec
curves for a pumped storage unit in pump or generator mode are shown in Figure 9.

Figure 8 Incremental offer and decremental bid curves, generator unit
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Figure 9 Incremental offer and decremental bid curves, pumped storage unit

If a complex offer has not been submitted by the time a dispatch instruction must be issued, the
standing complex offer is used. If the dispatch instruction is issued prior to balancing market gate
closure, then the price of that action is fixed to the complex offer that was held by the TSO at that
time.
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Simple offers
Simple offers are used for balancing actions taken after balancing market gate closure. A simple
offer comprises only the inc & dec curves, as described for complex offers—that is, without startup and no-load costs. The quantity-price steps in a simple offer can, however, be different from
the steps in a complex offer.
If a simple offer has not been submitted by the time a dispatch instruction must be issued, then
the curves in the complex offer are used (there is no standing simple offer) or, if a complex offer
is not available, the standing complex offer is used.

4.5.6.4 Other data
Other data required for balancing and settlement includes:

Ex ante schedules
The NEMOs submit trade data from the DAM and IDM to SEMO to support settlement.
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Interconnectors
Interconnector owners submit operating data to the TSOs, which are inputs to the Interconnector
Reference Program. The Interconnector Reference Program is maintained by the TSO based on
day-ahead and intraday market data provided by NEMOs that gives visibility on the current
expected flows of interconnectors.

Unit availability
Generators submit their expected unit availabilities to the TSOs (maximum availability, minimum
stable generation and minimum output) two days ahead and update forecasts if they change.
Generators submit changes to forecast unit availabilities in real time.
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4.5.7 System security and balancing actions
The TSOs are responsible for the safe, secure and reliable operation of the power system as well
as an obligation to maximise priority dispatch generation whilst minimising the cost of deviation
from participant PNs. Security requirements include ensuring the supply is equal to the demand,
there is sufficient reserves available at all times, and the power system is stable at all times.
If the generator FPNs do not balance against the forecast demand, the TSO dispatches bids or
offers to either increase or decrease generation or demand to restore the energy balance. The
TSO may need to dispatch a unit away from its PN for other system reasons including managing of
transmission constraints or to provide system services. If required, the TSO can also vary the
interconnector flow by arranging a cross-border trade with the neighbouring TSO.
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4.5.7.1 Actions taken before BM gate closure
Before BM gate closure (13:30 D-1 to t-1), the TSOs identify if the commitment of units needs to
be changed for system security reasons. If needed, the TSOs issue indicative operational
schedules to change the commitment of units for system security reasons, choosing the leastcost solution for the deviation based on generator COD. Indicative operational schedules to
change the commitment of units are non-binding and reversible until the latest time that the
unit’s operator can be notified to start.
Before BM gate closure, the TSO uses the Security Constrained Unit Commitment (SCUC) tool to
make commitment decisions. SCUC runs in two modes: Long Term Scheduling (LTS) and Real Time
Commitment (RTC). In LTS, runs occur every 4 hours for the period 4 hours ahead at a half-hour
resolution over an optimisation horizon of up to 48 hours. In the last hour, RTC is used to make
commitment decisions. In RTC, runs occur every 15 minutes for the period 30 minutes ahead at a
15 minute resolution over an optimisation horizon of up to 3.5 hours.
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SCUC uses complex (three-part) offers to ensure that the unit commitment is capable of
delivering a secure schedule. Although PNs and generation forecasts generally do not exactly
match forecast demand, the SCUC ensures that there is sufficient capacity committed to resolve
any imbalance and to ensure all system constraints are observed.
The inputs to each LTS and RTC run include the latest:
•
•
•
•
•
•
•

Physical notifications (PNs)
TSO wind forecast
Generator availability
Interconnector schedules
Complex offers
TSO demand forecast
Security constraints
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Early actions
One of the I-SEM objectives is that the day-ahead and intraday markets should be the primary
mechanisms by which the energy supply-demand balance is resolved. If the market finds a
balanced energy position through the ex ante markets, the need for TSO energy actions will be
minimised. However, if the market is not balanced, there is a risk that the proposed approach
could result in “early” actions that could dilute the signals to market participants or appear to
impact on the intraday market.
For example, a large imbalance indicated by the initial PNs may suggest the need for the TSO to
start up additional generating plant. If generator units with long-notice times offer the lowest
cost option in rebalancing the system, such decisions need to be taken well before gate closure.
However, this could pre-empt potential trading activity in the intraday market or lead to
suboptimal outcomes if the supply-demand balance subsequently changes prior to real-time
dispatch.
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To overcome this problem, weighting factors are applied to the unit start-up costs, which reduces
the attractiveness of starting up long-notice units in preference to shorter notice units. If the
scheduler has no choice but to start a long-notice unit to satisfy a security constraint, then it will
do so. However, given a choice of a number of resources with the same (or similar) cost, the
scheduler will tend to favour shorter notice resources in the scheduling process.

4.5.7.2 Actions taken after BM gate closure
From t-1 into real time, the TSOs continuously issue dispatch instructions both to maintain
system security and to keep supply and demand in balance, choosing the least cost solution for
the deviation based on generator and supplier COD.
After BM gate closure, the TSO uses the Security Constrained Economic Dispatch (SCED) tool to
produce balancing and security actions for given a unit commitment to. SCED does not change
the commitment of units: SCUC in RTC mode (see Section 4.5.7.1) is also used in this time frame
to make unit commitment decisions. The output from SCED forms the real-time dispatch
instructions.
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Inputs to SCED runs are the latest:
•
•
•
•
•
•
•
•

Final physical notifications (FPNs)
TSO wind forecast
Real-time unit commitment
Generator availability
Interconnector schedules
Simple offers and bids
TSO demand forecast
Security constraints
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4.5.8 Bid offer acceptances
Dispatch instructions comprise an instruction from the TSO to a participant to change the output
of a unit and to stay at that level until further notice or until a set time. The SCED process creates
a dispatch profile, which is an estimate of the unit’s output. The area between the dispatch
profile and the FPN represents the accepted quantity of a bid or an offer.
Referring to Figure 10, the blue line shows the FPN over the scheduling period and the red line
shows the dispatch profile for the same time period. The horizontal bands are the bid and offer
steps defined by the COD. When the dispatch profile is above the FPN, an offer acceptance is
generated for each offer step. Similarly, when the dispatch profile is below the FPN, then a bid
acceptance is generated for each bid step. This quantity is then matched with the incremental
offer curve (for an increase) or the decremental offer curve (for a decrease) to identify the bid
offer acceptance (BOA) and the associated MWh quantity (QBOA) and bid or offer price. The
QBOA and associated step prices for a scheduling period are determined by integrating the
acceptances across each step.
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Figure 10 Bid and offer acceptance
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Referring again to Figure 10, the black arrows show BOAs at two instances of time within the
scheduling period, where the arrow lengths indicate the MW quantity and the associated
incremental offer price and a decremental bid price. The bid and offer acceptances (QBOA and
price) are represented by the intersected areas, as shown.
There can be multiple BOAs associated with a single step, reflecting dispatch instructions at
different times. For example, if a unit is scheduled up, then scheduled down, and then later
scheduled up again, all for the same scheduling interval, there will be two offer BOAs and one bid
BOA for a that unit in that time interval. And if the dispatch instructions were issued prior to the
balancing market gate closure, the incremental bid and offer prices could also have been updated
between dispatch instructions.
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4.5.9 Settlement
4.5.9.1 Actions taken before or after BM gate closure
The commitment of a unit resulting from an action taken before BM gate closure (see Section
4.5.7.1) is settled based on the generator’s complex offer data. Additional compensation is paid
or recovered if, over the continuous run time of the unit, the unit fails to recover or pay back
additional fixed costs incurred or saved because the dispatch instructions were different to the
unit’s FPN.
Energy actions taken after BM gate closure (see Section 4.5.7.2) are settled based on the
generator’s simple offer data, and non-energy actions taken after BM gate closure are settled
based on the generator’s complex offer data.
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4.5.9.2 Prices
The prices calculated or used for settlement of the BM can include:

Imbalance price
Although not used directly in settlement of the BM, the imbalance prices for each 5-minute
imbalance pricing period are used to calculate the imbalance settlement price (see below) for
each 30-minute imbalance settlement period.
A rules-based, flagging-and-tagging process is used to determine the initial imbalance price in
each 5-minute imbalance pricing period. The flagging-and-tagging process prevents bids and
offers that are scheduled due to system constraint or where units are operating at a unit
constraint from influencing the imbalance price. The flagging-and-tagging process is described in
Appendix A, including a worked example of how the initial imbalance price is determined for a set
of BOAs.
The imbalance price of an imbalance pricing period is the greater of the initial imbalance price
and the administered scarcity price (see below).
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Imbalance settlement price
The imbalance settlement price for a 30-minute imbalance settlement period is the
average of the six imbalance prices for the 5-minute imbalance pricing periods.
Bid offer price
The price as bid or offered in the COD.
Curtailment price
If a wind unit is constrained due to local issues, it is compensated based on the
decremental bid curve, but if the curtailment is system-wide (too much wind on the
system), curtailed units are compensated at a curtailment price determined for each
unit based on their undelivered day-ahead market commitments.
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Administered scarcity price
The administered scarcity price (ASP) may be applied during periods of depleted operating
reserve if the operating reserve cannot be restored within one hour. The ASP increases in
response to the depletion of the operating reserve, ranging from the capacity strike price (see
Section 4.6) up to the EUPHEMIA day-ahead price cap28.

Information imbalance price
Initially set at zero. For more information, see information imbalance charge in Section 4.5.9.3.
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4.5.9.3 Quantities
Quantities calculated or used for settlement of the BM can include:
• Metered quantities—the actual quantities delivered.
• Ex ante quantities—the traded position in the ex ante markets.
• Bid offer acceptance quantities—these quantities are described in Section 4.5.8 and are
calculated for each 5-minute imbalance pricing period for pricing purposes, and 30-minute
imbalance settlement period for settlement purposes.
• Biased quantities—these arise when the ex ante quantity needs to be adjusted due to the
position of the FPN.
• Trade in opposite direction quantities—these arise during the overlap of the IDM and BM if
a participant changes its FPN in the opposite direction to a BM action that has already been
accepted.
• Non-firm access quantities—these arise from bids being accepted on a unit whose FPN is
above their firm access quantity.
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•
•
•

Undelivered quantities—these arise from the metered quantity of the unit not being
sufficient to have delivered accepted BM actions.
Accepted offers/bids below/above the physical notification—these arise when a dispatch
instruction is issued in one direction, and then another is issued in the opposite direction.
Curtailed quantities—these arise when a unit is curtailed.
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4.5.9.4 Payments and charges
The payments and charges that arise from balancing depend on the volume and nature of the
imbalance, the COD submitted, the status of the generating unit, the available metering data, and
other data.
Any imbalance which is not due to a balancing action is settled at the imbalance settlement price.
And any imbalance which is due to a balancing action is settled at the better of the imbalance
settlement price and the bid offer price. The difference between the ex ante quantity and the
metered quantity (which covers all imbalances and all delivered, non-biased balancing actions) is
settled first (at the imbalance settlement price), and then a premium (for offers with a higher
price) or discount (for bids with a lower price) is calculated for other quantities.
The balancing settlement components are outlined in Table 5. For a complete definition, refer to
the TSC.
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Table 5 Balancing settlement components
Settlement component
Description
Imbalance Payments and Charges
The actual generation or consumption position (metered quantity)
less the traded position (ex ante quantity) is settled at the
imbalance settlement price.
Premium Payments
Paid when an offer is scheduled in balancing (and delivered) at an
offer price above the imbalance settlement price.
Discount Payments
Paid when a bid is scheduled in balancing (and delivered) at a bid
price below the imbalance settlement price.
Above and below physical notification Adjustment payment or charge when a dispatch instruction is
payments and charges
issued in one direction, and then another is issued in the opposite
direction. The reversed quantity is settled at the imbalance
settlement price.
Uninstructed Imbalance Charges
Charges for imbalances, and bids and offers accepted in balancing
but not delivered, which were outside of a tolerance. Undelivered
quantities are settled at the imbalance settlement price.
Curtailment Payments and Charges
Adjustment payment or charge to result in net settlement at a
specific curtailment price for curtailment actions on generators.
Bid Price Only and Offer Price Only
Adjustment payment or charge to result in net settlement at the
Payments and Charges
offer price for incs, or bid price for decs, for undo actions on
generators.
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Settlement component
Fixed Cost Payments and Charges

Imperfection Charges
Testing Charges
Residual Error Volume Charges
Currency Adjustment Charges
Information Imbalance Charges

Description
Payments for additional fixed costs incurred, or charges for fixed
costs saved from dispatching a unit differently to its market
position, if not sufficiently covered through the unit’s other
payments or charges.
Charges to fund balancing market payments.
Charges applied to units under test.
Charges to recover the costs arising from differences between loss
adjusted metered generation and metered demand.
Charges related to settling in two currencies.
Charges for significant deviations between PNs, submitted during
the trading day, and FPNs (initially zero charge).
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4.5.9.5 Billing period
The BM is settled weekly. Settlement documents reflect balancing transactions and imbalance
settlement in that billing period. The settlement for each billing week is rerun after four months
and again after 13 months to account for improved metering data.
Note: Monthly capacity payments and charges are included on the first scheduled billing run after
the end of the month. For information on capacity settlement components, see Section 4.6.15.
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4.6 Capacity Market
4.6.1 Function
The Capacity Market (CM) replaces the current SEM Capacity Payments Mechanism (CPM). In the
CM, capacity providers sell qualified capacity (see Section 4.6.8) to the market based on the
generation capacity required in a future capacity year. Capacity providers who are successful in
the CM receive a regular capacity payment that assists with funding generation capacity and, in
return, they have an obligation to generate when the system is stressed. The duration of the
obligation over which capacity payments are made is normally 12 months, but terms of up to 10
years may be available on new units requiring significant investment.
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Figure 11 Overview of the Capacity Market
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The cost of the CM is funded by suppliers. In return, suppliers are protected against high energy
prices. This hedge is dependent on a strike price, which is set by a formula which considers
prices of fuels, unit efficiency and DSU running costs. When energy prices exceed the strike price
(Figure 12) the market pays the suppliers the difference between the energy price and the strike
price. This limits the exposure of suppliers to the strike price. This process is applied to each of
the DAM, IDM and BM.
To fund this arrangement, generators must pay difference charges for capacity not delivered
based on the difference between the strike price and a reference price. The reference price is a
derived price that reflects the price at which the capacity provider traded in the DAM, IDM and
BM. If the reference price exceeds the strike price, the capacity provider pays a difference charge
for the relevant volume.
Demand-side units (DSUs) and interconnectors have different treatment to other participants in
capacity difference charges.29
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Figure 12 Capacity difference charges
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Capacity providers are expected to provide energy at times of system stress, defined as times
when the imbalance settlement price exceeds the strike price. The capacity provider meets this
obligation by being contracted in the DAM or IDM or scheduled in the BM (even if subsequently
traded or scheduled to a lower level).
Capacity providers are most exposed to the strike price if they fail to maintain adequate
availability during periods of peak demand. They therefore have a strong incentive to be on at
times that the reference price goes above the strike price because they must pay capacity
difference charges whether they are scheduled on or not.
At times of low demand, there is more capacity available than is required, and the hedging needs
of suppliers are reduced. Consequently, the capacity requirement used in settlement is reduced,
which reduces the difference charges. This provides an opportunity for capacity providers that
want to maintain equipment to procure spare capacity from other generators to cover their
obligations during the period their capacity is unavailable. The secondary trade of capacity is
discussed later.

72

4. Markets
The processes involved in operating the CM are outlined in Figure 13 and further described in the
following sections.

Figure 13 Capacity Market processes
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4.6.2 Relevant codes
The operation of the CM and the roles and responsibilities of the market operator and
participants are governed by the following codes:
•

Capacity Market Code (CMC)

•

Trading and Settlement Code (TSC)

For further information, refer to Chapter 2, Section 2.5.

4.6.3 Market operation
The responsibilities for market operation are split between the TSOs and SEMO. As System
Operators30 under the CMC, the TSOs are responsible for:
•

Registration of participants.

•

Supporting the RAs’ determination of the capacity requirement for a capacity year (the
amount to be auctioned based on a pre-defined security standard).

•

Determining local capacity constraints for each auction.
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•

Conducting the qualification process to establish the capacity that a provider can offer in an
auction.

•

Scheduling and running capacity auctions.

•

Market systems operation and providing access to market data.

•

Maintaining a registry of primary and secondary capacity trades.

•
•

Monitoring the development / construction process of new capacity procured through the
CM.
Providing settlement data to SEMO.

•

Regulatory reporting.

•

Maintaining the Capacity Market Code for approval by the SEM Committee.

And as Market Operator under the TSC, SEMO is responsible for:
•

Settlement of capacity payments and charges and capacity difference charges.

•

Credit risk management.
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4.6.4 Participation
Participants are required to accede to the CMC, including all suppliers (even though they do not
trade in the market), most generators (generators below the de minimis threshold can elect not
to accede), and all interconnectors.
Participation is limited to capacity providers in the island of Ireland.31 All existing interconnectors
and dispatchable or non-dispatchable-but-controllable generator units that are required to
register for the BM must apply to be qualified to participate in capacity auctions for each capacity
year. Any new capacity must hold a connection offer before participating in the qualification
process.
Participation by generators below the de minimis threshold, variable units above the de minimis
threshold, uncommissioned new units, and units that plan to close before the end of the capacity
year is voluntary.
Participation in the CM is via a capacity market unit (CMU). Each interconnector and, typically,
each generator is represented as one CMU. Generators below the de minimis threshold and
variable units can be aggregated into a single CMU. The CMU must be registered to the same
participant as the generator unit or interconnector.
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4.6.5 Market timeline
Capacity market auctions are run for a specified capacity year. The timelines for each auction are
developed by the System Operators and approved by the RAs. This takes into account processes
for setting capacity requirements and local constraints, unit qualification, and running the auction
and post-auction processes. As such, participants are notified when the timing for each auction
has been set by the TSOs.

Capacity year
The capacity year commences at the start of the trading day on 30 September and ends at the
end of the trading day on 30 September in the following year. The length of the first capacity
“year”, however, may be longer to accommodate the market start date.
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Transitional arrangement
Transitional one-year-ahead primary capacity auctions (T-1) will be run for the first three years of
operation of the I-SEM. Secondary capacity auctions will be run at regular intervals up to the start
of each capacity year.

Enduring arrangement
Primary capacity auctions will be run four years ahead (T-4) of each capacity year and T-1
auctions will be held just before the start of the capacity year. The first T-4 auction will be run in
2018 for the capacity year ending 30 September 2022. Additional auctions may be run if
required—for example, if a new capacity project is cancelled.
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4.6.6 Capacity zone
There is one capacity zone for the island of Ireland—that is, all capacity providers participate in
the same auctions, and the same mechanism for capacity payments and capacity difference
charges applies to all providers.

4.6.7 Capacity requirement and local constraints
The RAs are responsible, supported by the TSOs, for determining the system-wide capacity
required in each auction. The requirement is set to maintain a system-wide 8-hour loss-of-load
expectation (LOLE) per capacity year, based on historical demand and derated capacity.
The TSOs also determine local capacity constraints for each auction. This ensures that sufficient
capacity is procured in geographical regions where supply into the region is restricted due to
transmission or operational constraints. Constraints can be nested within another constraint, as
illustrated in the hypothetical example in Figure 14.
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Figure 14 Nested local capacity constraints (illustration only)

The RAs produce a demand curve for each auction, which is used in conjunction with local
capacity constraints (if imposed by the RAs) for clearing offers of qualified capacity. The shape of
the demand curve will account for any capacity that exists but is not required to participate in the
auction.
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4.6.8 Qualified capacity
The installed capacity or maximum output of a unit is not always available due to outages and
temperature-dependent derating and energy limits. Consequently, capacity offered into the
auction is the derated capacity, which reflects the statistical availability of a unit and locational
constraints that might cause a unit to be constrained on. This qualification process ensures that
there is spare capacity to address outages and lack of availability.
Qualification assesses information on physical units proposed as Capacity Market Units (CMUs)—
called candidate units—which may be existing or proposed. Typically there is a one-to-one
relationship between a candidate unit and a CMU, but variable and small candidate units can be
aggregated into one CMU.
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Qualification is performed for each capacity auction. For each CMU, the qualification process
confirms or determines:
•
•
•
•
•
•
•
•
•
•
•

The candidate unit or units that form the CMU.
Whether the capacity provided by each candidate unit is existing, new, or a combination of
both (augmented).
The initial capacity of an existing or augmented candidate unit—the registered capacity.
The gross derated capacity of an existing, new or augmented candidate unit—the capacity
after derating has been applied.
The net derated capacity of an existing or new unit—after allowing for capacity awarded in
previous auctions for the same capacity year.
Whether the CMU is clean technology.
Which local capacity constraints the CMU contributes to (if any).
The firm offer requirement—the minimum quantity that must be offered into an auction.
The maximum capacity duration of existing and new CMUs—between 1 and 10 years.
The implementation plan for developing new capacity.
The price cap on offer steps.
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Generator and demand-side units are qualified by the TSOs using derating curves provided by the
RAs. For new generator units, derating is estimated from the known performance of similar
technology. Interconnectors are also qualified by the TSOs using derating curves and availability
factors provided by the RAs.
Note: The performance of a generator in meeting its capacity obligation is assessed on the
generator’s maximum energy position, whereas the performance of an interconnector is assessed
on its availability (see Section 4.6.11).
Capacity providers are permitted to adjust their deratings within limits. Specifically, wind units
can nominate a lower derating, and units with deratings above their firm capacity can be lowered
to their level of firm capacity.
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Prior to the qualification process starting, a capacity auction information pack is released, which
provides information about the timetable and various auction parameters, such as the local
capacity constraints, expected demand curve, exchange rates, etc. Some of this data is updated
just prior to the auction as the “final auction parameters”. Note that the exchange rate for
investment in Northern Ireland is fixed for the duration of the obligation.
The qualification process starts with the participant submitting an application to qualify a CMU
for an auction. The application provides the details of the candidate units or aggregated
candidate units that are to be combined into a CMU. For each candidate unit, the applicant
includes the initial (before derating) capacity of existing and any new capacity. Applications for
new capacity must also include an implementation plan, which specifies milestones for securing
finance, commencing construction, and commissioning the capacity. If a participant provides
incorrect data, the System Operators are empowered by the CMC to correct the data.
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As illustrated in Figure 15, the gross derated capacity for a candidate unit is derived by applying
derating curves appropriate to the technology of these initial capacities. Different derating factors
are applied to the existing capacity and the total (including the new) capacity. These values are
aggregated for all candidate units contributing to a CMU. Capacity already awarded in previous
auctions is then deducted to derive the net derated capacity of the CMU.
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Figure 15 Capacity qualification process
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Qualification determines a number of other parameters, including the maximum price at which
existing and new capacity can be offered into the auction, the maximum quantity of capacity that
can be offered into the auction (reflecting the firm access), and the maximum duration of the
capacity. Note that:
•

In special cases and with RA approval, higher price caps can be set for existing capacity where
the CMU has unusually high costs either in providing capacity or in reducing demand (e.g. an
autoproducer).

•

All existing capacity has a maximum duration of one capacity year. The duration of new
capacity is also one year, but, with RA approval, the duration of higher cost capacity can be
extended to a maximum duration of 10 years.

•

With the RA approval, the qualification of a CMU that qualifies for a particular capacity year
can be extended backwards (into the previous year) where the unit is commissioned before
the start of that capacity year. Similarly, the qualification can be extended forwards (into the
next capacity year) where a unit is closing in the next capacity year. This allows the unit to
participate in secondary auctions for these extended periods but not in the primary auctions.

Provisional qualification results are approved by the RAs and released to participants. Participants
can request a review or dispute the results before they are finalised by the RAs.
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4.6.9 Submission of offers
Participants must offer into the capacity auction up to the lesser of their net derated capacity and
their firm offer requirement.

Capacity providers submit offers to the Systems Operator. Each offer represents one CMU. An
offer can have up to five steps. If the CMU comprises both existing and new capacity, the
maximum number of steps is still five. Offer steps must not exceed the price caps on existing and
new capacity. And the lowest price offer for new capacity must be greater than the highest price
offer for existing capacity.
An offer step can be flexible (between 0 and the offered quantity can clear) or inflexible (either 0
or the offered quantity can clear). An offer can consist of both flexible and inflexible steps, but if
any step is flexible, then all higher priced steps must be flexible.
Each offer step includes the duration of the capacity. If the maximum capacity duration of the
capacity associated with that step is 1 year, the duration of the offer step must be 1 year. If the
maximum capacity duration of the capacity associated with the step is 10 years, the duration of
the offer step can be any value between 1 year and 10 years. A CMU with both existing and new
capacity could have some steps with a duration of 1 year and others with longer durations.
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An example offer is shown in Figure 16 for a CMU with existing capacity and two stages of new
capacity, where the first stage is below the investment threshold (1 year duration) and the second
stage is above the threshold (approved in qualification for up to 10 years).
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Figure 16 Capacity offer steps for existing capacity with two stages of new capacity
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4.6.10 Market clearing (primary auction)
The primary auction uses a demand curve reflecting the value of capacity to the system,
locational capacity constraints (Section 4.6.7), and offers of qualified capacity (Sections 4.6.8 and
4.6.9). This auction is solved in two stages. First an unconstrained auction is solved, which
determines the auction clearing price, and then a constrained auction is solved, which
determines which offers are cleared.

Unconstrained auction
The unconstrained auction is solved ignoring inflexibility and without local capacity constraints to
determine a clearing price. As shown in Figure 17, the auction clearing price is the price of the
last offer scheduled at the intersection of the demand and offer curves. The maximum price that
the auction can clear at is the auction price cap.
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Figure 17 Setting the auction clearing price
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Tied offers are scheduled in the following order:
1. Clean technology units (as determined in qualification)
2. The unit that provides the greatest net social welfare (see below)
3. The unit with the shortest duration
4. Other offers
The last offer scheduled is called the price setting offer. Although the unconstrained market
generally just sets the auction price, during the transitional period, all scheduled offers, except
the price setting offer if it is partially scheduled and inflexible, will be automatically cleared in the
constrained auction. Hence it is important how ties are broken between inflexible and flexible
offers at the same price.
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It is the net social welfare step that differentiates between inflexible and flexible tied offers. If
there are three steps at the same price, then each step is assessed for its contribution to net
social welfare. As illustrated in Figure 18, for a flexible unit, the net social welfare is determined
by allowing the step to be partially scheduled. For an inflexible unit, the net social welfare is
determined by fully accepting the step and not accepting it. After clearing a tied offer on the net
social welfare criterion, the remaining tied offers are assessed again. If the remaining tied offers
cannot be separated on net social welfare, the duration criterion is applied.
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Figure 18 Assessing net social welfare of a tied offer
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Constrained auction
After setting the auction clearing price, the constrained auction is then solved with the local
capacity constraints included. For all auctions run during the transition period, all capacity
scheduled in the unconstrained auction will automatically be cleared in the constrained auction,
with the exception of the price setting offer if it was a partially scheduled inflexible offer.
Unless exempted by the RAs, the auction excludes any offer steps from new capacity that is
offered at a price above the (unconstrained) auction clearing price. This prevents new high-cost
capacity being locked in for 10 years because of a local capacity constraint that might be resolved
within a year or two. If the RAs allow the inclusion of such offer steps, e.g. because there is not
enough existing capacity to satisfy the constraint, then they can only be scheduled after all
existing capacity is scheduled.
Due to the complexity of the auction clearing process, for an interim period controlled by the
RAs, approximations may be made to allow a simpler solution method to be used, which may not
always find the best possible solution.

All cleared offer steps with an offer price at or below the auction clearing price are awarded the
cleared capacity at the auction clearing price. All cleared offer steps with an offer price greater
than the market clearing price, are awarded the cleared capacity at the offer price of that step.
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4.6.11 Post auction and implementation processes
The auction results must be approved by the RAs. Once this is done, the System Operators
publish both the qualification results and the auction results, including what price was paid for
each cleared offer step. The auction results must then be accepted by the participants. Providers
of new capacity awarded in the auction must also accept an implementation plan and post a
performance bond.
All trades resulting from the auction are recorded in the Capacity and Trade Register, which
provides the information required for settlement.

Developers of new capacity must report to the System Operators on progress at intervals of
approximately six months. Based on those reports, the schedule may be modified and
(ultimately) awarded capacity can be terminated. The performance bond is then used to offset
the cost of securing replacement capacity in a subsequent auction or the cost of socialising the
cost of capacity hedges among suppliers if there is no time to run another auction.
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4.6.12 Secondary auctions
Secondary auctions allow capacity providers to purchase additional capacity to temporarily offset
obligations awarded in a capacity market auction or procured through an earlier secondary
auction for the same period. For example, a capacity provider with a unit on an outage can
purchase additional capacity from another generator to offset its capacity obligations while the
unit is offline.
Capacity providers can only offer existing (commissioned) capacity in a secondary auction,
including:

•

Capacity awarded in primary auctions.

•

Qualified capacity that did not clear in a primary auction.

Secondary trading will be available for discrete periods of time within the capacity year—for
example, for peak times during a specific week. Secondary trading for a capacity year commences
shortly after the primary auction and the last opportunity to trade may be shortly before real
time.
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Secondary capacity can be offered up to the nameplate capacity of a unit (beyond the derated
capacity). To mitigate the risk of the unit supplying secondary capacity itself having an outage,
secondary trades above the derated capacity are limited to 70 days per unit per year.

The trading and use of secondary capacity is monitored to ensure that:
• Secondary capacity is only used for legitimate technical reasons—planned, forced or ambient
outages, for example—and not to cover obligations on a decommissioned unit.
• The parties offering secondary capacity into the market are qualified to provide that capacity.
Participants will be consulted by the System Operators on the time frame and products to be
offered in secondary trade. The intention is to maintain flexibility to define and change secondary
capacity products (capacity year, duration, and delivery period) and set auction times as required
to suit the needs of the market.
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All trades resulting from the auction are recorded in the Capacity and Trade Register.
Note: If the secondary trading arrangements are not ready for market go-live, as an interim
arrangement, the RAs have proposed that, during planned outages, units holding capacity
obligations will not receive capacity payments and will not be liable for difference charges.
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4.6.13 Performance
The performance of a capacity provider (and its exposure to difference charges) is assessed
differently for generators, interconnectors and DSUs, as described below.

Generators
A generator’s capacity performance for an imbalance settlement period is measured against the
unit’s derated capacity (as obligated in the CM) adjusted for actual demand in that period.
Performance is assessed on the generator’s maximum energy position. There are also provisions
for determining the quantity relevant to certain system services, which are also deemed to meet
the generator’s capacity obligations.
For example, if the total market capacity requirement for the period is 600 MWh but actual
demand was 400 MWh and the derated capacity of the generating unit is 90 MWh, then the
adjusted capacity requirement for that generator in that trading period is 60 MWh (90 x 400 /
600).
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Referring to the example in Figure 19, the delivered capacity in an imbalance settlement period is
the maximum energy position (see Section 4.2.3) achieved by the capacity provider for that
period in the DAM, IDM and BM. The undelivered capacity is the difference between the adjusted
capacity requirement and the delivered capacity for that period. If the energy position equals or
exceeds the capacity provider’s adjusted capacity requirement, the undelivered capacity is zero
and the capacity provider is deemed to have met its capacity obligations.
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Figure 19 Delivered and undelivered capacity, generators
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Interconnectors
An interconnector’s capacity performance for a trading period is measured against the derated
capacity (as obligated in the CM). Performance is assessed on the interconnector’s availability,
not the actual flow. For example, if the derated capacity of the interconnector is 240 MWh,
availability was 220 MWh, and actual flow (due to market conditions) was 150 MWh, then the
interconnector’s exposure to capacity difference charges is 20 MWh (240 – 220).

Demand-side units
A DSU’s capacity performance for a trading period is measured against the derated capacity (as
obligated in the CM). Performance is assessed on the DSU’s maximum energy position achieved
by the DSU for that period in the DAM, IDM and BM. DSUs are, however, exempt from capacity
difference payments provided they respond as expected to dispatch instructions. If a DSU fails to
deliver that energy as instructed, then they are liable for difference charges on any undelivered
energy.
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4.6.14 Prices
Strike price
The strike price is an administratively set price, based on a formula defined in the Trading and
Settlement Code. The formula uses the greater of the cost of a low-efficiency peaking unit or the
cost of a demand-side unit. The strike price is updated monthly as a function of fuel cost and
other data.

Reference price
The reference price is the price of trades or actions that caused an increase in the capacity
provider’s delivered capacity or an increase in the supplier’s traded position. As shown in Figure
19, if the capacity provider is scheduled in the DAM, the reference price for the volume of that
trade (ΔQ1) is the DAM market price (PDAM). If subsequent trades in the IDM increase the
capacity provider’s net position, the reference price for the net increase in the IDM (ΔQ2) is the
IDM trade price (PIDM). And if the capacity provider is subsequently instructed to increase its
output in the BM, the reference price for the net increase in the BM (ΔQ3) is the higher of the
imbalance settlement price (PIMB) and the bid offer price (PBO). The reference price for any
undelivered capacity (ΔQ4) (charge applies to all capacity providers, including DSUs and
interconnectors) or any imbalance (payment applies to suppliers) is the imbalance settlement
price (PIMB).
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4.6.15 Settlement
Capacity Market settlement can include:
•

Payment to capacity provider for awarded capacity (primary or secondary auction).

•

Charge on capacity provider for buying awarded capacity (secondary auction).

•

Difference charges on providers of capacity when reference price exceeds strike price.

•

Difference payments to suppliers when reference price exceeds strike price.

•

Charge on supplier to cover shortfalls in difference payments.

•

The CM settlement components and prices are further described below.

Capacity payments
Capacity providers receive a monthly capacity payment based on the capacity provider’s awarded
capacity and the capacity auction price. Payment is made regardless of whether the capacity
provider is scheduled to or delivers energy. Payments are not indexed for inflation, fuel costs, or
other cost drivers: capacity providers bear the risk of changes to costs and the value of money
over the term of the obligation.
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Difference charges and payments
If the reference price exceeds the strike price, capacity providers (excluding DSUs and
interconnectors) receiving a capacity payment for that period pay a difference charge on the
volume of capacity delivered during that period. Capacity providers (including DSUs and
interconnectors) also pay a capacity difference charge for any undelivered capacity. These
difference charges are settled weekly to align with the billing period for energy payments and
charges.
If the capacity provider is not scheduled in the ex ante markets, the reference price is set to the
imbalance settlement price—that is, the price at which it might sell energy into the BM. If the
imbalance settlement price exceeds the strike price, the capacity provider must pay capacity
difference charges. If the capacity provider is also scheduled in the ex ante markets, then the
reference price is derived from the relevant ex ante market and BM prices.
Annual and billing period stop-loss limits are placed on the difference charges for undelivered
capacity incurred by the capacity provider to limit the financial risk of capacity providers. When a
capacity contract is traded in a secondary auction, the accumulated losses on the contract are
retained by the party that incurred them.
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Capacity charges
Suppliers pay capacity charges to fund the CM. The charge is derived from the expected annual
value of capacity payments and a forecast of demand, which are reviewed annually taking into
account any shortfalls or surpluses in previous years. The charge is levied in particular imbalance
settlement periods in the capacity year, decided in advance by the RAs. An additional charge is
levied to make up for any shortfall in difference payments caused by application of stop-loss
limits, charges based on interconnector availability, errors in demand forecasting, and other
potential causes.
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4.7 Forwards Market
Note: The arrangements for forward trading in the I-SEM are still under consideration.

4.7.1 Function
The Forwards Market (FWM) provides participants with the opportunity to hedge their positions
in the DAM, IDM and BM by purchasing contracts-for-difference (CfDs) at a strike price
referenced to the price at which the participant sells energy in a specified market.
When the market price exceeds the strike price, the party that sold the CfD pays the buyer the
market price less the strike price on each unit of contracted capacity. And when the market price
is less than the strike price, the buyer pays the difference to the seller. If the CfD is backed by
trades by both parties in the reference market, then the effective price to both parties is the
strike price, protecting them from price volatility.
The Forwards Market (FWM) is a financial market and does not give rise to a physical schedule. A
participant must participate in the DAM or IDM or both to be sure of achieving a physical
notification in the BM.
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4.7.2 Relevant codes
The governance and operation of the FWM and the roles and responsibilities of the market
operators and market participants are yet to be defined by the Regulatory Authorities.

4.7.3 Market operation
The arrangements for forward trading in the I-SEM are still under consideration.

4.7.4 Participation
Any participant in the I-SEM can participate in the FWM. Participation in the FWM is not
mandatory. Participants must be registered with the market operator.

4.7.5 Market timeline
The market time frame for the FWM is still under consideration.
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4.7.6 Hedging example
Consider a generator on the island of Ireland (SEM zone) with the capacity to supply 10 MWh of
energy at a cost of 35 €/MWh. The generator offers the 10 MWh into the DAM at 40 €/MWh. The
generator also holds a 10 MWh CfD at a strike price of 40 €/MWh referenced to the DAM to
protect it against price volatility.
For a specific trading period, if the spot price is 45 €/MWh, the generator sells 10 MWh at 45
€/MWh. The spot price is higher than the strike price, so the generator pays the CfD seller the
difference of 5 €/MWh on the 10 MWh of contracted capacity, and earns a profit of €50 for that
hour, being the difference between the strike price and its cost of production.
However, if the spot price is 35 €/MWh, the generator is not scheduled in the DAM. The spot
price is lower than the strike price, so the generator is paid by the CfD seller the difference of 5
€/MWh on the 10 MWh of contracted capacity, and, despite not being scheduled, still earns a
profit of €50 for that hour.

4.7.7 Settlement
Billing and settlement arrangements for the FWM are still under consideration.
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4.8 FTR auctions
4.8.1 Function
Unlike the current SEM arrangements, in which participants can explicitly reserve physical
capacity on an interconnector, under the I-SEM arrangements ex ante interconnector flows are
based on the net position results of the day-ahead and intraday market coupling. When a flow is
identified between markets, it is typically due to a price differential between those adjacent
coupled markets (e.g. SEM and GB). Participants seeking a hedge against price differential
between the SEM and GB markets can purchase a financial transmission right (“FTR option”).
These are financial instruments and do not give the holder a physical right of transmission.
The FTR option products refer to specific interconnectors and a specific direction (to or from
SEM). These products are offered in auctions and may be sold for various long-term time frames,
for example annual and monthly. The FTR option holder is paid the loss-adjusted day-ahead
market price spread when positive in that direction for that market period.
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4.8.2 Relevant regulations
The operation of FTR auctions and the roles and responsibilities of the market operator and
market participants are governed by the following guidelines and regulations:
•

Forward Capacity Allocation Guidelines (FCA)

•

Harmonised Allocation Rules (HAR), as required under the FCA guideline

•

Capacity Allocation and Congestion Management (CACM)

For further information, refer to Chapter 2, Section 2.5.
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4.8.3 Market operation
The FTR options on the SEM-GB border and other long-term products on bidding zone borders
across Europe adhere to a common set of harmonised allocation rules32 and, when implemented,
will be sold through a single allocation platform.
The Moyle and EWIC interconnectors are putting arrangements in place with the Joint Allocation
Office (JAO) in the expectation that it will be appointed as the single allocation platform. JAO
currently run auctions for twenty-eight European borders on behalf of twenty TSOs.
JAO will be the single point of contact for the FTR market—that is, they handle registration,
systems, auctions, and manage all settlement.
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4.8.4 Participation
Participation in FTR auctions is optional. Participants will register directly with JAO and need to
meet the requirements of the HAR to participate in JAO-operated FTR auctions.

4.8.5 Market timeline
FTR auctions occur from a few months up to a few weeks in advance of the start of the product
time frame.
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4.8.6 FTR products
FTR option products will be sold per interconnector and per direction in euros for both Moyle and
EWIC products. The product design will be part of a public consultation in Q1 2017, as required by
the FCA.
Product time frames of SEM Annual (October to September), Calendar Annual (January to
December), Seasonal (winter and summer), Quarterly, and Monthly are in place in the current
market and likely to be part of the product time frames under the I-SEM arrangements.
The form of product can be base load (all hours of a product period) or peak load or off-peak
load. Currently only base-load products are offered.
The FTR option entitles the holder to the loss-adjusted day-ahead market spread when positive in
that direction on that interconnector. The loss adjustment depends on the loss factor for the
interconnector the product refers to.
The amount of FTR options sold is linked with the available capacity of the interconnectors. This
may be curtailed in certain circumstances in advance of the day ahead firmness deadline—
approximately 1 hour in advance of the DAM gate closure. The specific rules for curtailment
scenarios are detailed in the HAR and associated regional annex.
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4.8.7 Hedging example
Consider a generator on the island of Ireland (SEM zone) with an off-market contract to supply a
steady load of 10 MWh in Great Britain (GB zone) at a price of 40 €/MWh, which it can supply at a
cost of 35 €/MWh. Under normal conditions (free flow between the SEM and GB), this earns the
generator a profit of €50 per hour. In each one-hour trading period, the generator sells 10 MWh
into the SEM DAM at the spot price and the supplier purchases 10 MWh from the GB DAM. The
generator also holds a 10 MW FTR option in the SEM>GB direction on the Moyle or EWIC
interconnectors to protect it against price differences between the SEM and GB.
If there is no congestion on the interconnectors, then the spot price in the SEM and GB may be
the same or at least very close33. For a specific trading period, if the spot price is, say, 45 €/MWh,
the generator sells its energy into the SEM DAM at 45 €/MWh and the supplier buys it from the
GB DAM at 45 €/MWh. The spot price is higher than the contract price, so the generator pays the
supplier the difference of 5 €/MWh off-market on the contracted 10 MWh. The supplier and the
generator have effectively settled at the contract price of €40/MWh, and the generator makes a
profit of €50 for that hour.
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Now suppose, due to high wind levels and low generation prices, congestion occurs on the
interconnectors in the SEM>GB direction, causing the spot price in the SEM DAM to drop to 30
€/MWh. But the price in the GB DAM is still 45 €/MWh, so the generator must still pay 5 €/MWh
on each of the contracted 10 MWh to the supplier, but the generator is not scheduled in the DAM
at that price. The DAM market spread is thus 15 €/MWh and this is paid to the FTR holder, the
generator. The FTR holder (generator) therefore receives €150 on each 10 MWh and this gives
the generator a profit of €100 (less the cost of the FTR).
Note. The FTR option actually pays out the loss-adjusted day-ahead market spread. The loss
factor is specific to the interconnector the FTR option product is for.

The DAM has thus enabled the most efficient solution, with a lower-cost generator in the SEM
effectively providing the energy at 30 €/MWh instead of the contracted generator running at a
loss. And despite the generator not being scheduled, its FTR protects it from the price difference
between the SEM and GB, allowing it to still profit under its contract.
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4.8.8 Settlement
The JAO operates billing and settlement arrangements with respect to FTR auctions. These
arrangements include:
•

The JAO collects the proceeds of FTRs cleared at auction from participants.

•

The JAO settles the FTR option pay-out with rights holders.

•

All amounts and payments with JAO are in euros for both Moyle and EWIC product auctions
and settlement.
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19. For electricity markets, social welfare is defined as the consumer surplus plus the producer
surplus plus the congestion rent across regions.
20. The allocation is termed “implicit” because the capacity and the flow are allocated
simultaneously (such as by market coupling), compared with an “explicit” allocation in which
the flow is determined from (after) the capacity allocation.
21. https://www.epexspot.com/
22. http://www.ecc.de/ecc-en/
23. The IDM and BM operate on a 30-minute trading period. The DAM MWh quantities are split
into two equal half-hour quantities for interpolation of the participant’s initial physical
nomination to the TSO for balancing.
24. The intent is ultimately to maintain a continuous trading platform that supports both withinzone and cross-border trades.
25. Under development.
26. https://www.entsoe.eu/major-projects/network-code-implementation/cross-borderelectricity-balancing-pilot-projects/Pages/default.aspx
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References
27. The application of the SEM Bidding Code of Practice (BCoP), which requires that COD reflects
the participant’s actual cost of generation, is currently under consideration by the SEMC.
28. This arrangement will apply throughout the I-SEM transition period to the commencement of
the first T-4 capacity year. After that, the full ASP will be based on the system VoLL.
29. Provided they respond as expected to dispatch instructions.
30. The rules and licenses a System Operators are referred to as the Transmission System
Operators (TSOs), but
31. Resources located outside of the island of Ireland may be allowed in the future to participate
in the CM with improved pan-European balancing arrangements.

32. Version 3 of the HAR, aligned with the FCA Regulation, are being consulted on in Q1 2017
https://consultations.entsoe.eu/markets/fca-har/ and will apply for long-term auctions in
2018 and SEM-GB FTR Options products for delivery from I-SEM go-live.
33. There would be no congestion if the market spread does not exceed the cost of losses across
an interconnector. This simplified example ignores the effect of losses and ramping. In
practice, the FTR pays out the loss-adjusted market spread,
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