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INTRODUCTION

This document studies the potential shift from the current paid-as-bid towards a paid-as-cleared remuneration for the

procurement of aFRR and mFRR capacity.

THEORY

With a paid-as-cleared remuneration (also referred to as “marginal pricing”), bidders have an incentive to submit bids
priced at their marginal costs, as they know they will obtain contributions to their long-term costs and profits from the
difference between their bid price and the clearing price. Under paid-as-bid, such markups to cover long-term costs
and profits need to be included in the bid prices. Therefore, paid-as-bid settlement requires bidders to estimate the
bidding behavior of the other market players in order to forecast the market equilibrium and include the best markup in
their bid price (i.e. high enough to avoid opportunity losses without jeopardizing the probability of selection). In a
perfectly competitive market, paid-as-cleared and paid-as-bid lead to the same procurement costs. However, in a non-
perfectly competitive market, paid-as-cleared and paid-as bid affect the market and procurement differently.

This paper concludes that, according to the theory, the introduction of paid-as-cleared remuneration in a non-perfectly
competitive market (like the balancing capacity markets) is likely to increase market attractiveness because
homogeneous services become remunerated equally, forecasting effort is reduced and the market thereby better acts
as a level-playing field, irrespective of bidders’ market shares. Consequently, the new bidding behavior and the
attraction of new resources in the market are expected to lead to a reduction of total procurement cost in the long term.
Marginal pricing, however, only delivers such benefits when a reasonable level of liquidity and competition is either pre-
existing at the time of implementation, or is reached shortly afterwards, i.e. when no significant barriers exist that
prevent the expected benefits to materialize.

EUROPEAN FRAMEWORK & EXPERIENCES

Currently, European countries procure FRR capacity under market-based regimes (paid-as-cleared or paid-as-bid) or
at regulated prices. European regulation calls for market-based prices, without laying down an obligation for either paid-

as-cleared or paid-as-bid for the national procurement of FRR capacities.

Elia surveyed some of its peer TSOs on their plans for or experience with paid-as-cleared remuneration for FRR
capacity. Countries with concrete plans to change the remuneration of FRR capacity will introduce paid-as-cleared
remuneration: France will do so replacing the currently regulated price for aFRR capacity, while the NORDIC countries
plan to make the change as part of the creation of a cross-border cooperation for aFRR capacity and one for mFRR
capacity. Denmark, Finland, France (for mFRR) and Spain shared positive experience with paid-as-cleared
remuneration of FRR capacity and, in a nutshell, confirmed the theoretical expectations (i.e. they observed increased
competition and lower prices after its implementation). Only Swissgrid had a bad experience in 2009 and decided to
revert back to paid-as-bid a few months after implementing paid-as-cleared remuneration, due to high prices and lack
of liquidity.

The draft methodology for market-based allocation of cross-border capacity in the CORE region (ENTSOE, 2020),
however, targets paid-as-cleared remuneration for any future cross-border FRR capacity procurement cooperation
within the CORE region. Consequently, introducing a paid-as-cleared remuneration for FRR capacity in Belgium would

not prevent Elia from joining any potential future cross-border cooperation.
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ASSESSMENT OF INTRODUCING PAID-AS-CLEARED REMUNERATION FOR BELGIAN FRR CAPACITY

The theory and the European context indicate advantages from changing remuneration to paid-as-cleared, given
circumstances are favorable to make the change. The question is whether the FRR capacity markets in Belgium are
sufficiently liquid and competitive to benefit from the shift to paid-as-cleared, or if not, whether entry barriers are low

enough to ensure the markets adapt quickly.
aFRR capacity design

As of 30/9/2020, Elia procures upward and downward aFRR capacity (still with paid-as-bid settlement) in two

steps:

- The “all CCTU auction” (executed two days before delivery) allows only indivisible bids for the 24 hours
of the delivery day, including both upward and downward volumes. This auction is kept in a transitory

phase in the evolution of aFRR and is planned to be progressively phased out.

- The “per CCTU auction” (executed one day before delivery) is organized per direction and accepts only
divisible bids, for a delivery period of 4 hours (i.e. Capacity Contracting Time Unit or “CCTU”). This is the
target auction for the future aFRR design, which is fully in line with the Guideline on Electricity Balancing
(European Commission, 2017) and Electricity Market Regulation (European Commission, 2019).

To progressively shift the demand from the first step (which facilitates the bidding of indivisible volumes with
start-up costs spread over a longer period, particularly suitable to CCGTSs) to the second step (which facilitates
bidding of volumes over a shorter period of time, attracting new entrants in the aFRR market), a specific
apportioning rule is applied: the volume procured in the second step can be increased if the price of the last
accepted bid in the second step is lower than 120% of the price of the last accepted bid in the first step for the
same delivery day.

MFRR capacity design

Since 3/2/2020, Elia procures upwards mFRR capacity (still with paid-as-bid settlement) in a day-ahead
auction per CCTU (i.e. blocks of 4 hours) of divisible bids for mMFRR Standard and mFRR Flex capacity. BSPs
may include either a price for mFRR Standard, or a price for mFRR Flex, or a price for both types in their bid.
In a first step, Elia procures a minimum volume of mFRR Standard capacity (640MW since 1/7/2020, 490MW
previously). In a second step, Elia procures the remainder of required mFRR capacity (dimensioned on a daily
basis) based on a merit-order of remaining capacity bids (using the mFRR Flex price if included in the bid; if

not, the capacity remains offered as mFRR Standard).

The theoretical assessment recommends a design based on divisible capacity bids for homogeneous products and
merit-order selection to introduce paid-as-cleared remuneration. This implies that Elia would consider this design

change for:

- mFRR capacity per product: a separate marginal price for mFRR Standard and mFRR Flex capacity could be
defined, with an additional constraint that the clearing price of mFRR Standard shall always be at least equal

to the clearing price of mFRR Flex.

- aFRR capacity for the “per CCTU auction” only: this is seen as an enduring approach as it upgrades the
enduring part of the current design and makes it more attractive.
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ASSESSMENT OF MARKET READINESS

mMFRR capacity market

Elia performed quantitative analyses based on data of mMFRR capacity bids for the period from 4 February (start of a
new design including daily procurement of mFRR capacity) until 31 October 2020.

The initial impact of changing the remuneration to a paid-as-cleared mechanism would be the following:

- If BSPs would not change their bidding behavior (same offers, same bid prices, same selection): the change
would result in an increase of about € 10,4 million (or 24%) in total procurement costs per year (9 months data
extrapolated to 12 months).

- Simulations using the lowest price per bid (in case of bids with both a Standard price and a Flex price), would
lead to an increase of € 6,5 million (20%) on a yearly basis. This assumes that the difference between the

Standard price and the Flex price of a bid is only related to the price determination in a paid-as-bid mechanism.

The level of liquidity overall appeared satisfactory, although not fully comfortable. For 90% of the CCTU, the offered
volume exceeded by more than 313 MW the mFRR total demand. For mFRR Standard specifically, the excess volumes
are more than 284MW for 90% of the CCTU. On two days, insufficient volumes were offered and Elia had to organize
second auctions. On two other days, the excess volumes offered were lower than 100 MW.

The readiness of the mFRR capacity market in terms of level of competition is less straightforward. Eight BSPs with
small and large portfolios offer mFRR capacity on a daily basis, with seven BSPs offering mFRR Standard during the
analyzed period. The BSPs participating to the mFRR Standard capacity market all have CCTU with and without
awarded capacity. Some BSP receive the main share in awarded capacity even when there is a lot of volume offered
by other BSPs as well. The largest BSP share in the offered Standard volumes ranges from 34% to 100% (on average
53%) in the period February to October, while the largest BSP share in the awarded Standard volumes ranges from
27% to 100% (on average 50%). The level of market concentration in the mFRR Standard capacity market, as
expressed by the Herfindahl-Hirschman Index (HHI) calculated per CCTU based on the shares of awarded capacity,
mostly shows a high level of market concentration (index of 0,25 or more), ranging between 0,22 and 1 (if calculated
based on the shares in offered volumes the index ranges between 0,25 and 1). For 90% of the CCTUs, however, the

HHI based on awarded volumes is lower than 0,51 (based on offered volumes lower, it is lower than 0,49).

The data indicate that the mFRR capacity market has attracted a diverse set of players with overall satisfying levels of
liquidity (i.e. market depth) for each auction, although some moments are near critical levels. Nonetheless, the level of
market concentration is still relatively high. If the change from paid-as-bid to paid-as-cleared has little effect on the
estimation of a BSP to have awarded capacity (due to a low impact on competition, at least initially), the incentive for
BSPs to change their bidding strategy and reduce their bidding prices immediately after the introduction of a paid-as-
cleared remuneration is small (in which case the shift towards paid-as-cleared will solely lead to a procurement cost
increase). In addition, despite efforts to reduce barriers to enter balancing markets, the effort required of (existing or
even new) BSPs to develop new volumes is not to be underestimated. If a transition period of several months or even
a year would pass before the advantages of moving to a paid-as-cleared design kick in, a substantial increase in total

procurement costs is certain (provided the demanded volumes do not change).

A last note on the analyzed period (February to October 2020) demands attention. Despite the interesting preliminary
conclusions based on daily data of individual capacity bids, a period of nine months is too short to draw firm conclusions.
The market first had to adapt to the new design and a period of at least 12 months would be better to account for the

possible impact of seasonal evolutions in the electricity markets. In addition, the emergence of the Covid-19 pandemic
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has strongly affected the electricity markets, especially in the first months. Therefore, the analyzed period can
unfortunately not be regarded as representative and a follow-up of this analysis would be advisable before making a
final decision on changing the design to a paid-as-cleared remuneration for FRR capacity. This remark holds even

more with respect to liquidity development for the period since July 1t in which 640MW of mMFRR Standard is procured.
aFRR capacity market

The possible introduction of paid-as-cleared remuneration for aFRR capacity described earlier, is based on the new
design for aFRR of September 2020. Therefore, at the moment of this study, there was no usable historical data
available to perform quantitative analyses to get a better view on the liquidity and competitiveness of the market in the
framework of such a design. The data available on the design until September 2020 cannot serve as a representative
base and would therefore not lead to meaningful results. The data since September 2020 are for a too short period
during which not all BSPs interested in offering aFRR were able to implement the necessary changes or prequalify

volumes.

At this stage, the liquidity in the aFRR capacity market is restricted. This is the reason why the design (from September
2020 onwards) with the 2-step auction has been chosen for a transitory period. Experience with the new design and
future analysis of the evolution of the liquidity and competition within the aFRR capacity market (as described above
for mFRR) will provide knowledge to better evaluate the impact of a paid-as-cleared remuneration in the future.

CONCLUSION AND IMPLEMENTATION PROPOSAL

The study generally shows the advantages and feasibility to implement a paid-as-cleared remuneration for FRR
capacity. The paid-as-cleared settlement could be introduced for aFRR and mFRR independently and only for the
auctions selecting capacity based on a merit order (meaning, in practice, not for the “all CCTU aFRR auction”). In the
short term, however, a change from paid-as-bid to paid-as-cleared would increase total procurement costs as it takes
time for markets to adapt and the benefits on competition levels to reveal themselves. The paid-as-bid mechanism
used today has its merits when the market still shows an insufficient level of competition and the emergence of sufficient
competition would take a longer time.

Based on this study, Elia concludes that a transition to paid-as-cleared for mFRR and aFRR capacity would seem
feasible and desirable, provided that the markets evolve to higher levels of liquidity and competition than is the case
today. A longer and more representative period to follow-up the market evolutions is, however, recommended.
Therefore, Elia proposes to reassess the liquidity and competition in the mFRR capacity market in Q2 2021, once data
for an entire year of the implemented design with daily procurement is available. The readiness of the aFRR capacity
market would be reassessed 6 months after the full phase-out of the “all CCTU” auction. The assessment of market
readiness would indicate that the shift to paid-as-cleared can be made without significantly increasing procurement
costs on the short term and while having some degree of confidence that the procurement costs will decrease in the

medium term.
In terms of timing of implementation, several practical aspects need to be considered.

For aFRR, the above described design has only just been put into operation at the time of writing this report. It is
therefore reasonable to first acquire some experience from the actual market functioning — notably in terms of liquidity
and competition — before confirming subsequent changes.

For mFRR, the full phase-out of MFRR Flex remains a target but at the time of writing this report, the concrete timing

of the phase-out is unclear. The existence of an mFRR Flex product may affect the level of liquidity and competition in
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the mFRR capacity market and thereby influence decisions on implementing a paid-as-cleared remuneration. The
proposed remuneration scheme can be implemented in the current design as well as in case the mFRR Flex product

is fully phased out.

In terms of IT implementation at Elia side, the change itself requires some new developments without posing blocking
issues. However, a more concrete planning is only feasible when also considering the developments required at Elia
and BSPs’ sides for this and for other design changes planned in the coming years. In their consultation feedback,
BSPs have already indicated that the implementation efforts at their side may be substantial and must be carefully

planned and prioritized in interaction with the changes needed for other projects.

Changing the remuneration mechanism requires an amendment to the Terms and Conditions (T&C) for the BSP for
aFRR and/or mFRR services. This regulatory trajectory comes with a minimum, formal timeline leading to a period of
about 4 months between the decision to propose to implement paid-as-cleared remuneration and its entry into force

(adding other changes to the T&C could of course lead to longer timelines).
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1. INTRODUCTION

1.1 Scope of the study

Every high-voltage Transmission System Operator (TSO) in Europe is responsible for compensating in its control area
the residual imbalance that is not resolved by the Balance Responsible Parties (BRPs). TSOs may manage the
imbalance in the system via the activation of Frequency Restoration Reserves (FRR) supplied by Balancing Service
Providers (BSPs).

FRR replace Frequency Containment Reserves (FCR) if the frequency deviation resulting from an imbalance lasts
longer than 30 seconds. FRR can be distinguished between reserves with automatic activation (automatic Frequency
Restoration Reserves or “aFRR”) and reserves with manual activation (manual Frequency Restoration Reserves or
“‘mFRR”). aFRR is activated automatically by the TSO in a continuous manner, and is thus directly integrated in the
TSO systems. mFRR is activated manually at the request of the TSO in situations of larger system imbalances or of
system imbalances of longer duration. While aFRR activations can be modulated continuously, mFRR is always

activated for a minimum duration.

BSPs can offer aFRR or mFRR energy on day D, either ‘freely’ (i.e., non-contracted) or in respect of reserve obligations.
To ensure that BSPs offer a certain volume of FRR energy on day D, TSOs procure FRR capacity in advance (before
the closure of the day-ahead market) via specific procurement mechanisms. This ‘contracted FRR’ is nowadays settled

on a “paid-as-bid” basis in Belgium as well as in several other European countries.

This study specifically investigates the change of the settlement schemes of the procured FRR capacity
towards a “paid-as-cleared” principle. The study distinguishes where applicable the procurement mechanisms of
aFRR and mFRR.

In particular, this study is assessing the following questions:

e What are the key differences from a theoretical perspective between paid-as-bid and paid-as-cleared

settlement (also called “marginal pricing”)?
e What are the important aspects which need to be considered when dealing with the topic of marginal pricing?

e What is the current remuneration for procured FRR capacity in other European countries? What are the plans

and experiences with paid-as-cleared settlement schemes?

e What is the current remuneration for procured FRR capacity in Belgium and what would the preconditions be

to evolve towards an efficient paid-as-cleared settlement scheme for FRR capacity?

e What are the different design options for the determination of the marginal price for the settlement of FRR

capacity?

e What are the costs and benefits of such an evolution?

1 TSOs can also use Replacement Reserves (RR) to balance the system. However, Elia only procures Frequency Restoration Reserves
(FRR) for which the remuneration is in the scope of this study.
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e What is the recommendation regarding an evolution to marginal pricing?

For sake of clarity, the present study is not studying the evolution to paid-as-cleared for the activation of FRR energy
bids. Elia has already studied this previously (see (Elia, 2017)) and the implementation of paid-as-cleared settlement
for the activated aFRR and mFRR energy is progressively ongoing. Note that some theoretical parts of the present

study have been taken over from this previous study (Elia, 2017).

1.2 Legal/regulatory context

The Guideline on Electricity Balancing (hereafter referred to as “EBGL”) (European Commission, 2017) does not
impose a specific pricing method for the procurement of FRR services but more generally ask that “The pricing method
used in the procurement of balancing capacity should strive for an economically efficient use of demand response and
other balancing resources subject to operational security limits” (cf. Whereas 14.) and that “the procurement method
shall be market-based for at least the frequency restoration reserves and the replacement reserves” (Article 32, 82 (a)).
The EBGL clearly considers both paid-as-cleared and paid-as-bid settlements as market-based and economically
efficient mechanisms. Also the Electricity Market Regulation (European Commission, 2019) demands a market-based
procurement of balancing capacity (Article 6.8).

In other words, a shift towards a paid-as-cleared remuneration for FRR capacity is compliant with the regulation,
but not mandatory.

However, Article 3 of the methodology for the allocation of cross zonal capacity for the exchange of balancing capacity
by the CORE CCR TSOs (ENTSOE, 2020) puts forward the paid-as-cleared remuneration of FRR capacity within a
balancing capacity cooperation of TSOs in the CORE region. Although this methodology was not approved at the time
of writing this document?, the expectation is that paid-as-cleared settlement will become the norm in case of
cross zonal capacity exchange of balancing capacity.

1.3 Organization of the document
The present document is organized as follows:

A theoretical analysis of the differences between paid-as-bid and paid-as-cleared remunerations is provided in
Chapter 2. This evaluation shows that — despite the fact that in theory both approaches lead to the same results under
perfect competition assumptions — paid-as-cleared benefits from several advantages over its alternative, as long as
certain pre-conditions are met, in particular related to the level of liquidity and competition in the market. Because paid-
as-cleared heavily relies on the concept of “marginal cost’, Chapter 3 clarifies how this notion applies in the FRR

context.

Chapter 4 explains how FRR is currently procured in Belgium — thereby summarizing the various changes which have
been implemented during 2020, while Chapter 5 provides an overview of how FRR is procured in other neighboring
countries. This latter chapter also comprises the results of a survey that Elia conducted towards its peer TSOs on their

experiences and plans with respect to the FRR capacity remuneration scheme.

Chapter 6 then deep dives into the possible ways to implement a paid-as-cleared remuneration in the current aFRR
procurement scheme, and concludes with a concrete proposal. Chapter 7 does the same for mFRR.

2 The version of the methodology of December 2020 (ENTSOE, 2020) submitted for regulatory approval follows from a request for
amendment by the regulators based on the first proposal of the methodology submitted in December 2019 (ENTSOE, 2019).
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The main conclusions are then gathered in Chapter 8.

1.4 Public consultation and update of the study report

Elia published and distributed a preliminary version of the study report for consultation in order to collect stakeholders’

views on the study in general as well as their feedback on the following, specific questions:

- Do you agree that despite the possible positive impact of paid-as-cleared remuneration, the current paid-as-
bid remuneration has its merits given the current market dynamics, and that the data at this stage do not yet

clearly support the integration of paid-as-cleared remuneration for FRR capacity?

- Do you agree with the specific designs proposed for aFRR and mFRR in terms of how a paid-as-cleared

remuneration would be determined and applied, if decided to do so?

- How important is a design change for FRR capacity towards paid-as-cleared remuneration for you? How

should Elia prioritize this change compared to other design changes?

- Based on your above feedback on priorities and taking into consideration the possible workload impact on
your side, when should these changes be implemented? The next major design changes are foreseen for the
FRR energy markets (in the frameworks of the European FRR energy platforms created in the
PICASSO/MARI projects): should the redesign of the FRR capacity remuneration be implemented sooner, at

the same time, or later?

The quantitative