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Abstract

Capacity mechanisms have been controversial in theory as well as practice. Lessons from experience
with different capacity mechanisms led to the development of the reliability options. This mechanism
promises two advantages over other types of capacity mechanisms. Firstly, it ensures the availability of
capacity contracted via the capacity mechanism during scarcity. Secondly, the reliability option
mechanism limits any energy market distortion due to its implementation and provides the consumer a
hedge from high prices. We assess the ability of reliability options in delivering the two promises by
analysing the reliability option designs in Italy and Ireland. We find that they deliver on the first promise
but only partly on the second.
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1. Introduction”

Capacity mechanisms in their different forms have been controversial in theory as well as practice. Over
time, lessons from the experience with different types of capacity mechanisms led to the development
of the reliability option. A reliability option is a call option for generation capacity that acts as price
insurance. It can also be defined as a one-way contract for differences (Oren, 2005; Vazquez et al.,
2002).

The concept of reliability option was first introduced by Pérez-Arriaga, (1999). A further detailed
description of reliability option design was presented by Vazquez et al., (2002). Reliability Options have
also been discussed by Bidwell, (2005); Oren, (2005, 2003). Finally, a decentralised reliability option
design has been discussed by Woodhouse, (2016). However, in practice, the application of and
experience with using reliability options have been limited in comparison to other types of capacity
mechanisms.

According to the early developers of reliability options, this capacity mechanism promises two
advantages over other types of capacity mechanisms. Firstly, it ensures the availability of the capacity
contracted via the capacity mechanism at the time of scarcity and provides the consumer a hedge from
high prices. Secondly, a reliability option limits any energy market distortion due to its implementation.
In this paper, we assess the ability of reliability options in delivering these two promises by analysing
the reliability option designs in Italy and Ireland. Both capacity mechanism designs have received EU
state aid approval. We find that they deliver on the first promise but only partially on the second.

This paper is structured as follows. Section 0 discusses the ability of reliability option design to
ensure that that capacity is available during scarcity. Section 0 provides insights into the possibility of
market distortion arising from implementing reliability options. Section 0 summarises the key
conclusions.

The content on Ireland and Italy presented in this research is based on the following documents:
Ireland: EirGrid, (2018a, 2018b, 2016); European Commission, (2017); SEM, (2017a, 2017h, 20164,
2016b, 2015). Italy: ARERA, (2018); European Commission, (2018b); Mastropietro et al., (2018);
Termini, (2014); Terna, (2018a, 2018b, 2015).

2. Ensuring availability during scarcity

The first advantage of a reliability option mechanism is that it ensures the availability of supply during
scarcity. The reliability option mechanism is based on the concept of a call options contract. A call
option for a particular commodity gives the buyer of this contract the right to buy the said commodity
at a predefined price. Thus a reliability option can be defined as a call option for generation capacity
(Oren, 2005; Vazquez et al., 2002).

The buyer of these reliability options is the system operator on behalf of the consumers, while the
sellers are generation companies. A centralised auction-based approach is proposed in the literature to
set the price for these option contracts (called as reliability premium). In return for the reliability
premium, the buyer of the option contract gains the right to buy equivalent electricity on the wholesale
market at the predefined ‘strike price’. When the prices in the spot market exceed a pre-agreed strike
price, the seller of the option returns to the option holder the difference between the spot price and the
strike price. If the spot price remains below the strike price, the seller of the contract receives the spot

The authors would like to thank experts that provided their views during the Florence School of Regulation Policy Advisory
Council in November 2018. We would like to especially thank Barry Hussey and Thomas Quinn from CRU, Massimo
Ricci from ARERA and Matti Supponen from the European Commission for their insights.
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price. Figure 1 illustrates this process. During time T1 and T3, generators receive spot prices, while
during T2; the generators must return the difference between the spot price and strike price to the option
holder.

Figure 1: Hlustration of interaction between the strike price and the spot price
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The design of the mechanism inherently penalises option sellers (generators) that remain unavailable
during a period when the spot price is above the strike price. In such a scenario, the generator not only
loses the income from the spot market (at the strike price level) but also has to pay the difference between
the spot price and the strike price. This ensures availability of the capacity committed during the period
of scarcity. Moreover, this also mitigates any possible market power abuse from withholding.

Furthermore, the regulator to ensure availability of the capacity during scarcity can apply additional
safeguards. Firstly, a regulator may apply an additional penalty for non-compliance. Secondly, a
physical capacity guarantee for all options sold is made part of the contractual obligation. However, it
can be argued that this physical nature of the contract forms an integral part of the reliability option
concept to ensure supply adequacy as proposed by Pérez-Arriaga, (1999); Vazquez et al., (2002) and
Oren, (2005).

In general, the reliability option designs implemented in practice follow the framework proposed in
the literature. Both Italy and Ireland use a centralised auction mechanism for trading reliability options
and setting the ‘option premium’. Both market designs include a requirement for a guaranteed physical
cover for the option. However, the two designs diverge in the context of a penalty for non-compliance.

In Ireland, non-compliance penalties are not applied, on the grounds that the built-in penalties
(payback obligation) discussed above are sufficient. In Italy, two types of non-compliance penalties
have been included in the market design, namely temporary non-fulfilment and definitive non-
fulfilment.

Thus, qualitatively it appears that both designs have a sufficient level of robustness necessary to
mitigate the concerns regarding the availability of contracted capacity during a period of scarcity and
provide the consumer a hedge from high prices.

3. Limiting market distortions

The second advantage claimed of the reliability options mechanism over other types of capacity
mechanisms is that it limits any distortion to the energy market that may occur due to its implementation
as compared to other types of capacity mechanism. Capacity mechanism designs such as capacity
payments and capacity obligation require defining an artificial product (i.e. capacity) which can distort
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the energy-only market. As Oren, (2005) explains: “Generators receiving capacity payments can be
more aggressive in pricing the energy they produce. This in turn may suppress energy prices, making it
impossible for generators to recover their capacity costs from inframarginal profits on energy, thus
perpetuating the need for the capacity revenues.”

In principle, reliability options do not have these distortions, because it is a risk-sharing mechanism.
The buyer is insured against high prices as well as the availability of generation. In return, the seller of
this option earns a reliability premium based on its opportunity cost that should factor in any loss of
revenue during the period of energy market prices above the strike price. The energy market itself
continues to function ‘business as usual’, and any capacity that is uncontracted in the reliability option
auction but clears the market would receive the market-clearing price. Moreover, the price formation of
the reliability premium itself is transparent due to the use of an auction mechanism. The only regulatory
intervention envisaged is setting of the strike price and determination of demand curve for the auction.

However, on analysing the Irish and Italian design, in practice, while designing reliability options,
regulators have intervened in several elements. The first design element is the inclusion of differentiation
based on technology type of the generation. Reduction factors are applied on capacity (with a physical
guarantee) that can be bid into the reliability options auction. Current reduction factor ranges for some
key technologies are as follows: Italy: Thermal: 80%, Hydro 40-60%, Solar 5-10% and wind 10-15%.
In Ireland: Gas turbine: 85.3 — 92%, Hydro generation 74.5-86.4%, Solar 10.8% and wind 8.9%. Thus
for example in Ireland, the maximum capacity that a wind farm with 100 MW installed capacity could
bid under these rules is 8.9 MW. Reduction factors can aid in estimating more accurately the generation
capability of different power plants and reflects a power plant’s actual ability to contribute to the security
of supply. However, there is a risk that inaccurate setting of de-rating factors can provide an advantage
to specific technologies as compared to others thus distorting the level playing field. Inclusion of de-
rating factors also partially takes away the decision of ‘how much capacity to bid?’ from the generator.

The second design element is the variation of reliability option contract lengths based on whether the
power plant already exists or is under construction. In Italy, an existing power plant that clears the
market would receive a one-year contract while new capacity can receive contracts for up to 15 years.
In Ireland, currently, new capacity that clears the market gets contracts for ten years, while an existing
unit that clears the auction receives a contract for only one year. While such differentiation can reduce
revenue uncertainty for under construction and refurbished power plants to a different extent, the same
advantage is not extended for existing generators that in both cases get one-year contracts. Thus, a new
generator will have greater revenue certainty as compared to an existing generator. An approach used
to reduce uncertainty for existing generators is the use of a sloping demand curve.

The third example is the inclusion of price caps in the reliability option auction. Both Irish and Italian
design envisage price caps. Price caps have been historically used in markets as a safeguard to mitigate
risks arising from abuse of market power (Joskow and Tirole, 2007). However, inefficiently set price
caps would not reflect the true premium price and thus influence the revenue of the generators.
Consequently, the generator’s bidding strategies on the energy market would be adapted, which may
distort the energy market price

Furthermore, two other design elements implemented in Ireland, but not Italy exist, which can lead
to distortion. First is the obligation for generators above 10MW to participate in the capacity mechanism.
Consequently, all generators clearing the auction would receive a payment for the options sold while
the un-cleared capacity could continue to participate on the energy-only market. Such a step would
enable greater liquidity in the reliability options auction, but at the same time, the mechanism is not
voluntary anymore, which was one of the key features of this mechanism. .Second is the inclusion of a
stop-loss limit to protect generation companies during a prolonged period of prices above the strike
price. Such risks are valued more accurately through the reliability option auction rather than via a
regulatory intervention, as generators will internalise it into their bids.
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All the above administratively set parameters are well intended and serve a purpose. Nevertheless,
the devil is the details; if these parameters are not set properly, they can create distortions. It is outside
the scope of this study to judge to what extent these parameters will distort the market. Only time and
experience will answer this question.

4. Conclusions

In this research, we discuss the reliability option design in theory and practice from two perspectives:
Firstly, the ability of reliability options to ensure that the contracted capacity is available during the
scarcity period. Secondly, regulatory interventions in reliability option design and their possible impacts.

Qualitatively, it appears that both assessed designs (Ireland and Italy) have a sufficient level of
robustness necessary to mitigate the concerns regarding the availability of contracted capacity during a
period of scarcity and provide consumers a hedge against high prices.

However, the detailed implementation of reliability options requires several parameters to be set by
the regulatory authorities. If not set properly, these well-intended parameters can create distortions.
Although more promising than other types of capacity mechanisms, reliability options still entail design
complexities and regulatory risk.

4 Robert Schuman Centre for Advanced Studies Working Papers



Reliability Options: Can they deliver on their promises?

References

ARERA, 2018. Modifiche e integrazioni ai criteri e alle condizioni per la disciplina del sistema di
remunerazione della disponibilitd di capacita produttiva di energia elettrica introdotto dall’autorita
con deliberazione arg/elt 98/11. Resolution 261/2018/R/EEL, issue. Rome.

Bidwell, M., 2005. Reliability options: A market-oriented approach to long-term adequacy. Electr. J.
https://doi.org/10.1016/j.tej.2005.03.010

EirGrid, 2018a. Capacity Market - Initial Auction Information Pack IAIP1920T-1. Dublin.
EirGrid, 2018b. Capacity Market - Initial Auction Information Pack 1AIP2223T-4. Dublin.
EirGrid, 2016. Industry Guide to the I-SEM. Dublin.

European Commission, 2018. State Aid SA.42011 (2017/N) — ltaly — Italian Capacity Mechanism.
Brussels.

European Commission, 2017. State aid No. SA.44464 (2017/N) — Ireland Irish Capacity Mechanism.
Brussels.

Joskow, P., Tirole, J., 2007. Reliability and competitive electricity markets. RAND J. Econ. 38, 60-84.
https://doi.org/10.1111/j.1756-2171.2007.tb00044.x

Mastropietro, P., Fontini, F., Rodilla, P., Batlle, C., 2018. The Italian capacity remuneration mechanism:
Critical review and open guestions. Energy Policy 123, 659-669.
https://doi.org/10.1016/j.enpol.2018.09.020

Oren, S.S., 2005. Generation adequacy via call options obligations: Safe passage to the promised land.
Electr. J. 18, 28-42. https://doi.org/10.1016/j.tej.2005.10.003

Oren, S.S., 2003. Ensuring Generation Adequacy in Competitive Electricity Markets. Electr. Deregul.
choices challenges 1-24.

Pérez-Arriaga, 1.J., 1999. Reliability and Generation Adequacy. IEEE Power Eng. Rev. 19, 6-10.
SEM, 2017a. I-SEM Capacity Market Code. Dublin.

SEM, 2017b. Energy Trading Arrangements Basis for Supplier Charging. Decision Paper SEM-16-010.
Dublin.

SEM, 2016a. Single Electricity Market Committee, 2016a. Integrated Single Electricity Market (I-SEM)
- Capacity Remuneration Mechanism Detailed Design - Decision Paper 3. SEM-16-039. Dublin.

SEM, 2016b. Single Electricity Market Committee, 2016b. Integrated Single Electricity Market (I-SEM)
- Capacity Remuneration Mechanism Detailed Design - Decision Paper 2. Decision Paper SEM-16-
022,. Dublin.

SEM, 2015. Single Electricity Market Committee, 2015. Integrated Single Electricity Market (I-SEM)
Capacity Remuneration Mechanism Detailed Design - Decision Paper 1. Decision Paper SEM-15-
103. Dublin.

Termini, V., 2014. The Italian Capacity Market.

Terna, 2018a. Disciplina del sistema di remuneazione della disponibilita di capacita di energia elettrica
- Fase di prima attuazione. Rome.

Terna, 2018b. Disciplina del sistema di remuneazione della disponibilita di capacita di energia elettrica
- Fase di piena attuazione. Rome.

Terna, 2015. Italian Capacity Market.

European University Institute 5



Pradyumna C. Bhagwat and Leonardo Meeus

Vazquez, C., Rivier, M., Perez-Arriaga, 1.J.J., 2002. A market approach to long-term security of supply.
IEEE Trans. Power Syst. 17, 349-357. https://doi.org/10.1109/TPWRS.2002.1007903

Woodhouse, S., 2016. Decentralized Reliability Options: Market Based Capacity Arrangements, in:
Future of Utilities Utilities of the Future. Elsevier, Oxford, pp. 231-246.
https://doi.org/10.1016/B978-0-12-804249-6.00012-9

6 Robert Schuman Centre for Advanced Studies Working Papers



Reliability Options: Can they deliver on their promises?

Author contacts:

Pradyumna Bhagwat

Florence School of Regulation, Robert Schuman Centre for Advanced Studies, EUI
Via Boccaccio 121

1-50133 Florence

Italy

Email: Pradyumna.Bhagwat@eui.eu

Leonardo Meeus

Leonardo Meeus

Florence School of Regulation, Robert Schuman Centre for Advanced Studies, EUI
Via Boccaccio 121

I-50133 Florence

Italy

Vlerick Business School, Vlerick Energy Centre
Bolwerklaan 21
B-1210 Brussels

Belgium

Email: leonard.meeus@eui.com

European University Institute



