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1. Introduction

This paper looks at the deployment of auctions in electricity systems, and in particular at the
predominant form ofauctionc ur r ent | y isn dwesded: aaac&ddmen in which
acting as an agent of the government, acquires capacity for the purposes of meeting carbon targets or
securing reliability. The use of this particular form of the instrument has been spreading rapidly in many
countries across the world? to the extent that it may be regarded as normal practice in some contexts i
such as the procurement of conventional generation capacity and renewable energy sources i and that
further extensions into other areas 1 like network expansion i have been proposed. However, the
widespread use of auctions of this sort is a relatively recent phenomenon and it raises a number of
questions.

A How should we view the development?

A Are auctions of this kind a useful market-based tool to complement other methods of
resource development?

A Are they a type of second best i a symptom of the fact that electricity markets themselves
are broken and can no longer give appropriate signals?

This paper aims to discuss these general questions relating to the use of such auctions. It does not
attempt to go into the details of central buyer auction design or to study particular uses of the auction
tool in different countries. Nor does it explore or question the use of auctions by private buyers to acquire
electricity. It concludes that, while auctions will certainly continue to have an important place in
electricity, governments should be more cautious about their use and should be thinking about
alternatives; these would include new energy market designs that reflect twenty-first century
technologies and economics, especially those reflecting the high penetration of renewables and the
more active participation of consumers. A key goal in developing markets for a sustainable future should
be to empower consumers as far as possiblei and Somedd auctions, at
are not necessarily the best tool for this purpose.

2. Background

It may first be helpful to consider the broad aims of liberalization and the rationale for the development
of electricity markets. Liberalization, including privatization and the ending of industry monopoly, had
many objectives. In the UK, for example, these included the reduction of both government involvement
in the industry and pressure on public funds (a consequence of nationalized industries). But perhaps
the main aim was to improve the incentives for efficiency at a time of increasing globalization; exposing
the industry to the forces of competition was seen as the best means of achieving this. The route
generally chosen was the development of competitive markets based on the short-run marginal costs
of generation (namely kWh). It was thought that this would promote efficiency in three areas:

A Operating efficiency T kWh-based markets would ensure that the cheapest generator
available at any particular time was despatched, thus giving strong incentives for operating
efficiency.

A Allocative efficiency i as part of the process of liberalization, governments largely (though

not in all cases) dropped price controls on electricity. Along with the introduction of market
forces, this led to the unwinding of most subsidies and cross subsidies, as generators and

! This paper examines key issues related to the role of auctions and draws on examples from around the world, including
European countries where auctions are now a central policy feature of the power sector. However, the paper is not intended as
a review of the experience of any country or region in particular.
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suppliers tried to avoid selling at a loss. This helped ensure that electricity prices more
closely reflected the costs of production, and thus that electricity was not over, or under,
consumed as compared with other products.

A Dynamic efficiency (in other words, efficient investment) i one of the key aims of the
liberalization process was to transfer investment risk to those making the investments, so
as to sharpen up the incentives to efficiency. In non-competitive markets, investment
decisions were typically made centrally, while the costs and risks were passed on to
consumers. In many cases, this led to very expensive and inefficient decisions for which
consumers had to pick up the bill i US and UK experiences with nuclear power are
examples of this (Henney, 1994; Taylor, 2016). One key objective was therefore to stop
this sort of situation from arising again.

In general, liberalized markets have performed fairly well in relation to the first two types of efficiency.
However, efficiency is ultimately about the best way of meeting objectives, and this may well go wider
than mere cost reduction. In this paper we take government policy objectives (such as the promotion of
renewable sources) for granted and focus on efficiency and effectiveness in meeting these objectives,
rather than whether they are the right objectives in the first place.

In any event, there was always a question mark over the third type (Newbery, 1999). Power sector
investment continued to be a contentious area as liberalization progressed. In 2003, for instance, a
report by the International Energy Agency noted that:

6Governments have remained concerned about tonhe adequacy

investment in a |liberalised market. o6 (I EA, 2003)

A year later, a study by the Union of the European Electricity Industry i Eurelectric T concluded that:

6Since the |l iberalised market is still ®ashigthah few years
the fAjury is still outo concerning whether | iberalizati
successo. (Eurelectric, 2004).

Some years | ater, in a paper entitled 6Les®Pauns | ear |

Joskow, one of the pioneers in this field, used the same expression, saying that:

6the jury is still out on whether competitive power mar
generating capacity in the right places at the right times consistent with pol i ti cal preferenc
(Joskow, 2008, 26)

Efficient investment has many dimensions i quantity, type, location, aggregate mix, and so on. With

the additional challenge of meeting policy objectives, it may well be unrealistic to expect markets alone

to deliver all these goals. (Keay, 2006)

Many systems introduced capacity or reliability markets of one sort or another to ensure that sufficient

capacity was built, or at least not decommissioned. This was because there was a fear that kWh markets

mightnotincenti vi ze the necessary construction because of

mo n ely that revenues from energy and system service markets would be insufficient to cover
investment and operating costs. Since short-run marginal costs (srmc)-based prices would normally
cover only short-term operating costs, prices would have to rise very sharply above the level of short-
term costs when capacity was short to ensure that all generators could recover their capital costs. There
was a risk that governments would not allow this to happen. The position was not clear-cut: many
countries (including the main European markets) did not see the need for special arrangements to
remunerate capacity, since investment was either unnecessary or already forthcoming. What was clear,
however, was that in this situation, although investment could still take place, it consisted of the lowest-
risk form of investment (namely that with the lowest capital cost in relation to output and expected
revenues) in the form of combined cycle gas turbines (CCGTSs). Even if there was sufficient capacity in
one sense, it was not clear whether private investment would meet other government objectives (such
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as a diverse mix of plants), or would be able to protect consumers in the case, for instance, of a rapid
increase in gas prices. So, even in the early stages of liberalization there was no consensus on whether
srmc-based markets would deliver sufficient quantities of policy-compatible investment (Keay, 2006).

The question became more prominent after about 2000, when climate change considerations started
to dominate and doubts about the ability of markets on their own to generate the huge quantities of low-

carbon investment needed became acut e. twidediasgingva s,

mar ket failure the world has seendé (Stern, 2006) .

carbon taxes or other market-friendly measures to address this failure, but for various reasons, these
were never more than supporting measures. Carbon prices through the EU ETS were too low to
incentivize investments in low-carbon generation capacity, and were often too low even to change the
merit order from coal to gas.

It is beyond the scope of this paper to examine the arguments in detail, but there were clear reasons
for avoiding the loading of too much policy weight on taxes, among them that:

A Taxes at a level which would have made renewables economic, at least in the early 2000s,
would have needed to have been unacceptably high (OECD, 2013; Schuman, 2014). In
practice, the acceptable level of a carbon tax, whether in the EU or even in the UK (which
has unilaterally imposed a higher tax because of the low level of the ETS price) has proved
to be well below the level of effecives upport f or renewabl es (

A Experience with the ETS price and the UK carbon floor price shows (Buchan and Keay,
2015) that it is almost impossible, politically, to make a strong enough commitment to a
carbon tax i especially a carbon tax on a rising trajectory i to make it sufficiently credible
well into the future, in order to underpin investment in long-term assets.

A A carbon price would be highly visible and therefore politically difficult. It would have
potentially big distributional impacts, especially in the initial stages. In the early 2000s, at
any rate, a tax applying to all fossil fuels would have had a major and transparent impact
on electricity prices, especially in countries relying heavily on coal. The cost of renewables
support, by contrast, was hidden in overall electricity prices and rose in a relatively gradual
manner as supply from these sources grew (and even then there was strong political
resistance in some countries).

A There is also the problem of broken markets (Keay, 2016). When markets are based on
short-run marginal costs (srmc), an increasing penetration of renewables tends to lower
wholesale electricity prices at times when they are generating (because they tend to be
correlated), while carbon prices would normally come into play to a significant extent only
at times when renewables were not generating. Even a high carbon price might thus do
little to promote renewables unless accompanied by significant market reforms.

Clearly there are, at least in principle, ways round these problems and there is scope for different
approaches to carbon pricing which might have more popular support i for example by recycling
revenues to addressing fuel poverty or encouraging energy efficiency (Klenert et al.,, 2018).
Nonetheless, the fact remains that no government has chosen to make carbon taxes the central element
of its decarbonization policy.

So instead of going for technologically neutral market measures, most governments have opted for
specific forms of support for renewables, mainly using two broad groups of policy instruments:

A Portfolio Obligations (Renewables Obligations in the UK)

A Feed-in Tariffs (FiTs), which offer guaranteed prices for renewable sources. In the past,
these prices were usually set administratively by the government or the regulator, though
increasingly the level of the FiTs is being set by auction.
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There was some debate about the choice of instruments, with the conclusion generally being that FiTs
were more effective, but not necessarily more efficient (Mitchell et al., 2006; IEA, 2008; Butler and
Neuhoff 2008).2 This problem was partly self-generated. Renewables costs have been falling sharply i
to a significant extent because of these support measures 1 and this has created demand for
renewables technology and enabl ed economies of scale and
downward pressure on costs. But when costs are falling, administratively fixed prices often turn out to
be higher than needed i a process which in many European countries has resulted in the contracts
being withdrawn or changed retrospectively. Furthermore, fixed price contracts are unresponsive to
short-term market signals, so do little to ensure that power is produced when it is actually needed.

Many different forms of support are still in place across the world, and a number of these are discussed
below. However, given the problems noted above, support systems across Europe have converged on
a more sophisticated form of support based on Contracts for Differences (CfD) or Floating Feed-In
Premia; these are generally awarded by auction (in the UK, France, Netherlands, and Ireland, for
example)3The idea is that bidders frame their bids
are then made during the lifetime of a project on the basis of the difference between that price and a
reference market price:

6l ear

A when the market price is less than the strike price a top-up payment (the OF

Premiumé) is made;

A when the market price is more than the strike price the generator pays back the difference
to the system.

Usually the strike price is fixed rather than variable and does not depend, for instance, on the time of
day. In general the auctions seem, at first glance, to have proved remarkably successful. The costs of
solar and offshore wind have fallen very considerably. In many countries these are now at a level below
those of conventional sources (at least when measured on a levelized cost of electricity basis) although,
as discussed below, the full picture is rather more complicated.

But the impact of renewables has not only been to stimulate the development of new policy instruments;
it has also changed the whole dynamic of power markets. Their cost structures (usually zero marginal
costs) and operating characteristics (generally not dispatchable but dependent on the sun or wind to
enable operation) have meant that they were not suited to the srmc-based markets to which they were
being introduced. On the other hand, the fact that governments* (with support from the industry and the
banks) were continuing to flood markets with sources which could not remunerate themselves from
those markets undermined the price signals coming from those markets and hence the basis for
investment (Keay, 2016). Not only was it not clear whether dynamic efficiency was being achieved in
renewables investment®b ut t he Omi ssing moneyd problem ref
recent years, little or no investment in conventional plant has taken place, except where it had support
via some form of capacity remuneration system. Furthermore, without that support, even the newest
and most efficient CCGT plant was uneconomic.

So, despite the reservations of the European Commission, there has been an increasing trend across
Europe to introduce capacity mechanisms of one sort or another. While no clear consensus on the need
for, or form of, such mechanisms has yet emerged, one of the most significant, the UK capacity market,

2 The conclusion on comparisons is very context-specific. (del Rio and Linares 2014)

3 In the EU, support for renewables must be approved by DGCOMP under the European Commission Guidelines on State aid
for environmental protection and energy 20141 2020. (EC, 2014)

4 In many countries, governments also supported the penetration of renewables as a way of developing a new industrial sector
with global markets.

® This was because it came in quantities and types ultimately determined by government decisions, which in turn were based
on the need to meet climate change targets rather than the need to optimize electricity systems, rather than on any attempt to
co-optimize both dimensions.
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has also taken the form of an auction. This has been successful in at least one respect i driving down
prices well below original expectations i though again, the full picture is rather more complex.® Since
then, DG COMP has approved other capacity mechanisms, including those in Belgium, France,
Germany, Greece, Italy, and Poland.

The above examples refer to the purchase of electricity and capacity. However, auctions have also
been held for more specialized system services (such as frequency response, demand response, and
black start) and the overall success of the approach has led to calls for auctions to be extended into
new areas and specifically into infrastructure development and network expansion (see Section 6).

3. Some general considerations relating to auction theory

The brief outline above indicates why governments are increasingly moving towards the use of auctions
in electricity and 7 as further discussed below i the very extensive use they are now making of them.
As the Introduction explains, this paper does not attempt to go into the details of auction design or the
intricacies of auction theory. Nonetheless, it may be worth taking a brief look at some of the theoretical
considerations which governments should perhaps be taking into account in their increasing reliance
on auctions.

The normal dictionary definitonofan aucti on is wuswually roughly on
which goods or property are sold to the highest
called reverse auctions in which the auctioneer is buying rather than selling, and would normally choose

the lowest price bid. As can be seen, this definition highlights two characteristics of auctions in their
simplest form:

A auctions are a one-off event rather than a continuous market;

A they are essentially one-sided i that is, rather than bringing buyers and sellers together
there is a single buyer selecting between various bids.

t he

bi

dd

I n practice, things are rather moruen dodo mmltifdgaandet dh:a na uocnt

it is possible to organize two-sided auctions in which both buyers and sellers participate. However, the
main focus of this paper is on the one-off, one-sided auction, since this has been the main form of
auction in use in electricity systems.

In a general sense, of course, auctions have always been a feature of electricity. There are two main
forms of liberalized electricity market:

A bilateral markets where market participants trade electricity with each other;

A pools where some central body (the system or market operator) operates a central bidding
system designed to select the lowest-cost electricity available at any particular time. In a
sense, pools are a sort of continuing auction.

However, as discussed above, such arrangements are not the central concern of this paper (though
some of the analysis will be relevant to pools). Pools, like other forms of kWh market, are based on the
principles of promoting efficiency by basing prices on srmc, and operate over short time scales.

The new auctions which have come increasingly to the fore are rather different; they are designed,

essentially, to underpin the O6policy compatibleb

and they are normally based on long-term contracts or regulatory commitments rather than short-term

¢ As explained later in the paper, the UK capacity market mechanism has been challenged successfully in court and is now
being revised.
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market prices. It is on this sort of auction that this paper focuses, especially on those organized by
governments (or their agents) to ensure resource adequacy or investment in renewable power.

Auctions in the electricity sector also have special features and problems which differentiate them from
traditional auctions, these include:

A

Product definition: in many cases the Oo6productd b-ei

existent, but is more the expression of a policy objective (reliability or environmental
acceptability). In trying to translate their policy objectives into defined products,
governments have to tread a narrow line between over-specification (which amounts to
picking winners, with all the risks that approach entails) and setting broad principles (which
may allow gaming or produce a result which governments neither expected nor wanted).”
Furthermore, the way in which a product is defined may, in effect, determine the result. For
instance, it is arguable that reliability should not be a public but a private responsibility in
the first place (see below) and that setting a government standard of reliability amounts a
priori to a market distortion. When that standard is further translated into a specific product,
further distortions may be introduced. An example of this can be seen in the UK capacity
market, which is implicitly based around the option of generating capacity rather than
demand response; this has had little success in delivering the latter sort of resource (indeed
it recently led to a decision by the European Court of Justice, which rejected the UK
approach i see below). This aspect of the issue has received comparatively little attention;
even when it comes to what should be straightforward auctions for the purchase of
electricity, the definition can make a huge difference to the outcome. For instance, an
analysis of the 2006 lllinois Electricity Auction showed that:

6a poorly formulated product definition can

(De Castro et al., 2008)

Similarly, just as it is not clear whether a level playing field can be created between
generating capacity and demand response, it is also not clear whether auctions can create
a truly level playing field when comparing renewables with conventional sources. A recent
study concluded that:

6although the first impression might Il-ead
E technologies are in some cases close and even ostensibly competing in the same
auctions, the fact is that full convergence is still far to happen, as the rules and products

applied to the different technologies differ

System issues: Electricity is an interactive system in which every part affects every other
part. Actions which deal with only part of the system will have impacts on the system as a
whole T an example was noted above regarding the unintended consequences of higher
renewables penetration. The consequence is that optimizing one part of the system may
not optimize the system as a whole i for instance, acquiring large volumes of offshore wind
at lowest cost may have significant consequences for the rest of the system in terms of
transmission and balancing needs and will not necessarily amount to acquiring low-carbon
power at the lowest possible cost, in terms of the system as a whole.

Principal/agent issues and risk transfer: Auctions of the sort this paper is concerned with
are run centrally, usually by a government or by a regulator or system operator acting as

the government 6s agent. But the government

consumers, though it is not always clear whether such an agent is needed (for instance, as
mentioned above, it might be better for consumers to choose their own level of reliability,

" Some examples of this sort of problem are discussed below
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rather than relying on the government to provide them with the degree of reliability which
the government thinks they want). Even if there is a clear case for government intervention
(as with climate change or other externalities) it does not necessarily follow that the
optimum form of intervention is for the government to define some sort of intermediate goal
(in terms of technology or techniques) which can be the subject of an auction process (as
with renewables auctions), rather than using a more flexible economic instrument to
achieve the ultimate objective. Electricity auctions involve a rather extended chain of
principal/agent relationships which complicate auction design and product definition i for
instance, setting an appropriate level of reliability is a highly contentious process and
governments may well choose to over-provide in the interests of a quiet life (Keay, 2016).
In most existing cases, the costs of the product procured at auction are simply transferred
to consumers via a mark-up on electricity prices, so neither the government nor the supplier
is itself bearing the price risk, only the political risk, of an interruption to supply. In other
words, decisions about risk have been taken without reference to consumers, while the
price consequences have been passed on to them. Indeed, one of the key problems which
led to the adoption of liberalization (that investors do not have to face the investment risk
of particular sources, such as nuclear) has been ignored.

A Complexity As a result of the above factors, among others, electricity auctions present
particular complexities and auction design is especially difficult. As one study in this area

( Maurer and Barroso, 2011) points out, O6the dev
make similar points (for instance, del Rio and Linares, 2014; IRENA, 2015).

Turning to the auction literature itself, one notable feature (at least to an outsider) is that it says relatively
little about the circumstances in which auctions, as opposed to other forms of market (such as bilateral
OTC or exchange-based trading) should be used. Most of the literature is devoted to the format and
design of auctions and to what sort of auction should be used in particular circumstances, rather than
to considering whether an auction should be held in the first place. Nonetheless, some broad criteria
seem to emerge (Bulow and Klemperer, 2009; Einav et al., 2016; Roberts and Sweeting, 2012).
Considerations to be taken into account include:

A The cost of bidding.

A The cost of acquiring information.

A The o6idiosyncrasyd6 of the object eaante.aucti on and
A The extent to which the seller is experienced.

A Whether the item is scarce relative to consumer demand.

It is by no means clear how far electricity auctions meet these criteria, in particular that of idiosyncrasy.
For some sorts of product (such as works of art) auctions may be a suitable instrument because there
is usually no way of assessing the value of the product by reference to similar ones i each is effectively
a separate entity in its own right (as further discussed below). But electricity is not like that.

In a more general sense, it is also not clear whether one-off auctions promote overall efficiency, as
opposed to maxi mi zrienwge ntuhees g elrl emiéni mi zing the buyer
Klemperer paper makes the point that, rather than a single auction:

6a sequential process in which potenti al buyers decide
is always more efficient. But pre-emptive bids transfer surplus from the seller to buyers. Because the

auction is more conducive to entry i precisely because of its inefficiency T it usually generates higher

expected revenue.d (Bulow and Kl emperer, 20009)



The efficiency of auctions can of course be improved by more sophisticated design, but it can be difficult
to avoid adding to complexity and transaction costs and potentially discouraging entry (Noussair et al.,
1998). In practice, most governments have not used sequential processes for any particular auction,
though in a way the successive rounds of renewables auctions have had a rather similar effect in
revealing costs over time. Nonetheless, the inherent inefficiency of the single auction process might
give some governments pause for thought; in a situation of rapidly falling prices, as described above, it
is worth devoting some time to systems which reveal costs in a dynamic manner rather than waiting for
this trend to emerge over time. Governments should therefore consider multi-round auctions or other
forms of market arrangement. In particular, they should always consider whether a continuous market
solution (such as a well-designed tradable renewables obligation) is possible, since that is likely to give
much more responsive information about underlying cost trends.

Theso-cal | ed 6 wi ntmedendenscy forthe wienihg bid in an auction to exceed the intrinsic
value or true worth of an item) is another well-known, and closely related, issue in relation to auctions.
In addition, since electricity auctions are normallyso-c al | ed O6r ever se auct that
the winning bid may often be well below the true cost of providing the service in question. Some
examples of this phenomenon are cited below i and there may be more to be revealed as bidders try
to develop their projects at the very low costs with which they won the auctions (Andrews, 2018). This
is not an insurmountable problem, but mitigating the risk does require special care when designing the
auction (Harbord and Pagnozzi, 2014).

Another feature of the auction literature is that it says relatively little about the definition of the product
at auction i although, as noted above, this can be a key issue with electricity. This gap is probably
because the normal starting point of an auction is a predefined object (say, a painting) or something
clearly within the ownership and control of the auction holder (say, spectrum auctions). But electricity
auctions are rarely about such clearly pre-defined products. Even if the auction is for nothing more
complex than electricity supply, product definition can make a huge difference to the outcome, while
the task is orders of magnitude more complex when it comes to less tangible services such as reliability
or network expansion. The auction holder has to define the product; the way in which they define it will
determine the outcome; and neither the product nor the outcome may be what would have been
preferred by consumers if they had had the choice (for instance a different level of reliability, or a non-
nuclear source of low-carbon power).

There are also complex interactions between network and generation costs. For instance, a study
commented that:

6We find that the | aws of p hy s orks slefett exapost praductive p o we r

efficiency: the cheapest combination of generating plants is not always selected, not even in the
optimal auction. Furthermore, neither the payZourid nor the uniformzrice auction coincides in
general with the optimal auction, nor do they yield productive efficiency. Our analysis also sheds light
on behavior observed in existing power markets, and leads to policy recommendations. First,
producers protected by transmission constraints must see their bids capped in the short run to curb
their ability to extract large rents. Second, producers apparently hurt by the unavailability of
transmission capacity may benefit from it. Hence, contrary to common wisdom, policy makers cannot
rely on them to finance or advocate transmissione x pansi on. 6 (de Castro et

Similarly, David Newbery has commented that:

6 L oterm capacity auctions by themselves are either not credible or not sufficient as a mechanism
to secure adequate investment in network capacity, particularly where this capacity is critical for the
efficient and secure operation of the system. Nevertheless, auctions can work well for allocating
existing capacity.®6 (Newbery, 2003)

Finally, it may be worth quoting the abstract of a paper by Professor Paul Klemperer, the acknowledged
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06Economic theory is of t-eaking bharsisflequently epcesaive focus anl policy
sophisticated theory at the expense of elementary theory; too much economic knowledge can
sometimes be a dangerous thing. Too little attention is paid to the wider economic context, and to the
dangers posed by political pressures. Superficially trivial distinctions between policy proposals may
be economically significant, while economically irrelevant distinctions may be politically important. |
illustrate with some disastrous government auctions,
(Klemperer, 2003)

In line with this prescription, the discussion below focuses on the wider economic context and on
political factors. This is not to downplay the importance of auction theory but to emphasize the
importance of getting the basics right i for instance, the existence of market power, which has long
been a concern in electricity, is not necessarily solved, and may actually be exacerbated, by the use of
auctions. Furthermore, as the discussion above indicates, electricity auctions present many special and
problematic features and do not fit neatly into the standard auction types usually discussed. In addition,
as Klemperer points out, auctions are not in any event guaranteed to produce optimum results. There
have been many disasters in this area i principally because of a failure to consider basic economic
principles or because of the distorting effect of political imperatives i which are inevitably going to have
a very significant impact on electricity auctions. In the view of the authors of this paper, governments
need to give more thought to these basics before deciding that auctions are the best way of harnessing
the forces of competition in the delivery of policy-compatible investment.

4. Review of selected empirical evidence on the success of auctions

The sections above have looked at the general background to the current widespread use of auctions
and at some theoretical considerations which need to be taken into account in their use. This section
and the next look at selected empirical evidence i how far have auctions been a success or otherwise?

Resource adequacy i generation®

Resource adequacy procurement auctions are a competitive capacity remuneration mechanism (CRM).
They are often considered i for theoretical and practical reasons i to be a necessary feature of
|l iberalized electricity markets due to the O6mi
problem is especially acute in Europe, due to the deep penetration of intermittent renewable power
which depresses wholesale energy prices and margins for conventional power stations, while at the
same time requiring flexibility from those conventional generation stations and other sources. CRMs
also exist in liberalized electricity markets elsewhere, especially in North and South America.

The main economic rationale for resource adequacy auctions is that they are a more efficient means of
ensuring investment in conventional generation than administrative payment mechanisms. In many
jurisdictions, for instance still today in Spain, governments determine payments for generation capacity
on an administrative basis, which has some advantages from the perspective of the government,
notably the ability to encourage a desired level of capacity, to influence the mix and avoid severe price
spikes. However, these systems are now widely recognized as inefficient. There is no guarantee that
investment will occur if payments are too low, while if payments are too high, excess investment will
occur, which is equally inefficient. Furthermore, this approach often introduces distortions that are
magnified; the process starts by supporting new plants, but this depresses energy market revenues and
leads to payments being extended to existing plants to avoid their closure.® Administrative flexibility also
introduces political risk for investors, raising costs and distorting investment choices.

8 For an introduction to different approaches to ensuring resource adequacy, see Hesmondhalgh et al. (2010).

9 Payments to existing plants that enable them to remain open may be more economic than investing in new plants, but the
point is that the initial capacity payments depress energy market prices to levels that are unsustainable. A related point is that
regulators set reliability standards plus a legal condition not to close down without regulatory approval. There are cases in
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As a result, governments and regulators have increasingly adopted quantity-based CRM and are, in
particular, using auctions to ensure resource adequacy and to determine the price for capacity. In many
cases, these models respond to a requirement on retail suppliers to demonstrate that they have built
(or contracted) enough capacity to meet the demand of their customers, in addition to a reserve margin.
In Europe, it is more common for an agent of the government i such as the regulator or the system or
market operator i to hold the auction, with the aim of meeting a reserve margin and providing flexible
backup for intermittent renewables.

There are many different CRM auction designs. Some involve the acquisition of a strategic reserve,
which is supposed to be kept out of the energy market and only used in situations of system stress.
Others allow bidding by generators who also participate in the energy market. In the EU, there are both
strategic reserves and capacity markets. An increasingly common model (used, for instance in Italy)
involves bidding to receive an option fee in return for guaranteeing to provide electrical energy at an
energy market strike price under conditions defined in the auction. Sometimes these auctions are open
to existing and new capacity, while in other jurisdictions only new capacity bids both prices and
guantities into the auction.

The main advantage of CRM auctions, when well designed, is that they almost guarantee that the
desired level of reliability is achieved. Furthermore, competitive bidding reduces prices and can
encourage innovation, especially when bidding is open to new and existing capacity, both from the
demand and the supply sides.

One measure of the success of CRM auctions is their increasingly widespread use. For instance, they
have been central to almost all North American liberalized markets (with the exception of Texas), many
Latin American countries (notably Colombia, Brazil, Peru, Chile), and a growing number of European
countries including the UK, Belgium, France, Germany, Italy, Ireland and Poland.

An example will illustrate why they can be considered valuable as a means of real price discovery and
reducing costs, in comparison to either administrative procedures or government assumptions on cost.
In the UK capacity mechanism, governments set a reference price for the CRM auction, which is based
on the cost of a new CCGT. In all of the auctions held to date, the resulting price has been significantly
below this reference price. This reflects the fact that many other existing generation resources are able
to guarantee services at well below the cost of a new CCGT and that the auction was designed so that
existing and new capacity could bid. Whether the outcome is what the government intended is another
guestion. In some countries, the aim is to encourage investment in new plants, rather than to
remunerate existing ones. For instance, in Colombia, existing generation capacity must bid its
availability, but not prices, so that only new capacity sets prices and receives a long-term contract.
There too, the auction acts as a means of revealing and reducing cost, but only as far as new capacity
options are concerned. Existing plants selected in the auction receive the market clearing price but no
long term contract.

Resource adequacy i demand response

In a growing number of countries, governments and regulators wish to involve the demand side in
meeting resource adequacy targets and providing flexibility. In traditional electricity systems,
characterized by large-scale fossil and nuclear generation, the flexibility to cope with variations in
demand or supply was provided primarily by dispatchable generation. Regulators sometimes provided
time of day (ToD) or seasonal tariffs to encourage consumers to consume less at times of system peak.
However, with the penetration of intermittent renewable energy, the need for flexibility has grown. While
the generation side of the system has become less controllable, smart metering and digitalization have

Spain, Germany, and other countries where owners are prevented from shutting their plant. In these cases, governments and
regulators may agree to an administrative CRM.
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increased the potential for the demand side of the market to provide the flexibility needed to balance
the system when it is under stress.

In these new circumstances, the provision of mechanisms to encourage flexible demand response has
become more important. ToD and seasonal tariffs no longer provide the necessary signals, because
intermittent renewables require flexibility at unpredictable times. There are different ways in which
auctions can enable this sort of flexibility. On the one hand, efficient short-term energy and balancing
markets are auctions that can provide price signals to guide consumption and investment decisions.

For instance, the consumer (or an yapagstpaneoghningdorward n

consumption, depending on anticipated prices, and may choose to invest in storage if this would enable
the consumer to purchase energy when prices are lowest, for use later. On the other hand, system
operators or regulators may wish to purchase longer term guarantees of consumption flexibility in much
the same way that they purchase guarantees from generators through CRM. Auctions may be helpful

mechanisms to acquire this sort of demand-side flexibility.

There are many examples in the USA and Europe where reserve adequacy is guaranteed, in part,
through auctions for demand response. For instance in Europe, the CRM in ltaly, Poland, and Belgium
includes operators with demand response, as well as supply-side alternatives. Furthermore, in France,
Greece, and Spain, auctions are held specifically

Recently, in France, interruptible load was called on to cope with a decrease in frequency.

In Spain, for instance, the government holds annual auctions to purchase interruptible demand
commitments from large industrial consumers. The government argues that these auctions have
substantially reduced the cost of purchasing demand response, compared to the (administratively
determined) tariffs that were previously paid to customers who agreed to be interrupted. The total

system cost of purchasing the interruptibility

2015 for 3,020 Megawatts (MW) t o M&)hareductiain 8f@ldostB80
percent in the cost/MW/year. The total cost and the cost per MW fell even further in the auction for the

first half of 2019.10

Renewable power

Liberalized electricity markets were designed for technologies dating from the twentieth century, in
particular for large-scale plants generating electricity from nuclear or fossil fuel energy. The policy
decision to promote decarbonization through the penetration of renewable energy in a liberalized market
posed a problem, because renewable power was not economic when compared to existing power
station options. As discussed above, governments have developed mechanisms outside the wholesale
electricity market to support the penetration of renewables, in particular regulated feed-in tariffs (FiTs)
and renewables obligations (RO); but auctions have increasingly emerged as the main such

mechanism.

Whereas in 2006, fewer than 10 countries were using renewables auctions, by 2016 the number had
risen to almost 70 (IRENA, 2017). According to IRENA, this reflects the strengths of renewables energy

auctions:
A the flexibility of their design;
A certainty regarding prices and quantities;
A the potential for improved price discovery and lower support prices;
A the degree of commitment and transparency.

S p ai n 6 shttds:éspansnews.com/the-closures-of-alcoa-coincide-with-a-reduction-of-40-of-the-electric-incentive-to-the-

industry-companies/ See also REE, 2019.
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All these features, no doubt, help to explain their popularity. Below, we focus on the last two issues,
which are particularly relevant to the decline in auction prices.

IRENA and others argue that auctions have contributed to improved price discovery, as they have

reduced the information asymmetry between project developers and those who are responsible for

determining prices and quantities. This has been especially important, given the rapid decline in costs

and the growing maturity of the market for certain renewables, and has led to lower support costs (del

Rio and Linares, 2014). As illustrated in Figure 1, between 2010 and 2016, average solar PV auction

prices fell from about 0250 to about 050/ MWhuchOnshore
| ower base, and were below U050/ MWh by 2016. Since the
continued to fall, and indeed have reached levels that were unthinkable a few years earlier, with prices

for each of these t ec hnnmahyqugsdietisns,thesk twovtectindl@giedvivémow | n
recognized as the least-cost source of electricity, with both fixed and variable costs below the variable

cost of existing conventional (coal, gas, nuclear, and oil) power stations.

Figure 1. Average prices resulting from auctions 20107 16
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Source: IRENA, 2017.

Figure 2 suggests that auctions are not only improving price discovery, but may also be contributing to
a reduction in the cost of renewable power. The average price of auction winners has been
systematically below the estimated costs of utility-scale PV since 2010. However, as discussed below
in Section 5, there is a risk of overstating the cost-reducing impact of auctions.
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Figure 2: Estimated installation costs of utility-scale PV projects: global versus auction
winners, 20107 18
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Source: IRENA 2017.

For further evidence that auctions contribute to price discovery and may help to reduce costs, other
authors have compared the administratively set price (ASP) cap in UK auctions with the actual bids
(Welisch and Poudineh, 2019). For example, in the first round of renewables CfD auctions in the UK
(back in 2014) approximately 1,910 MW was allocated to wind farms, and for onshore wind farms the
lowest strike price was £79.23/MWh; this figure was around 17 per cent lower than the ASP of £95/MWh
for an onshore project to be delivered in 2016/17. Similarly, offshore wind projects had a minimum
clearing price of £119.89/MWh, around 18 per cent lower than the ASP of £140/MWh for an offshore
project to be delivered in 2017/18. This trend continued with the latest auction results for offshore wind
projects.

The success of procurement auctions in reducing the price of renewables is sometimes attributed to
the degree of commitment and transparency they offer; this can increase investor confidence, thereby
lowering risk and the cost of capital. Of course, this is not always the case; auctions are not a panacea.
In some cases, notably in Brazil, governments decide to undo the result of an auction. Furthermore,
there are administrative procedures that could also provide the necessary confidence. Much depends
on the details, and on the government and country in question. Nevertheless, by comparison to less
transparent regulatory systems, or regulations that can easily be changed, auctions have proven
increasingly attractive to investors.

For instance, in Spain, FiTs set in the period prior to 2012 attracted significant investment in wind, solar
PV, and solar thermal. The FiTs were particularly generous for the latter two. As explained below (in
Section 5), these subsidies and the reluctance of the government to pass the cost of these subsides
through to final electricity prices (or to the public budget), contributed to a significant tariff deficit. In
2012, to stem the growth of the tariff deficit, a new government introduced reforms that significantly and
retroactively reduced the return of investment on renewables plants that had already been built, and
then withdrew support for new renewables over the subsequent five years. As a result, investors in
renewable power sought opportunities elsewhere, notably in countries that continued to offer FiTs.
However, in these other countries, governments also began to reduce FiTs (although usually not with
retroactive effect, as in Spain) and to switch to procurement auctions. Most auctions were considered
to be transparent and the results very difficult for governments to walk away from. In the words of a
World Bank Study:

0An el ectricity acanpetition and transparemcy ofetlee elechi@ty procurement
process, making it less likely to be challenged in the future as the political and institutional scenarios
change.d (World Bank, 2011, p xi)
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When the Spanish government decided, in 2017, that it wanted to encourage new investment in
renewables in order to meet EU renewables targets for 2020, auctions were arguably a necessary
condition for attracting investors.!? Interestingly, the latest Spanish auctions for renewable power led to
major investment commitments i almost 8 gigawatts (GW) i with very limited guarantees that come
into effect only if wholesale prices fall to very low levels. Indeed, as we will argue later, the economic
conditions in Spain now allow for the financing of merchant renewables plants, with no government
guarantees. However, in 2017 and 2018, auctions were considered to be a necessary step in order to
win back the confidence of investors, especially for new entrants. The latter (for instance Forestalia)
were among the biggest winners in the latest Spanish auctions, in large part because they were able to
finance their projects through debt financing that would almost certainly not have been available in the
absence of some minimum revenue guarantee offered through the auction. Low-cost financing for these
new entrants was an important reason for their success, and helps explain the failure of some of the
larger companies in the auction (they were affected by the relatively high capital costs of self-financing).

5. Some problems with auctions

This section of the paper highlights some of the problems, and offers a perspective on the limits of

auctions.

1. We qualify the view that auctions are largely responsible for the decline in costs, in
particular for renewables.

2. We identify problems addressed through better auction design.

3. We identify problems we think are inherent in any approach (including auctions) that
involves technology push by governments. Auctions may be superior to other more
administrative approaches, but in the power sector they are almost inevitably going to run
into problems of product definition, system issues, principal/agency, and complexity.

4, When thinking about whether there is a better alternative to auctions, we note that some
investors in renewables seem to prefer markets over auctions, suggesting that we may be
approaching 6peak auctiond, but that market and

before non-auction investment becomes the norm.

Qualifying the view that auctions are responsible for cost reductions

One should not exaggerate the importance of auctions as an explanation for the decline in prices at
auctions, especially for renewable power. While auctions can reduce information asymmetry, improve
price discovery, and contribute to cost reductions (for example, by lowering the cost of capital), cost
reductions also reflect changing supply conditions. In particular, technological innovation, scale and
learning economies, competition among solar panel and wind turbine manufacturers, government
support in China and other countries promoting the development of low-carbon technologies, excess
capacity of solar and wind manufacturing, and global monetary conditions (capital availability leading
to lower interest costs) all help to explain falling costs. Auctions help to reveal the decline. The buy-side
pressure is not irrelevant to falling costs and prices, but the supply-side factors are very powerful.

1 There was a huge project pipeline and investors were waiting for auctions, possibly because of the guaranteed income floor
implicit in the supported RES regulation. In the absence of auctions, and in the expectation that they would not be held, some
investment would probably have come; as explained below, we are now witnessing merchant investment in Spain. However,
the amounts and timing of merchant investment were very uncertain and would not have enabled Spain to meet its 2020 (EU)
targets.
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Auction design challenges

Poor auction design has been responsible for inefficient and unintended outcomes, and designs can of
course be improved. For instance, del Rio and Linares (2014) have catalogued a variety of drawbacks
in the early renewables power auctions, including: low effectiveness (less than the objective); low
technological diversity; modest impacts on the early stages of innovation; high transactions costs; and
low social acceptability (the NIMBY effect). They also explain the factors behind these problems and
recommend revised designs for renewables auctions, including: technology-specific tenders; pre-
approved technology-specific sites; an auction schedule; contracts awarded; penalties for non-
compliance; and deadlines for construction. These recommendations now feature in a growing number
of renewables power auctions, which no doubt helps to explain their popularity and greater success in
terms of revealing costs. Even though these problems have not disappeared entirely, it is relatively easy
to understand how to resolve them through improved auction design.

Another problem that might and probably should be fixed by improved designist he wi nner 6s cur se
is worth mentioning since it is widely regarded as a feature of auctions and there is recent evidence that

it is a problem in the power sector with potentially serious implications. For example, the Colombian

firm energy auctionsil | ustrate how the winnersd curse can be a ¢
firm energy auction requires winners to supply electricity at the strike price defined in the auction

whenever the energy market price rises above that strike. This happened during a recent el Nifio (dry)

period, which lasted many months. The owners of some of the fossil-fired plants that were obliged by

the rules of the auction to meet their commitments refused to do so on the grounds that the (raw

material) cost of doing so would lead to bankruptcy. The government had to introduce extraordinary

measures to avoid major black-outs.

Recent renewabl es power auctions also show potenti al
possible that the prices bid reflect genuine, anticipated cost reductions. As reflected in Figure 3,

Andrews compares recent bids for solar PV and wind with estimates of the levelized cost of electricity

(LCOE) for these technologies. He ran the best-possible-case analysis on a solar system in the

Atacama desert, and concluded that the LCOE would be at least $23/MWh, which is higher than the

$17.86/MWh resulting from an auction in Saudi Arabia, where the solar conditions are less favourable.

That LCOE is also higher than the lowest successful bid of $19.70 for Mexico, whose solar conditions

are inferior. His conclusion is that it is

6hard to see how the bidders are going to make money at
whether they bid low simply to secure rights to develop the MW or GW they bid for while hoping to
negotiate a better deal in the future.o6 (Andrews, 2018)

Figure 3: Low bid prices in $US/MWh for wind and solar in recent auctions

Source: Andrews 2018.
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