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The energy industry, particularly gas and electricity, has been subject to major reforms these
last decades. Until these processes started, the activity that we now call “supply” was a part
of the complete chain of activities of vertically integrated utilities and therefore performed as
a public service or as a regulated monopoly.

Since there are no fully comparable energy systems, these reforms implemented in the
different energy systems have taken very different forms, but all of them shared a common
approach, consisting in stepping towards introducing competition at any level.

Ideally, competition is useful because it creates stimulus on suppliers to reduce their costs
and it sends sound economic signals —the market prices- to consumers about the costs
incurred in satisfying their demands. Competition aligns the interests of both sides -supply
and demand-, resulting in market prices that, under ideal conditions, reveal the actual
marginal costs of the system.

These reforms have been traditionally denoted as “liberalization” or “deregulation” processes,
which might turn out to be slightly misleading, since it could be easily understood as just a
relaxation of government limitations, leading to a weaker or “lighter-handed” regulation.

From the regulatory perspective, the fact is that in the case of the energy industry, the reform
has entailed right the opposite, rather than a “deregulatory” move, it has been (and it is still
being and still left to be) a by far much more intense “re-regulatory” process, see (Ruff,
2003).

The discussion that we develop in this report, the need for the regulator’s intervention to
complement electricity and gas markets to guarantee supply, is a good illustration of this
paradox, the deregulation in energy systems has enhanced the crucial need for reinforcing
regulation. Broadly speaking, the objective of regulation is to prevent (or produce) outcomes
in different places and timescales which might (or might not) otherwise occur. In particular,
we next show how in the (already not-so) new “deregulated” and “liberalized” scheme that
governs especially electricity but also gas businesses, the intervention of the regulator is
needed to prevent undesired scarcities (or to guarantee a minimum required level of security
of supply) in different places and timescales, since it has been largely demonstrated that
otherwise they will (or will not) occur.

The IIT began working on the security of supply issue back in the beginning of the 90s, led
by Prof. Ignacio Pérez Arriaga. Since then, a group of researchers have had the opportunity
to be part of a team (Michel Rivier, Carlos Vazquez and ourselves, among others) which has
analyzed the matter in more than ten countries, advising regulatory commissions, public
institutions, market and system operators and private companies. This report takes as
starting point several pieces of research developed in a series of articles published
throughout the years by the members of this team.
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The actual physical supply of electricity and gas to the end-consumers at a given
moment in time is the outcome of a complex and interlinked set of actions, some of
which were performed many years before, which jointly make possible that the right
technologies and infrastructures had been developed and installed, provision of
natural gas as well as other fuels (possibly required for electricity generation) had
been contracted, hydro reservoirs had been properly managed, electricity and gas
networks, power plants, regasification facilities, et caetera had been maintained
correctly and at an adequate time, generators had been started-up and connected to
the grid so that they were ready to function when needed, margins of operating
reserves had been kept, and metering, control and system protections were
functioning correctly.

Thus, the provision of electricity and gas comprises a multiplicity of actions and
measures that have to be performed in different time ranges -from many years to
seconds-, by different agents —from investors to regulators or system operators- and
involving different types of technologies and equipment —generators of a diversity of
technologies, re-gasification facilities, transmission and distribution networks, control
centers or the means of provision of primary fuels-.

Previously we stated that regulation has to cover different time scales. Indeed, as
with any other problem, decoupling the security of supply problem into its major
components facilitates its understanding and to design proper technical procedures
and regulatory measures. Therefore, we next describe the different dimensions of the
security of supply problem.

From the “time” perspective one can distinguish four dimensions of reliability of
electricity and gas supply:

Security, a short-term issue, which is the readiness of existing and functioning
capacity to respond in real time when they are needed to meet the actual demand.

Firmness, a short to mid-term issue, which is the provision of the facilities
availability that partly results from operation planning activities of the already
installed capacity.

Adequacy, a long-term issue, which means the existence of enough available
capacity, both installed and/or expected to be installed, to meet demand.

Strategic Expansion Policy, a long to very long term issue, which concerns the
long-term availability of energy resources and infrastructures: long-term
diversification of the fuel provision and the technology mix of generation,
geopolitical considerations, future price evolution of fuels, potential environmental
constraints, expected development of interconnections, etc.
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The main objective of the reform of the electricity and gas systems consisted on
changing the way decisions at these four stages are made. These four are the
sequential and interlinked levels in which the main problem of optimizing the “net
power/gas system benefit” can be decomposed. This way, at each point in time, in
the new environment, market forces are supposed to make the decisions that
formerly were on the regulator side: performing the short-term balancing of the
system, managing and planning the operation of the existing facilities in the midterm,
deciding when and where to start building new investments (choosing among the
generation technologies available and transmission alternatives) and finally keeping
an eye not only on choosing the cheapest option today but the expected to be more
efficient in the future.

However, the optimization of the electric power system is a sub-problem of the
overall policy objective, the maximization of the so-called “net social benefit”. The
energy sector plays a key role in the overall development of a country/state, so more
than often the previously enumerated dimensions are affected by higher level criteria.
Thus, there is an additional dimension that conditions the previous ones:

Strategic State Policy, which concerns the impact and influence on and from
economic (and social and political) objectives of a State: labour creation, economic
growth, competitiveness, regional and rural development, etc. This is an inter-
sectorial at all terms issue.

Indeed, the European Community has long recognized the need to further promote
renewable energy given that its exploitation besides than contributing to climate
change mitigation through the reduction of greenhouse gas emissions, sustainable
development and security of supply, it is a key factor for the development of a
knowledge based industry creating jobs, economic growth, competitiveness and
regional and rural development.

In this report, we will focus on the analysis of the different dimensions exclusively
from the point of view of the two sub-problems, the maximization of the net benefit of
the electricity and gas systems. Next, we can review in very short these dimensions
from the electricity and gas perspectives.

Reliability of electricity supply
Security

The real time operation of a power system requires that TSOs ensure a continuous
match between supply and demand. In competitive electricity markets, a balancing
mechanism therefore generally exists such that TSOs can undertake actions in order
to maintain supply/demand balance in the power system for which they are
responsible.
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But although these market mechanisms are functioning adequately, the intervention
of the regulator at this level is also present. For instance, in many cases market
agents must submit bids for all balancing reserve they have available (mandatory)
both to increase and decrease energy (capacity and the corresponding energy price)
for the whole scheduling time horizon of the following day

Also, in most European power systems, the imbalance settlement is currently solved
through a dual imbalance pricing methodology, where a different price is applied to
positive imbalance volumes and negative imbalance volumes for each given hour.
This dual imbalance pricing itself is supposed to provide incentives to the market
agents to try to avoid deviating from their scheduled programs. It is assumed to be a
measure intended to improve system security, but it also implies some adverse
effects on the development of the market and on the overall efficiency.

Firmness

Even with abundant installed generation and network capacity, if a significant part of
this capacity is not readily available when needed to meet the actual demand,
because of a variety of reasons —lack of water in the reservoirs or of fuel in the tanks,
lines with flows beyond their physical capacity, power system exceeding its security
limits, units out of service for maintenance or because of a forced outage- then there
is a shortage of supply and all the demand cannot be met.

In the new scheme, more often than not, generating unit management as performed
by market agents differs from the scheme that a System Operator would devise. But
that in fact is what deregulation intended to achieve: to leave to the agents tasks that
they can perform more efficiently. The drawback, however, is that market agents do
not have the same overview of the problem as the System Operator did in the past,
since they do not necessarily know how their competitors are managing their plants
-no generator, for instance, can be expected to reveal to its competitors that it is
experiencing difficulties with its gas supply-. Moreover, the new terms included in
optimization functions do not always move in the direction of reliability: i.e., while in
the past a scarcity episode was heavily penalized in the centralized optimization of
the system planning, nowadays, scarcity need not be a hardship for a generator, and
in fact might prove to be the contrary, since it could imply larger profits.

Therefore, from the firmness standpoint, then, regulators must aim to modify the mid-
term scheduling of the system’s existing generating facilities to reduce the
expectation of undelivered energy. On the one hand, this involves providing some
manner of incentive for generating plant managers to enhance availability in critical
periods, by minimizing the likelihood of outages, adequately planning their fuel
supplies and maintenance programs or conducting more cautious reservoir
management; and on the other it calls for discriminating against unreliable
generators.
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If the regulator considers that there is a market failure in generation investment and
that somehow a certain margin of firm capacity over peak demand has to be
guaranteed (see the next section), then it will be needed a complementary firmness
measure to ensure that this nominal firm capacity is actually available at the time of
crisis.

Adequacy

In the face of an issue of growing importance, regulators’ objective in terms of
adequacy is to guarantee an “adequate” long-term reserve margin by strengthening
incentives to attract new entrants. The regulatory instrument basically consists in
assuring new entrants an extra payment for a number of years from the time they
become operational: the definition of the time terms (lag period, to allow investors to
develop the project, and duration of the incentive) are key factors in this respect.

Regulators must, moreover, define how generating unit quality should be valued to
distinguish “good” from “fair” or even “poor” investments. The “firm supply” concept
itself enunciated for firmness (where any are in place) or a similar measure is often
taken as the reference.

There has been much discussion on the convenience of introducing regulatory
measures to facilitate that electricity markets provide the reliability level with which
the regulator feels comfortable. In the next section we discuss in detail on the
existence of a market failure and a review of proposed regulatory schemes.

Strategic Expansion Policy

Adequacy mechanisms often consist on implementing incentives to enhance the
advent of new capacity, in such a way that the resulting reserve margin is higher than
the one the market would naturally define if left to its own devices. This leads to
market agents choosing among the different technologies available at each time. But
often, the regulator can decide that it will be profitable for the maximization of the net
power system benefit to invest in the development of a new technology under the
expectation that after some years it can turn into an efficient alternative. Renewable
energy sources are a good example of this latter. After years of investing in support
mechanisms for wind generation, it looks like the time for cost convergence with the
traditional alternatives is more than close.

Security of supply also requires that the provision of electricity happens in a
sustainable manner. Sustainability links the need to provide electricity to the present
end users with caring for the provision to future users, generation after generation.
This is not a minor requirement, since the present model of electricity supply —and
the entire energy model, for that matter- is not sustainable’.

! Sustainable development, as defined in (WCED 1987) is development that ‘meets the needs of the
present without compromising the ability of future generations to meet their own needs’. A sustainable
energy model must include some essential features: for instance lasting and dependable access to
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The intervention of the regulator at this stage is rather evident, personified by the
national support schemes for renewable energy sources, as well as the flexible
mechanisms derived from the Kyoto protocol.

Reliability of gas supply

Natural gas security of supply can be at least roughly conceptualized in a similar way
to that of electricity. So, when analyzed from the point of view of the different time
horizons, we can still talk of “security”, “firmness”, “adequacy” and “strategic
expansion policy”. What is quite different are the specific technical and economical
constraints attached to each one of the different items. Before delving into them, two
general differences between electricity and gas are worth to be stated:

Electricity is considered an essential good, and regulation must assure that access
is universally guaranteed. Most often no similar provisions exist for gas supply.

The vast majority of electricity security of supply analyses still assume that the
whole system is under a common jurisdictional authority?>. On the other hand on
gas the supply sources are typically in foreign countries. This fact poses problems
not only regarding detailed regulation but even basic aspects on contract
enforcement.

As in electricity, short-term security issues are responsibility of the System Operator
that has to maintain enough margins in the network, storage and re-gasification
facilities. On the one hand the task is easier than in electricity, as time-constants are
much slower in gas than in electricity. Specifically, in most systems there is no
technical need to balance the system (i.e. make sure than incoming gas equals
outgoing gas) in timescales much shorter than a day, as opposed to the fractions of
seconds electricity timescales. Main reason is the significant storage capability of the
gas pipelines (linepack storage).

On the other hand, firmness issues are typically of much more concern in gas than in
electricity, at least for the basically thermal systems of Europe®. Natural gas is often

primary energy sources and adequate infrastructures to produce and deliver the required amount of
energy reliably.

2 A true security of supply for electricity at a wide regional market level will only take place when
import/export contracts will enjoy in each region the same priority as the own domestic demand. In the
EU context, the Security of Supply Directive (EU Directive 2005/89/EC) explicitly makes reference to
this issue “[...] Member States shall not discriminate between cross-border contracts and national
contracts”; unfortunately this is far from being the case in most Member States.

® However, predominantly hydro Systems (e.g. Brazil) resemble gas systems in this regard, and
moreover, the growing dependence of power systems on gas-fired plants is linking the impact of gas
firmness to electricity one.
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shipped from suppliers at a roughly constant rate, whereas gas consumption has a
markedly seasonal pattern. Therefore, there is the need to provision for yearly
storage facilities. The procurement and access to these facilities are among the most
critical issues to be dealt.

In any case, the catastrophic failure of critical facilities is likely to have a much
greater impact in gas than in electricity. For instance, electricity systems are typically
required to not lose load in the event of loss of the greatest transmission line or
generation plant. It can be impossible to enact similar requirements for gas systems.
In the event of loss of a large incoming gas pipeline or re-gasification facility the best
to be hoped could be the facility to be repaired before the stored gas is used up®, and
loss of load could be unavoidable under certain conditions.

The increasing number of gas-fired power plants has caused electricity and natural
gas security to be increasingly linked. On one hand, it is obvious that these electricity
generation plants can only contribute to electricity system security so long as there is
available gas, which can be sometimes problematic’>. Conversely, most gas
compressors® are gas powered, but in some systems electricity powered
compressors are also used.

Document structure

This report is divided in two main sections, next in section 2 we discuss the security
of electricity supply matter at the firmness and (mainly) adequacy level, and then in
section 3 we analyze the reliability of gas supply issue.

* This is more than a theoretical possibility. For instance, in 1998 an explosion in the Australian state
of Victoria caused a gas disruption to all customers in the state during almost two weeks (The Esso
Longford Gas Plant Accident, Report of the Longford Royal Commission, Government Printer for the
State of Victoria, No. 61, Session 1998-99, June 1999).

® For instance, in cold winter days both gas and electricity consumptions are high and therefore both
systems could be simultaneously stressed. In some systems, dual-fuel capabilities of gas-fired plants
are encouraged to ease this problem.

6 They are needed to move the gas along the pipelines.
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Though motivations may differ in each specific case, the universal leit motiv in
electric power industry reform is the need to seek new vehicles, new regulatory
models, to channel the necessary strategic expansion of electric infrastructure in
general and generation facilities in particular.

The changes in the regulation of the electric power industry worldwide have modified
the traditional reliability issues and approaches drastically. In the vertically integrated
utility, under cost-of-service regulation, reliability was seen as a major ingredient in
the global exercise of centralized utility planning, at all levels: generation,
transmission and distribution. Under the market-oriented paradigm, the new
regulation must make sure that the appropriate economic incentives exist for each
one of the activities so that quality of supply is maintained at socially optimal levels.
This document only concerns security of supply at the generation level, where the
change was more pronounced since in the new regulation the generation activity is
fully opened to competition.

The theoretical orthodox reasons justifying the liberalization process at the
generation level were mainly to promote efficiency at all levels: operation, planning &
expansion. This objective cannot be fully achieved unless risks are allocated
efficiently among the different agents.

Power generation investment decision-making risk is high and failures’ are likely.
Risk, although to a lesser extent, also plays a key role in the resource management
decision-making process.

The traditional regulatory scheme

In the traditional regulatory scheme, a government-controlled centralised co-ordinator
is responsible for overall electric power system operation decisions, resource
management, control and monitoring. This body is likewise entrusted with the
formulation of plans for system expansion, as regards the installation of both new
generating capacity and transmission grid lines or facilities. In this context, and from
the point of view of the required generation investments, incentives to make
decisions efficiently are weaker, and errors in planning are paid by (not always all)

" By investment failures we make reference to those investments that do not maximize the net social
benefit as much as other available possibilities would have. The uncertainty involved in the power
sector investment decision-making process is the main responsible of these suboptimal investments.
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customers via the tariffs® or even by the whole society through the general budget.
As a consequence, the risks involved are not borne by those that actually invest.
From the resource management perspective incentives are also weak, since a wrong
fuel provision or a wrong water reservoir management is in the end completely borne
by the final consumers.

Generation investments in a fully liberalized marke  t

In a business in competition, each agent decides its investments for itself and
profitability is not guaranteed. This new context changes completely the allocation of
risk, since in principle, the ones bearing directly the consequences are those who
made the investment errors, i. e. the generators.

This does not mean that demand does not bear anymore any extra cost derived from
the risk involved in generation investment. The presence of risk translates into a
higher expected profit required by generators so as to carry out the new facilities.
This higher expected profit materializes in a risk premium in long-term markets®, and
where this long-term markets do not exist this risk translates into a lack of investment
that lead to higher short term prices. Thus, the demand ends up bearing part of the
risk involved.

Generation resource management in a fully liberaliz ~ ed market

Analogously, in a business in competition, each agent has to decide the medium term
resource management of its generating plants. The profitability of its decisions is not
guaranteed, and thus, they will be the ones bearing directly the consequence of the
possible mistakes.

Generation resource management conditions to a large extent the future availability
of the generating resources. In a market context, this availability will be driven by a
new powerful incentive: market price. This way, generators will benefit from being
available to produce when prices are higher.

Again, risk aversion plays a central role, and the high volatility involved translates
also into a higher expected profits required by generators so as to manage resources
in such a way that scarcities are minimized.

® The nuclear moratorium in Spain is a good example.

% Indeed this risk should lead to the development of well-functioning, efficient and liquid long-term
markets allowing discovering the price for this risk premium, but unfortunately, due to several reasons
that we will discuss in certain detail later, long-term markets are illiquid or even inexistent in most
power systems.
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Liberalization as a means to introduce efficient in centives

By liberalizing the generation sector, a way to efficiently allocate the risk among the
different agents is found. Furthermore, this allocation is accomplished in such a way
that incentives are provided so as to make the optimal decisions and thus, maximize
the net power system benefit.

In this new environment, in principle investment decisions and resource management
lay on much more on the generators than on the Administration, who first are more
knowledgeable about the factors that have to be taken into consideration to make
these decisions (undoubtedly much more than politicians) and who suffer more the
consequences of making a wrong move (if this is the case, market prices will not be
sufficient to recover their investments, although surely not be withdrawn because
they would lose even more).

The no-so-clear side

However, the not-so-clear side of the approach lies in the fact that in the systems
governed by the new regulatory provisions, production companies are generally
under no obligation whatsoever to supply electric power, whilst there is no centralised
planning of generating resources, which is left, rather, to private initiative.

In this new context, as it has just been pointed out, the other side of the market also
has to bear part of the risk involved both in the investment and resource
management processes. A serious problem arises when this is forgot, as this has
been the case with most of supplier companies worldwide, which typically commit to
purchasing electricity at the price applicable to their wholesale market operations but
they do not yet enter into long-term commitments (i. e. longer than a year). This
modus operandi is not the consequence of a lack of risk aversion, but instead it is
driven by a fully reliance on the fact that “somebody else will ensure the supply”.

The question: is the market capable of ensuring an efficient level of security of
supply?

Since the very beginning of the power systems reform process, back in the eighties,
the question posed has been whether the market, of its own accord, it is able to
provide satisfactory security of supply at the power generation level or if some
additional regulatory mechanism needs to be introduced. No international consensus
has been reached in this regard, with countries opting for one alternative or the other.
This is arguably one of the issues of greater importance still waiting for a solution
under the new regulatory scheme.

Next we will discuss this issue, demonstrating first that the answer to the question is
that the market needs some regulatory intervention, and afterwards that in almost
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every electricity market, in one way or another the regulator has designed any kind of
rule to drive or put boundaries to the natural market evolution in an attempt to
guarantee supply in all terms.

First, we will show how it can be demonstrated that, assuming a series of ideal
hypotheses, generators can fully recover their investment costs from the income
derived from the energy market. Then we will discuss how in real electricity markets,
precisely due to the non-accomplishment of some of these hypotheses, this is not the
case, leading to the need for additional regulatory mechanisms to enhance security
of electricity supply.

Marginal pricing

Under a market based scheme, driven by demand and supply laws, an equilibrium
price'® and an equilibrium quantity is determined by the intersection of the supply’s
bid curve and the demand’s offer curve.

In perfect competitive short-term markets all plants’ supply bids are supposed to
reflect their marginal production costs!, and consequently, the equilibrium price (also
known as the marginal price) represents the system’s marginal production cost.

If the effect of risk aversion is not considered, these short-term marginal prices are
accepted to provide incentives to operation that leads to the maximization of the
overall system efficiency. It can be demonstrated, see (Schweppe et al., 1988), that
the expected outcome of a perfect competitive market model (in which market agents
make decisions in a decentralized way) equals the one resulting from the traditional
utility model with perfect information (in which the utility centralizes decisions to meet
demand maximizing system’s net social benefit).

1% Here it will always be considered that a single price is used to clear the market.

In a market where every generator receives its bid price, agents will try to estimate the marginal bid, in
order to bid slightly below this estimated value (as long as their costs are also below this value this is
the profit-maximizing strategy). Thus, the result will be exactly the same as the one provided by the
single price clearing market, that is, generators with lower marginal costs will receive a price higher
than their costs. However, this “pay as bid” scheme may introduce inefficiencies due to the uncertainty
involved in the estimation. This is the reason why it is considered that a single (marginal) price for the
system is the most efficient way to rule the system operation. A single price market encourages
generators to bid lower prices, as it increases the odds that its plant is committed without affecting the
price they receive (except for the last accepted bid, which is setting the marginal).

" This is only true if supply operation costs can be described by means of convex functions. Although
this hypothesis does not hold in electricity systems, we will not analyze here the difficulties and
changes that non-convexities may introduce.
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Inframarginal profits: are they enough to recover f ixed investment costs?

If system marginal prices are used to pay all the production, it is obvious that
inframarginal plants (those whose price bid falls below the marginal price and thus
having lower costs) will make some profits with respect to their production costs, the
lower the costs the higher the profits. The question is whether or not these profits are
enough to recover the plats’ fixed investment costs (obviously only for those cases in
which the investment is economically rational).

Next, we will use an illustrative example to shed some light on this question, but we
will previously present some ideal assumptions that will be considered in the
analysis.

Ideal assumptions
The major assumptions of the simplified case example are:
Regarding the market and generating mix structure:

- A perfect competitive market has been assumed. On a perfectly competitive
market, short term prices should equal marginal production costs'?. This is
likewise a theoretical concept, which never materializes completely in the real
world. Nonetheless, given the beneficial effects of perfect markets on social
welfare, one of the objectives of regulation should be to come as close as
possible to creating one. Thus, unless specifically mentioned the opposite, this
will be considered the reference framework in the analyses carried out
throughout the document.

- Optimal generation mix (also known as the perfectly adapted generation mix).
The generation mix is already optimized so as to minimize total production costs
(including operation and investment costs).

- There are no economies of scale (implicitly considered in the determination of
the optimal generation mix)

Regarding agents’ and plants’ characteristics:
- Agents’ costs functions are convex
- Agents’ are not risk averse.

- No technical constraints are considered in the operation

2 This is, however, subject to certain conditions. Firstly, the various agents must be able to
communicate readily (plant owners must be able to convey to possible buyers their willingness to
produce at a price lower than the going market price), must not be able to affect the market price, and
S0 on.
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- Generators can only get revenue from the sale of its energy in the short term
market.

Regarding the demand side:

- The demand can set the market clearing price when generation is scarce. This
is represented by means of a generation technology having zero investment
costs and whose variable cost equals the demand utility (assumed to be the
same for all consumption).

lllustrative case example

To show, in a simplified way, how generators can fully recover their investment costs
from the income derived from the energy market (although prices are based solely on
operating short-term costs), it can be used the graphic procedure that was used in
traditional systems to calculate the optimal generation mix that minimize overall
costs.

The upper part of Figure 1 (below) represents the evolution (per unit of installed
capacity) of different technologies overall costs as a function of the number of hours
of use. Technology O has no investment costs, so there is no cost if it is not used,
and it has a high operating cost, so the costs are growing rapidly with the hours of
use. As indicated before, this “technology” is a means of representing the social cost
of the loss of utility of the consumers when some energy cannot be provided by the
other existing technologies.
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Overall cost per unit of installed capacity

€4 1 i IS
........... e ol :
_,.’\ ________________ O— . \ /—’ —_—‘ : :
P | f A i |
Cat e ! :
JQ— i : i
Cont |t ; : :
J ¢2C1 i ; i L time
mwaiTo iT1 T \T
O - NSE—.. ... : E Hourly load monotone i
0 91 1[N : i 5
DIl i §
O3] i
: | i 1 time
v €/MWh“§ i Hourly marginal price monotone é
0 "“NSE T} i ;
vl : !
17T : : !
ST s
CV 1:_ ......... L o - 2 o .
3L : = U

Figure 1. “Perfectly adapted” generation system

This is a key issue for the success of the overall design, since it is essential to ensure
the recovery of the investment costs of the generating units. Particularly, in the case
of the peaking units (traditionally the ones that have the highest variable costs, the
technology 1 in the case of the example) if they are not paid their opportunity cost,
which should be related to the cost of the non-served energy (the technology 0 in the
case of the example)’®, no investment cost would be recovered at all.

Technologies 1, 2 and 3 do have some fixed investment costs, denoted in the figure
as Ci : C'2 and C'3 respectively, which constitute respectively the total cost when the
equipment is not used. From this value, costs grow in proportion to each technology

variable cost of operation.

The piecewise-linear bold line at the top of Figure 1 shows the most efficient
alternative for a determined mode of operation (hours of use) of a generating unit.
Thus, if a certain megawatt of generation is going to be used a number of hours
greater than T, then the best solution is to construct a megawatt of technology 3. If

13 As it is discussed in below, there are many markets in which generators are only allowed to bid their
plain variable costs, what leads to lack of income for these peaking units. This feature leads to the
need of implementing an additional mechanism addressed to guarantee the recovering of the
investment costs of these plants.
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that megawatt is to be used a time that falls between T, and T4, the most efficient

alternative would be to construct a megawatt of technology 2 (and analogously for T,
and T, and technology 1). Finally if the group is going to be producing fewer hours

than T, then it is better to provide that consumption with a megawatt of the type 0

“generator”, i. e. not to do it.

Once the T, T; and T, values are known, by means of the graphical analysis
shown in the figure, it is possible to determine, using the system demand monotone
curve, how much power will be consumed for more than T, hours, how much is
going to be consumed between T, and T; hours, and so forth. Thus, it can be
obtained the §;, o and g3 capacities that must be installed on each of the three

production technologies considered. This process is illustrated in the second graph of
Figure 1. These represent the optimal capacities that ensure the overall cost
minimization, hence it also represents the desirable mix under a centralized
hypothesis.

From now on, let's suppose that this is the generating mix installed in a competitive
market and let's assess if short term market prices allow to fully recovering
investments costs.

In the interval that range from T, and T the technology 3 sets the system marginal

price, which equals its variable cost C\S{ (see the lower graph of Figure 1). That price

allows technology 3 generators to recover its costs of operation, but does not provide
any compensation for their investment costs. In the interval that range from T4 and

T, the market price equals the variable cost of the technology 2, C\Z’ . Technology 3

gets, in each of those hours, an operating profit that equals to the existing difference
between technology 2 variable cost and its own variable cost. Graphically, this is
equal to the difference between the slope of the overall costs curve, in other words,
the tangent of the angle. This way, group 3 obtains a profit equal to the price spread

for the duration of the period, i.e. tga{T,- T1). In Figure 2, this is equal to the

segment a.
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Figure 2. Detail of Figure 1, technology 3 investme  nt cost recovery.

Similarly, in the hours that go from T1 and To the technology 3 income will be equal

tgb '(T]_ - To)

to , which is the segment b, and analogously the segment C for the

interval from zero to TO. As it can be clearly checked, the sum of the segments @, b

|
and C (technology 3 total income) is equal to its investment cost (C3 ).

Let’s remark the importance of the segment C, which represents the income received
when the generation is scarce and as previously mentioned, the price is set by the
demand. If restrictions are imposed to the price during those hours, not only the peak
generator will not be able to fully recover investment costs, but also all the remaining
technologies.

The procedure can be repeated analogously for technologies 2 and 1, with equivalent
results.

Therefore, when the generating mix has been perfectly optimized so as to minimize
overall costs, the revenue that generators receive from the short-term market prices
is equal to their total costs, i.e. fixed investment costs (including depreciation and a
rate of return on debt and equity capital) plus operation costs.

Obviously, this reasoning, which has been presented here with only three (plus one)
generators to ease the understanding, can be extended without any difficulty for a
larger number of energy generation technologies.

As it has been previously stated, this ideal situation where supply and demand
always reach an equilibrium and therefore define an unambiguous market price,
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which results in complete cost recovery of all well adapted production units, requires
a number of conditions to be met, which is usually not the case in practice:

There exist the required conditions to introduce competition at the generation level
(no economies of scale, no vertical integration, an adequate horizontal structure,
etc.)

The correct allocation of economic risks to buyers and sellers that is implicit in a
specific market design. This allocation will affect the use of financial hedging
mechanisms and will influence the behavior of risk averse potential investors.

Elasticity of demand to market prices —which requires that prices must be
perceived by demand in real time- and the participation of the demand in the
determination of these prices. Furthermore, it is essential that in case a generation
scarcity situation arises, the price could be determined by the demand, otherwise
markets will not provide correct incentives to new generators to come and to
already installed generators to use efficiently their resources.

Correctness of the mechanism of determination of the market price, for example
the influence of regulatory interventions of all kind, such as the existence of price
caps or mandatory levels of operating reserves in depressing the energy prices.

Next, we review the nature of some of these issues in the context of electricity
markets and the impact of these market imperfections in the regulatory design of
these markets.

The effect of the existence of economies of scalei  n generation

We next review the impact that the non-fulfilment of one of the hypotheses assumed
when defining the so-called ideal market scheme: the existence of economies of
scale in generation. To do so, there is no better way to illustrate it than through a real
case example, the Peruvian power system.

When the market started, a capacity payment (additional fix annual remuneration to
reward installed capacity) was implemented. The value of this payment was
determined taken as a reference the investment cost of a new investment in an
efficient peaking plant (an open-cycle gas turbine). This payment constituted an
incentive for “undesirable” generators, leading to a dash for extremely expensive junk
peak generation, whose relatively small capital requirements and short recovery
periods lower their exposure to regulatory risk. This has led to a situation in which
from the reliability standpoint the reserve margin is much larger than theoretically
suitable but at the same time prices are significantly high. Figure 3 illustrates the
current situation.
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Figure 3. Supply function by March 2009, demand and market prices
distributions in Peru

A quick look to the previous figure might lead to the conclusion that installing an
efficient generating plant would by far be an extremely good business. But
unfortunately this is not the case, due to the existence of (in this case penalizing)
economies of scale. Risk aversion, as mentioned above, added to the fact that such
prices would disappear as soon as a more efficient generating unit comes on stream,
discourages the investment needed to remedy the scarcity episodes to which the
system is presently prone. Next, Figure 4 serves to illustrate the consequences of
installing a brand new combined-cycle gas turbine of for instance 400 MW.
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Figure 4. Market prices distribution as a result of the installation of new CCGT
in Peru
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The central role of risk in power markets
Generator’s risk aversion

Risk aversion is a particularly relevant characteristic of power markets that affects
significantly generator’s decisions regarding long term investments and medium term
resource management® (e.g. water reservoirs management, fuel provision,
maintenance scheduling, etc.).

How generator’s risk aversion may affect long term investments

New facilities require very large investments, significant time to be installed and
operational and there is a large uncertainty involved during the typically long
economic lifespan (due to, among others, technological, price and regulatory
uncertainty). These issues make investment especially risky and also make
generators more risk averse than investors in other types of markets. The major
consequence is that generators, in their attempt to protect themselves against low
price scenarios, tend to install less capacity than if they were risk-neutral. Therefore
the former scenario of a system having an efficient generation portfolio moves further
away.

How generator’s risk aversion may affect medium term resource management

In real systems, suppliers have to make relevant decisions (generally in the medium
term) so as to ensure the capability of existing generation to produce electricity in the
future. This way, they have to sign contracts to procure their future fuel
requirements®®, they also have to decide when will be more profitable to produce
using the limited hydro energy resource (under the uncertainty of future inflows or the
risk of spillage) or decide when to carry out the plants’ maintenance cycles. All these
decisions will affect the availability of electricity in the future, and thus, system
reliability. But again, in their attempt to protect themselves against low prices, losses
derived from water spillages, fuel overcontracting, etc. generators will be
conservative and for instance, they will rather prefer producing with the limited water
resources when the prices are moderately high than waiting for the possible
uncertain scarcity scenario (implying very high peak prices) in the future.

Next, to illustrate the relevance of generators risks, the case of Brazil will be
presented. Brazil represents an extreme example of a hydro-dominated system, for
very large hydrological cycles tend to make generators incomes very volatile during
the plant’s lifespan.

 The relevance and the effect of generators’ risk aversion depend on the particular structure and
characteristics of the system.

!> Some contracts may imply rigid constraints as it is the case under the “take or pay” or the “use it or
lose it” modalities.
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An example of the potential impacts of risk aversion: the case of Brazil

In 2005 Brazil had an installed capacity of 91 GW, where hydro generation
accounted for 85%, for a peak and energy demand near 54 GW and 44 average GW
respectively. The hydro system is composed of several large reservoirs, capable of
multi-year regulation (up to five years), see (Barroso, 2006). The hydrological cycles
are usually around six or seven years long, and are characterized by a pretty stable
pattern that including an extreme wet episode (“El Nifio”) as well one severe drought
(“La Nifia”), both difficult to predict with precision.

This characteristics lead to the market prices and reservoir levels (which are
managed in a centralized way) represented in the following figure.

Figure 5. Market prices in Brazil from year 2000 to 2009 (Barroso, 2009)

In principle, theoretically, an energy scarcity as the one that affected the country for 9
months during 2001-2002 due to the exhaustion of hydro reserves, and that resulted
in extremely high prices should be incentive enough for both optimal resource
management (hydro resources in a hydro-dominated system) and investing in the
suitable generation (not only hydro but also thermal generating units).

Although in this particular case the medium term resource management is
centralized, in a fully liberalized context, when the risk involved is as large as the one
presented, the medium and long term decisions tend to be very conservative®.

Demand'’s risk aversion

On the other side of the market, risk-averse consumers, on the contrary, want to
protect themselves against high prices, and would therefore prefer a system with

% In fact, concerning long term investments, there is no practical way to get any project financing on
the basis of just an expectation of high profits maybe in five or seven (or ever) years time.



FSR MEDREG TRAINING COURSE

greater installed capacity and greater resource availability than they would in
principle prefer if they were risk-neutral.

The ideal market—based solution

If the demand and all the generation would in principle be fully exposed to the
volatility of the market price, which would not be limited by any price cap or distorted
by any other measure, the rational response of the demand would be to find some
way of hedging against very high prices’’ (at least this would be the expected
response in a mature market). Strictly speaking shortages would never happen, as
each individual demand would voluntarily disconnect once the price reaches a certain
value, which is different for each block of load of each customer.

Generators would be the natural counterparts in these risk hedging contracts, since
the rational behavior of generators would be to hedge the risk of the volatile revenues
and to obtain more stable revenue instead.

Therefore, in this context a long-term market should spontaneously arise that would
supplement the spot market and solve the risk aversion problem. This way, agents
risk management would be fully left to be determined by market forces.

The need of learning processes of immature electricity markets

Real electricity markets, even after more than two decades of functioning, cannot yet
be considered mature. Even in the rare markets where demand is really exposed to
the spot prices, long-term contracts (with durations longer than a year) are not taking
place either. Most of the consumers are not mature enough to realize the risks
involved and in these cases they tend to make their decisions using only very short-
run criteria. This lack of demand-side response creates a malfunctioning of the long-
term market that cannot be solved in the short run, and it causes both a lack of
generation investment and a very conservative medium term resource management
that paves the way for potential future shortages. Note that the need here is not just
for consumers demanding less energy from the market when prices are high -this is
the typical goal of demand-side management programs- but especially for having
them signing efficient hedging contracts to express their need for a higher level of
generation reliability (i. e., to express their risk aversion).

The most orthodox answer to this question would be doing nothing (although some
educational programs informing about the potential consequences of not contracting
may help to reduce the potential impact). Those consumers having not signed
contracts would have to go through the high prices and the severe consequences
derived from rotating blackouts and, the following year, some of them would realize

" This way the consumer would have to be responsible of managing their electricity contracts and
deciding how to hedge its own risk. This is already the case for instance with telephone or internet
contracts. Furthermore, residential customers have proven to be able to manage risks involving huge
(in proportion to their purchasing power) amounts of money (e.g. hazard or car insurances).
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the need for protecting themselves against this situation and would sign some
contracts. The process would go on until consumers understand how to operate
efficiently in the long-term market.

This reasoning has been defended by various authors in the literature to support that
there is no need for any specific security-of-supply regulation. The most common
case taken as paradigmatic of this view is the supply shock that hit the Nordic
electricity market in 2002-2003 (von der Fehr et al., 2005).

It is noteworthy that this approach is not incompatible with some kind of a
government’s social protection. Social sectors incapable of managing their risks or
those whose welfare or even their health depends critically on having electric supply
(due to extreme temperatures for instance) would be the objectives of such policies.
This type of protection mechanisms may take many different forms, and the
associated costs may also be defrayed by means of different possible alternatives.
We will not deal with this type of policies in this document, although, they can also
complement any of the approaches to deal with long term security of supply.

Regulator’s risk aversion

According to what we have seen through the international experiences up to now, it
is likely that a long learning period, which may include several rationing episodes,
would be considered in the end more a problem with the market than a problem with
the consumers that are not acting efficiently.

Electricity is an essential good, without an easy replacement in modern society;
shortages of electricity have significant social and political implications, what makes
politicians, regulators and system operators particularly aware of reliability of
electricity supply. In most systems, and this was the case for instance of California or
Ontario, the market rules would be dramatically changed before consumers have
time to complete their learning process. The long-term market would never reach a
steady state because it would be completely refurbished much sooner. In fact, what
is underlying beneath this movement is the principle that a wise regulator should not
assign responsibilities to any individual that is not prepared to perform them
adequately. And, nowadays, there is a common (although arguable) belief that most
of the demand is not yet prepared to deal efficiently with the problem of long-term
generation reliability.

Up to now, as we will illustrate later, fully relying on demand elasticity is not an option
for regulators. When a critical situation occurs, short-term demand elasticity would
make self-rationing appear, so the shortage problem would be alleviated... but prices
would still be high. This would mean that consumers (i. e. voters) would get mad and
“would not forget”. Thus, apart from the fact that there is no yet a proper way to
measure each clients’ consumption in each time period, since electronic meters are
not a tool at most power consumers disposal, short-term demand elasticity is
generally an expensive (and politically painful) way to provide security of supply.
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Therefore this discussion can be summarized as follows: politicians’ risk aversion is
by far larger than almost any power consumer. Regulated rates preclude the need for
protection against high prices and even consumers initially exposed to spot market
prices ignore reliability when making their decisions. There is a certain implicit
assurance that leads consumers to believe that the regulator will never allow supply
shortfalls or inordinately high prices that would jeopardise their interests.

Therefore, demand does not respond suitably on the long-term market. Consumers
take no interest in a suitable level of adequacy, mainly because there is no factual
need to respond, and therefore do not include the item in the pricing process. This
hinders the installation of generation geared to reliability.

Regulatory interventions in the market short term p ricing formation

As it was previously described when reviewing the theoretical basis of marginal
pricing, the correctness of the mechanism of determination of the short term market
price, particularly the existence of adequate pricing mechanisms to be applied in the
event that the market fails to provide enough supply to meet the demand is probably
the cornerstone of the market model. However, much more than often, we still can
find many regulators’ interventions in the short-term marginal signal, aimed to limit
the revenue that generators can extract from the market. These measures are in
most cases justified by the absence of adequate demand elasticity, as an attempt
either to:

administratively determine the value of non-served energy

or to limit market power, since in the event of the reserve margin tightening
drastically, generators could eventually bid at extremely high prices,

or to artificially decrease the inframarginal income of generating units. This
approach is currently in force in some Latin American markets, in which for various
reasons the only generating units which have entered the market in the last years
are extremely inefficient and therefore expensive fuel plants.

In particular, these regulators’ interventions in the marginal market pricing formation
take different forms:

Explicit price caps for the market prices, for example, 180 €/ MWh in the Spanish
market or 1000 $/MWh in Alberta, see (AESO, 2009).

“Failure price” (“Precio de falla”), in force in certain power markets Latin America,
consisting of an administratively defined maximum market price to be paid to the
generators committed in hours in which a certain failure has been declared, with
the exception of those ones that can certify that their production costs are higher,
which are paid pay-as-bid.

“Offer caps”, i. e. codes defining constraints to generators bids. For example:
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- in the Spanish market electricity, it is established in the Law that generation
units are ‘obliged to make economic bids’, see (CNE, 2005);

- in the Irish market, the “Bidding Code of Practice” states that generating units
have to based on the “Opportunity Cost”, defined as ‘the value of the benefit
foregone by a generator in employing that cost-item for the purposes of
electricity generation, by reference to the most valuable realisable alternative
use of that cost-item for purposes other than electricity generation’, see (AlP,
2007);

- in California, the Automatic Mitigation Procedure (AMP) implemented in 2002,
intended to limit the ability of suppliers of energy in the real-time market to
exercise market, basically consists in an automatic comparison with the
previous bids. If an offer price is too high the AMP reduces it to a price
reference that is according to cost of production of that power plant.

Operating reserves contracting. Often the System Operator (SO), following the
instructions of the regulator, purchases a certain number or all of the peaking units
of the system or guarantees them an additional out-of-the-market remuneration.
Examples of this approach are the Swedish case, in which the SO directly bought
peak generators, or the New Zealand’s Dry Year Reserves mechanism (MED-NZ,
2003), in which the SO contracts strategic hydro capacity reserves to be dispatch
at its own discretion, particularly when the SO considers the reserve margin is
tight. Such market segmentation ensures peaking units’ remuneration, but it
distorts the marginal signal that the other generating units require to recover their
investment. In the long term this policy will impact investment in base-load plants,
and the regulator, through the System Operator, will have to steadily increase its
intervention.

“Operating reserve shortage” actions. In other cases, SO take actions to reduce
demand administratively when operating reserves fall below a certain level, such
as voltage reductions and non-price rationing of demand (rolling blackouts), see
(Joskow, 2007). This type of measures complicates the price formation process
during scarcity conditions, and again affects the proper and expected recovery of
generation investments.

All these measures lead to a situation in which in one way or another, the system
marginal prices are only based on generation bids, precluding the participation of the
demand in the determination of these prices. The existence of these rules affecting
short term market price formation may affect both the suppliers’ medium term
resource management and the long term investments. On the latter issue, these
regulatory interventions can hinder the recuperation of the generating units’ already
installed investment costs, what in the longer term, may lead to an expansion of the
generation system far away from what it is theoretically supposed as the perfectly
adapted situation described previously.

In the short term, the implementation of a price cap affects the income of the
generating units in the system. This is illustrated in Figure 6, showing when the “price
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cap technology”, denoted as “technology 0*’ replaces which we named in the
previous demonstration as technology O (the one that served as a means to
represented the demand’s utility for electricity), the income in the interval from zero to

T, represented by segment ¢, Therefore, the immediate consequence is that short

term market incomes do not suffice to fully recover both fixed and variable costs
anymore.
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Figure 6. Short-term impact on investment cost reco  very of regulatory
interventions.

But the impact of this kind of measures goes far beyond the short term, since a
regulatory measure of this nature affects the future expansion of the generation
system, since the generation system adapts itself to the new regulation, by
decreasing investment in peaking units, and therefore leading to more frequent
scarcity events characterized by this capped prices, so as to secure the projects’
profitability.
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Taking previous Figure 6 as a reference, Figure 7 illustrates this latter issue. The
implementation of a price cap changes the resulting prices in the short term, passing
from the ones corresponding to the ideal scenario described previously (the black
dashed line in the lower graph of the figure) to the ones represented by the
continuous red line. But if the regulatory intervention remains, peak units withdraw
from the system, leading to more frequent scarcity periods in which the price cap is
met, and resulting into the prices (represented in the graph by the dash-pointed blue
line).
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Figure 7. Long-term impact on generation structure, reliability and prices of
regulatory interventions

Up to this point, we have demonstrated that although ideally the market itself should
be enough to provide adequate production resource management and investment
incentives, there are several factors that prevent this result from being achieved, and
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some actual markets have already experienced problems related with a lack of
generation availability (due to lack of production resources that may have been
caused by a deficient middle term resource management and/or by a lack of new
investments)

This market failure sometimes “helped” by some of the aforementioned regulatory
interventions regarding short term price formation, materializes into the so-called
“missing money problem™®, the “missing signals problem”, “missing markets
problem”, etc. In the end, this has lead to the conclusion that in most cases some
kind of regulatory intervention is required.

Next we examine the regulator's alternatives regarding the long-term security of
generation supply. Generally speaking, there are three major approaches at the
regulator’s hand:

Do nothing, in the belief that the market will provide the efficient long-term
outcome.

Quantity mechanisms: the regulator imposes load serving entities the purchase of
a certain product in a certain quantity. Depending on the system, the product may
be traded bilaterally, within an auction (centralized or not), by means of additional
and organized short-term markets, etc.

Price mechanisms: a predetermined extra payment is provided in exchange of a
certain product.

When the regulator decides to implement a mechanism, it is essential to clearly
identify the system needs (in the context of the four dimensions of the reliability
problem) in order to successfully define the most suitable reliability product to be
purchased. Most of the unsuccessful international experiences failed to properly
define this product.

The first and more obvious alternative is doing nothing. By doing nothing we mean a
regulator’s long-term compromise of staying aside from intervening in securing the

18 By the “missing money problem” it is pointed out the unrecovered fraction of the investment costs
that arises when regulators impose price caps with the objective of limiting prices during scarcity
situation. The term was popularized by Shanker (2003).

' For a more detailed analysis, see (Rodilla, 2009).
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supply. In other words, the regulator’s position will have to remain unchanged even
though things may not result as initially expected.

As described previously, theoretical microeconomic analysis of power systems shows
that the price resulting from a competitive market suffices to remunerate the total
costs of generating units whose investment is well adapted to existing demand and to
the presence of all other generation plants. This way, inframarginal energy revenues
(being particularly relevant the so-called scarcity rents) provide the necessary income
to recover both operation and investment costs. However, it cannot be forgotten that
a number of conditions must be met for such an ideal situation to materialize.

Based (among others) on this argument, some experts agree on the fact that only
purely market based approaches meeting these conditions would provide an efficient
outcome regarding long term security of supply.

This approach, focused on not interfering with the market and leaving the demand
the responsibility to decide its own level of security of supply has been often termed
as the “energy only market” approach. However, it is not always clear what is and
what is not considered as an intervention by regulators and academics, and as a
consequence, what is meant by the term “energy only market” usually depends on
the system, the author or the context.

The very tem “energy only market” comes up as a clear opposition to both capacity
markets and capacity payments, which are the most renowned mechanisms focused
on ensuring long term security of supply (and usually considered as highly
interventionist). The problem is that when using the term “energy only market”, some
authors just make reference to the absence of the aforementioned mechanisms, but
they do consider the possibility of many other types of actions regarding long term
security of supply. Some examples of these actions include for instance long-term
contracting of energy and/or reserves by the regulator, or allowing the ISO to take full
control of the operation in case a severe scarcity period is bound to happen.

From our point of view, the former actions can be classified as mechanisms to ensure
the long term security of supply, and it is obvious that any of them clearly indicates
that the regulator does not fully rely on the market to do the entire job. In the
following, when talking about an energy only market we will make reference to the
strict “do nothing” alternative.

From this perspective, it is very difficult in practice to find a market in which the
regulator is capable of just “wait and see”, especially when the system is already
suffering (or it is expected to suffer) a large period of scarcity in its supply.

While no mechanism has been explicitly implemented in several (particularly
European) markets, it may be safely asserted that no system lacks at least an implicit
regulatory safeguard regarding security of supply. In some systems the incumbent,
now in a market-like context but still under partial (and sufficient) public control



FSR MEDREG TRAINING COURSE

(France, Italy or Portugal are some examples), “shares the regulator’s concern” about
system reliability°.

Indeed, in the European case, although in most systems no mechanism of this nature
has been explicitly implemented, they are “latent” thanks to Directive 2005/89/EC,
that states that ‘The guarantee of a high level of security of electricity supply is a key
objective for the successful operation of the internal market and that Directive gives
the Member States the possibility of imposing public service obligations on electricity
undertakings, inter alia, in relation to security of supply’, and also that ‘Measures
which may be used to ensure that appropriate levels of generation reserve capacity
are maintained should be market-based and non-discriminatory and could include
measures such as contractual guarantees and arrangements, capacity options or
capacity obligations. These measures could also be supplemented by other
nondiscriminatory instruments such as capacity payments’.

Thus, strictly speaking, it is not clear that purely energy only markets do exist.

That said, it has to be acknowledged that certain systems are greater “market
believers” with respect to the long term security of supply. Among the most
representative systems we find ERCOT (Texas), NEM (East Australia), Alberta or
Ontario.

If the market, left to its own devices, is assumed to be unable to provide sufficient
generation availability when needed without regulatory intervention, the solution to
the problem necessarily entails the development of additional mechanisms to assure
firmness and adequacy of supply. And indeed, some kind of regulatory mechanism to
secure long term supply has been designed and implemented in a number of power
markets around the world.

In all cases, regulation aims to attain prices, the “signals” used by generators as the
basis for operating their plants and planning their investments, which lead to socially
“optimal” system performance. Some type of regulatory objective (what is to be
optimised?) is, of course, requisite to achieving this aim. The target or objective is
usually assumed to be the so-called “net social benefit”: the sum of generation and
demand surplus.

% n this sense, one of the arguments presented by the Spanish authorities to stop the EON take-over
of Endesa (that finally resulted in the subsequent Enel acquisition) was the nation’s need to guarantee
its own security of supply.

In some other systems it is the retailer who it is still publicly controlled in some way (by municipalities
in many cases) and therefore the agent that seeks to protect its customers from unexpected
annoyance through long-term contracting.
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This objective is nonetheless often modified by another series of aims, such as
greater generation capacity than the market alone would provide, protection of an
autochthonous natural resource, diversification to other sources of generation or the
development of technologies with a lower environmental impact. Theoretically, the
desirability of such aims could be quantified in a function which, added to net social
benefit, would yield a new target function to be optimised. An alternative approach
would be to consider them as a constraint to be observed (e.g., having 1000 MW of
additional capacity on the market or refrain from emitting over X tonnes of carbon
dioxide).

Next we examine regulatory measures aimed to ensure the security of generation
supply that are currently in place in those power systems which any sort of market
scheme has been implemented. Therefore, the discussion is focused on the activity
of electricity generation from a medium to a very long-term time perspective, in
particular when contemplated from a regulatory viewpoint.

Once the regulator has decided to undertake the task of “helping” the market to reach
the efficient outcome, the next key question is how to introduce the necessary
adjustments in the market designs in place so as to achieve the objective pursued in
the long term. This is particularly complicated and controversial, because in the end
the whole long-term planning may, directly or indirectly, fall again in the hands of a
central planner, and avoiding the potential inefficiencies steaming from the central
planner scheme was one of the main drivers behind the liberalization wave that
started a few decades ago.

The reliability product

Regulators have used a large number of approaches worldwide in their attempt to
secure the long-term security of supply. The main objective pursued by them all has
been to provide generators with the extra income or the hedging instruments needed
to make their investments profitable, and at the same time provide incentives to make
their resources available when most needed. Obviously, this payment has to be
associated to a certain product that the generators give in exchange. Experience
worldwide shows that this product definition proves to be the cornerstone of the
whole mechanism: if not carefully designed there may be a potential risk of imposing
additional charges to demand in exchange of nothing.

This reliability product can take many different forms, among others:

Certificates of installed capacity (e.g. the former ICAP in the Northeast USA).
Certificates of available capacity (e.g. a subsequent ICAP redesign).

Long term energy supply contracts (e.g. Peru, Panama).
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Options to buy energy at a certain price (with or without physical backup) (e.qg.
Brazil, New England or Colombia).

Reserves that can be called upon (or even operated) when needed by the system
operator (e.g. Finland, Norway and Sweden).

Two extreme alternatives: quantity and price

Once the regulator has determined the product, the next step involves defining the
pricing mechanism that will be implemented in order to purchase and remunerate the
product.

Traditionally, two extreme approaches have been used to classify the different
alternatives to price the product®*:

The regulator sets the required quantity of the product: this approach generally
involves a competitive process in which agents’ bids along with the defined
quantity determine the resulting price of the product. Some examples of this
approach are capacity markets or the long term (operating or peak load) reserves
purchasing.

Some systems in which the regulator sets the quantity to be purchased include:
- The former ICAP in the Northeast USA (PJM, NYIO and ISO-NE).

- PJM’s Reliability Pricing Model (RPM) and NYISO’s ICAP.

- 1SO-NE’s Forward Capacity Market (FCM).

- Brazil. The two basic rules of this mechanism are the following: a) all the
regulated demand consumption (plus a reserve margin) has to be contracted in
advance (by means of financial contracts).b) each contract has to be backed-up
by physical plants having enough firm supply capability of production.

- Colombia (2006). A new method based on a market mechanism denominated
Reliability Charge, was introduced back in December 2006. The Firm Energy
Obligation (the product sold by generators in a centralized auction) is an
obligation to produce a certain amount of energy every day in which one or
more scarcity hours have been declared.

* The problem of determining the pricing mechanism could be more generally described as the
problem of determining the price-quantity demand curve. All pricing mechanisms are determined in the
end by a demand curve which is set by the regulator. We will consider as quantity mechanisms those
in which the main objective has been to acquire a certain quantity of a certain product (although this
guantity may be flexible) and as price mechanisms, those in which the objective has been to provide a
complementary remuneration that for the most part have been calculated and determined by the
regulator (although it also may be flexible).
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Finland, Norway and Sweden. Purchase of Peak Load Reserves services.
“Peak Load Reserves” are defined as reserves designated for times when
demand is near exceeding the available production capacity.

UK. The TSO is responsible for purchasing in the long term the required
operating reserves to secure the supply.

Panama. DSOs have to sign contracts in advance via public auctions for both
their energy supply and their capacity requirements (peak consumption)
considering a safety margin determined by the regulator.

Peru. Each DSO has also to call a public auction with the objective of signing
energy contracts in advance so as to ensure the long term demand
consumption.

The regulator administratively sets the price of the product: this alternative leaves
in the hands of the agents the amount of the product that will be brought to the
system. Capacity payments (in all of their multiple implementation variations) are
clear examples of this methodology.

Some relevant mechanisms in which the regulator sets the price to be paid for the
product include:

UK (1990-2001). The capacity payments were paid to all generating plants
declared available in each half hour, and the value was equal to the Loss of
Load Probability (LOLP)* of the period considered, multiplied by the difference
between the Value of Lost Load (VOLL) and the plants’ bid price (if not
dispatched) or the system marginal price (if dispatched)

Ireland. The capacity payments depend on the declared availability in each of
the hours, and each of the hours is weighted depending on the ex-ante
expected LoLP and the ex-post calculated LoLP. The payments also depend on
the price bid in the auction.

Peru. In addition to the long-term contracts mentioned above, the design also
includes an administratively determined “capacity payment” that complements
generation retribution.

Colombia (1996-2006). An administratively determined capacity payment known
as “Capacity Charge” was in force for ten years.

Argentina. At first there were two different payments: one for dispatched
capacity and another focused on remunerating those plants which do not
produce in wet years but whose availability was essential for system reliability

*The LOLP value represents the probability of rationing. Another relevant measure that can be
calculated straightforward from the LOLP value is the expected amount of hours of rationing in a given
period of time. Many systems define their reliability standards based on this measure, for example, US
power systems establishes a maximum accumulated rationing period of one day in ten years.
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during dry years. A later redesign turned the payments independent of actual
dispatch

- South Korea. The Korean market makes difference between two market
segments, depending on whether the plant provides a base-load or peak
production profile. There is a separate energy price for each one of the
segments as well as different capacity payments

- Spain. There are two differentiated services: the availability service, aimed at
allowing the system operator to enter into bilateral contracts with peaking units
and the the investment service, a capacity payment expressed in Euros per
installed megawatt and year for those units larger than 50 MW during their first
10 years of operation.

- Italy. An administratively determined fixed capacity payment is in place, but it is
intended to be replaced by another mechanism still (after almost ten years)
under discussion.
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Casual observation shows a growing concern on gas security, very often linked to
geopolitical issues. However, analysis of actual supply disruptions in Europe leads to
a more nuanced view. Following Stern®, incidents can be divided according their
cause in source, transit and facility incidents. Source and transit incidents use to
draw the greater public attention. Examples are the cut of Algerian gas to Italy
because of the explosion of a device on the Trans-Mediterranean Pipeline (a
“terrorist” incident) and the recurring crisis related to the transit of Russian gas
through Ukraine and Belarus.

However, facility incidents have also happened. Specially, there are worth to mention
because of their impact in Europe the liquids contamination of the Interconnector UK
pipeline in 2002, the fire at the Algerian Skidka liquefaction plant in 2004 and the fire
at UK’s Rough storage facility in 2006%*. It can be also argued that most of the risks
could be due to these “engineering” problems especially in scenarios of stressed and
ageing gas systems.

As compared to electricity systems, reliability analysis of gas systems is less
developed both from the academic and regulatory points of view. However, similar
simulation techniques can be applied in both cases®. Besides the specific technical
characteristic of the used models, care should be devoted to the made assumptions
and required results. Specifically,

How is reliability to be valued? It is possible to focus on physical indexes like the
Loss of Load Probability or the Un-served Energy, or to consider economic ones
as the expected Loss of Social Welfare, or all of them. If a well-developed market
is in place, the loss of welfare attached to gas supply interruptions could possibly
be estimated from market data®®. Most often this is not the case and specific
methodologies must be specified.

% Jonathan Stern, The New Security Environment for European Gas: Worsening Geopolitics and
Increasing Global Competition for LNG. Available at http://www.oxfordenergy.org/pdfs/NG15.pdf

** The incident could have had more serious consequences than the experienced price spikes if
happened earlier in the winter.

% E.g. Oxera, An assessment of the potential measures to improve gas security of supply. Report
prepared for the Department of Trade and Industry. May 2007.

% For instance, from the prices and volumes of supply contracts with interruptible clauses or from the
risk premia attached to forward contracts.
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Which events are to be considered? No model can possibly cover all the scenarios
leading to security of supply incidents. Rather, a list of incidents must be a priori
drawn. It is important to note that events not only of engineering (e.g. a pipeline
failure) but also of geopolitical (i.e. disruption of supply because of transit disputes)
nature can be modeled, and often in a quite similar fashion. The difficulty lies
rather in the probability to be attached. On the other hand, there are OR
techniques for the systematic consideration of subjective probabilities.

Which measures can be put in place? Usually models are used in order to
compare the merits of different strategies. Therefore, this is a critical issue as
discussed below.

There are a number of things to do, of measures to take, in order to improve security
of supply. Without the intent of being exhaustive it is possible to mention

Building of additional infrastructure. Redundancy in gas systems is typically lower
than in electricity systems especially when it comes to the transportation systems.
Nevertheless, there are infrastructures than may have a very great impact on
reliability, as storage and re-gasification facilities. Having enough storage capacity
is critical in order to deal with disruptions in gas supply. Re-gasification facilities
can considerably ease concerns on excessive dependence on a single supply
source.

Enhancement of demand-side response. Even moderate response can lead to
significant decreases in un-served energy. There are several ways to get this
objective: as requiring or incentivizing dual-fuel capabilities in gas-fired electricity
plants and other large industrial facilities, especially tailored tariff systems, or even
real pricing and other “smart gas” applications.

Security-driven system operation. In particular, storage facilities can be operated
in an especially prudent way, keeping as much gas as possible available for
possible contingencies. As water management in electricity systems, there is
however a trade-off between security and economic efficiency.

Capacity mechanisms. That is, imposing or incentivizing the contracting of a
provision of deliverable gas greater than the expected needs. As with the building
of additional generation capacity in electricity systems, there is a “missing money”
issue to be dealt with. There are several alternative ways to implement these
mechanisms. For instance, they could be instrumentalized through the shippers or
the system operator, they could affect to the domestic or the total demand.

Tuning balancing requirements. Shippers may contract less gas than required to
optimally meet the demand if they perceive that cost of not being balanced is less
than the outage marginal cost. That may happen if an administratively set
unbalance cost is inappropriate or if they perceive that in the event of a
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contingency they will not bear the full cost because of politically motivated
administrative actions.

Improving inter-system linkages. As opposed to electricity, interconnection
between gas systems has seldom if ever being based on reliability considerations.
However a wider interconnected system is intrinsically safer than its isolated parts.
Measures such as procuring bidirectional gas flow in the pipelines or un-impended
access to neighbor systems storage capacity can improve security.

In order to attain an adequate level of security of supply there are several legal and
regulatory arrangements to be considered. One possibility is to allow markets to
decide on the appropriate level with a minimum regulatory intervention. This is
actually the case in the US.

US market is characterized?’ by vigorous spot trading at many hubs, a robust forward
market that has dispensed with most of traditional long-term contracts and a
competitive market in gas transport. Most of the US gas is pipeline gas (as opposed
to LNG). Pipeline construction has grown to meet needs since the start of the
deregulation era in 1985.

Adequate pricing facilitates supply security. The graphic below shows gas prices at
Henry Hub since 2004. Note the peaks in the last half of 2005, related to the
disruptions caused by hurricanes Katrina and Rita. Correlated movements can be
also seen in the forward price curves and in the differentials between hubs. These
price signals incentivize changes in the consumption patterns, e.g. gas use by gas-
fired electricity plants.

Regarding building of transmission capacity regulation requires pipeline companies to
be fully unbundled from the shipping and distribution segments®. Long-distance
(inter-state) hauling is regulated by a single authority (the FERC). Primary capacity is
remunerated according cost-of-service regulation and secondary capacity trades fully
liberalized. New capacity projects must show that they are able to support their own
regulated costs, e.g. by a portfolio of letters of intent of committed shippers that
therefore acquire long-term capacity rights.

" see Jeff Makholm, Seeking Competition and Supply Security in Natural Gas: The US Experience
and European Challenge, CESSA Book (permission to quote).

% As a consequence it is difficult for a given shipper to monopolize a given transmission route as a
well informed market will uncover such attempts and the pipeline company has the right and incentives
to sell in secondary markets unused capacity.
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Figure 8. Natural Gas Spot Prices at the Henry Hub ~ (2004-2009)

Reliance of US system in lightly-handed regulated markets is unique. Physically,
European gas system is almost as big and complex as the US one. However,
European gas networks are mainly regulated by the different National Regulatory
Agencies (NRA), unbundling is much more incomplete than in the US case?®®, and
spot and forward trading activities are much weaker.

Transmission facilities building is decided by the different national or even sub-
national TSOs and approved by the NRAs. The cost is added to the Regulated
Assets Base and passed to the users by means of an access charge. European
regulation requires Third Party Access provisions. A concern with this sort of
regulation is that opens the possibility that certain users subsidize the network
expansion needs created by other users (e.g. a new re-gasification facility) especially
if a well-designed zonal price system is absent™.

Facilities that involve several jurisdictions require an agreement among the involved
TSOs and NRAs that has been historically slow to realize. In any event most of the
pipelines used for provision of extra-European gas (mainly with Russia and Algeria)
have been built by vertically integrated undertakings and are subject to long-term
contracts. The European Commission and many NRAs have consistently pushed for
a revision of these contracts (“gas release programs”) arguing concerns of market

% Even if the Third Energy Package provisions are fully enforced.

%0 Incidentally such a system should be compatible to the one used for electricity pricing if investment
decisions are not be distorted.
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foreclosure. The Commission has also pushed for a greater level of unbundling of
pipeline networks. The incumbent companies have regularly argued that such a
measure would weaken their bargaining power vis a vis the large foreign producers
and could ultimately compromise security of supply®*.

LNG facilities have been built both by TSOs and commercial companies. They are in
principle subject to TPA provisions. However in many cases exemptions of TPA
obligations have been granted by the Commission approaching their status to that of
US facilities. The Commission has considered its impact on market competitiveness
and security of supply in order to grant the authorization. In the case of the large
number of LNG facilities built in Southern Europe (mainly Spain) electricity
companies have been the main drivers of the expansion.

Japan wholly depends for her gas supply of re-gasification facilities. Japanese
government (through MITI and Japan’s Export-Import Bank) has orchestrated the
financing of the gas train®?. The supported infrastructure is a cluster of LNG terminals
serving a cluster of relatively isolated markets. Therefore, each local monopolist is
protected from competition and can invest based on cost-of-service regulation.
Unavailability of nuclear electricity is seen as a relevant concern, and national gas
infrastructure expansion including storage and pipeline capacity as possible
countermeasures®,

Government involvement is even greater in most of the world®*, as most gas systems
outside the US and the EU are heavily regulated.

Traditional wisdom regards domestic supply as “secure” and imports as “unsecure”.
On the other hand, international gas trade has been continuously increasing albeit
some incidents. Focusing on Europe, gas trade has survived unscathed to the fall of
the Soviet Union and the Islamist unrest in Algeria. It is difficult to foresee more
dramatic political upheavals in the next future.

31 Christoph Tonjes and Jacques J. de Jong, Perspectives on security of supply in European natural
gas markets. Clingendael International Energy Programme, Working Paper, August 2007.

% See David G. Victor, Amy M. Jaffe and Mark H. Hayes, Natural Gas and Geopolitics, Cambridge
University Press 2008; and Rami Abdulkarim, Natural Gas Security of Supply in Japan. Will Qater’s
LNG Be the Solution?. Shingetsu Electronic Journal of Japanese-Islamic Realations.

¥ Tetsuo Morikawa, Changes at LNG Chain and Challenges for Japan. Institute of Energy Economics,
June 2006.

% For a review, see David G. Victor et al., above.
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Nevertheless it is advisable that governments pursue a policy of imports
diversification. For instance, Japan has diversified her supply mix as shown in the
figure below®.

Figure 9. Japanese gas supply mix.

Regarding the EU, the overall import mix is not so different from that of oil, although
somewhat less diversified as shown in the figure below®®. Which is quite different is
that, as opposed to the global oil market, gas markets are still much segmented
along national borders. As a consequence, Eastern State Members are almost wholly
dependent on Russian gas and Iberian ones highly dependent on Algerian gas.
Russian gas supply has become a very divisive issue in the EU, especially taking into
account that the biggest Russian customers are Germany and Italy that enjoy a much
greater diversity of supply than the smaller but highly dependent economies at the
Eastern part of the Union®'.

Increasing source diversity, whether by building new pipelines to tap Near East
resources (the Nabucco project) or new LNG facilities will increase European security
of supply®. But possibly more cost effective internal actions should not be

% Mehden, Fred von der and Lewis, Steven W., Liquefied Natural Gas from Indonesia: The Arun
Project, Program on Energy and Sustainable Development, Working Paper No. 25, Stanford
University, May 2004.

% Eurostat, Panorama of Energy, 2009.

%" See Pierre Noél, Beyond dependence: how to deal with Russian gas, European Council on Foreign
Relations, 2008.

% LNG facilities have the additional advantage to allow change of supplier. However, it should be
remembered that LNG transportation is not by far as flexible as oil transportation. In order to facilitate
the building of the Internal Energy Market and enhancing security of supply, harmonization of technical
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overlooked. New intra-European transmission capacity (as enhancing bidirectional
gas flows in Eastern EU or allowing the transit of gas from the Iberian LNG terminals
towards Central Europe) should ease security concerns®®. Also guaranteeing
strategic gas storage in neighboring State Members*. Or simply by effective
emergency plans coordination among EU governments and regulators.

Figure 10. EU energy imports

Maybe it is worth to emphasize that in the extent that the costs of these and other
measures has to be shared among the affected parties in non obvious ways*
implementation is very challenging and arguably requires the supervision of a
European agency.

Security of supply concerns appear all along the natural gas chain. There is possibly
a lack of rigorous tools to analyze gas systems reliability. Further engineering
research and development in this topic seems advisable. Markets are not necessarily
detrimental to security of supply. Rather, price signals can be harnessed to increase
it. Likewise international gas trade can contribute to a greater security, although
attention should be paid to an adequate source diversification. Finally, it should not

standards among re-gasification facilities might be an effective strategy (to allow berthing in as much
terminals as possible).

¥ ltis possibly also relevant to increase gas market competition, as European consumers would have
Access to a greater number of shippers and importers.

* That is, the government of the host Member State should allow shipping of this gas to the State that
has stored it independently of any security concern by part of the host government.

“E. g. pipeline cost allocation proportional to the pipeline length in each Member State will likely fail to
reflect the profits of and incentives for the users in each State of such a facility.
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be forgotten that effectively interconnected systems are usually safer than their
constituent parts, as one of them an rely on the other ones. Adequate regulation
involving all the affected jurisdictions should be drawn to attain this goal.
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