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Abstract

We begin this paper by abstracting ourselves frameselectricity market's characteristics and assgrttiat
there is a competitive energy-only market. Thertzaaof supply and demand in the spot market detesa
clearing price, which in turn determines shortjpuofits for energy. In the long-run equilibriumyestment
enters until the point where the expected shorprofit is equal to the fixed costs of marginal azify. In
this simplified case, determinants of investmeliithé the load-duration curve, the industry’s syppirve,
VOLL and available technologies. However, currdettecity markets have an important market faildre
the absence of demand-side response to the emergyThis absence prevents load’s willingnessuttait
demand to set the price during times of supplyctgaAs a result, the market cannot ration dentangrices
and the supply and demand curve will usually &ihtersect. This market failure requires thatgiduring
shortage hours be set administratively. But sonestithe administratively set price caps will nothizgh
enough to cover generators’ fixed costs due to spafiical considerations. This investment incestiv
problem will in one hand reduce investment andvindther hand undermine electricity system’s riitiab
Several regulatory policies have been proposedeut to resolve this problem. Four mechanisms fremn t
approaches will be discussed in this paper. Athefn could induce the optimal level of installedawity and
reliability by changing the political parameteraut Rlifferent policies would have different sideeets.
Anyway, in the case with regulatory policies, tie¢edminants of investment are the load-duratione;uhe
industry’s supply curve, regulatory policies anélikable technologies.

The objective of this paper is firstly, to buildfmamework for understanding how the generators make
investment decisions in a competitive electriciriket and meanwhile to find the determinants agéstwment
decisions. Secondly, to explain the mechanism wérak regulatory policies in real electricity marie
insure right level of ICap and reliability, andfitad the corresponding investment decision deteainti



I. Introduction

After the liberalisation of the electricity sect@specially after the crisis of California in 2001,
investment reliability became a big concern ofqyohiakers. Policymakers in many counties are expess
concerns that competitive wholesale electricitykmiar are not providing appropriate incentives itougate
“adequate” investment in new generating capacitigeatight time, for the right amounts and usirgyright
technologies. That's why, even though in a libsealimarket, investment is made by investors anehdsp
on the profit; there continue to be a large nunab@on-market mechanisms that have been imposéukon
emerging competitive generation market to insuvedtment on generation capacity. These mechanisms
include: capacity payment, capacity market anchso o

In some cases these non-market mechanisms copistiied by imperfections in the real electricity
market. In particular, market failure caused by poice elasticity of electricity demand; uncertgiif
investment caused by the fluctuation of the loagithn curve and lumpiness of electricity genergtio
generation sector's market power problems and feg@ns in mechanisms adopted to mitigate these
market power problems.

In this paper, we will explain firstly, becausetoé large existence of market imperfection, some
non-market mechanisms to insure investment on geoeiin a liberalised market are necessary. Sécond
by constructing a competitive-electricity-marketdeband extending it in a real market, to explaw lthe
generators make investment decisions in both nsaketl to find the corresponding determinants of
investment decisions. We find at the end that e¢goyt policies ensure generation investment by ghgn
the regulatory parameters, which are differentraieg to various regulatory policies.

Decisions about electricity generation investmenild be divided by two parts: the choice of
technology and the choice of capacity. Both afitléll be discussed in each investment environment.

We begin section Il by abstracting ourselves frames electricity market's imperfections and
assuming that there is a competitive energy-onifkehaSome main assumptions should be mentioned. We
assume:

= There is no market failure; demand is sufficieedlystic to clear the market at all times. We know
perfectly the value of lost load for any consumer.

= We know the load-duration curve. The investorsigkeneutral.

= There is no market power.

= We don't care the (there is no) criteria of religbi

In such a competitive energy-only market, the daiiln of supply and demand in the spot market
determines a clearing price, which in turn deteesishort-run profits for energy. In the long-runildgyium,
investment enters until the point where the expest®rt-run profit is equal to the fixed costs airgmal
capacity. In this simplified case, determinanténgéstment will be the load-duration curve, theustdy's
supply curve, VOLL and available technologies.

Current electricity markets have several importangerfections: market failure — the absence of
demand-side response to the energy price — is the mmportant one. This absence prevents load’s
willingness to curtail demand to set the pricerytimes of supply scarcity. As a result, the ntackenot
ration demand by prices and the supply and demame avill fail to intersect. This market failureguéres
that prices during shortage hours be set admiinistya But sometimes the administratively set gsiavill
not be high enough to cover generators’ fixed asésto some political considerations. Once thet-sho
profit is not enough to cover generators’ fixedtgothey will not have any incentive to invest. sThi
investment incentive problem will in one hand redinvestment and in the other hand undermine ieiectr
system’s reliability. Other market imperfectionslsias uncertainty and investor’s risk aversiorsterce of
market power will also be discussed in section Ill.

In section 1V, several regulatory policies haverbpmposed or used to resolve this problem. Four
mechanisms from two approaches will be discuss#usrpaper. All of them could induce the optinedl
of installed capacity and reliability. But this doeot mean they are all equally desirable. Diffiepaficies
would have different side effects according tosiape of their profit functions. The shape of pfafictions
are determined by the political parameters. The effict includes risks and market power. Thathg we
say reliability policy should consider risk and k&tmpower.



Il. Generation investment and its determinants in a ideal competitive electricity market

This section develops a simple market-based mods{flain the investment decision process using
the assumptions that we made in the introductibis mModel has already been discussed by Green)(2004
This model finds the optimal level of generatiopazity and its types, and explains us how doemtr&et
provide it. Note that the discussion will firstlg m terms of the level of capacity, rather thameéstment. In
an ideal world net investment would equal the diffiee between the desired level of capacity anautiient
level.

2.1 — A model of optimal level of generation capagiwith a long-run equilibrium in the market

It makes little sense to think of investment withitinking about the overall level of capacity im a
industry. We therefore start with a model that e the optimal level of generation capacity. To
simplicity’s sake, we will assume that there ast jwo types of generation capacity available ¢artidustry,
peaking plants and base load plants. Just aslakbdni the previous section, peaking plants hdatively
low fixed costs per kW of capacity, but relativligh marginal costs per MWh generated. Base laautg!
in contrast, have relatively high fixed costs paf, but lower marginal costs per MWh generated.

Suppose that the costs of the two available teobies, base load plants and peaking plants are
showed in Table N°1. Using these, we can drawdta ¢tosts curves of different plant types which ar
presented in Figure N°1.

Table N°1- costs of available technologies ($)

Technology Fixed cost per MWh Variable cost per MWh
Peaking plant 6 30
Base load plant 12 18

Q1. - How can we tell how many hours a year eachgg of plant operates is optimal?
Figure N°1—two technologies total costs curves.

$/MWh
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Figure N°1 shows how the total cost of our two $ypkcapacity depend upon the number of hours a
year for which the station is operated. The vdiiitarcept shows the station’s fixed costs, witike slope of
the line gives the cost per MWh. Given there a@d8burs per year, if the station is required tofan 4380
hours or less per year, then it is cheaper to ymaking station, while if it is required to rum foore than
4380 hours, then a base load station has lowéctsts.

Q2. - How can we tell how many capacity a particulestation will be needed to provide?

Figure 2 shows us a load-duration curve. In thigesuhe hours of the year are ranked in orddnef t
demand for electricity. So the hours with the hagltiemand is placed at the left-hand end of thelpand



the hour with the lowest demand at the right-hamdl &he vertical axis then shows the demand in that
particular hour. The demand during the 4380 highest is thus no less than B GW. This therefordiaap
that if we want base load plant to meet all theat®ta for electricity that last for 4380 hours orenof the
year, then we should ensure that B GW are available

Figure N°2 —load-duration curve shows how many capacityrticpkar station will be needed.
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Q3. - What is the marginal cost of the industry andhow the price is determined?

The marginal cost of this industry is given by niraahcost of the two available plants. If the
marginal cost of base load plant is equal to 16 this will be the marginal cost of the industiyenever
demand is equal to or less than the capacity @flbas plant — assumed to be B GW at the optinhatico.

At somewhat higher levels of demand, then the makgbst will equal 30, the marginal cost of peglifant.

Figure N°3— supply and demand for the two-technology model
Figure N°4 — price-duration curve for two-technology example
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Based on the marginal cost, we draw the supplyecafthis industry and also electricity demand
curve in Figure N°3. We assume that the demants$ shif linear manner at any level from 4 GW to\8,G
assuming it is not curtailed by a high price. Asdigeussed in the previous section, we deem thet th
little prix-demand elasticity and we draw the dechemrves as a vertical line.

As the demand curve moves from 4 GW to 8 GW, tleepichange. In Figure 4, the price-duration
curve shows us how the prices change with the mentaf demand curve. In fact, the price-duratiaveu
is determined by the combined effect of supply dachand curves. Suppose that at the beginning, the



demand is 4 GW. The demand curve intersects véthdle load plant's supply curve, which then détesn
the market price in that moment to be equal tdotdse load plant's marginal cost, 18. As the dencang:
moves towards right side, it intersects with thakpey plant's supply curve. Now, the market prise i
determined by the marginal cost of peaking plahiclvis 30. In this case, both the peaking pladtthe
base load plant receive 30 for their energy, wisid¢tigher than the base load plant’'s marginal aodtcan be
used to recover its fixed costs. This will be dssad in details later.

The top part of the price-duration curve occues/dilable capacity is less than 8 GW. What would
happen if capacity was not sufficient to meet thtal tdemand@his depends in part on the details of the
market arrangements for the industry (Green, 20@04}he present section, we assume that demand is
sufficiently elastic to clear the market at all ésnas is required for a competitive market. Thesefonce
generating capacity is exhausted, demand couldnbieed by high prices, which is no longer set by
generator's marginal cost but by the opportunitst ad a consumer that has decided to reducedritamatd:
These prices prove to be the case in equilibrium.

The flat spot at the top the of demand curve iufgidN°3 could be interpreted as a price-capped
market. 1000 could be deemed as an equilibriune.pitiés not realistic in a competitive market buthis
model, it is used only as a simplification that hasmpact on the qualitative results. The horizlbportion
should be interpreted as demand elasticity thafflective of the value of power to consumers. Téiayply
do not want any power if it costs more than $1000MM

Q4. - How about the total revenue received by eadtation and how could each them recover their
fixed cost?

For this, we need to return to Figure N°3. We nligtish three situations in which demand can fall

into three different regions classified by whichnts are marginal. Then, we find the total revdoueach
station in any situation respectively.

(1) Demandl[4 GW, B GW]
Figure N°5— total revenue of each plant when demand=(3 GW, B GW]
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When the demand is between 4 and B GW, the priegual to the marginal cost of base load plant.
The base load plant products as much as the demsatids paid by his marginal cost to the quantiy h
products. There is still some spare base load itppabe peaking load does not product. We defire t
duration during which the baseload plant is mat @i, Then the total revenue of baseload ixQ@8
X Dussdoad, @S Showed by the grey area in Figure N°5. Thegast his variable cost. With this base load plant
could cover his variable costs but makes no catiib to his fixed costs.

(2) demandd (B GW, available capacity)
When the demand exceeds B GW and less than theataifable capacity, the market price is
determined by the peaking plant’s marginal costclvts equal to 30. We define the duration of tinvieen
peaker products &%..wer and the duration during which the price is atdte isD,. Then the duration during



which peaker plant is marginal BgaerDpg). IN this case, the base load plant products ah asipossible, B
GW. The peaking plant products£8) GW. So the total revenue of each plant is sy, B x 30 X
(DpeakerDpg) @and (Q-B) x 30X (DpeakerDps), @S showed in Figure N°6 by grey area and vaoket. In this case,
base load plant would make a contribution towerds fixed costs, since the price exceeds hisarzosts.
The short-run profits, or scarcity rent for baseiplant is B X (30-18) §DpeakerDps). But peaking plant could
just cover his variable costs but makes no conimibto his fixed costs.

Figure N°6 — total revenue of each plant when demang=(B GW, available capacity)

$/MWh

—

4 BQ 8

(3) demand > available capacity
Figure N° 7— total revenue of each plant when demangi=gyailable capacity
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Consider the last situation in which the highegtllef demand exceeds the available capacity Qm.
The capacity of both base load plant and peakaugf jpke fully used. The market price increases aintery
high price, for example $1000, with which we assuta the market is in equilibrium. Similarly, the
duration of price spike is defined Bg, Then the total revenue received by each plamtsigectively, B x
1000 xDys and (Qm-B) x 1000 B, as showed in Figure N°7 by grey area and vios.al he short-run
profits for base load plant is B x (1000-18px and for peaking plant is (Qm-B) x (1000-30Py. In this
case, both the base load plant and the peakingoglald make a contribution to their fixed costs.

Q5. — Why the competitive price exactly covers fixecosts?
In a competitive market, if marginal-cost prices dot cover fixed costs, investors would choose to

build no more generators. As demand grew and geremsore out, the market would tighten causingepri
to rise. On the other hand, if marginal-cost prioese than covered fixed costs (which include anabrisk-



adjusted rate-of-return on capital), investors wdulild generation, supply would outstrip demamd] the
price would fall. When the market price more thawers fixed costs, price declines; when price failsover
fixed costs, it increases. Consequently, price emes towards the point at which fixed costs asetx
covered. Once there, it has no inherent tenderyatoge.

Frequent external disturbances such as changesnand or the opening of a new plant; push the
market out of equilibrium. But investors make thmgst estimates of what will be needed, and theyrethe
high side as often as they err on the low siddodiyh marginal-cost prices do not exactly covedigosts
at all times, they cover them on average.

Stoft (2002) draw a conclusion for this discussiora long-run competitive equilibrium, generators
recover their fixed cost and no more, even thouile pquals marginal cost (P=MC) at all times andifl
generators.

Q6 — What is the competitive solution for each cajity?

We continue to use all of the above assumptioevteldp the level of each capacity in a competitive
market. Determining what generation capacities evbal induced by a perfectly competitive market irequ
the use of the above conclusion: fixed costs ametlyxcovered in a long-run competitive equilibriufinis
means short-run profits (scarcity rents) must éxaqual fixed costs.

From the discussion of total revenue by Q4, we ldsaan the price-duration curve for this model.
As Figure N°8 shows, if base-load is marginal tleeket price is 18, the duration of this period jgs&aq if
peaker is marginal the price is 30, the durati§D s«erDys); and if the marginal unit of load cannot be seyve
the price rises to the cap at 1000, the correspgrtiiration i,s The price spike is the violet area above 30,
and this provides scarcity rent for both generatons the only scarcity rent earned by peakevstheir
equilibrium condition is: the fixed cost of a peagquals the price-spike revenBgie

Figure N°8 — using price duration curve to determine shortanofits
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Base load plant has two sources of scarcity temptice spike and the grey area between 18 and 30,
which has duration dgeaer This observation provides the equilibrium cowditior base load plant, which is
given as aresult in Q7.

The peaker’s equilibrium condition implies: 6 =Q0E30) XxD*
The base-load equilibrium condition implies: 12 & @0-18) XD* peaker

These two equilibrium conditions can be solvedtfer optimal durations of each plant abgl,
which completely determine the price duration came can be used with the load-duration cure tyhete
the equilibrium capacities of the two technologig® solution is:

Dps= 8760 x 0.62%
Dpeaker= 8760 x 50%



Base load capacity = 6GW
Peaker capacity = 1975MW

Q7 —the long-run equilibrium conditions

Long-run equilibrium conditions for two technolagjién the long-run, peakers and base load plants
must cover their fixed costs from short-run pra@sarcity rents). This implies two equilibrium ditions:

I:Cpeak= I:espike
Fcbasez Fcpeak+ (cheak_ VCbasQ x D* peaker

Q8. - What would happen if the capacity is in wrondype or in wrong capacity?

What would happen if there is the wrong level, @, rof capacity? The profitability of peaking
plants depends on the total amount of capacityerdan on the amount of peaking plant in thestiguTo
see this, | distinguish 6 situations. (1) Theregdmal capacity in total, but too little base lo&2) There is
optimal capacity in total, but too much base I¢apThere are too much in total, but right base;|¢4) there
are too much in total, but right peaker. (5) Trageetoo little in total, but right base load; (@e are too little
in total, but right peaker.

Figure N°9 — using the amount of capacity to determine glahtat-run profits
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To explain these issues, reminder Figure N°8.dtvshus the short-run profits function through the
price duration curve. In the case of wrong leveimix of capacity, the three price levels will nbiaoge,
which remain 18, 30 and 1000. This is becausdhhairice levels depend on the marginal cost df pknt
and the VOLL. But the duration of each price lelghscioad (DpeakerDps) @NdDys Will change Dy, depends on



the total capacityDyasenagdepends on the capacity of base load, the caorelaetween them is positive.
Dpeakerdepends ODpaseioad JIVEN thaDyaseioad Dpeaker= 8760. We can explain this by a combined figdre o
load-duration curve and the price-duration curve.

That is, as long as there is right total capaBifydoes not change. When total capacity is more than
the optimal levelDy become shorter; in contrary, when total capasityoo little, D become longer.
Similarly, whichever the total capacity level is,lang as there is the right level of base loadK@g capacity,
Diastoad @N0 Dy Ffeémain unchanged. However, if the base load dgpasel is too much (little)D e
becomes shorter (longer).

From Figure N°8, we know that the profit functidoseach plant are respectively:

Extra rent for base-load generators: ReDbaieX $ (30-18)/MWh 4D x $(1000-30)/MWh
Extra rent for peaking generators: Refzx $(1000-30)/MWh

(1) There is optimal capacity in total, but too litthese load.

Dys remains constanDeaer inCreases. According to the two scarcity rentsatops, the scarcity rents for
base load plant will increase, while the scareityts for peaker remain unchanged.

(2) There is optimal capacity in total, but too muekéload.

Dys remains constanDeqer decreases. According to the two scarcity rentsiteams, the scarcity rents for
base load plant will decrease, while the scareitysrfor peaker remain unchanged.

(3) There are too much in total, but right base loati(8) there are too little in total, but right base
load are two absolute opposite situations. As thegetoo much (little) in totaD,s decreases (increases);
while there are right level of base lodd}eser remains unchanged. According to the two scareitysr
equations, the scarcity rents for both plants dserén (3) and increase in (5). Interestingly,ahgants will
be making theameamount of profit (or loss) per MW.

We can also discu$d) there are too much in total, but right peaker(@hthere are too little in total,
but right peaker together. As there are too muttle)lin total, D,s decreases (increases); while as there are
too much (little) base loa@..er decreases (increases). So in (4), both plantdavithaking losses, but the
base load station will makessloss per MW than peaking station. In situation 6jh plants will be making
profits, but the base load station will makere profit per MW than peaking station.

Knowing this, we can sum up the influences of wriengl or mix capacity by Table N°2:

The first two situations show us that the wrong ofivase load and peaking plants does not affect
the profitability of peaking plants, as long as ih@ustry has the correct overall level of capaditythe
industry has the wrong level of capacity, howetbemn the peaking plant’s profits will be affected.

Table N°2— A summary of the influences of wrong level ok c&pacity

Cases Changes of two duration Changes of short-run profi
Dps Dpeaker For base-load For peaker

(1) right total, too little base load,
too much peaker

1 1

(2) right total, too much base load,
too little peaker

(3) too much total, right base load,
too much peaker

(4) too much total, too much base
load, right peaker

(5) too little total, right base load
too little peaker

(6) too little total, too little bas
load, right peaker

19%

We can summarise the links between the amountpzicitg and the profitability of that type of
capacity. If there is too much capacity in tota¢ peaking plants will be making losses, whilééré is too
little capacity overall, then peaking capacity Wil making super-normal profits. In the case aktlietoo
little capacity in total, if we have the right ambof base load capacity, then these stationdeithaking the
sameamount of profit per MW as peaking stations; érthis too much base load capacity, then the bade |



station will makdessprofit per MW than peaking stations; if therede tittle base load capacity, then these
stations will makenore profit per MW than peaking stations.

2.2 — Determination of investment in a competitivenarket

From the above discussion, we can draw a conclddont a series of factors which determine
investment step by step. Both the demand and sappdition and the VOLL level determine the gerasat
actual short-run revenues. Comparing these revdauekwith the fixed cost of available technolagie
generators make their investment decisions.

Figure N°10- the determinants of investment
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From this figure, we can conclude that in a cortipetenergy-only electricity market, the initiative
(which comes into action by itself, does not depemdhe other factors) of influence making a investt
decision come from 4 factors, which are famed byl frames in Figure N° 10:

» the demand and its characteristics (load-duratiorey

= Actual technologies and their capacity

* VOLL (what the consumers are will to pay for notdoe off electricity)

= available technologies and their characteristi@ggmal costs & fixed costs)

We can conclude that four reasons would inducesiment in new capacity. The first is that because
of some abnormal reasons, the general demandneuwehses. The second is due to some changesiaf act
capacity: either the actual level of capacity $s ldhan the optimal level, or some capacity ha$eesthe end
of its physical working life and must be replaceke third is consumers are willing to pay more thefore
for not to be cut off electricity, that is VOLL ireases. The last reason is because changing eatatts
make it economic to replace older capacity with @ramefficient station. This could be the result of
technological progress.

In this process, it seems that the optimal investisenot useful for the investment decision. Itt,fa
when one invests, although we don't calculate fhtemal level of capacity while investing, the difece
between this optimal level and the current levetagacity determines generators’ price spikes t@sgn
which then determine investment.

From Figure N°10, we know that, both the demand saupply conditions and VOLL (what the
consumers what to pay for not to be cut) act omthket to determine the market’s price. These sitkes
determine the short-run profits of generators, Hm expectations of these profits induce generation
investment. Similarly, investment changes the sugidie condition by increasing installed capadiGaf),
which reduces both price and profits. This formea@p. The choice of technology in this case is also
determined by available technologies which is altred technological progress. This loop is shovred
Figure N°11.



Figure N°11— the structural core of a power market determime=sstment
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Ill. Imperfections in a real electricity market and implications on investment

In this section, we relax the assumptions that vaelarfor the second section and discuss some
imperfections existing in a real electricity marlit these imperfections could justify the frequaend large
use of reliability policy in the world, which witle discussed in the next section.

3.1 — Market failure and no long-run equilibrium

When supply cannot equal demand, the market calatetmine a price. This is a market failure.
This failure occurs only for certain combinatiorfssapply, demand curves and load-duration curves, b
when it does occur, the market fails; there isamgrun equilibrium. Most current power markets mesjl
satisfy the conditions for this failure.

In the previous section, we analyzed a power nmarkehaviour with an assumption that demand is
sufficiently elastic to clear the market (interssith supply) at all times. However, in a real &leity market,
there is limited elasticity and so the intersectbsupply and demand is not guaranteed. Imagirexample
of insufficient generating capacity. As price irages toward an equilibrium level, short-run profil
increase. Demand and supply adjust with the phesaging, but in a limited scale. Before the suppigd
demand curve intersect, the adjustment of thens.sidese two curves fail to intersect, and thisasket
failure. Price is pushed toward infinity, but ewem infinite price cannot clear the market. Curigmiver
markets probably satisfy the conditions requiredHis failure, which is why they have price cafisis case
is showed in Figure N°12.

Figure N°12— market failure with inelastic demand curve

Supply Demant

A less extreme form of the failure may occur. Tharket clearing price may rise above VOLL
before the supply and demand curve intersectidrcéise there may be a long-run equilibrium baroitld be
less efficient than one that caps price at VOLL stmetls load.



With the first failure, the system operator muspsiee because the market cannot; with the seitond
should set price because the market sets it atthamgoower is worth. Price caps have an impoairtélnence
on the generators’ short-run revenues and theylisitburage investment.

We can argue that if we set the price cap lev®lGitL, then there would not be too much price
distortion, as this is proved to be optimal in gaple model of reliability of Stoft (2002). Diffilties to
implement VOLL as price cap come from the chargsties of VOLL. It requires a regulatory determioat
of V.. because the market cannot determine it as desd@im/e. Estimation of VOLL is difficult. As we
discussed earlier, because most customers do spming directly to real-time prices, there is almust
market information on the value of lost load, avdilable estimates are highly inaccurate. Moredveén, L
is the dramatic variation in values between custerzed from one time to another. The effect ofiilmation
of a disconnection on cost is also typically quibalinear. Often the first few seconds are the mastty but
in other cases costs grow at an increasing raketkdt duration of the outage. Because most of itests
involve no market transactions, they are partitutdifficult to evaluate. Consequently, VOLL prigrsets a
regulated, not a market, price.

Another reason that the policymakers are reluttesit price cap at VOLL is that the VOLL is very
high and the price is volatile. We are not ceriout the price spikes and their duration. Accgrdn
estimation, the VOLL could arrive at $10,000/MWhislso high that it brings problems of risk andreise
of market power. The riskiness is not due to theliagrice fluctuations but rather to the annuattiiations
in price-spike revenue. This brings risk to investoecause their fixed cost should be covered dypiiice-
spike revenue. Risk to generators makes investing expensive and discourages investments.

3.2 Uncertainty & Investors’ risk aversion

Uncertainty of investment is often caused by thetdiation of the load-duration curve and lumpiness
of electricity generation. Electricity demand fluetes in a cyclic way during the day, week and, wehich
then create uncertainty. Two types of demand wiingrtare relevant here. First, the short-termllefe
demand, relative to its trend, depends on the weatind the state of any interconnected power rayste
Second, the trend itself is uncertain, dependingarsumers’ reactions to prices, the level of esino
activity, and technological change. Uncertaintyraixe trend level of demand creates more probléfims.
capacity is built to meet a need that does nog,atien prices may be depressed for several yesrs,
demand rises or other plant is retired. The imtinaof this is that there is some risks faced byegators
when taking an investment decision and in most ases, risks will discourage or delay investment.
Generation investment is also characterised byfisemt lumpiness. That is, investors cannot chaose
investment capacity they want. This lumpiness &b result in investment cycle, which is a strael
faced by investors.

Karsten Neuhoff and Laurens De Vries (2003) shat itihthe absence of a sufficient volume of
long-term contracts or a similar mechanism, spakets will provide insufficient incentives for inséenent
in generation capacity when investors or final comsr's are risk adverse.

3.3 Market Power

We have to talk about the inevitable market powablpm. In fact, many price spikes are believed to
be the result of market power exercised by geweratbompanies (Wen et al., 2004). As we know, the
regulator may impose a price cap on wholesale ppriggs in order to prevent generators from exegis
market power in the wholesale market during peahaaiel periods.

Thus, if in an energy-only market, the only revesaarce for recovery of fixed costs is the price-
spike revenue, and we want to rely on these poigesto reflect short-term supply and demand stata to
create market signals for capacity investment, tiemise of price cap will impede the price to g@nd then
reduce the investors’ investment incentive.

3.4 Criteria of reliability
In the previous section, we didn't take into act¢onfreliability and we assumed impliedly that,

while there may be insufficient resources and mat@ this rationing makes use of all availableagation
resources. This assumption is a decent approximatipsay, controlled rolling blackouts where #ystem



operator sheds load sequentially to ensure thaamgndoes not exceed available generating capacity.
Conceptually, there is a key difference betwedimgoblackouts in which the system operator sedgaignt
sheds relatively small fractions of total demanchtach available supplies in a controlled fashiwah @ total
system collapse in which both demand and genersttiats down over a large area in an uncontrolksuda.
Under a rolling blackout, available generationkiseanely valuable (actually, its value is VOLL). Bgntrast,
available plants are almost valueless when theersysbllapses. To put it differently, there is tham
externality imposed by generating plants thatat@tihe collapse sequence on the other plantsifhaut of
service as the blackout cascades through the sythtEdoes not exist in an orderly, rolling blagk@oskow

& Tirole, 2004).

It is useful here to relate this economic argunteistandard engineering considerations concerning
operating reserves. In addition to dispatching iggioms to supply energy to match demand, system
operators schedule additional generating capacjiyavide operating reserves. Operating resereassad to
respond to sudden outages of generating plantar@ntission lines that are providing supplies efgnto
meet demand in real time sufficiently quickly tointain the frequency, voltage and stability params=of
the network within acceptable ranges.

The possibility of system collapses makes operaiiagrves a public good. Network users take its
reliability as exogenous to their own policy andstiare unwilling to voluntarily contribute to reges. This
has potentially significant implications for invesnt incentives (Joskow & Tirole, 2004).

3.5 Conclusion

From the discussion of this short section, we eanlsat several market imperfections exist in b rea
market. Both these imperfections and the reguldtiodeal with them could cause investment problems.
Consequently, if policymakers had no policy of pgysufficiently high prices for enough hours pearye
generators would not have enough short-run profitover their fixed costs and would not investug the
market, on its own, would underinvest and religbitiould suffer.

IV. Reliability policies induce investment and thai mechanisms

In order to induce investment, different regulajonjicies have been proposed or being used. In this
section, we distinguish two types of approachease @pikes approach and capacity approach. In-gpike
approach, regulatory policy determines the heigtitduration of price spikes. In fact, price-spikeation is
set by short-run engineering considerations, whieheight of spikes is typically set by a politipeocess
that is concerned mostly with market power. Therenly one revenue for generators, which is themes
comes from the aggregate price spikes. Normally, gtice spikes revenues are high enough to cover
generators’ fixed costs and give them incentivienest. Conversely, in capacity approach, prices ciien
limit energy price to increase very high. Sometinties price caps are applied to the level of génesa
highest bid, which is also peaker's marginal cést.a result, low price spikes revenue could notecov
generators’ fixed costs which would discourage stiment. In order to obtain the same optimal level o
installed capacity, regulatory policies pay forrbebergy and available capacity to encourage imest

In this section, we come back to the loop (Figut&llthat we obtained in section Il to form another
one integrating the reliability policy. Howevergtdifference between them is that in the new ldigpnot
any longer the optimal level of installed capadegermines investment, but the regulatory polideethe job.

Thus, the main objective in this section is to bew different regulatory policies impact on
generators’ short-run profits (two revenues) byngireg political parameters. To compare the differen
regulatory policies, we will build their profit fation. The profit function summarizes the inforroatneeded
to find the equilibrium ICap level. It takes poliayto account and plots expected short-run prefitsa
function of ICap. It is most convenient to caloaltitem for the peaker technology (Green, 2004)hich
case short-run profit is as the same as price-spiaue. The equilibrium ICap level occurs atpgbiait on
the profit curve where short-run profits just cotre fixed costs of peakers. In price spike approthere is
only energy short-run profit function, but in thepacity approach, there are both energy and cashcitt-
run profit functions. In both cases, the shortjpoofit function shows what level of ICap and religba
given set of policies will produce.



In the end, we will find that many different podisiwould produce the same optimal level of ICap
and reliability, but they have different side effeaccording to the steepness of their profit fanst A
steeper profit function increases risk and fatdgethe exercise of market power. By choosing igslithat
produce low, long-duration price spikes, a flaimfit function can be achieved. That is why we tat
reliability policy should consider risk and margetver.

4.1 — Price spike pricing approaches and their detiminants of investment

In this sub-section, two price spike pricing apptas will be introduced. One is VOLL pricing and
the other is operating reserve pricing. Their aifiect of reliability policy will be compared ingrend.

4.1.1 - VOLL pricing

The minimal price intervention that would produceeasonable level of reliability is known as
VOLL pricing. This has been studied and implemetigdiustralia’s National Electricity Market (NECA,
1999b). This approach recognizes that the systemaimp must purchase power on the behalf of loaehwh
demand exceeds supply and instructs it to\pgythe value of additional power to load, whenewenes load
has been shed (during a partial blackout).

Implementing VOLL pricing requires a regulatoryatetination ofV, because the market cannot
determine it. This value will determine the heighthe aggregate price spike, and the duratioheptice
spike will be determined by the regulator’'s decismset this price when, and only when, load leas lshed.
The Australians estimatéd, to be about $16,000 but set their price limitray @bout $10,000. Both the
height and average annual duration of the prideespinde/,, pricing are determined by regulatory policy
and not by any market mechanism.

4.1.2 — Operating reserves pricing

In the operating reserves pricing approach, bathggrand the operating reserves are paid according
to the current system operating reserves availatiingineering suggests appropriate levels foratipg
reserves, which cover “regulation”, spinning ressrand nonspinning reserves which together amount t
roughly 10% of load. It makes the operating resezgeirementOR”. Instead of waiting until load must be
shed to raise price, a shortage of operating resésvdeemed to be sufficient reason to pay whaisve
necessary. The market price is set to price cap wperating reserve®R, fall below the operating reserve
requirementOR?. This results in high prices whenever demand elecabout 90% to total available supply.
Is this way, this reliability policy determines aich longer duration for price spikes.

Compared with VOLL pricing approach, the price isaget to a relatively modest level rather than to
the extremely high value of VOLL. We will find theitis approach is as effective as VOLL pricingnduice
optimal investment in generation capacity, and taise less problems of risks and market power.

4.1.3 — Profit functions and determinants of inveshent

Profit-driven investment is key to the market éljdiim. In this section, we develop a profit fuonat
which shows us a profit per MW that a generat@ives.

A profit function gives expected short-run proéitsa function of installed capacity; K. The shart-r
profit is determined by the price spikes (price}dapel and the duration of the price spike. Thisatlon is
determined from the load-duration curve and thaired level of operating reserves, which triggbesyirice
cap. The purpose of constructing the profit fumcigto understand the feedback loop in Figure Nykigh
controls investment and installed capacity. Theepspike revenue is the appropriate summary steftist
market prices. Price-spike revenue encouragestimgaswhen and only when it exceeds the fixed adsis
peaker. The other key variable in this feedback Isoinstalled capacity, K. The profit function oects
(short-run) profit to installed capacity.

Under VOLL pricing, the system operator set thet-gmarket price tov,, when L+g (load and
generation outages) exceeds installed capacityh& tdtal energy produced is paidWy. Under operating
reserves pricing, the price is set to price capcafwis inferior toV, ) when operating reserve3R, fall below



the operating reserve requireméd®”. Different from the VOLL pricing approach, in tbperating reserves
pricing approach, both the energy produced andgbeating reserves are paid by this price cap.

In the model under consideration, demand is netielgrice spikes are simply a matter of the price
being set to the price cap whenever (L+g) exceectstain threshold. The number of times this occurs
together with price cap, determines the price-sgilenue.

Suppose that:

The profit function (short-run profit per MW): $K); and
The load-duration function: D(L+Q)

The threshold that (L+g) must exceed to causeystera operator to set price to the price cdg-is
OR?, installed capacity minus the operating resergeirement. Thus, price spikes occur when L+g->
OR®. The duration of their occurrence is given by DOf),+where L+g =K- OR". This gives the rule for
finding price-spike duration: B¢ ORY)

Price-spike revenue is simply the duration of theepspike times the difference between the price
cap and the variable cost of the peakers. Thus,

SR{(K) = D(K- OR®) X (Peap — VCiea?) equation 1

From equation 1, we know that the short-run pfofittion depends on four different values. Two of
them are policy paramete®R" and Rap While the third one Viexis a technology parameter. The last one is
the installed capacity, K. Regulators (includingteyn operators and engineers) use the policy paaene
consciously or unconsciously, to control the prfafiiction and thereby control equilibrium instaltsgpacity.

In the case of VOLL pricing, OR® = 0, so price is set td, whenever L+g exceeds installed
capacity K and load must be shed. Thus{6R= D(K) X (V.. — VCea).

This function could be explained as a low ICap llgreduces shortages and high energy prices
which provide a high profit level. When ICap islnighortages are very infrequent and prices asty fasigh.
This leads to a low expected annual profit. At stewel in between, expected prices are just higlugim to
produce a profit level that would cover the fixedtoof a new peaker, which is 6$/MWh as the examnfilee
previous section. This is the long-run equilibrilevel of ICap, 7.975 MW. As a result, long-run diquium
installed capacity is determined by the intersaaticthe profit function and the level of fixed s

In the case of operating reserves pricingshort-run profit comes from both energy and reserve
That is: SRy(K energy) = DK~ ORY) X (Peap— VCea) and

SR{K resend = D(K- ORR’) X Pap Where Ry < Vi, in which we ignore the variable cost of reserve.

This function provides a longer duration for ppekes and a modest price cap level. We can adjust
the policy paramete®R" and Rapto make the profit function intersect the levelraf fixed cost of a peaker,
$6/MWh, when it reaches an installed capacity af5SRW. Thus, both pricing policies induce the same
equilibrium level of installed capacity.

However, as a result drawn by stoft (2002), VOLlIcipg would have more negative side effects.
For the same level of year-to-year fluctuationhia kbad-duration curve, the VOLL pricing profit fition
will cause more variation in fixed-cost recoverg avill increase the exercise of market power.

4.2 — Capacity approaches and their mechanisms

Capacity approaches provide a fundamentally diffempproach to generation adequacy. Under the
price-spike approach, energy (and operating reser@eenues cover the fixed costs of generatodet the
capacity approaches, energy and capacity reveogethér cover the fixed costs of peakers and dietertine
level of all types of installed generation capacity

According to these approaches, generation of eigcirequires two factors of production: capacity
and energy. The amount of energy that can be peddincany given time period is constrained by the
available capacity. Regulatory policies pay eneagg capacity (whether they get dispatched or not)
separately. Then the payment to energy and capgagéher induces a long-run equilibrium, in which
should be equal to the peaker’s fixed costs. Tvpaaty mechanisms will be discussed: capacity payme
and capacity market.



4.2.1 - Capacity payment

Ensuring generation adequacy through capacity patgnhas been implemented in the UK (before
the new trading arrangements (NETA)), Spain an@éraé\atin American countries such as Argentina,
Colombia. We take the UK pool system as an exarmpthis system, the National Grid Company caledgat
on a day-ahead basis, the expected loss-of-lodiptity (LOLP) for each 30-minuite period. The ketr
price was set as the highest bid unless thereawas grobability of shortage, in which case the V@kaime
into play. There, the LOLP is multiplied by the VDlo develop a capacity charge, which is addedhd¢o t
system marginal price. It means that the price thasveighted average of the highest bid and the VOL
weighted by the probability that there would b&arsge: (highest bid) x (1-LOLP) + VOLL x LOLP. ish
formula also acted as a price cap of VOLL if thetesn was actually short of power.

Capacity payment approach in this case resemitd@the operating reserves pricing approach.
They have almost the same mechanism. The differeest some definitions of political parameters.

4.2.1.1 — Profit function

The profit functions can be calculated from thedldaration curve and two policy variables: the
price cap (VOLL) and LOLP (technical calculatiorfuaction of available capacity, K). In the modatier
consideration, demand is not elastic; capacity ayiis simply being set to the price cap whene@itR.is
positive. The capacity payment per MW, multiplied its duration, determines the energy and capacity
revenues. The price cap duration could be calcllaten the load-duration curve and it is a functain
LOLP. It could be represented algebraically agfait

The price cap duration: D[LOLP(K)]

When LOLP equal to zero, D equals to zero too. Wb@hP is positive, D is positive. Thus,
capacity payment occurs when there is some paysitfishortage, thatis LOLP>O0.

Capacity payment revenues are the sum of energgueand available capacity revenue in the case
when LOLP>0. The energy revenue is simply thetauraf the price cap times the difference betwben
price cap and the variable cost of the peakersaVaiable capacity revenue is the duration ofoifice cap
times the price cap, in which we ignore the vagalaist of capacity. Thus,

SR{(Kenergy) = D[LOLP(K)] X (price cap — VGeay), and
SR{K capaciy) = D[LOLP(K)] X price cap, when LOLP>0

The long-run equilibrium installed capacity takagels when the total short-run profit equals to the
fixed cost. From this profit function, we know thhthe installed capacity falls below the optinkavel
installed capacity (in which case LOLP is posititbgre is a short-run profit for generators. # thstalled
capacity is superior to the optimal level, the gataes earn no profit. Thus, a capacity paymentésnded to
induce investment when K< optimal K. According lte two profit-function equations, the profit fuicts
depend on four different values. Two of them aldeyp@arameters, VOLL and LOLP, while the third pne
VCeax is a technology parameter. The last one is thalled capacity, K. Regulators (including system
operators and engineers) use the policy paramgtecontrol the profit function and thereby control
equilibrium installed capacitys®.

4.2.1.2 — Existing problems and shortcomings

Although this approach could induce investmentgtlage still some problems:

0 The regulated nature of the procedure has created) slisagreements regarding both the total voloime
money to be paid to the generators and the altwcafiit among the different facilities, especiaiiien
there are thermal and hydro units involved. Besitlés unclear whether the method can effectively
enhance the reliability of the system, and didadisonsumers argue that they are paying a cgpacit
charge in exchange for nothing.

0 Another problem is also the reason why this apjbrbas received little attention in the United Stalie
is because the capacity charge is too easy to utatgpfor companies that own large amounts of
generation. They can declare units unavailablearday-ahead market and then make them available in
real time to collect the high-capacity charge cdusethe unavailability declarations. This is found
England & Wales electricity market in which gamfogcapacity payment was serious.



0 Applying this approach need the use of VOLL. Theswill meet all the difficulties that we should mee
while defining and evaluating VOLL.

4.2.2 - Capacity market

Ensuring generation reliability by imposing an afisd capacity obligation on load serving entities
(LSEs) has been implemented in the eastern podeik)S including PJM, NYPP and New England. All
LSEs are required to own, or to have under conteackrtain required capacity. The sum of thedheis
market's capacity requirement and is typically aldi@%6 greater than annual peak load. A LSE is jreubif
it fails to meet its requirement. Capacity marketsich are established to facilitate trading, alloading of
capacity obligations among the LSEs who have afraadompanied installed capacity obligations. Tdedo
motivation for the ICAP requirements is similatiie argument in favour of capacity payments. Tipacity
markets prompted by the obligation provide genesatith the opportunity to collect extra revenuetfeir
unutilized reserve generation capacity and pravidentives for the building of reserves beyondrédserves
that meet the short term needs for ancillary sesvic

4.2.2.1 — Profit function

An installed capacity requirement produces a vdfgrent profit function. The first step toward
implementing a capacity requirement is to deterrtileeoptimal level of ICap. We set the requirectlef
ICap to the optimal level. When ICap is below thguired level, ICap-profits for all generators seeby the
ICap-requirement penalty, and when ICap is abogeadfuired level, profits are zero. (A small cdicec
should be made for market power.) Capacity reqargsneasily induce sufficient generation capacity b
setting a penalty level that is higher than theé obsew capacity. Adding profit from the energyrke to
profit from the capacity market produces a totafipfunction from which an equilibrium value of #p can
be determined.

If there is no market power in an isolated capauoityket, the price of capacity will be either zero
equal to the penalty. If total installed capadityjs less than required capacity’, Khe price will equal the
penalty, Y. if K> K&, the price should be zero.

A capacity requirement is intended to induce inmestt when K< K, and will be successful if Y is
greater than the fixed costs of owning a new pe&k&g.. The profit function is the step function shown in
Figure N°13. Unlike the profit function for pricpikes, there is no level of ICap for which R = FGyeax
profits are either zero of twice this value. Intespif this, the deterministic equilibrium ICap lie trequired
capacity leveli® = KR).

Figure N°13— profit function of capacity in the case of capyaequirement

SRAK)

FCpeak




4.2.2.2 — Existing problems and shortcomings

A capacity requirement produces an easily contrditev-risk profit function. Capacity requirements
are a more direct approach to reliability thangmésg high price limits when the system is shoérating
reserves. A side effect of the capacity approaettsis helpful; it eliminates the need for high egeaprice
spikes to induce investment.

Although in practice, capacity markets are workgahiere are problems:

o0 One of the fundamental problems with capacity marig that there is disconnect from the energy
market. The fundamental relationship between cgpand energy prices in a long run equilibrium is
such that the expected social cost of unservedyerser reflected by the energy-only markets prices
should equal the marginal cost of incremental dgpadowever, the separate capacity markets created
for trading reserve capacity requirement set thrangineering based methods may produce prices that
are not in equilibrium with the energy market psice

0 There are policing and other problems with theegelbf capacity, because it is difficult to produce
incentive-compatible capacity market rules. Genesawvho are being counted as reserve may sell the
same capacity in another market if external praresattractive, meaning it is not available in firet
market when a generator outage or other problesasari

0 The reliance of capacity payments and capacityatiins on engineering based calculation has been
criticized repeatedly on the grounds that the VQ@iskd in these calculations is administrativelyaset
has no market base.

4.3 — Reliability policies determine investment andeliability

We have discussed several reliability policies usebeing used to induce generation investment:
four mechanisms from two approaches: price spipesoach and capacity approach. In price-spike appto
regulatory policy determines the height and dunatioprice spikes. There is only one revenue faeggors,
which is the revenue of energy (and operating vesgromes from the aggregate price spikes. Calygers
capacity approach, price caps often limit energgepto increase very high. As a result, low pripies
revenue could not cover generators’ fixed costs discburage investment. In order to obtain the same
optimal level of installed capacity, regulatoryipels pay for both dispatched and non-dispatchpdaity to
encourage investment.

By building profit functions, we compared in theifenechanisms, howpolitical parameters affect
the shape and the equilibrium level of installedacgty of its profit function. More precisely, inOLL
pricing mechanism, policy parameter is the systpanator's price limit when load is sh&fl, . In operating
reserves pricing mechanism, available politicalapeaters are the price limit when operating reserve
requirements are not mécap and the required level of operating reser@®}. Comparably, in capacity
payment approach,OLP, the technical calculation to evaluate the systeraliability and the system
operator's price limit when LOLP is positivd, , are the political parameters. Finally, in caganiarket
mechanism, the required level of installed capa#{fy and the penalty for being short of capacity,
determine the profit function.

A new loop similar to the Figure N°11 and integrgtthe regulatory policies is showed in Figure
N°14. In the place of VOLL which determines prisgikes, regulatory policy determines the markeditsep
(energy price and capacity price) when demandudintd) the regulated demand for operating reserves,
exceeds total available capacity. Similarly, th@sses determine the short-run profits (pricesespilevenues
and/or capacity revenues) of generators, and {hectations of these profits induce generation invest.
Investment increases installed capacity (ICap)chvineduce both price and profits. This feed badp,lo
which is controlled by reliability policy, deterngithe equilibrium level of ICap and thus long-relmbility.

In all of our four mechanisms, we found that theilémjium value of ICapK®, is not automatically
the optimal value. Policy must be adjusted so tiatprofit function of a peaker crosses the ptefitl
(approximately $6/MWh) required to cover the fixabts of a peaker at the optimal ICap level. Arofitr
function that does this, no matter what its shapejnduce the right level of ICap. Thus there anany
"optimal" policies to choose from. Although manyligies will produce a profit function that deterregithe
correct equilibrium level of installed capacityt lthis does not mean they are all equally desirdible first
goal is the correct average level of installed cipabut that is not the only criterion for a wilhctioning
power market. If ICap is right on average but fiatés too dramatically, the excessdiability in years of



low ICap will more than offset the excess religiln years of high ICap. In fact any value of |Gdper than
the optimal value causes a reduction in net besefiho matter what the average value, fluctuatiooduce
a sub-optimal result.

Figure N°14— the market structure in which regulatory potiegermines investment
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Moreover, two phenomena other than reliability desattention — risk and market power. Even if
the ICap were exactly right every year, so thilvdity was optimally maintained, profits wouldifituate. If
the profit function can be very steep at the duyitlim, any small unexpected increase in demandatibe a
large increase in profits. The VOLL pricing politits this description. That is, a profit functionat is
extremely steep encourages the exercise of maskegrpWithholding 2% has the same impact on prafits
a 2% reduction in ICap. So profit functions that aery steep reward withholding most handsomelgi\g
the VOLL pricing policy fits this description (Stp2002). Conversely, a flatter (less steep) phafiction can
be obtained by designing price spikes that arerlewe of longer duration. With a flatter profit fion, there
is less risk and less market power than the caaestafeper one. Operating reserves pricing patisydone
this job very well.

Comparing to the capacity approach, price spiketesys have the advantage of sending efficient
price signals to the demand side of the market@edpensive existing generators. Price spikesearsitive
to load fluctuations while capacity approach is Bgt eliminating this source of risk, the capacipproach
makes it easier to control reliability and suppreasket power in the energy market.

To conclude, many different policies would prodtiee same optimal level of ICap and reliability,
but they have different side effects accordingh® shape of their profit functions. The shape ofitpr
functions are purely under political consideraaod are determined by the political parameters.

V. Conclusion

This paper tried to find the determinants of eleityr production investment. With some strong
assumptions, we built a two-technology model iraergy-only market. In this simplified case, deteamts
of investment will be the load-duration curve, itteustry’s supply curve, VOLL and available teclugpés.

However, current electricity markets have some mfapgons; these imperfections and imperfections
in mechanisms adopted to mitigate these problernsecaome investment inventive problems. This
investment incentive problem will in one hand redimvestment and in the other hand undermine ieigctr
system’s reliability. Thus, several regulatory gie have been proposed or used to resolve thidepro
Four mechanisms from two approaches have beenssgiegtin this paper. All of them could induce the
optimal level of installed capacity and reliability changing the political parameters. But diffénqelicies
would have different side effects. Anyway, in these with regulatory policies, the determinants of
investment are the load-duration curve, the inggstsupply curve, regulatory policies and available
technologies.
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