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Abstract

In this paper we view the problem of adequate electricity supply and demand as a dynamic process affected
by several fundamental factors. By incorporating the effect of the available price signals on investment
decisions we model the investment dynamicsfor (i) a system comprising both spot and futures (forward)
markets, and for (ii) asystem comprising a spot and an installed capacity (ICAP) market. In particular, we
analyze the effect of timing of price information available on the dynamics of long-term supply/demand and
price evolution. It is shown how by having afutures market, investment decisions to add new capacity
could be executed without much delay while the investors are guaranteed revenues through long-term

futures (forward) contracts. The modeling and simulations are performed using aggregate long-term price
models.

Keywords. investment, reliability, forward-looking, futures (forward) prices, |ICAP market,
investment delay.



1. PROBLEM OF INTEREST

In the regulated industry a power company responsible for serving its load demand coordinates the planning
and operations procedures. The main criteria of reliable service are met by ensuring sufficient (physical)
capacity for the anticipated load demand trends (long-term adequacy), as well as sufficiently flexible power
plants capable of responding to load deviationsin near real time (short-term reliability). In thisindustry
structure the price of electricity isaresult (output variable) of planning and operating procedures in place;
the priceis only used as an average measure of total cost and not as an active signal for decision making by
theindividual electricity users and/or producers.

On the other hand, in an industry which attempts to be market-based, the price of electricity beginsto play a
fundamental role of afeedback to both the (groups of) suppliers and users of electricity asthey optimize
their own (distributed) profits and/or benefits. The price signals are provided by the markets, and are
essential factors in shaping both the price dynamics prices as well as the physical availability of electricity.

In this paper, we first provide a broad overview of factors affecting the price dynamics and physical
capacity. A genera block diagram is presented which could be used for explaining phenomena like recent
eventsin California. Next, we focus the contribution in this paper on modeling and simulating the
investment process at the aggregate market level; the premise is that the investment processis driven by the
price knowledge, which is directly useful for decisionsto invest. Thisis done by using arecently developed
model for long-term price dynamics; using this model we simulate prices (spot and/or futures) necessary for
the decision making process to invest. The result isinvestment dynamics of interest.

In particular, by modeling the role of pricein (i) a system comprising spot and futures markets, and in (ii) a
system comprising spot and an installed capacity (ICAP) market, we analyze the effect of timing of price
information availability on the dynamics of supply/demand and price evolution. In the simulation section we
show that while futures (forward) markets are generally created to provide market participants atool to
hedge their individual risks, these markets also provide invaluable information (feedback) to the investors
and contribute to more timely investments as these are needed. Not surprising, an investment decision
based on historic data is not as good, since those historic data do not perfectly represent future demand and
supply conditions. Having a futures (forward) market facilitates investment decisions to add new capacity
without a significant delay while the investors are guaranteed revenues through long-term futures (forward)
contracts. Thisleads to adequate supply and relatively stabilized market prices without the need to
introduce price caps. Imposing a price cap is generally the last resort approach to “correcting” market prices.
Price caps, if not temporary, would deter new investments and in turn could cause shortage of supply and
would eventually threaten reliability of the system.

While some of these findings make common sense, this paper for the first time demonstrates dynamics of
the process and stresses the role of price asasignal to which individual decision-makers react to the market
conditions. The modeling approach taken in this paper could be generalized to include other effects of
interest, such as demand price-elasticity; in this model only the effect of demand growth, without allowing
for price-responsive demand, is shown through some simulations in this paper.

Possibly the biggest remaining challenge isin extending the findings of this paper, which are kept at the
level of aggregate prices, to modeling prices which are result of decision making by the individual market
participants. This approach, with more complexity, would allow for more realistic modeling of decision-
makers and their effect on prices and investments, including strategic bidding. Thiswork is currently in
progress (Visudhiphan, Ilic (2001)).



1.1 Broad Problem Posing

Since the summer of 2000, the California market has experienced a series of supply shortages, price spikes
and rolling blackouts. This has mainly been caused by the load demand outgrowing total available capacity.
The lack of new investments over past several years has created a tight reserve margin situation, which
together with the lack of price-responsive demand, in which consumption does not decrease when prices are
skyrocketing, has resulted in serious physical shortages (reliability problems) and in afinancial/political
crisis (llic, Skantze,Visudhiphan (2001)). This situation raises a basic question concerning an adequate
market design in which capacity expansion is done dynamically over time to meet the demand variations.

To prevent California-like situation from taking place in other evolving electricity markets, one can no
longer rely on strictly equilibrium-type market design analysis and argue that eventually a market
equilibrium may exist, an approach typically taken in the current literature, with very few exceptions
(Graves et.al. (1998)). Instead, one should approach the problem of supply and demand in electricity
markets as a constantly evolving process in which installed capacity isaresult of individual decisions by the
investors, and the near-real time supply availability isafunction of how isthisinstalled capacity used to
meet the varying demand. An effective market design is the one in which meaningful investing signals are
directly observable through the market; the role of such market is to encourage right investments with
confidence and sufficient returns. Adding new capacity of the right technology and the right size at the right
time and locations is essential to sustaining load growth, maintaining system reliability, and conforming to
the unavoidable regulations (such as environmental concerns). In a competitive power industry awell-
designed market begins to play arole which the utility planner has traditionally fulfilled.

In the current industry debate the role of spot electricity markets as a means of ensuring (short-term)
reliability has been over-emphasized. Since currently electric power demand is nearly inelastic, small
supply margin could create shortage of supply, and subsequently unavoidable price spikes and rolling
blackouts. One could argue that certain regulatory enforcement such as imposing a price cap could prevent
price spikes (instantaneously). However, this short-term solution is not sustainable, and it will eventually
lead to insufficient revenues, which would, in turn, deter capacity expansion.

If there exists, demand elasticity would stabilize short-term market prices. However, long-term load trends
are result of factors not observable on daily basis and are less likely to be directly controllable through spot
pricing'. Without long-term provisions, inadequate supply is quite likely; thisis true both when demand
grows at an unexpected rate and when demand grows slower than anticipated. An installed capacity (ICAP)
market, which exists in some electricity markets, is aimed to ensure sufficient short-term capacity under
contingencies. But if lack of capacity expansion persists, demand for ICAP is high causing high ICAP
prices. Consequently, high electricity spot prices will happen.

1.2 Approach taken in this paper

In this paper we develop an analytic approach to study questions concerning electricity market instruments
which are needed to provide adequate price signals to balance supply and demand in atimely manner. We
suggest that futures markets play the key role; futures provide market participants not only an instrument to
hedge price risk, but are also an indicator of future supply and demand conditions, which are critical in
making an investment decision.

! Persistently high electricity prices could discourage new electricity-intensive industries to enter the area, causing slower
demand growth.



In this paper, we apply a stochastic model to analyzing long-term characteristics of electricity markets and
to determining the fundamental factors contributing to (long-term) supply adequacy or scarcity that could
threaten system reliability. This dynamic model wasfirst introduced in Skantze and Ilic (2001).

The model captures the basic nature of demand and supply including uncertainties, demand growth, and
conditional capacity expansion. The analysis does not intend to forecast what will happen in particular
markets, but it indeed provides a guideline to assess certain market setups that might lead to a desirable
capacity investment dynamics

We compare an installed capacity market (ICAP) to afutures (forward) market, and emphasize the essential
role of futures (forward) marketsin providing crucia information for long-term investments that leads to
sufficient supply and reserve margin. It isfound that having market-based decisions by both supply and
demand in response to sufficiently rich market signals would result in workable electricity markets, both
short and long term.

2. LONG-TERM DYNAMIC MODELSOF DEMAND AND SUPPLY

To start with, we view an electricity market as a dynamic system. This system may include only spot
markets, spot and |CAP markets (such as the New England market), or spot and futures markets (such as the
Pennsylvania-Jersey-Maryland (PIM) and the California markets). The dynamic interactions within afull-
blown market including spot, ICAP, and futures markets are presented in Figure 2.1.

Figure 2.1 Electricity Market asa Dynamic System
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The monthly stochastic spot price model (Skantze and Ilic (2001)) captures the dynamics except demand
elasticity (shaded areain Figure 2.1). Based on this model, monthly spot prices are represented as



S, =exp(ax, - b,) (Equation 2.1)
with the monthly stochastic demand process (L ,,), being an exogenous input described by:

L, =nt, +d;, (Equation 2.2)
dy, =k, +s: %, (Equation 2.3)

L -
m+1

Herent, captures the seasonal behavior of load. In this study, we model Nt using two approaches. The first

approach assumes that nt, to be a constant. The second approach assumes that nt varies over time as shown
inFigure 2.2.

Figure 2.2 Initial Averaged Seasonal Demand
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The state d-, represents the long-term uncertainty in load, which grows stochastically with a drift k , and

volatility st . z;, isa random variable with zero mean and variance equal to one. Note that this demand

does not capture price elasticity nor the effect of long-term energy conservation policies.
Supply dynamicsis, without an effect of an ICAP market (discarding the dotted linesin Figure 2.1),
determined by the investors' feedback decision to invest and is described by:

b,, =nf, +d°, (Equation 2.4)
b - d? =Gxmax(D - 1,00 +sP xz? (Equation 2.5)

m+l ~ m-t,m

Here nf, reflects theinitial capacity in the market (as an external driver). The state d?, represents monthly
supply dynamics, directly affected through the new investments G xmax(D - 1,0), and by the volatility

s? (which reflects uncertainty in supply, but not limited to, outages and strategic behaviors). z°, represents
arandom variable with zero mean and variance equal to one. The parameter G determines the rate of
investment in response to an investment signal, thisisinvestor’s control law. A decisionvariable D, .

can be arbitrary depending on which information is available, and is a'so dependent on the investors
choices. The details of deriving adecision variable D, ., will be described below, and are a function of

market design and available information. The delay between the time when investment decision is made and
anew power plant becomes operational?, is accounted for through a delay parameter t . Anindex |
represents the expected return, averaged over the power plant life and technology, and it reflects the
averaged marginal cost of running the new units, together with the installation cost.

m-t,m

2 See Skantze and Ilic (2001) for more details about a parameter t .



Total supply capacity C,,is calculated from:
d>,, - d>

C,.,=C, +—m1 =C, +§>«(max(Dm_t’m - 1,00 +s® xz?) (Equation 2.6)

where C, istheinitial capacity at time 0. C_and b, aredirectly proportional.
The reserve margin is then equal to:
R,=C,- L. (Equation 2.7)

Therefore, a diagram representing the dynamics in Equations (2.1)-(2.7) of direct interest in this paper is
derived by modifying the market general diagram in Figure 2.1 and is shown in Figure 2.3.

Figure 2.3 Long-term Dynamics of Demand and Supply
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The investment generally affects the spot price dynamics once the new capacity is completely installed. As
presented earlier in Equations (2.1)-(2.7), the monthly stochastic price process observes dynamics of spot
prices at an aggregated level. New investment added to the market is captured through

Gxmax(D,,_, , - 1,0), inwhich an Index | reflects the minimal required return (the least expensive) of a

unit that could be invested. A decision variable D, . is obtained either using historic prices and/or futures

prices, namely backward-looking and forward-looking investment schemes, respectively. In some markets,
besides spot pricesthe ICAP prices are also available. In what follows, we carry an analysis of the effect of
information used to determine an investment decision and its implications on market design.

3. ROLE OF FUTURESMARKETS

As presented in Skantze and Ilic (2001), a backward looking investment scheme, based on historic spot
prices resultsin cyclical characteristics of monthly spot prices due to over-investment and under-investment.
The investment decision in the backward looking scheme with time delay t follows this formulation
(Skantze and Ilic (2001):

1 &
=—xa S, (Equation 3.1)

Dm-t m
m12'G



The dynamics of the state variable d?, is described by:

12
d,-d2 =G wnax(é X& S - 10)+sP 2 (Equation 3.2)

m+l
j=1

In this paper, we extend the study to capture aforward looking investment scheme. It is assumed that a set
of futures prices (F,,) $¥MW (with the duration of trading equal to P months), resulting from futures

contracts for delivering electric power from month (m+1) to month (m+ P), isavailable at the beginning
of each month m (See Appendix for a basic method to simulate the futures prices), as

Fo ={Fmi Fomezr- oo Foomep} (Equation 3.3)

Thisissimilar to adding a futures market to the diagram in Figure 2.2, as shown in Figure 3.1.

Figure 3.1 Long-term Price Dynamicsin a Futures Market
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Forward-looking Investment Dynamics

We assume that a (monthly) futures price with maturity in month (m +t ) is an expected value of the
monthly spot price of month (m+t ):
F

m,m+t

=E,.(S,.) (Equation 3.4)

In aforward-looking scheme, a decision variable D, . is determined by the futures prices. Currently,

futures contracts traded on NYMEX have the trading duration of 18 months. Installing a generator could
take shorter or longer than the futures trading period. To capture the effect of the delay between the time
when investment decisions are made and the time when the new generator is operating, one should consider
two possible scenarios:

1. Thetrading duration of futures pricesislonger than thetime delay (P>t ):

For this case, one possible way to determine the decision variable D, _, ,, isto use the entire set of available

futures prices, but put more weights on the futures prices of the months beyond t , because these prices
directly affect revenues of the new generators. The decision to invest influences the state variable d°, after



t months. Therefore, at the current month m, an effective decision variableisequal to D ..., . We propose
to use the following formula:
10 & & _ 00
ta% Foj 2+ t—+1 a Foj it (Equation 3.5)

mm+t P+1 t+1 g P-t j:min(t+2,P)y %

2. Thetrading duration of futures pricesis not longer than thetime delay (P£1t):

For this case future information obtained from the market does not contain the conditions when new units
are actually going to operate. We propose to use the following formula:

1 m+P
D (Equation 3.6)

mm+t a m,m+j
j=m+1

Theinitia conditions for all simulations chosen are:

a) Initia capacity (C,) is set to 130% of initia demand, which isequal to nf; . This reflects that the
market starts with sufficient reserve margin (118% for the ICAP requirement in some markets®).

b) AnIndex |isset equal to 150 for the constant n; ; it is equal to 60 for the nf, shown in Figure
2.2.

¢) Theduration P of futures pricesis 12 periods (months) for the constant nt. ; it is equal to 18 for
the n}, shown in Figure 2.2.

d) Theinvestment rate G isequa to 0.001.

4. SAIMULATIONSAND ANALYSIS
4.1 Spot Price Dynamics of Forward-looking and Backwar d-looking I nvestment Schemes

By using simulations, we analyze price dynamics obtained from backward-looking investment and forward-
looking investment schemes for several choices of the delay, investment parameter t and the trading
duration of futures prices (P), assuming the same load dynamics.

Smulation Methods: At any month m
a) Demand L, iscalculated using Equations (2.2)-(2.3), and z-, =randn()) (MATLAB).
b) A setof futures prices F, ={F., 1, Fnmezr--» Fnmep} 1ISKnown. To calculate these futures prices

we follow the Monte Carlo approach (See Appendix). Note that we keep an investment decision
Gxmax(D,,_, , - 1,0) from prior periods, which is added to the spot price dynamics at the

current month m.

c) Spot price at month mis calculated using Equations (2.1)-(2.5), and z°, = randn(l) .

d) A decisionvariable D is calculated using either Equation (3.5) or (3.6) depending on the
time delay. A new investment is equal to G>max(D,, .., - 1,0) . This affects the spot price

dynamics beginning at month (m+t ) or t months later.
e) Capacity of each month is obtained using Equation 2.6.

m,m+t

% Such asthat required in the New Y ork Power Pool.



Smulation with no time delay

Under the no investment delay assumption, forward-looking and backward-looking investment schemes
yield similar outcomes as shown in Figures (4.1)- (4.4). Both investment schemes result in satisfactory
reserve margin. However, this assumption is unrealistic for the case of adding new capacity by installing
new generators. On the other hand, it is feasible when importing power from neighboring areas.

Figure 4.1 Monthly Spot Prices under no Investment Delay Assumption
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Figure 4.2 Supply Capacity and Demand under no Delay Assumption
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Figure 4.3 Monthly Spot Prices under no Investment Delay Assumption with Seasonal Demand
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Figure 4.4 Supply Capacity and Demand under no Delay Assumption with Season Demand
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In the backward-looking scheme, the historic prices are used to determine the investment decision variable.
Thistendsto create an under-investment condition since increased demand in the future is neglected. On the
other hand, in the forward-looking scheme the future load growth is accounted for. Note that the cyclical
behavior of price dynamics as aresult of the backward-looking scheme can be observed.

Smulation with an investment delay

We explore the effect of time delay on price dynamicsin two cases. The first case is when the investment
delay t isshorter than the trading duration of futures P. The simulation results are shown in Figures (4.5)-
(4.8). The other case is when the investment delay t islonger than the trading duration of futuresP. The
simulation results are shown in Figures (4.9)- (4.12).
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Figure 4.6 Available Supply Capacity and Demand: with 6-period TimeDelay t <P
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Figure 4.7 Monthly Spot Prices. with Seasonal Demand and 12-period Time Delay t <P
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Figure 4.8 Available Supply Capacity and Demand: with Seasonal Demand 12-period Time Delay
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Figure 4.9 Monthly Spot Prices: with 14-period TimeDelay t 3 P
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Figure 4.10 Supply Capacity and Demand: with 14-period TimeDelay t 3 P
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Figure 4.11 Monthly Spot Prices. with Seasonal Demand and 24-period TimeDelay t 3 P
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Figure 4.12 Supply Capacity and Demand: with Seasonal Demand and 24-period TimeDelay t 2 P

30000
25000 1 s
% %
%
%
20000 [ i
. &
2 S PRWL R
2 15000 AR S S AR .
10000
5000
o T T T T T T T T T T
1 21 41 61 81 101 121 141 161 181 201
Months
—+—Backward Looking —= Forward Looking —= Demand\

One can observe from Figures (4.5)-(4.12) that when the backward-looking investment scheme is applied,
over-investment and under-investment conditions are extreme. This characteristic is not obviousin the
forward-looking scheme, where the reserve margin tends to be relatively smooth. The long delay in
installing new generators causes a near supply deficiency condition and yields extremely high electricity
prices.

Note that spot prices obtained from forward-looking scheme also display acyclical characteristic when the
time-delay of installation exceeds the duration of futuresprices,i.e. t > P.



4.2 The Effect of an ICAP Market on Long-term Dynamics | nvestment

Aninstalled capacity (ICAP) market is generally designed for ensuring adequate generation capacity when
an equipment contingency occurs. ICAP market rules are often market specific.
a) TheNew York Power Pool (NYPP) ICAP Market:

In the NY PP, purchasing the required ICAP is held every six months including the summer and winter
periods. The summer period starts from May to October, and the winter period starts from November to
April. Demand for ICAP is set to be 118% of anticipated annual peak demand. All load-serving entities
(LSE) are obliged to meet the ICAP requirement”,

LI =1.18" mée\x(Lh) (Equation 4.1)

b) The New England Power Pool (NEPOOL) ICAP market:
In the NEPOOL, purchasing the required ICAP is held every month.

In this study we wish to compare the resulting spot price dynamicsin response to the ICAP prices (an
| CAP-based investment scheme) to the resulting spot price dynamics in response to the forward-looking
scheme. We assume that a set of ICAP pricesis available at every month that ICAP purchasing is held
(every P-month period).

SHP =[S ...,S9" (Equation 4.2)

Ml e Omap

Futures and |CAP Markets

Although, afutures market and an ICAP market are designed for trading generation capacity in advance,
they are different in several aspects. Futures contracts are primarily based on financial valuations, while
ICAP contracts are mainly intended for maintaining system reliability. Futures contracts bought or sold are
either financial or physical (required delivery). An offer to purchase or sell a futures contract comes from
any entity, such as marketers, aload serving entity, a generator owner, or atransmission provider, because
the futures contracts are fundamentally used for hedging and speculating. One contract includes delivering
specified power for at least one-month period. Volume of the contracts traded in the futures market is
usually multiple times of demand in the spot market volume.

On the other hand, an ICAP contract is traded for availability of existing capacity during a specified period.
In an ICAP market, the ICAP suppliers bid to sell their available capacity to the load serving entities with
deficit of ICAP requirements. The demand for ICAP is directly related to the demand in the spot market.
Note that if market power does exist, the ICAP suppliers are likely submit a strategic price to reap more
profits (without attracting a new entry).

For investment purposes, an investor might find that ICAP prices would indicate nearly true demand and
supply conditions, while futures markets might include information effects on demand and supply
conditions together with hedging and speculation.

Setting ICAP Pricesin Smulations

We consider two scenarios:

* For more details regarding to the ICAP requirement is the NY PP, visit http://www.nyiso.com.




a) Demand for ICAP L'" isbigger or equal to total available capacity C'®:

When L'®" 3 C°@ ' |CAP suppliers have absolute market power as shown in Visudhiphan and Ilic (2000).
Since in this model demand and supply are aggregated, the condition in which the largest supplier can exert
its absolute market power cannot be observed directly, except when L'*" 3 C'*? Therefore, if thereisa

supply scarcity in the ICAP market, the price of ICAP will be set to be (substantially) greater than zero. If
investors base their decisions on the ICAP prices, one should consider two cases:

1) S =exp(@d'*" - b,) (Equation 4.3a)
2) S* =S, i.e, S=500 (Equation 4.3b)
Note that if Sis set too low, it would affect the long-term dynamics of investments similar to that of the low

energy price cap as presented in Skantze and Ilic (2000). The inexpensive price deters new investments and
creates deficiency in asupply.

b) Demand for ICAP less than total available capacity C'® :

When L'*" < C°® | no absolute market power condition exists (or it does exit, but it is not observable). All
generators subject their capacity to the spot market. There is no opportunity cost for available capacity.
Therefore, the ICAP priceissetto be: S*° =0 (Equation 4.4)

The effect of ICAP Prices on Investment Dynamics

a) Investment Criteria
In this section, the role of the ICAP prices on investment dynamicsis investigated. An average of observed
ICAP pricesin agiven ICAP period is computed as an investment decision variable

m+j

P
D et = % xg SIAP (Equation 4.5)
j=1
Pisthe trading duration of the ICAP (a6-month period for the NY PP).

b) Simulations
The simulations show the effects of the ICAP-based investment scheme for various installation time delays
on dynamics of investment. Since in our model, demand dynamics vary on a monthly basis, the demand for
ICAP requirementsis set to be:

LI4"=118" L, (Equation 4.6)
In the following simulations, if there is an absolute market power condition, the ICAP price will be equal to
S*" =exp(ax1.18L,)- b,) (Equation 4.7)

ICAP istraded every six months. When there is no trade, an investment decision process
(Gxmax(D, ., - 1,0)) isidle. Therefore, capacity expansion is not smooth.
Smulation Methods: At any month m

a) Demand L, iscalculated using Equations (2.2)-(2.3), and z:, =randn(l) (MATLAB).

b) A setof ICAP prices S“" ={S/"...,.S“"} isknown in every period that ICAP purchasing is

m+l 7°° 1~ m+6
held (P = 6 throughout the simulations). To calcul ate these |CAP prices we follow the Monte
Carlo approach (Appendix). Note that we keep an investment decision G xmax(D - 1,0
from prior periodsto calculate ICAP prices.
) Spot price at month mis calculated using Equations (2.1)-(2.5), and z°, = randn(l) .

m-t,m



d) A decisionvariable D
G >q’nax(Dm,met

months later.
e) Capacity of each month is obtained using Equation (2.6).

is calculated using Equation (4.5). A new investment is equal to

m,m+t

- 1,0). This affects the spot price dynamics beginning at month (m+t ) or t

Figure 4.13 Monthly Spot Prices. | CAP-based I nvestment Decisionswith 14-period Time Delay
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Figure 4.14 Supply Capacity and Demand: | CAP-based I nvestment Decisionswith 14-period Time
Delay
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Figure 4.15 Monthly Spot Prices. | CAP-based Investment Decisions with 6-period Time Delay
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Figure 4.16 Supply Capacity and Demand: | CAP-based I nvestment Decisionswith 14-period Time
Delay
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Figure 4.17 Monthly Spot Prices. | CAP-based I nvestment Decisionswith Seasonal Demand and 24-
period Time Delay
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Figure 4.18 Supply Capacity and Demand: | CAP-based I nvestment Decisions with Seasonal Demand
and 24-period Time Delay
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The ICAP requirement equaling 118% of the peak demand causes successive investments in capacity
expansion as demand is growing. One would anticipate high ICAP pricesin order to maintain increasing
required capacity. Time delay affects market pricesin the | CAP-based investment decisions, the same way
as those investments are determined from futures prices based on the forward |ooking scheme.

This model failsto capture that the units added to the market in response to increasing ICAP demand are not
profitable in the energy market. Due to oversupply, energy prices are driven down. The question remains as
of how to set the right index for an I CAP-based case in which monthly payment is accounted; and if in real
practice, the payment from providing ICAP alone would be sufficient for generators to stay in business.



5 CONCLUSIONS

This paper reports on preliminary modeling and simulations of the long-term electricity price dynamics. We
first introduced the problem broadly, and supported it by a general block diagram in which many factors
affect the long-term electricity prices. Next, the paper focuses on the particular problem of investment
dynamics and the rate at which the investment decisions evolve. It is shown that the investments are
function of the type of electricity marketsin place. For spot markets, projections concerning investments
can only be made using historic data. This generally results in considerable delays and under-investments.
In this paper thisis demonstrated using a backward-looking scheme. In contrast, the availability of futures
market provides atimely information on the potential value of the investment of interest and, therefore,
generaly leads to smaller supply/demand imbalances. Finaly, the effect of ICAP market signals for
investment decisionsis shown to be rather distorting and misleading with regard to the value of investment-
related decisions. This paper as awhole, views the markets as a dynamic process with various feed forward
and feedback signals interacting with the basic supply/demand drivers. Much more remains to be done to
include variety of other effects, such as the dynamics of strategic bidding and locational aspects of the
market. Authors are currently pursuing this work.

6 APPENDIX

Monte Carlo Smulation Method for Forward-looking Dynamic Investments

In this paper futures prices are smulated assuming that F, .. = E, (S,.;) . In the actual market, these are

observable. To simulate futures prices using spot market data, a spot price from the previous period (m-1) is
taken as aninitial condition for the simulated futures prices observed at the current period (m). F .., is

obtained by applying a Monte Carlo approach. Many sets (N) of possible spot prices over the duration of
available futures prices P are ssmulated using the formulain Equations (2.1)-(2.5), i.e.

m+]j

\'\l Al Al ..
.I. Sm+1lSm+2" . 'lSm+P.l.'I
i y
i an ~N N
’|‘Sm+1'Sm+2""'Sm+Pp

Futures prices observed at time m are then calculated as:

A

—_ 198 Qi wit
I:m,m+j _Na Sm+j J JI [:L P]
i=1

Spot pricesin asimulated path i include new capacity anticipated to operate as aresult of investments made
in earlier periods, i.e.
d

- ey = Gxmax(D - 1,0) S s e

m+1+j m- mtj,m+j i

One can think of Gxmax(D, ., - 1,0) asadditiona capacity, which is recorded when the investors

make their “public” decision at time (m- n + j). In this paper, amatrix containing new investment
information with time delay is introduced and it is referred to as a new-capacity matrix:



m=0 i 0 0 -~ GxmaX(Dy, - 1,00 -~ 0 0 0Ou
. 1 . . 1
. D : : i,/
m=t ;G ><max(DOt 1,00 G>max(D,,,, - 1,0) Gxmax(D, ,, - 1,0) ;
: '1 : : 0 0 O

After F is obtained, at the end of the current period (m), investors decide to build new unitsif the

m,m+j

decision variable D, ... ({ mm+J}) is greater than theindex (1). If this condition is satisfied, the new

investment will be installed and ready to operatein t periods later. Additionally, this decision is recorded
for the calculation of futures pricesin later periods (from period m+1 on).

Monte Carlo Smulation Method for Calculating ICAP Prices

How should ICAP requirements and I CAP prices at time m be determined? Demand from the previous
period (m-1) istaken as an initial condition for the ssmulated requirements for ICAP observed at the current
period (m). The ICAP requirement set to 118% of monthly demand L ., is obtained by applying aMonte

Carlo approach. Many sets (N) of possible demand over the duration of ICAP purchasing period are
simulated using Equation (2.2)-(2.3), i.e.

(1 1 1 ICAP1 | ICAP1 ICAP1
: L m L m+27* L m+P 1 : L m+l ! L m+2 7 L m+P :J
i yP i y
Ir N [N T T[icapN [icapn ~ICAPN |
'I\Lm+1||—m+2! m+Pp TLm+l Lm+2 ""'Lm+|3 p

The ICAP requirement observed at time mis calculated as:
N .

L|CAP = _é L|CAF,I , n J I [:L P]
i=1

m+| m+|

Similarly, we also apply a Monte Carlo simulation to determine the state variable d°, during the simul ated
ICAP requirement duration (P) and subsequently to determine available capacity C,_ from d°, using
Equation 2.6. Note that to calculated” , G XNaX(D,. 4jmej - 1,0) must be included through:

Orsaej = Ay = GXMAX(D - jmeg = 1,0) +S s XZins
1 1 1) 1 1 1
I dm+1'dm+2’ dm+P| I Cm+1’Cm+2) Cm+P|
f : y P i : y
Igny gn N1 OTAN AN i
dm+1'dm+2’ 1 m+Pp Cm+l’Cm+2! Cm+Pp

Ava| Iable capaC|ty observed at timemiscalculated as:

Cm+J - a Cm+J ’ ! JT [lr)]
and the ICAP prices are determined using Equations (4.3)-(4.4).

ACKNOWLEDGMENTS

The authors greatly appreciate partial support for thiswork by the members of the MIT Energy Laboratory’s
Consortium on Competitive Electricity Power Systems.



REFERENCE

[1] Bertsekas, D., (1987), ‘ Dynamic Programming: Deterministic and Stochastic Models', Prentice-
Hall, New Jersey.

[2] Dixit, A. K., Pindyck, R. (1994), Investment under Uncertainty, Princeton University Press

[3] Graves, F., Read, E.G., Hanser, P., Q., Earle, R.L., (1998), One-part Markets for Electric Power:
Ensuring the Benefits of Competition, Power Systems Restructuring: Engineering and Economics,
edited by Marijallic, Francisco Galiana, Lester Fink. Kluwer Academic Publishers, Boston, MA.

[4] Hull, J.C., (1999), Options, Futures, and Other Derivatives, 4" ed. Prentice-Hall.

[5] Leotard, J.P., (1999), Transmission Pricing and Incentives for Investments under Uncertainty in the
Deregulated Power Industry, The MIT Energy Lab Technical Report EL 99-001, MIT, February
1999.

[6] Visudhiphan, P., llic, M.D., (2000), Dependence of Generation Market Power on the
Demand/Supply Ratio: Analysis and Modeling, 2000 |EEE PESWinter Power Meeting, Sngapore,
January 2000.

[7] Skantze, P., Gubina, A. F., llic, M.D., Bid-based Stochastic Model for Electricity Prices. the Impact
of Fundamental Driversin Market Dynamics, The MIT Energy Lab Technical Report EL 00-004,
MIT, November 2000.

[8] Skantze, P., Visudhiphan, P., llic, M.D., (2000), Valuation of Generation Assets with Unit
Commitment Constraints under Uncertain Fuel Price. The MIT Energy Lab Technical Report EL
00-006, MIT, November 2000.

[9] Skantze, P., llic, M.D., (2001), Investment Dynamics and Long Term Price Trends in Competitive
Electricity Markets, to be presented in the IFAC SME conference (2001), Austria, September 2001.

[10] llic, M.D., Skantze, P., Visudhiphan, P., (2001), Electricity Troublesin California: Who's
Next?, IEEE SPECTRUM, February 2001.

[11] Visudhiphan P., Ilic, M.D., (2001), An Agent-based Approach to Modeling Electricity
Markets, to be presented in the IFAC SME conference (20001), Austria, September 2001.

[12] http://www.nyiso.com

[13] http://www.iso-ne.com

[14] http://www.pjm.com

[15] http://www.nymex.com

[16] http://www.mathwork.com




