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1. INTRODUCTION

In TERA’s proposal, consumers (distributors, traders) are obliged to buy firm energy
options but for producers selling options are not mandatory. In this chapter we analyze the
attractiveness of the TERA’s firm energy option proposal for generators in terms of profit
maximization and risk hedging.

Two kinds of analyses are carried out. The first one is for the existing generators (hydro
and thermal plants) and the second, for the new ones, to whom investment decisions have
to be made. The latter point is important to evaluate to what extent firm energy options can
contribute to generation expansion. Both types of analysis are based on the spot price and
the generation scenarios computed in chapter two. The analysis is carried out with the
program OPTFOLIO of PSRI for optimization of physical and financial assetsin electricity
markets.

Section 2 of this chapter presents estimates for the price of the energy options for different
strike prices and risk premiums. Section 3 presents the analyses for the existing generators
and Section 4 for the new ones. In Section 4 some conclusions are presented.

2. MARKET PRICE FOR ENERGY OPTION

The energy option in TERA’s proposal has a performance period of five years and has to be
acquired by consumers (distribution companies, traders, etc.) some time in advanced (eg.
two years). It is composed by a strip of pure European style options, one for each time step
and performance period. The total price of this strip can be estimated as the sum of the
prices of each component. As this price is high it is suggested that it should be amortized
from the time of acquisition until the beginning of the performance period.

In this analysis we consider monthly time steps with 5 load blocks, which are compatible
with the price scenarios described in chapter 2 of this Final Report.

The period of analysis will start in January 2003. We will suppose that the first acquisition
period will be from January 2003 to December 2004, and the first performance period, from
January 2005 to December 2009. The second acquisition period will be from January 2008
to December 2009, and the second performance period, from January 2010 to December
2014 and so on. A total of five performance periods will be considered to cover a plant life
time of 25 years, which starts to operate in January of 2005. Figure 2.1 shows the sequence
of acquisition and performance periods.

As observed in chapter two, option prices will be based on their pay offs at the expiration
date. As they have to be acquired in advance some discount rate has to be assumed. Two
aternatives of yearly discount rates will be considered: 6%, which would correspond to the
“risk free” discount rate; and 12%, which would correspond to a 5.6% premium over the
“risk free” discount rate.

Computer-Based Smulation of Auctions of Option Contracts and of Futures Contractsin the Colombian
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Figure 2.1 — Option Sequence

Five values for strike price are considered — US$ 30/MWh, US$ 50/MWh, US$ 100/MWh,
US$ 150/MWh and US$ 200/MWh. For illustration, Figures 2.2 — 2.5 shows the monthly
prices referred to the first month of the corresponding acquisition period, for the US$
30/MWh and US$ 200/MWh strike prices and 6% and 12 % discount rates, for each
component of the strip of European style option, and their mean over the corresponding
performance period. Observe that as expected, once the strike price increases the option
prices decrease, also as discount rate increases option prices decrease.

Monthly Price - Strike US$ 30/MWh and 6% Discount Rate

STRTRIN R
U

Month

Figure 2.2 — Option Monthly Price — Strike US$30/M Wh and 6% Discount Rate
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US$/MWh Monthly Price - Strike US$200/MWh and 6% Discount Rate
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Figure 2.3 — Option Monthly Price — Strike US$200/M Wh and 6% Discount Rate
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Figure 2.4 — Option Monthly Price — Strike US$30/M Wh and 12% Discount Rate
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Figure 2.5 - Option Monthly Price — Strike US$200/MWh and 12% Discount rate

Consider now Figure 2.2, which shows that for the option with strike US$30/MWh the
mean monthly price for the first performance period is US$ 5.92/MWh. Consider a plant
with a maximum available capacity factor of 92%. Each 1kW of capacity would correspond
to an energy of 0.92x8.760x5 = 40.30 MWh for the first performance period. Then total
premium for the first performance period would be 5.92x40.30 = US$238.41. Considering
that this premium will be amortized during the acquisition period (24 months), using a 6%
annual interest rate, the monthly payment during this period would be equal to US$10.51
per kilowatt of capacity or US$10.51/kW*. Of course that if the plant has lower maximum
available capacity factor then the premium will be lower. Also note that these monthly
payments only occur during the acquisition period and not al the time as the current
capacity payment. By a similar computation, option price per kilowatt of capacity is
computed for the others performance periods, strike prices and discount rates For the 12 %
discount rate cases it will be assumed that annual interest rate for option price amortization
will also be 12%. Table 2.1 and 2.2 summarizes the results for this and the other strike
prices, assuming a 6% and 12% discount rates, respectively.

! Option price is expressed in terms of US$kW.month so that direct comparisons can be made between its
value and the capacity payment amount established today in the Colombian market.

Computer-Based Smulation of Auctions of Option Contracts and of Futures Contractsin the Colombian
Wholesal e Electricity Market 6



MERCADOS ENERGETICOS CONSORTIUM

Strike (*) Performance Performance Performance Performance Performance
Period 1(**) Period 2(**) Period 3(**) Period 4(**) Period 5(**)

30 10.51 1357 21.63 21.63 21.63
50 9.10 1114 17.69 17.69 17.69
100 6.72 7.66 12.23 12.23 12.23
150 4.70 5.09 8.05 8.05 8.05
200 .11 3.20 5.01 5.01 5.01

(*) US$MWh

(**) US$ /kW.month

Table 2.1 —Monthly Payment in the Acquisition Period for the Corresponding Performance Period —
6% discount Rate (92% maximum available capacity factor)

Strike (*) Performance Perfor mance Performance Performance Perfor mance
Period 1(**) Period 2(**) Period 3(**) Period 4(**) Period 5(**)

30 8.84 10.96 17.91 17.91 17.91
50 7.67 9.00 14.66 14.66 14.66
100 5.68 6.19 10.15 10.15 10.15
150 3.98 4.13 6.68 6.68 6.68
200 2.64 2.60 4.17 417 417

(*) US/MWh

(**) US$ /kW.month

Table 2.2 —Monthly Payment in the Acquisition Period for the Corresponding Performance Period —
12% discount Rate (92% maximum available capacity factor)

3. ANALYSISFOR EXISTING PLANTS

In this section we analyze the attractiveness of the TERA’S firm energy option proposal for
existing plants in terms of profit maximization and risk hedging. For illustration purposes,
three plants of the Colombian system were chosen - two thermal plants (one combined
cycle and one open cycle plant) and a hydro plant. Three aternatives for selling energy will
be considered — direct to the spot market, bilateral contracts and firm energy options.

The criteria for optimization is to maximize plant discounted net revenue, at a discount rate
of 12%, subjected to risk constraints. Risk constraints, when imposed, are expressed in
terms of a minimum required amount that the yearly-accumulated net revenues must satisfy
aa 95% VaR level. This kind of risk constraints is more appropriate for dynamic risk
hedging because a good result in a given year may not offset a bad result in another. Also, a
constraint is imposed in the optimization so that the maximum amount of total contracting

Computer-Based Smulation of Auctions of Option Contracts and of Futures Contractsin the Colombian
Wholesal e Electricity Market 7
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(bilateral contracts plus options) is less than or equal to the plant available capacity at each
time period.

3.1 THERMAL PLANT — COMBINED CYCLE

The combined cycle plant chosen has 447.9 MW of nominal capacity and a mean available
capacity of 358.3 MW. Its variable operating cost is US$ 11.9/MWh and it was assumed a
fixed operating cost of US$ 2.00/kW.month.

The period of analysisis from January 2003 to December 2009.

In the first kind of evaluation we determine at which contract price it is better to sell energy
through bilateral contractsinstead of selling directly in the spot market.

Without imposing risk constraints, the best decision at a contract price of US$18/MWh isto
sell al plant energy in the spot market. Figure 3.1 shows the distribution of plant
discounted net revenue in this case. Note that in seven years its expected value is US82
MM but depending on the hydrological scenario it may be higher than US$400 MM. It can
also be negative in low spot price scenarios.

Discounted Net Revenue - 100 % spot Market

MMUS$ (mean: US82 MM)
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300 ///
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-100

Scenarios

Figure 3.1 — Plant Net Discounted Net Revenue — 100 % Spot

Figure 3.2 shows plant minimum and maximum yearly-accumulated net revenues at a VaR
level of 95 %. There are high revenue upsides but they can also be negative. The downside

Computer-Based Smulation of Auctions of Option Contracts and of Futures Contractsin the Colombian
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risk is associated to low spot price scenarios when plant revenues may not be sufficient to
cover its fixed operating costs.

Minimum and Maximum Yearly Accumulated Net Revenue
MMUS$ 95 % VaR Level

500
400 /\
300 / \
200 /
100 /

/7

100 2003 2004 2005 2006 2007 2008 2009
— Minimum -11 -11 -11 -11 -11 -10 -7
— Maximum 79 229 445 274 279 266 282
Year

Figure 3.2 —Minimum and M aximum Accumulated Net Revenuesat a 95 % VaR Level —100 % Spot

Next, arisk constraint is imposed requiring that yearly-accumulated net revenues should be
positive at a 95 % VaR level. The best decision in this case is to sign a bilateral contract
corresponding to 54 % of plant available capacity and sell the remaining energy in the spot
market. Figure 3.3 shows the distribution of plant discounted net revenue in this case. Asa
result of selling 54 % of plant energy through a US$ 18/MWh hilateral contract the
expected value of plant discounted net revenue decreased to US$ 70 MM, its upsides are
smaller than in preceding case but now it is positive in all scenarios. Figure 3.4 shows plant
minimum and maximum yearly-accumulated net revenues at a VaR level of 95 %. They are
now greater than zero at a VaR level of 95 %, at the expense of a lower revenue upside.
Bilateral contract at US$ 18/MWh is not as profitable as selling energy in the spot market
but it isagood instrument for risk hedging when spot priceis low.

By considering a contract price aa US 20/MWh the best decision in this case is to sell
100 % of plant energy through bilateral contract with or without risk constraints.

Computer-Based Smulation of Auctions of Option Contracts and of Futures Contractsin the Colombian
Wholesal e Electricity Market 9
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Discounted Net Revenue - 54 % Bilateral Contract, 46% Spot
MMUS$ (mean: US70 MM)
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Figure 3.3 — Plant Net Discounted Net Revenue —54 % Bilateral Contract, 46 % Spot

Minimum and Maximum Yearly Accumulated Net Revenue

MMUS$ 95 % VaR Level
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0
-100
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— Minimum 2 1 0 0 0 0 1
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Figure 3.4 —Minimum and M aximum Accumulated Net Revenuesat a 95 % VaR Level —54 %
Bilateral Contract, 46 % Spot
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Besides bilateral contracts let us consider the possibility of selling energy options. To begin
we consider option prices computed at 6% discount rate.

For a contract price at US$20/MWh and no risk constraint the best decision is to sell firm
energy options with strike of US$30/MWh, up to 100 % of plant available capacity.
Figure 3.5 shows the distribution plant discounted net revenue, in this case. Depending on
the hydrological scenario, it can go from US$49 MM to US$ 353 MM but its expected
value is US$ 96 MM. By selling the option the plant receives the associated monthly
payment and also has the possibility to sell energy in the spot when it is profitable, during
that acquisition period. In the performance period, if spot price is less than US$30/MWh it
is free so sell its energy in the spot, whereas if spot price is greater than US$30/MWh it has
to sell at US$30/MWh. This explains plant net revenues volatility as a result spot prices
volatility. Net revenue upsides are not as high as when al plant energy is sold in the spot
market (see Figure 3.1) but it is positive in al hydrological scenarios. The expected value
of plant discounted net revenue in this case is greater than when al its energy is sold in the
spot because it was used a discount factor of 12 % whereas option prices were computed
based on 6% discount rate.

Discounted Net Revenue - 100 % Option

MMUS$ (Mean: US$ 96 MM)
450
400
350 rj
300
— Revenues I
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200
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100 ‘_/-fl
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O ~Fr T T I

1% 7% 13% 19% 25% 31% 37% 43% 49% 55% 61% 67% 73% 80% 86% 92% 98%

Scenarios
Figure 3.5 - Plant Net Discounted Net Revenue — 100 % Option, Strike: US$ 30/MWh

Figure 3.6 shows plant minimum and maximum yearly-accumulated net revenues at a VaR
level of 95 %. In the first two years they are greater than zero due to the option monthly
payment and the extra revenue from selling energy at the spot market. After that, the
downside risk is associated to low spot price scenarios when plant revenues may not

Computer-Based Smulation of Auctions of Option Contracts and of Futures Contractsin the Colombian
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sufficient to cover its fix operating costs. In this case maximum losses at 95 % VaR level
may reach US$11MM from the third to the fifth year.

Minimum and Maximum Yearly Accumulated Net Revenue
MM US$ 95 % VaR Level

ol A

wl
o/ \

\
) \
0 ~

~N
-50
2003 2004 2005 2006 2007 2008 2009
— Minimum 38 38 -11 -11 -11 -10 -7
— Maximum 128 278 39 39 44 41 38

Year

Figure 3.6 — Minimum and M aximum Accumulated Net Revenuesat a 95 % VaR Level — 100 % option

Next, arisk constraint is imposed such that minimum yearly-accumulated revenues should
be greater than zero in all years. In this case the best solution is to sell 59 % of plant
available capacity in firm energy option with strike of US$30/MWh, 41% in bilateral
contracts and 0% in the spot. Bilateral contract at US$ 20/MWh is not as profitable as the
option but it isagood instrument for risk hedging when spot price islow. Figure 3.7 shows
the distribution of net discounted revenue in this case. Note that its mean value (US$
93MM) is dightly less than in the preceding case but its minimum value is higher. Figure
3.8 shows plant minimum and maximum yearly-accumulated net revenues at aVaR level of
95 % for this case. Now they are greater than zero, in al years at the expense of a smaller
upside — for instance, they dropped from US$ 278 to US$ 172 MM in the second year.

Computer-Based Smulation of Auctions of Option Contracts and of Futures Contractsin the Colombian
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MM US$

Discounted Net Revenue - 59 % Option, 41 % Contract
(Mean: US$ 93 MM)
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Figure 3.7 — Plant Net Discounted Net Revenue —59 % Option, 41 % Bilateral Contract
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Figure 3.8 — Minimum and M aximum Accumulated Net Revenuesat a 95 % VaR Level —59 % Option,

41 % Bilateral Contract
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At US$ 22/MWh the best decision isto sell all plant output through bilateral contracts.

Similar trade-offs were also computed for option price computed at 12 % discount rate.
Table 3.1 presents a summary of the above results and the ones with an option price
computed at a 12 % discount rate

Contract Option Risk Bilateral Option Spot Discounted Net
Price Price Constraints | Contract . Revenue
Discount (Strike) Expected Value
Rate
(US$/MWh) (%) (Yes/No) (%) (%) (%) (MMUSS)
18 NA ©) No 0% Forbidden 100 81.7
18 NA ©) Yes 54 Forbidden 46 70.2
20 NA ©) Yes 100 Forbidden 0 90.4
20 6 No 0 100 0 95.5
(US$30/MWh)
20 6 Yes 41 59 0 93.4
(US$30/MWh)
22 6 Yes 100 0 0 120.5
20 12 Yes 100 0 0 90.4
18 12 No 0 100 0 81.7
(US$200/M Wh)
18 12 Yes 54 46 0 70.2
(US$200/M Wh)

(*) Not Applicable
Table 3.1 — Trade-off — Bilateral Contracts, Options and Spot

To summarize the results of this section, for the horizon ranging from 2003 to 2009 and a
12 % discount rate we get:

1. Trade-off between bilateral contracts and spot:

» Ataprice of US$ 18/MWh and no risk constraints the best decision is to sell energy
in the spot, whereas if risk constraints are imposed a percentage of plant energy
should be sold through bilateral contracts;

* At aprice of US$ 20/MWh the best decisions is to sell al plant energy through
bilateral contracts with risk constraints or not.

Computer-Based Smulation of Auctions of Option Contracts and of Futures Contractsin the Colombian
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2. Trade-off among bilateral contracts, options with price computed using 6% discount
rate and spot:

» Atapriceof US$ 20/MWh and no risk constraints the best decision isto sell 100 %
of plant available capacity in energy options (US$30/MWh strike price), whereas if
risk constraints are imposed less than 100 % of plant available capacity should be
sold in energy options and the remaining capacity should be committed with
bilateral contracts.

3. Trade-off among bilateral contracts, options with price computed using 12% discount
rate and spot:

* Atapriceof US$ 18/MWh and no risk constraints the best decisionisto sell 100 %
of plant available capacity in energy options (US$200/MWh strike price), whereas
if risk constraints are imposed less than 100 % of plant available capacity should be
sold in energy options and the remaining capacity should be committed with
bilateral contracts.

From Table 2.1 of the preceding section it can be seen that option prices increase from the
early to the latter performance periods. This implies that for the latter periods the trade-off
between bilateral contracts and options occurs at a higher contract price. For instance
considering the horizon from 2003 to 2029 (not in Table 3.1), at a price of US$27/MWh
and no risk constraints the best decisions is to commit 100 % of plant available in firm
energy options when its price is computed based on 6% discount rate. For option price
computed using the 12 % discount rate, the trade-off occurs at a contract price of
US$25/MWh, which is higher than US$18/MWh shown in Table 3.1

3.2. TERMAL PLANT — OPEN CYCLE

The combined cycle plant chosen has 151 MW of nominal capacity and a mean available
capacity of 122.7 MW. Its variable operating cost is US$ 18.44/MWh and it was assumed a
fixed operating cost of US$ 2.00/kW.month.

The period of analysisis from January 2003 to December 2009.

In the first kind of evaluation we determine at which contract priceit is better to sell energy
through bilateral contractsinstead of selling directly in the spot market.

Again, without imposing risk constraints, the best decision at a contract price of
US$18/MWh isto sell al plant energy in the spot market. Figure 3.9 shows the distribution
of plant discounted net revenue in this case. Note that in seven years its expected value is
US19 MM but depending on the hydrological scenario it may be higher than US$120 MM.
It can also be negative in low spot price scenarios. Also, due to the plant higher operating
cost the revenue downside is here relatively higher than in the previous case.

Figure 3.10 shows plant minimum and maximum yearly-accumulated net revenues at a
VaR level of 95 %. There are high revenue upsides but they can aso be negative. Here
again, the downside risk is associated to low spot price scenarios when plant revenues may
not be sufficient to cover its fixed operating costs.

Computer-Based Smulation of Auctions of Option Contracts and of Futures Contractsin the Colombian
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Discounted Net Revenue - 100 % spot Market
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Figure 3.9 — Plant Net Discounted Net Revenue — 100 % Spot
Minimum and Maximum Yearly Accumulated Net Revenue
MMUS$ 95 % VaR Level
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Figure 3.10 — Minimum and Maximum Accumulated Net Revenuesat a 95 % VaR Level — 100 % Spot

Now, contrary to the previous case, there were no way to impose here that the yearly
accumulated revenue should be greater or equal zero or even US$ -2 MM, at a 95 % VaR
level, by just using a contract at US$ 18/MWh. As this contract price energy price is lower

Computer-Based Smulation of Auctions of Option Contracts and of Futures Contractsin the Colombian
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than variable plant operating cost (US$18.44/MWh) it may not even cover plant variable
operating cost in some scenarios.

By considering a contract price at US 20/MWh the best decision in this case is to sell
100 % of plant energy through bilateral contract with or without risk constraints. Where
risk constraints was specified as yearly losses should be limited to US$ 2 MM at 95 % VaR
level.

Besides bilateral contracts let us consider the possibility of selling energy options. To begin
with we consider option prices computed at 6% discount rate.

For a contract price at US$20/MWh and no risk constraint the best decision is to sell firm
energy options with strike of US$30/MWh, up to 100 % of plant available capacity.
Figure 3.11 shows the distribution plant discounted net revenue, in this case. Depending on
the hydrological scenario, it can go from US$13 MM to US$ 113 MM but its expected
vaueisUS$ 24 MM.

Discounted Net Revenue - 100 % Option
MMUS$ (Mean: US$ 24 MM)
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Scenarios
Figure 3.11 — Plant Net Discounted Net Revenue — 100 % Option

Figure 3.12 shows plant minimum and maximum yearly-accumulated net revenues at a
VaR level of 95 %. In the first two years they are greater than zero due to the option
monthly payment and the extra revenue from selling energy at the spot market. After that,
the downside risk is associated to low spot price scenarios when plant revenues may not
sufficient to cover its fix operating costs. In this case maximum losses at 95 % VaR level
may reach US$ 4 MM from the third to the fifth year.

As it was not possible to impose a risk constraint of no losses at 95 % VaR level in this
case, due to the plant higher operating cost, the new risk constraints was specified as yearly
losses should be limited to US$ 2 MM at 95 % VaR level.

Computer-Based Smulation of Auctions of Option Contracts and of Futures Contractsin the Colombian
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In this case the best solution is to sell 52% of plant available capacity in firm energy option
with strike of US$30/MWh, 48% in bilateral contracts and 0% in the spot. Bilateral contract
at US$20/MWh is not as profitable as the option but it is a good instrument for risk
hedging when spot price is low. Figure 3.13 shows the distribution of net discounted
revenue in this case. Note that its mean value (US$ 23MM) is dightly less than in the
preceding case but its minimum value is higher. Figure 3.14 shows plant minimum and
maximum yearly-accumulated net revenues at a VaR level of 95 % for this case. Now they
are greater than -US$2 MM, in al years at the expense of a smaller upside — for instance,
they dropped from US$ 93 to US$ 51 MM in the second year.

Minimum and Maximum Yearly Accumulated Net Revenue
MM US$ 95 % VaR Level

JA
o /N
/

. \
. \

-20

1 2 3 4 5 6 7
— Minimum 13 13 -4 -4
— Maximum 42 93 6 6 8 7 6

Year

Figure 3.12 — Minimum and M aximum Accumulated Net Revenuesat a 95 % VaR Level —100 %
Option

At US$ 22/MWh the best decision is to sell al plant output through bilateral contracts and
in this case yearly net accumulated revenue is greater than zero at 95 % VaR level

Similar trade-offs were aso computed for option price computed at 12 % discount rate.
Table 3.2 presents a summary of the above results and the ones with option price computed
at 12 % discount rate.
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Figure 3.13 — Plant Net Discounted Revenue —48% Contract, 52 % Option

Minimum and Maximum Yearly Accumulated Net Revenue
95 % VaR Level
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Figure 3.14 —Minimum and Maximum Accumulated Net Revenuesat a 95 % VaR Level —48 %

Contract, 52 % Option
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Contract Option Risk Bilateral Option Spot Discounted Net
Price Price Constraints | Contract . Revenue
Discount **) (Strike) Expected Value
Rate
(US$/MWh) (%) (Yes/No) (%) (%) (%) (MMUSS)
18 NA ) No 0% Forbidden 100 19
18 NA ) Yes XXX Forbidden XXX Not possible
20 NA ©) Yes 100 Forbidden 0 22
20 6 No 0 100 0 24
(US$30/MWh)
20 6 Yes 48 52 0 23
(US$30/MWh)
22 6 Yes 100 0 0 32.3
20 12 Yes 100 0 22
18 12 No 0 100 0 19
(US$200/M Wh)
18 12 Yes XXX XXX XXX Not possible

(*) Not Applicable
(**) Risk constraints: At 95% VaR level, yearly losses should be lesser than US$2 MM .

To summarize the results of this section, for the horizon ranging from 2003 to 2009 and a
12 % discount rate we get:

1. Due to the plant higher operating cost a more relaxed version of risk constraint was
considered for the open cycle plant

2. Trade-off between bilateral contracts and spot:

» Ataprice of US$ 18/MWh and no risk constraints the best decision is to sell energy
in the spot but in this case there were no way to imposing an even relaxed risk
constraint due the plant high operating cost;

* At aprice of US$ 20/MWh the best decisions is to sell al plant energy through
bilateral contracts with risk constraints or not.

3. Trade-off among bilateral contracts, options with price computed using 6% discount
rate and spot:

» Atapriceof US$ 20/MWh and no risk constraints the best decision isto sell 100 %
of plant available capacity in energy options (US$30/MWh strike price), whereas if
risk constraints are imposed less than 100 % of plant available capacity should be
sold in energy options and the remaining capacity should be committed with
bilateral contracts.

Computer-Based Smulation of Auctions of Option Contracts and of Futures Contractsin the Colombian
Wholesal e Electricity Market 20




MERCADOS ENERGETICOS CONSORTIUM

4. Trade-off among bilateral contracts, options with price computed using 12% discount
rate and spot:

* Atapriceof US$ 18/MWh and no risk constraints the best decisionisto sell 100 %
of plant available capacity in energy options (US$200/MWh strike price), but at this
contract price there were no way to impose risk constraints.

3.3. HYDRO PLANT

The hydro plant chosen has 1150 MW of installed capacity and 1053 MW of available
capacity. Its dispatch for each time step, load level and hydrological scenario was directly
taken from the SDDP runs which produced the spot scenarios presented in Chapter 2.

The period of analysis is also from January 2003 to December 2009 and option price is
computed based on 6 % discount rate.

In the first kind of evaluation we consider a contract price of US$ 20/MWh and no risk
constraints. The best decision is then to commit 100% of plant available capacity to firm
energy options with strike price of US$30/MWh. Figure 3.15 shows the distribution of
plant discounted net revenue for this case. Its expected value is US$438 MM but depending
on the hydrological scenario it can go from -US$ 236 MM to US$ 770 MM. Figure 3.16
shows plant minimum and maximum yearly-accumulated net revenues at a VaR level of
95 % for this case. Note that in the years of 2003 and 2004 they are positive at a 95 % VaR
level due to option price payments, but in 2006 the plant maximum losses, at 95 % VaR
level, is US$ 473 MM which is higher that its expected discounted net revenue from 2003
to 20009.
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Discounted Net Revenue - 100 % Options
MMUS$ (mean US$ 438 MM)
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Figure 3.15 — Plant Net Discounted Net Revenue — 100 % Option
MMUS$ Maximum and Minimum Yearly Accumulated Net Revenue
95% VaR Level
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2003 2004 2005 2006 2007 2008 2009
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— Maximum 287 402 91 105 115 111 112
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Figure 3.16 — Minimum and Maximum Accumulated Net Revenues at a 95 % VaR Level — 100 %
Option

The downside risk for the hydro plant is not only related to low spot price scenarios but
also with high spot scenarios. This because there is a negative correlation between spot
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prices and stored energy in predominantly hydro systems. This implies that when spot
prices are high hydro production may be low. Then when committing 100 % of plant
available capacity to firm energy options the agent may need to buy energy in the spot
market to meet contract obligations, when the pricesin this market are high.

Next, a risk constraint is imposed such that maximum annual losses should be less than
US$ 200 MM at a95 % VaR level. The best decision is then to commit only 59 % of plant
energy capacity to firm energy option (US$ 30 /MWh strike price) and leave 41 % of plant
capacity to produce energy for selling in the spot market. Figure 3.17 shows the distribution
of plant discounted net revenue in this case. Its expect vaue is US$ 421 MM and it is
positivein al hydrological scenarios.

Discounted Net Revenue - 59 % Options, 41% Spot

MMUS$ (mean US$ 421 MM)
1000
800
— Revenues
— Mean
600 -~

_J

400 //_/,
200 /

O [ T T T T T T T T T

% 7% 13% 19% 25% 31% 37% 43% 49% 55% 61% 67% 73% 80% 86% 92% 98%

=

-200

-400

Scenarios

Figure 3.17 — Plant Net Discounted Net Revenue—59 % Option, 41 % Spot

Figure 3.18 shows plant minimum and maximum yearly-accumulated net revenues at a
VaR level of 95 % in this case. As shown in the figure the maximum losses at a VaR level
of 95% is limited to US$200 MM. But now revenue upsides are smaler than in the
preceding case.

Computer-Based Smulation of Auctions of Option Contracts and of Futures Contractsin the Colombian
Wholesal e Electricity Market 23



MERCADOS ENERGETICOS CONSORTIUM

Minimum and Maximum Yearly Accumulated Net Revenue
MMUS$ (95 % VaR Level)
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— Minimum 96 124 -137 -111 -200 -142 -200
— Maximum 228 343 96 136 159 137 144
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Figure 3.18 — Minimum and Maximum Accumulated Net Revenuesat a 95 % VaR Level —
59 % Option, 41 % Spot

With contact price at US $ 22/MWh and no risk constraints the best decision isto sign a
bilateral contract corresponding to 100 % of plant available capacity. Figure 3.19 shows the
yearly-accumulated net revenue in this case. Note that from 2004 to 2009 maximum |osses
are greater than US$ 350 MM. By imposing the same risk constraints the best decision in
this case isto only sign bilateral contract in the amount of 22 % of plant available capacity
and leave the remaining plant production to the spot market
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Minimum and Maximum Yearly Accumulated Net Revenue
MMUS$ (95 % VaR Level)
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— Minimum 27 -416 -412 -447 -439 -361 -400

— Maximum 198 181 172 169 171 168 166
Year

Figure 3.19 — Minimum and Maximum Accumulated Net Revenuesat a 95 % VaR Level —100 %
Bilateral Contract

Now suppose that contract price is US 28 /IMWh but arisk constraint is imposed such that
at aVaR level of 95 % yearly accumulated revenues should be greater than US$ 50 MM in
2003 and 2004 and losses should be limited to US$ 200 MM in the remaining years. The
best decision in this case is to sell firm energy options (strike: US $ 30/MWh) in the
amount of 20 % of plant available capacity, sign a contract in the amount corresponding to
43 % of plant available capacity and leave the remaining capacity for the spot market. The
expected value for plant discounted net revenue is US$ 567 and Figure 3.20 shows the
yearly accumulated net revenue in this case.
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Minimum and Maximum Yearly Accumulated Net Revenue
MMUS$ (95 % VaR Level)
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— Minimum 131 50 -163 -200 -189 -137 -198
— Maximum 161 236 142 164 183 156 159
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Figure 3.20 — Minimum and Maximum Accumulated Net Revenuesat a 95 % VaR Level —
59 % option, 41 % spot

Table 3.2 presents a summary of the above resullts.

Contract Option Risk Bilateral Option Spot Discounted Net
Price Price Constraints | Contract . Revenue
Discount (Strike) Expected Value
Rate
(US$/MWh) (%) (Yes/No) (%) (%) (%) (MMUSS)
20 6 No 0 100 0 437.6
(US$30/MWh)
20 6 Yes® 0 59 41 421.0
(US$30/MWh)
22 6 No 100 0 0 511.2
22 6 Yes® 22 0 78 422.3
28 6 Yes®™ 43 20 37 567.4
(US$30/MWh)

(*) Risk Constraint: At 95 % VaR level, maximum annual losses should be smaller than US$ 200 MM

(**) Risk Constraint: At 95 % VaR level, yearly-accumulated net revenue should be greater than
US$50 MM in 2003 and 2004, and losses should be limited to US$ 200 MM in theremaining years

Table 3.2 — Trade-off — Bilateral Contracts, Options and Spot
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To summarize the results of this section, for the horizon from 2003 to 2009 and a 12 %
discount rate:

1. Trade-off among bilateral contracts, options with price computed using 6% discount
rate and spot:

* Atapriceof US$ 20/MWh and no risk constraints the best decisionisto sell 100 %
of plant available capacity in energy options (US$30/MWh strike price), whereas if
risk constraints isimposed less than 100 % of plant available capacity should be
sold in energy options and the remaining capacity should be | eft to the spot markets
due to the high risk of ahydro plant in high spot price scenarios.

3 At a price of US$ 22/MWh and no risk constraints the best decision is to sign a
bilateral contract corresponding to 100 % of plant available capacity, whereas if risk
constraints is imposed less than 100 % of plant available capacity should be
committed to bilateral contracts and the remaining capacity should be used to
produce energy for the spot markets due to the high risk of hydro plant with high
spot price scenarios.

4 Depending on the kind of risk constraints it may be attractive to commit part of
plant available capacity to firm energy option even at a contract price of US$
28/MWh.

Here again for latter time periods the transition: option — bilateral occurs at a higher price.
For instance if the whole horizon (from 2003 to 2029) were considered, at a price of
US$27/MWh and no risk constraints the best decision would be to commit 100 % of plant
available in firm energy options when its price is computed based on 6% discount rate

One important aspect related to hydro plants when selling energy optionsis the risk related
not only with low spot scenarios but also with high spot scenarios. For the latter case the
best hedging strategy is to leave part of plant production to the spot market.

4. ANALYSISFOR THE NEW PLANTS

In the section we will consider firm energy option under the perspective of an agent that is
about to make the decision to build a new power plant. He/she is going to do so if the
internal rate of return associated to his’her investments is high enough at an acceptable
level of risk. This kind of analysis is important to evaluate to what extent firm energy
option can contribute to generation expansion, which is the regulators main concern.

In Section 4.1 it is determined at what price investors would be willing to sell energy
options. These prices will be compared with the option market prices computed in
Section 2. Energy option market will only develop if there are some agreements among
these values. In Section 4.2 portfolio optimizations are carried out under different
assumptions.

The type of new plant that will be considered is a combined cycle gas fired plant with the
technical economic data shownin Table 4.1
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I nvestment cost (100 % equity) $600/kW

Construction time Two years

Disbursement schedule 40% first year, 60% second year
Capacity 500 MW

Maximum available capacity factor 92%

O&M fixed costs US$ 2/kW.month

Variable cost (O&M and fuel) US$ 15/MWh

Minimum generation 0% of capacity

Lifetime 25 years

Table 4.1 — Plant Technical Economic Data

Plant total investment cost is US$ 300 MM, with the following disbursements:
US$ 120 MM in the first year and US$ 180 MM in the second year. In general case there
are some loan schemes to build a power plant but no assumptions were made here with
respect to that.

4.1. I NVESTOR REQUIRED OPTION PRICE

In this section we examine at what price investors would be willing to sell the kind of
energy option specified in Section 2. When selling the option he or she will receive the
monthly payment during the acquisition periods. On the other hand, during the performance
periods, the energy produced by the plant will be sold at the strike price if the spot is
greater than the strike, otherwise, it will be sold at the spot price. In this computation the
price of the options will be the same in al acquisition periods. Plant dispatch rule is:
dispatch at the available capacity if spot is greater than plant variable cost, otherwise
dispatch at the minimum generation.

The computation will be carried out based on a required free of tax mean internal rate of
return of 15%. Figures 4.1 to 4.5 shows the result for the five strike prices.

Note again that as the strike price increases the required price decreases, as there is higher
probability that plant output can be sold at the spot market at higher prices. Also, the
internal rate return is more volatile for the higher strike prices, as there is a higher exposure
of the plant to the spot price variations.

Figures 4.6 to 4.10 show a comparison between the market price and investor required price
for the four strike prices and two discount rates used to compute option market prices.
Observe that even though investor required option prices are higher than market prices for
the first or second performance periods they are smaller than market prices for the other
performance periods even when theses prices are computed based on the 12% discount rate.
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Figure 4.1 — Required Price— Strike Price— US 30/MWh
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Figure 4.2 — Required Price— Strike Price— US 50/MWh
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Strike US100/MWh - Price US$ 7.61/kW.Month
Required Rate of Return: 15%
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Figure 4.3 — Required Premium — Strike Price— US 100/M Wh
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Figure 4.4 —Required Price— Strike Price— US 150/MWh
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Strike US$ 200/Mwh - Price: US$3.53/KW.month
Required Rate of Return: 15%

80
70
60
— IRR (%)
50 A — Mean (%)

R 40 J
30 /
20

10  —
0 TTTTTT T T T T I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T e T e T T T T T T T T T T T T T T T T T T T T T T T TTTTT
1% 6% 11% 17% 22% 27% 33% 38% 43% 48% 54% 59% 64% 70% 75% 80% 86% 91% 96%
Cenarios
Figure 4.5 - Required Price— Strike Price— US 200/MWh
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Figure 4.6 —Market Price x Investor Required Price— Strike— US30/MWh
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Market Price x Investor Required Price
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Figure 4.7 —Market Price x Investor Required Price— Strike— US50/MWh
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Figure 4.8 —Market Price x Investor Required Price— Strike— US100/MWh
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Market Price x Investor Required Price
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Figure 4.9 —Market Price x Investor Required Price — Strike— US150/MWh
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Figure 4.10 —Market Premium x Investor Required Price — Strike — US200/M Wh
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4.2. PORTFOLIO OPTIMIZATION

In this section we analyze how attractive is to invest on the power plant whose data was
presented in Table 4.1 together with the alternatives of commercializing its energy —
signing bilateral contracts, selling firm energy options or directly selling energy in the spot
market, in terms of profit maximization and risk hedging.

The criteria for optimization is to maximize project discounted net revenue, at a discount
rate of 12%, subjected to risk constraints. Risk constraints are of the same kind as the ones
specified in Section 3. Here again, a constraint is imposed in the optimization so that
maximum amount of total contracting (bilateral contracts plus options) is less than or equal
to the plant available capacity. This implies, anong other things, that in order to sign a
bilateral contract or sell an energy option the agent has to build the plant.

The period of analysis is from January 2003 to December 2029. Plant possible construction
date is January 2003. If it is built it will start to operate on January 2005 and as its lifetime
is 25 years, the retirement date will be December 2029. To analyze plant energy
commercialization strategies we will consider a strip of five energy options, to cover plant
lifetime, whose first acquisition period starts on from January 2003. The candidate bilateral
contract also covers plant lifetime - from January 2005 to December 2029.

In the first kind of evaluation we determine at which contract price it is advantageous to
build the plant and sell its energy through bilateral contract instead of selling directly in the
spot market.

Without imposing risk constraints, the best decision at a contract price of US$28/MWh isto
build the plant and sell al its energy in the spot market. Figure 4.11 shows for this case the
distribution of plant discounted net revenue. Its expected value is US$ 27 MM but it can go
from —US$ 208 to US$ 586 MM. The expected value is much lower than for the existing
plants (see Section 3), because here it is included the investment cost. Figure 4.12 shows
the distribution of internal rate of return whose expect value is 15 % but can be as low as
5.26%, depending of the hydrological scenario. Its standard deviation is 0 = 9.1 % and
Sharp index, at a 6% risk free interest rate of return, is S = (15 — 6)/ 9.1 = 0.98. The Sharp
index should be interpreted with caution here due to the specific nature of investments in
power plants with lifetime of 25 years in comparison with the liquidity of investments in
the stock market. Figure 4.13 shows the minimum and maximum yearly-accumulated net
revenue at a VaR level of 95 % from 2003 to 2029. For the years of 2003 and 2004 the
downsides of the yearly-accumulated net revenues are due to disbursement associated to
plant investment costs and the fact that it only starts to sell energy in the spot market in
2005. From then one they are associated to low spot prices scenarios when plant revenues
are insufficient to cover its fixed operating cost.
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Figure 4.11 — Plant Discount Net Revenue — 100 % Spot
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Figure4.12 —Investment 1R — 100 % Spot
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Yearly Accumulated Revenue - 100 % Spot
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Figure 4.13 —Minimum and Maximum Accumulated Net Revenues— 100 % Spot

Next a risk constraint is imposed requiring that from the year 2005 and on yearly
accumulated net revenue should be positive at 2 95% VaR level. Asresult the best decision
isto sign a bilateral contract in the amount of 21.3% of plant available capacity and leave
the remaining capacity to sell energy in the spot market. The expected value of plant
discounted net revenue then dropped to US$ 22 MM, the expected va ue of the internal rate
of return is now 14.3 % and the Sharp index increased to 1.25 due to the decreasing of the
internal rate of return standard deviation. Contract at a price US$28/MWh is not as
profitable as the spot market but is attractive for hedging against low spot price scenarios.

Now besides bilateral contracts let us consider the possibility of selling energy options.
Here we consider first option prices computed at 12 % discount rate. Energy options have a
special attractiveness in this case because they provide a revenue before plant starts to
operate. For instance, the US30/MWh strike price energy option with price of
US$8.84/kW.month in the first acquisition period (see Table 2.2) provides an yearly
revenue of US$53 MM (8.84x500000x12) during this period.

For a contract price at US$ 28/MWh and no risk constraints the best decision is to sell
energy options with strike of US$200/MWh, up to 100% of plant capacity. Figure 4.14
shows the distribution of plant discounted net revenue for this case and Figure 4.15 the
distribution of the internal rate of return. The expected value of the discounted net revenue
is close to the case where the plant is 100 % in the spot but its upsides and downsides are
smaller. The expected value of the internal rate of return is also slightly less (from 15 % to
14.4 %) and the Sharp index is 1.33 which is higher than when the plant is 100 % in the
spot market.
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Figure 4.14 — Plant Discounted Net Revenue— 100 % Option
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Figure4.15—Investment IR — 100 % Option
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Figure 4.16 shows the yearly-accumulated net revenues at a 95 % VaR level from 2003 to
2009 where it can be observed the impact of invest cost disbursements in the years of 2003
and 2004. The downside associated to these years are not as big as before due to the
payment of option price in the first acquisition period — for instance in 2004 it decreased
from US$180 to US$ 164 MM.

MMUS$ Yearly Accumulated Net Revenue - 100% Option
600
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500 — Maximum
400 f =

wl N\ A
[

200 /
100 /
O T T T Jp S T T T T T T T T
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-100

-200

-300
Year

Figure 4.16 — Minimum and M aximum Accumulated Net Revenues—100% Option

Next risk constraints are imposed such that in the year of 2003 and 2004 when the plant is
in construction, yearly-accumulated net revenue should be greater than -US$ 150 MM and
when it starts to operate it should be positive at a 95 % VaR level. The best decision now is
to sign acontract at alevel corresponding to 21.3 % of plant available capacity and sell two
energy options - one with strike price US$50/MWh corresponding to 58 % of plant
available capacity and the other with strike US$200/MWh corresponding to 20.6 % of plant
available capacity. Figure 4.17 shows the distribution of plant discounted net revenue for
this case and Figure 4.18 the distribution of the internal rate of return. The expected value
of the discounted net revenue dropped to US$ 22MM and of the internal rate of return
decreased to 13.8%. The Sharp index increased to 3.54 due to the decreasing of the interna
rate of return volatility.

Figure 4.19 shows the minimum and maximum yearly-accumul ated net revenue from 2003
to 2029, which shows the decreasing of the downside risk.
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Discounted Net Revenue - 21 % Contract, 79 % Option
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Figure 4.17 — Plant Discounted Net Revenue—21 % Contract, 79 % Option
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Figure4.18 —Investment IRR — 21 % Contract, 79 % Option
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Yeartly Accumulated Net Revenue - 21 % Contract, 79 % Option
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Figure 4.19 — Yearly Minimum and Maximum Net Revenue - —21 % Contract, 79 % Option

At aprice of US29/MWh the best decision isto sell 100 % of plant energy though bilateral
contract with or without nonnegative risk constraints from 2005 to 2029. The expected
value of the internal rate of return in this case is 14.5% and the Sharp index is high (17.0)
due its low volatility. But if some limits on the net revenue downside is imposed for the
years of 2003 and 2004 part of the plant should be committed to firm energy options to

guarantee some revenues on those years.

Similar computations were carried out with options computed at a 6% discount rate. Table

4.1 presents a summary of the results of this section.
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Contract Option Risk Bilateral Option Spot | Discounted IR
Price Rrice Const. Contract (Strike) Net
Discou Revenue
nt Rate Expected
Value

(USYMWh) | (%) | (Yes/No) (%) (%) (%) | (MMUS3) (%)

28 NA O No 0% Forbidden 100 26.7 15.0

28 NA® | Yes™ 21.3 Forbidden 78.7 224 14.3

28 12 No 0 100 0 26.7 14.4
(US$200/M Wh)

28 12 Yes"™ 21.3 58.1 0 22.0 13.8
(US$50/M Wh)

20.6

(US$200/M Wh)

29 12 Yest 100 0 0 33.0 14.5

29 12 Yes"™ 43.4 56.6 0 29.5 14,3
(US$50/M Wh)

30 6 No 0 100 0 84.0 17.5
(US$30/MWh)

30 6 Yest 18.6 81.4 0 79.9 17.2
(US$30/MWh)

31 6 Yes 100 0 0 86.0 17.1

(*) Not Applicable

(**) Risk Constraint: At 95 % VaR level, yearly-accumulated net revenue from 2005 and on should be
positive

(***) Risk Constraint: At 95 % VaR level, yearly losses should be no great than US$150 MM 2003 and
2004, and year ly-accumulated net revenue should be positive in the remaining years

Table 4.1 — Trade-off — Bilateral Contracts, Energy Optionsand Spot

To summarize the results of portfolio optimization:
1. Trade-off between bilateral contracts and spot:

» At acontract price of US$28/MWh and no risk constraints the best decision is to
build the plant and sell al its energy in the spot, whereas if risk constraints are
imposed after plant start operation, the best decision is to sell part of its energy
through bilateral contracts.
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2. Trade-off among bilateral contract, energy option with price computed based on 12 %
discount rate and spot:

At a contract price of US$28/MWh and no risk constraints the best decision is to
sell 100 % of plant available capacity in energy options, whereas if risk constraints
are imposed after plant starting operation, the best decision is to sell part of its
energy through bilateral contract and the remaining in energy options,

At a contract price of US$29/MWh and some risk constraints imposed after plant
starting operation the best decision is to sell all plant energy through bilateral
contract. But if minimum revenue is imposed during plant construction the best
decision is to sell part of its capacity in energy options and sign a bilateral contract
in the amount corresponding to the remaining capacity.

3. Trade-off among bilateral contract, energy option with price computed based on a6 %
discount rate and spot:

At a contract price of US$30/MWh and no risk constraints the best decision is to
sell 100 % of plant available capacity in energy options, whereas if risk constraints
are imposed after plant starting operation, the best decision is to sell part of its
energy through bilateral contract and the remaining in energy options.

At a contract price of US$31/MWh and some risk constraints imposed after plant
starting operation the best decision is to sell al plant energy through bilateral
contracts.

5. CONCLUSIONS

The following conclusions can be drawn from the results presented in the previous sections:

Firm energy options combined with future contracts may provide interesting risk
hedging instruments both for existing and new generators

Based on the ssimulations, the desired investor option premium based on a required
internal rate of return was compatible with the estimated option market price

By selling firm energy options investor offsets downside risk associated to low spot
price scenarios as their prices may cover a great amount of plant fixed costs. Also,
the revenue during the construction phase, originated from selling energy option is
an important source of income to finance plant investments

On the other hand, by selling option generators are giving away revenue upsides
brought by high spot prices

The amount of risk hedging and lost upsides depends on option strike prices and the
mix proportion among option, futures and spot

Most appropriate strike price and the mix proportion under investor point of view
depends on hisrisk /return perspective

Computer-Based Smulation of Auctions of Option Contracts and of Futures Contractsin the Colombian
Wholesal e Electricity Market 42



MERCADOS ENERGETICOS CONSORTIUM

O APPENDIX VII - OPTFIMIZATION OF PHYSICAL AND
FINANCIAL ASSETS: OPTFOLIO

5.1 INTRODUCTION

OPTFOLIO is a decision support tool for electric energy portfolio management, including
physical assets such as generating plants, international interconnections, as well as financia
assets such as bilateral contracts and derivative instruments.

The model addresses short-, mid- and long-term decisions such as investment in new
equipment, selection of contract mix and purchase of hedging instruments, taking into
account uncertainties in future prices, system supply conditions etc. The objective is to
optimize the company cash flow taking into account future uncertainties and risk
constraints.

Model input data:
* Spot price scenarios
» Existing own generation assets and energy contracts with their associated costs

e Candidate set for plants to be built or purchased with their investment cost or price and
operating costs

* Scenariosfor electricity generation for existing and new plants
» Candidate set for new financial instruments (contracts and options)
* Nativeload (for retail companies)

* Risk constraints in terms of utility functions or lower bounds for accumulated net
revenue in specified time periods

* Investment budget constraints

* Constraints expressing that financial instrument should be backed by plant available
capacity
» Contracting and self-dealing constraints

Output:

e Optima decision schedule in terms of the sequence of generation plant to be build and
of purchasing / selling of financial instruments

¢ Cash flow distribution
+ Accumulated net revenue for the best and worst scenarios

* Internal Rate of Return (IRR) associated to each investment and the global IRR
associated to the optimal portfolio

* Risk statistics (certainty equivalent, VaR, “downside risk”, etc.) associated to the cash
flow.
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* Time series graphs associated to severa variables such as power generation, spot prices,
spot market transactions, energy associated to the financia instruments, net revenue,
etc.

5.2. MATHEMATICAL FORMULATION.

5.2.1. INPUT DATA

A large part of the OPTFOLIO input data are hidrological scenario dependent produced by
astructural model of production costing.

a) Spot Prices
{rd, ,t=1,.,T;s=1,.,Sh=1..,Nnc} (7.2)
where:

t = stages (T number of stages)
s = scenarios (S number of scenarios)
h = load blocks (Nnc number of load blocks)

thsh = gpot price for staget, scenario s, load block h ($MWh)

b) load block duration
{duraciy,,t=1,...,T,h=1, ..., Nnc}
where:

duraci, = time length of load block hin stage t
C) Existing Plants
c.l) Installed capacity
{ potueye, U =1, Nue}
where:
ue = existing plant (Nue = number of existing plants).
potue,e = installed capacity of the existing plant ue (MW).
c.2) Avallable capacity
{avpotuee, ue=1,...,Nue, t=1, ..., T}
where:
avpotue,e = available capacity of existing plant uein the staget.
c.3) Fixed cost
{cfixueye, ue=1,...,Nue, t=1,..., T}
where:
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c.4)

c.5)

d)
d.1)

d.2)

d.3)

d.4)

cfixue,e = fixed cost associated to the existing plant ue in the stage t
(P/KW).

Generation
{dgfueyesn, ue=1,...,Nue, t=1, ..., T,s=1,..., S, h=1,..., Nnc}
where:

ofueiesn = physical generation of the existing plant ue in the stage t,
scenario s, load block h (GWh).

Total generation variable cost
{cguees, te=1,...,Nug, t=1,...,T,s=1,..., S}
where:

cgueyes = total generation variable cost of the existing plant belonging to
the utility uein the stage t, scenario s (k$).

candidate plants

installed capacity

{ potucyc, uc =1, .., Nuc}

where:

uc = candidate plant (Nuc = number of candidate plants)

potuc, = installed capacity of the candidate plant uc (MW)
Alternative dates for entrance in operation

{dgucygjaue, uC = 1,..., Nuc, jduc= 1,..., Nduc(uc)}
where:

jduc = indexes for entrance in operation dates of the candidate plant uc
(Nduc(uc) = total number of possible entrance in operation dates of the
candidate plant uc)

dgucygaue = entrance in operation date of the candidate plant uc.
Investment Cost

{cinvuc,, uc=1, ..., Nuc}

where:

cinvuc,c = investment cost of the candidate plant uc (k$).
Available capacity

{avpotuCygjduet, UC = 1,..., Nuc, jduc= 1,..., Nduc(uc), t =1, ..., T}
where:
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avpotucygaue = available capacity of candidate plant uc, entrance in
operation date jduc, in the staget

d.5) Investment payments

{dcinvucygjduet, UC = 1,..., Nuc, jduc = 1, ..., Nduc(uc), t =1, ..., T}
where:

decinvucygauer = INvestment payments associated to the candidate plant uc,
entrance in operation date jduc, in the stage t (k$).

Investment payments can be supplied by the user or calculated by the
program based on plant investment cost, disbursements chronogram, loan
period, interest rates and amortization scheme associated to the project
finance

d.6) Fixed Cost

{ cfixucygauet, UC = 1,..., Nuc, jduc = 1, ..., Nduc(uc), t=1, ..., T}
where:

cfixucygauer = fixed cost associated to the candidate plant uc, entrance in
operation date jduc, in the stage t ('/kW).

d.7) Generation

{ofucugduetsn, UC = 1,..., Nuc, jduc=1,..., Nduc(uc), t =1, ..., T, s=1,...,
S, h=1,...,Nnc}

where:

ofucugauesn = physical generation of the candidate plant uc, entrance in
operation date jduc, in the stage t, scenario s, load block h (GWh).

d.8) Tota generation variable cost

{ cgucugduets, UC = 1,..., Nuc, jduc=1,..., Nduc(uc), t =1, ..., T,s=1,...,
S

where;

CgUCyuaucts = total generation variable cost of the candidate plant uc,
entrance in operation date jduc, staget, scenario s (k%)

€) Load Data
e.l) Load projected in the Mw average (captive market)
{dmcacash, ica=1,..., Nca,t=1,..., T, h=1,..., Nnc}
where:

ica = indexes the captive consumer class (Nca = number of captive
consumers classes).
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e.2)

e.3)

ed)

eb)

f)
£.1)

£.2)

dmcacash = energy load in MW average of the consumer classica, in the
staget, load block h (GWh).

Associated power

{potcaca, ica=1,...,Nca, t=1,..., T}
where:

potcacs = power associated to the load of the consumer classica, in the
staget (MW).

Supplying costs

{cdcaca, ica=1,...,Nca, t=1,..., T}

where:

cdcaca = load supplying cost for consumer classicain the stage t ($/kW).
Fixed payments

{pofcaca, ica=1,...,Nca t=1,..., T}
where:

pofcaca = payment per load power of the consumer classicain the stage t
(H/kW).

Variable tariff
{trvcacan, ica=1,..., Nca, t=1,..., T,h=1,..., Nnc }
where:

trvcacan = load energy tariff of the consumer classica, in the stage t and
load block h ($/MWh).

Existing Contracts Data

Energy in MWaverage

{ecemicen, ice=1, ...,Nce, t=1,...,T,h=1, ..., Nnc}
where:

ice = indexes existing contracts (Nce = number of existing contracts)

ecemic = energy specified in MWaverage of the existing contract ice in
the staget, load block h (average MW).

By sign convention, if it is a purchase contract ecemicet = 0, otherwise
eceMicet < 0

Variable tariff
{trvcecan, ice=1,..., Nce, t=1,..., T,h=1,..., Nnc }
where:
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trvcecen = energy tariff of the existing contract ice, in the stage t and load
block h ($/MWh).

f.3) Associated power
{potcece, ice=1,..., Nce, t=1,..., T}

where:

potcecs = power associated to the existing contract ice, in the stage t
(MW).

By sign convention, if it is a purchase contract potcece = 0, otherwise
potce e < 0.

f.4) Fixed payments
{pofcace, ice=1,...,Nce, t=1,..., T}
where:

pafcec: = payment per contract power associated to the existing contract
iceinthe stage t (’kW).

0) Candidate Contracts Data
0.1) Energy in MWaverage
{eccmicen, icc=1, ..., Ncc, t =1, ..., T,h=1,..., Nnc}
where:

icc = indexes candidate contract (Ncc = number of candidate contracts)

eccmii = energy in MWaverage of the candidate contract icc in the stage t
load block h (MWaverage)

By sign convention, if it is a purchase contract eccmi, = 0, otherwise
ecCMiin< 0

0.2) Variabletariff
{trvCCicen, icC=1,..., Ncc, t=1,..., T, h=1,..., Nnc }
where:

trvcciceh = energy tariff of the candidate contract icc, in the stage t and
load block h ($/MWh).

This data can be supplied by the user or calculated by the program using
the spot prices scenarios and future contracts pricing theory.

0.3) Associated power
{potcCice, icc = 1,..., Ncc, t=1,..., T}
where
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potccicer = power associated to the candidate contract icc, in the stage t
(MW).

By sign convention, if it is a purchase contract potccicet = O, otherwise
POtCCicet < O.

0.4) Fixed payments

{pofcCice, icc=1,...,Ncc, t =1,..., T}
where:

pofccicc = payment per contract power associated to the candidate
contract icc in the stage t ($/kW).

h) Options Data
h.1) Energy in MWaverage
{eopmigpmn, iop=1, ..., Nop,t=1, ..., T,h=1,..., Nnc}
where:

iop = indexes candidate option contract (Nop = number of candidate
option contracts)

€0PMigpth = energy in the MWaverage of the option iop in the stage t load
block h (MWaverage).

The option can be a call or a put and the commercial transaction can be of
purchasing or selling the option. For example, a distributor can buy a call
or sell aput and a generator can sell acall or buy a put.

By sign convention, if it is a call option and the transaction of buying it
eopMigpth = O, if it isacall and a selling transaction eopmigen < 0, if itisa
put option and the transaction of buying it eopmign < 0 and, if it is a put
and a selling transaction eopmigptn = 0.

h.2) Strikeprice
{ KOpigpikops 0P =1, ..., Nop, ikop = 1, ..., Nkop(iop)}
where:

ikop = indexes strike prices of the option (Nkop(iop) = number of strike
prices)

Kopiopikep = Strike price ikop of the option iop ($MWh)
h.3) Option premium
{ poptotioptikop, iI0P = 1,..., Nop, t =1, ..., T, ikop =1, ..., Nkop(iop)}
where:
poptotiopikep = total prize of the option iop, stage t and strike price ikop
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This data can be supplied by the user or calculated by the program using
the spot prices scenarios and option pricing theory

i) VaR level Data
eVaR
where:
Bvar = VaR level (%) associated to the output reports and risk constraints.
1) Risk Constraints Data
j.1) Intervalsfor accumulated net revenues for risk constraints
{intrre , t=1,..., Naprec}
where:

T = indexes time intervals for accumulated net revenue (Naprec = number
of intervals for net revenues)

intrr; = time interval for accumulated net revenue
j.-2)  Minimum net revenues for risk constraint
{recmin,, 1 =1,..., Naprec}

recmin; = minimum accumulated net revenue in all scenarios or at VaR
level, associated to interval T.

k) I nvestment Constraint Data
k.1) Intervalsfor budget constraints
{intro;, t=1,..., Ninv}
where:

T = indexes time interval for accumulated investment costs (Ninv =
number of intervals for accumulated investment costs)

intro; = time interval for accumulated investment budget constraint
k.2) Maximum investment expenditure

{kimax;,T=1,..., Ninv}

where:

kimax, = maximum investment expenditure in time interval T.
)] Associated Projects Data

{aspriar , 1@pr =1, ..., Napr}
where:
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iapr = indexes groups of associated projects (Napr = total number of
groups of associated projects)

aspriapr = group of projects (plants, contracts and options) associated to
the association iapr.

m) Project constraints
m.1) Project groups
{restprir, irp=1, ..., Nrp}
where:

irp = indexes project constraints (Nrp = total number of project
constraints)

restpric = group of candidate plants uc, candidate contracts icc and
candidate options iop associated to the project constraint irp.

m.2) Constraint coefficient — candidate plants

{ coefpruirpuc, irp = 1, ..., Nrp, uc € restprirp}

where:

coefpruirpue = coefficient of candidate plant uc in project constraint irp
m.3) Constraint coefficient — candidate contracts

{ coefprCipice, irp =1, ..., Nrp, icc € restprimp}

where:

coefprcirpuc = coefficient of candidate contract icc in project constraint irp
m.4) Constraint coefficient — candidate options

{ coefproirpiop, irp =1, ..., Nrp, iop € restprirp}

where:

coefproirpuc = coefficient of candidate option iop in project constraint irp
m.5) Constraint RHS

{rhsrpirpmn, irp=1, ..., Nrp, t =1,..., T, h=1,..., Nnc}

where:

rhsrpircin = right side of the project constraint irp in the stage t, load block
h (MWaverage)

m.6) Indicator of inequality
{idrpir, irp =1, ..., Nrp}
where:
idrpirp = inequality indicator of the contract constraint irp:
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idrpie = 0: “ <" jidrpire = 1. “27; idrpie = 2: “=".
n) Annual Discount Rate

r
where:
r = annual discount rate
0) Utility Function
The utility function is defined as a piece wise linear function:
U(vp) = Maxa
sa
a<agy+bywp,i=1,...,Nu
where:
vp = discounted net revenue

iu = indexes number of segments of the utility function (Nu = total
number of segments)

au, biy = independent and linear term of the i-th segment of the utility

function
5.2.2. VARIABLES
a) Decision on investing on candidate plants

{xbucyjgue, Uc =1, ..., Nuc, jduc=1,..., Nduc(uc)}
where:

xbucygaue = binary variable associated to the investment decision in
candidate plant project uc, entrance date jduc.

xbucygaue = 1, decides to invest in the plant uc entrance date jduc,
OtherW|% XbUCucjduc = O

b) Participation amount in candidate plants

{XucCygjdue, UC = 1, ..., Nuc, jduc=1,..., Nduc(u)}
where:

XUCugjduc = participation amount associated to the candidate plant project
uc entrance date jduc (%).

C) Contracting amount for candidate contract

{xcCicc , icc =1, .., Ncc}
where:
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d)

f)

9)

h)

)

XCCicc = contracting amount of candidate contract icc (%)

Option contracting amount

{ XOpiopikop » 10P = 1, .., Nop, ikop = Nkop(iop)}

where:

XOpiopikep = CoNtracting amount of option iop with strike price ikop (%)

Spot purchasing and sales
{cpvdspsn, t=1,...,T,s=1,..., S, h=1,..., Nnc}
where:

cpvdspish = purchase / sale in spot in the stage t, scenario s and load block
h (GWh)

By sign convention, cpvdspis, = O for purchase and cpvdspish < O for sale

Net revenue
{rdigs, t=1, ..., T,s=1, ..., S}
where:

recligs = net revenue in stage t, scenario s (KR$)
Net revenue present value

{vps,s=1, ..., S}

where:

Vps = Net revenue present value in the scenario s

Utility value
{uts,s=1,..., S}
where:

uts = utility valuein the scenario s

Accumulated net revenue in defined intervals
{rcligapus, T=1,..., Naprec,t=1, ..., T,s=1, ..., S}
where:

rcligapns = accumulated net revenue in time interval T, stage t and
scenario s (k$)

Auxiliary binary variables for risk control at VaR level

{kvars, s=1, ...}
where:
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kvars = binary variable associated to the scenario s for risk control at VaR
level:

kvars=1 0 discarded scenario, otherwise it is considered.

5.2.3. CONSTRAINTS

a) Definition of spot purchasing and sales

cpvdspish = Z dmca,,q, duracty, _

a
= 1000. @

z gfueuetsh -
ue

XUC, duraci
ucjduc th

—9% gfuc, . -y ecem -

Z: 100, 9 UCuiams 2 &My 1000.

ice

XCCi. duraci,,
z “on Sl B
£ 100. 1000.

Xopiopikop . duraci tih
El ——1eX0p; eopm. . ————
oo 100. p|0p|koptsh p iopth 1000.

t=1,....,T:s=1,...,S h=1,.., Nnc
where:

IEXOPiopikoptsh = INdicator of option exercising for option iop, strike ikop,
staget, scenario s, load block h:

. . N[ > kop. ..
If itisacall, ieXOp,oyopen = T > KO e

otherwise
. . (1 < kop. ..
If It IsapUt’ IeXopiopikoptsh = T'fSh OPIOpIkOp
otherwise
b) Definition of the net revenue
recligs = (b)
duraci

) + (pgfcaicat - Cdcaicat )pOtcaicat) -

z ((Z trvcaicath dmcaicatsh 1000

z (cgue,, + cfixue , potue,,) -
ue

Xucucjduc : .
————(dci NVUC e + COUC 0 + cflxucuq.dud potuc,.) -
uc, jduc 10 .
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duraci
> (V08 B0y = 02 + PTG POICE )
XCC, duraci
—lec. trvec_,.eccm_,. ———1) + pgfcc , potcc. ., ) -
£ 100 (( iccth iccth 1000 ) m |cctp |cct)
XOP,gpikop . duraci,,
———((") KOP, gikopl EXOP;gpikcoptsh EOPMigyy ————) + POPLOL, i ) -
iop%op 100 Z PP Popt a 1000 ptikop
Z -’fsthVdsptsh
t=1,...,T;s=1,..., S
C) Definition of accumulated net revenue in defined intervals
rcligapus = recliq, (©
T=1, ..., Naprec
d) Risk constraints
rcligap,, +10°k var, > recmin, (d)
1=1, .., Naprec, s=1,..., S
Z kvar, < Se"—aR (e
. 100.

Obs.: The constraint (e) implies that Byar is the maximum percentage of
scenarios that can be discarded

€) Constraints that limit the plant investment to only one date

Z XbUC g, <1 ()
jduc

uc=1, ..., Nuc

XUCygjdue < 100XbUC yejguc (9)
uc=1, ..., Nuc, jduc =1, ..., Nduc(uc)

f) I nvestment Budget constraints

XUC, . . .
Zj ——49% Ginvuc,, < kinmax, ()
dguc e Llint ro 100.
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T=1,...,Ninv
0) Contracting amount limit
XCCice < 100. (k)
icc=1,.., Ncc
h) Option contracting amount limit
XOPiopikop < 100. ()
iop=1, .., Nop, ikop=1, ..., Nkop(iop)
i) Associated projects constraints
XUC,c jque, = XUCye e, s XCCige, = XCCiqq
XUC,c e, = XCCicc, s XUC¢ jaue, = XOPjop,ikop, » (m)

Xopioplikopl = Xopiopzikopz
UC1, UCy, ICCy, ICCo , 10P1, i0P2 U @SpPrigpr.
iapr =1, ..., Napr

i) project constraints

{uc,ioc,iop; respr g

X
gr COEfpru, ,, 8VPOLUC, ;4
jducOONduc(uc)

Cucjduc

100.

+ coefprc

XCC,. X0p;,
irpicceccmiccth 100. + COefproirpiope(-)r:)rniop’th Top} s rhS’pirph

(n)
t=1,...,T,h=1,...,Nnc,irp=1, ..., Nrpst. idrp(irp) =0

{uc,ioc,iop; resprir,

X
% Coef pru i rpucanOtucucj duct
jducONduc(uc)

Cucjduc

100.

X0P,op
™" 100,

XCC,
+ Coefprcirpicceccmiocth 10(I)CC + Coefproirpiopeopm } 2 r.hsrpirph

(0)
t=1,...,T,h=1,...,Nnc,irp=1, ..., Nrps.t. idrp(irp) =1
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k)

b)

{uc,icc,iop; resprig

X Cucjduc
; CoefprulrpucanOtucucjduct 100
jducONduc(uc) '
XCC, Piopy _
+ Coefprclrplcceccmiocth 10(I)CC + Coefprolrplopeopmmpth 100 } - rhsrpirph
(P)

t=1,...,T,h=1,...,Nnc,irp=1, ..., Nrps.t. idrp(irp) =1

Definition of the net revenue present value:

recliq,
= S
VPs Et (1+ r)t (9
s=1,...,S

Definition of Utility value

Uts < & + bivps ®
i=1,...,Nu,s=1,..,S

OBJECTIVE FUNCTION

Maximization of the discounted net revenue expected value:

> vp,

Max -
S

maximization of the utility function expected value

DZUtsD

Max EI—D

5 ° B

Maximization of the minimum accumulated net revenue in time
interval:

Max y

where:

y < rcligap,
1=1,..,Naprec,s=1, .., S

obs: when this objective function is considered the risk constraint is
deactivated.
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d) Maximization of the minimum accumulated net revenuein timeinterval
at VaR level:

Max yVaR
where:

yVaR < rcligap,, +10°Kk var,
1=1, .., Naprec, s=1,..., S

Z kvar, < Se"—aR
4 100.

obs: when this objective function is considered the risk constraint is
deactivated.

5.3. INTERNAL RATE OF RETURN

As net revenue stream is scenario dependent, the internal rate of return associated to an
investment portfolio of physica and financial assets is also scenario dependent. Let
recligaas be the accumulated annual revenue in year ia, stage s.

recligaas = Zrecliqts ,ia=1,...,Na

tolyean,
where:

Na= number of years

recligis = net revenue in staget, scenario s as defined in section 2.3.1
yeari, = set of stages corresponding to year ia.

The free of tax internal rate of return associated to scenario s, I's is such that:

Na

—recliga.. = 0.
Lerys e
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