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Bilateral Negotiation of Energy Contracts from
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Abstract-- In this study is presented a decision support model
considering the perspective of a buyer who needs evaluating a
basic set of contractual conditions. The approach recognizes that
a potential new contract under negotiation introduces two main
risks: One is related to the insufficiency of load supply (ILS) to
end users. Other risk is related with the volatility of the short
term spot prices used as a reference for defining the contractual
price. Both of these risks are estimated based on the Monte Carlo
method and payment minimization. Important characteristics of
bilateral contracts like, the necessary modulation to compensate
seasonal load variations and the flexibility margins are
considered in the model. In case the risks levels are not
acceptable, the model makes possible to evaluate a review in the
previous conditions in a responsive manner. Results show that
with this tool, agents have important information about the
negotiated offers being able to clearly define margins of
negotiation. These margins are based on the relationships
between levels of risk and contractual conditions. The proposed
tool is easy to implement and gives a strong support in the
decision making process during negotiation of bilateral energy
contracts.

Index Terms--Bilateral Contracts, Risk Management, Monte
Carlo Simulation, Contractual Conditions.

1. INTRODUCTION

n electricity markets, during negotiation of long term energy

bilateral contracts, agents need to consider contractual
conditions involving risks due to the uncertainty of several
aspects in the trading process [1] — [4]. The study presented
here analyzes the perspective of buyer agents like generation
companies (gencos), distribution companies (discos), retailers,
or big consumers. As buyers, these agents have specific needs
and risks during the negotiation process. Gencos can play the
role of buyers of bilateral energy contracts for the purpose of
protecting themselves against energy unavailability or for the
purpose of making a good deal by buying a bilateral contract
at low price. In the case of discos, they want to supply energy
to end users without being exposed to unfavorable spot prices
and/or being exposed to suffer penalties imposed by the
regulator in case of causing energy shortages [5]. In the case
of retailers, their objective is to buy energy contracts at low
prices and sell energy at higher prices for making profits. They
need to balance their financial situation assuming the market
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risks due to the impossibility of storing large amounts of
energy [6]. Big consumers are concerned with supplying their
energy needs by negotiating better conditions than the ones
offered by discos. Because of their specific characteristics,
independent big buyers can directly negotiate contractual
conditions with producers (gencos) for implementing bilateral
contracts. During negotiation they should study the possible
unfavorable exposition to the spot price and financial penalties
for not fully supply the end users load during the contractual
period [5].

Considering a set of negotiation conditions, the suggested
model estimates if the conditions are convenient taking into
account the level of risk involved. From the buyer perspective,
the suggested model gives information for a clear assessment
of the convenience of offered conditions like the size of the
contract, price, monthly modulation and flexibility in an
annual basis. Moreover, the suggested approach estimates the
level of risk of not fully supplying the required energy to end
users, which is called here as risk of insufficiency of load
supply (ILS), in case of energy shortage during the contractual
period. Note that with this estimative of the /LS risk, the buyer
can try to fully supply their load with only bilateral contracts
as could be requested by the regulator. Additionally, the model
estimates the level of risk of unfavorable spot prices during
the annual period of the contract based on annual forecast
prices derived from statistical analysis of historical records.

The process of determining risks levels takes into
consideration the optimization of the buyer portfolio. This
optimization consists in minimizing payments by selecting the
best offers in the spot market given the flexibility margin
offered by bilateral contracts. Several important studies have
been presented in the literature on this subject [7] — [9]. The
model proposed here besides solving the portfolio
optimization problem also combines a statistical procedure for
the purpose of obtaining risk levels associated with the
implementation of the potential new contract.

In section II is presented the mathematical formulation of
the buyer portfolio optimization model used here. In section
IIT is presented the structure of the support decision tool. In
section IV, the contractual conditions from the buyer
perspective like seasonal modulation and flexibility are
mathematically formulated. In section V is presented the
model used for simulating the main random variables. In
section VI is presented a statistical analysis in order to obtain
risk measures. In section VII and VIII numerical examples and
conclusions are presented .



II. BUYER PORTFOLIO OPTIMIZATION

The buyer portfolio optimization problem consists of
determining the best purchase strategy within a contractual
period defining the required energy amounts in each interval
of the period in order to minimize agent’s payments.
Considering a contractual price of a new contract and having a
spot price forecast based on statistical records, the buyer has
several alternatives to meet their own load consumption along
the contractual period. In an annual contractual horizon, the
buyer minimizes their payments by adjusting the seasonal
modulation of the new contract as showed in Figure 1 for three
contracts.
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Fig. 1: Optimal seasonal modulation of buyer portfolio.

In this figure if the buyer already has two old contracts
supplying part of their load, he or she wants to adjust the
seasonal modulation of the third new contract before offering
a negotiation condition to the seller. This optimal adjustment
depends on the estimative of their load profile and price
forecast in the spot market during the contractual period.
These uncertainties are introduced in the buyer portfolio
management model in order to also evaluate the corresponding
risks.

The optimization function of the buyer is the payment
minimization of energy purchases during the contractual
period. Since, for instance, in the case of discos the revenues
coming from selling energy to end users are normally
supervised by the regulator through fixed rates and
considering that eventual energy sold in the spot market can
be modeled as negative payments, the buyer optimization
problem considered here is the minimization of payments
instead of the maximization of profit.

The annual buyer payment (ABP) in $/year is

ABP = CBC vt o, (1)

Where, C5“C is the total annual payment of contracts that
can be written as the summation of monthly energy amounts
purchased at the corresponding contractual price, ;. This

summation includes the offer of the new contract under
negotiation. Therefore, C* €€ ($/year) can be written as,
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Where, Efmc € s the monthly level of energy bought at

month m through contract i considering that the buyer has a
total of nc contracts. The possible participation on the spot
market is represented through transactions, 7% ($/year), as
defined in (3).
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Where A,is the average spot price at month m. The

monthly negotiated energy in the spot market is the difference
between the purchased energy through bilateral contracts and
the forecasted level of consumption (from the EX-ANTE

buyer perspective), ED/ | or the difference between the

purchased energy through bilateral contracts and the measured
level of consumption (from the EX-POST regulator point of

view ), ED,” , as shown in (4).
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The short term transactions can be written in terms of
monthly levels as shown in (5) by substituting (4) in (3).
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Observe that if 77 > 0 then the buyer has a revenue
because of the possibility to sell energy (reducing total
payments), whereas if 77”'<0 the buyer has an expenditure
because of the need to purchase energy in the short term
market. The self energy produced by the buyer can be consider
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in this model as another purchased contract, Ef ,S € in(5).

From the regulator point of view, energy buyers like Discos
should fully supply end users at all moments through their
bilateral contracts or transactions in the spot market. In case of
insufficiency of load supply (/LS) to end users, the regulator
imposes penalties that can follow the rule given in (6).

0, ILS <0
LS ILS >0

. ppen ,
1
Where, A7 is a reference price fixed by the regulator and
ILS is defined as shown in (7).

ILS = i (ED ver _ Z EXC ]
m=l i=1

From the Disco perspective, it is not possible to know
exactly the load at each interval in the contractual period in the
future, for this reason, is necessary estimating the load profile.
This means that from the buyer perspective the negotiation
depends on forecasts of several factors in the contractual
period (or ex-ante assessment) whereas from the regulator
point of view the role is verifying in an annual basis the past
operation based on measurements (or ex-post or after the fact
assessment), as illustrated on Figure 2.

Because of their position, the buyer should consider the
load to be supplied during the contractual period with a
random behavior. Modeling this random behavior of the load
can be done in several ways. In section IV is presented a
simple procedure to model a random load behavior following

cren _ (6)

(7



an expected load profile (ED™") based on historical records.

A )

Energy | |
(MWh) : Load /\}

4 < 4

</
Buyer Contract Regulator
Contract | EX-ANTE Seasonal EX-POST | Contract

Begin Perspective Modulation Perspective End

\ TimeV

Y
Contractual Period

Fig. 2. Buyer and Regulator perspectives

Substituting (2), (5) and (6) in (1), the annual buyer
payment is,
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Defining A, =1, +T and inserting in (8), ABP can be

expressed as follows,
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The last term in (9) is the opportunity cost for not
participating in the spot market and instead paying 7; for the

energy amount, El-B,fC. The buyer portfolio optimization

consists in minimizing (9) having as a decision variable the
pBcc

seasonal modulation of the potential new contract 7, E;,,~ , as

showed in the optimization problem described by (10) - (12).

Minimize {ABP } (10)

Subject to the following constraints:
e The negotiated annual amount of energy must be
supplied.
P I
E; = Eim
e  Monthly levels have a margin of variation dictated by
the flexibility condition, ¢ ;.

ElM =E,,(-¢)<ENC <E,,(+¢)=El"  (12)
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Where E;, are the energy levels corresponding to a

required predefined modulation (which can be flat,
proportional to ED™", or any other). The limits in (12) depend
on the contractual condition of flexibility which is subject to
negotiation. For instance, in Brazil the maximum allowed
flexibility (¢,) by the regulator is +15%. The previous
optimization depends on uncertain parameters like spot prices
and load consumption along the contractual period. Because of

this, a Monte Carlo procedure is used as described in the next
section. The optimization problem (10) — (12) can be used by
the buyer to evaluate a new contract and associated risks of
ILS and negative spot exposition. The way these risks are
estimated considering the previous optimization problem and
how to use this information for supporting the negotiation of a
new contract is the main contribution of this paper. The
procedure is described in the following sections.

III. BILATERAL CONTRACT NEGOTIATION TOOL FROM BUYERS
PERSPECTIVE

Figure 3 presents the structure of the decision support tool.
The initial required input consists of contractual conditions
like annual energy blocks, associated contractual prices,
seasonal modulation and flexibility margin. Other required
input data are the self-defined risk tolerance level, a set of
samples of energy consumption and a set of samples of spot
prices. The sets of samples are used for applying the Monte
Carlo method.
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Fig. 3: Structure of the Bilateral Contract Negotiation support tool.

The contractual initial conditions and samples of variables
are introduced in the contract simulator for producing a set of
samples which allows obtaining risks levels through a further
statistical process. The contract simulator is able to consider



two types of possible flexibility margin definitions: mandatory
and optional. If the risks levels are unacceptable,
modifications of contractual conditions should be suggested to
the seller for the purpose of reaching an agreement. New
contractual conditions can be easily evaluated by using the
information already processed in previous rounds. Each part of
the decision support tool is described in the following
sections.

IV. CHARACTERISTICS OF SEASONAL MODULATION AND
FLEXIBILITY CONDITION

The definition of monthly levels of contracts is a condition
subject to negotiation or not. In general, because of the
inelasticity of the load the buyer determines the monthly levels
according to the load profile (ED™) along the contractual
period. In the model presented here, only the buyer establishes
the condition of seasonal modulation. Nevertheless, the model
is able to consider the case when the regulator allows
implementing a contract where the seller determines the
contract modulation. In this case, the contract modulation does
not follow a load profile but instead a different monthly
modulation driven by operational and financial purposes [4].

Electricity markets consider two possibilities for exercising
the flexibility margin condition in bilateral contracts. One way
is considering a mandatory flexibility and the other is
considering an optional flexibility.

A. Mandatory Flexibility

The margin defined by the flexibility is estimated based on
load records and allows the future compensation of
unexpected load variations. These unplanned variations can
happened, for instance, when a set of consumers decide to be
supplied from other disco or decide to be independent
consumers negotiating directly with producers (or vice-versa,
if new consumers are supplied by the buyer). With mandatory
flexibility the buyer can only use the margin provided by the
flexibility to follow their load as closer as possible. It is called
mandatory flexibility because it is the only rule allowed by the
regulator for using the flexibility margin. The possibility of
using this margin for the purpose of obtaining revenues by
trading in the spot market is not allowed. According to this use
of the flexibility margin, the aggregated monthly allocated
levels of energy do not necessarily match with the annual
contractual size. It is left to the last annual contract month to
compensate the aggregate imbalance. This imbalance is priced
at the corresponding spot price of the last month.

B. Optional flexibility

In this kind of flexibility, the margin defined by ¢, is used
by the buyer depending on the favorable forecasted
opportunities presented in the spot market along the
contractual period. The buyer uses the margin to optimize
their exposition in the short term market by solving the
problem (10) — (12). The buyer can simulates the impact on
ABP due to flexibility contractual offers adjusting the limits in
(12). In case the buyer has other contracts with the same type
of optional flexibility, the problem (10) — (12) is used to

4

optimize the portfolio of contracts inside the corresponding
margins.

This study is focused on the use of optional flexibility
because it is the more widely used in electricity markets.

V. MODELS FOR GENERATING RANDOM VARIABLES

The decision support model allows incorporating any
probability density function (pdf) for the purpose of generating
samples of random variables like spot prices and loads along
the contractual period. These samples are necessary in order to
use the Monte Carlo procedure suggested here. Agents can
select the pdf that better represent the statistical behavior of
the random variable under consideration. Among several ways
of generating random samples for load and spot prices, it is
adopted a formulation using a normal pdf as described next. In
the case of generating load samples, the energy demand
supplied by the buyer, ED"" , is a random vector obtained by

(13).
ED*" =(1+0,r,)-ED™ (13)

This vector is obtained from a typical load profile vector,
ED™, which is available in historic records. Both vectors
have dimension equal to the number of months of the
contractual period. r, is a random number whose normal pdf
has mean equal to zero and standard deviation equal to one. G,
represents the associated uncertainty at time interval ¢ in the
load forecast that varies between pessimistic and optimistic
expected scenarios.

Because the samples created by (13) are based on typical
load profiles, they keep a degree of inter-temporal correlation
between them. This is not the case of the spot prices which
normally are quite volatile and because of this the inter-
temporal influences between samples do not follow a defined
pattern. Thus, model (13) is not used in this case. The spot
price samples in each month are generated according to (14).

Ay = A28 40, (14)

Where A% is the monthly average spot price obtained
from historic records; r, is a random number whose normal
pdf has mean equal to zero and standard deviation equal to
one; o is the standard deviation of the spot price pdf, which
follows the approximation showed in (15).

o = (amex — gmin )/ (15)
Where, A" and is the maximum expected spot price

min

(pessimistic scenario) and A,

is the minimum expected spot

price (optimistic scenario) in month m. Observe that monthly
price samples are generated based on the historic average and
the standard deviations that considers the possible short term
spot price volatility. For this reason weekly or hourly price
samples are not explicitly used. According with this model,
the monthly resolution is a reasonable approximation in a long
term horizon in power systems with predominant hydro
generation because of the dynamic of the hydrological regime.
However, if it is consider necessary, the procedure is able to
work with a higher resolution of samples.

The strategy followed for producing the set of samples



through (13) - (15) is a possibility of modeling the random
behavior of the spot prices and load consumption which is
used in the structure presented in Figure 3. However,
depending on the buyer case, other more suitable models can
be incorporated in the decision support tool. In the following
sections is presented the risks calculations based on the Monte
Carlo simulation.

VI. STATISTICAL ANALYSIS AND RISK CALCULATION

A. Risk of Insufficiency of Load Supply
According to the definition of /LS in (6), the risk of

insufficiency of load supply, ¥ , is defined as the
probability of /LS becomes positive as shown in (16).

WL = Prob{o < ILS} (16)

The buyer can also self-define the degree of tolerance

accepted in relation to this risk, pys . In this case the risk is as
shown in (17).

WS = Prob{ p, s <ILS } 17

B. Risk of Unfavorable Spot Exposition

The buyer exposition in month m in the short term market
due to the presence of contract i is defined as shown in (18)
and represents the monthly opportunity cost of contract i.
= £ (4,-7;)

spot
i,m

£

(18)

Where, E;P”" is obtained according to (4). Because &%
in (18) can assume positive and negative values depending on
EP°" and price differences, four situations are possible along
the contractual period due to the volatility of prices and
uncertainty of the load as presented in table I.

TABLE I: SPOT EXPOSITION OF A BUYER

spot
g[ ,m
Evpot < 0 ES‘I)(I, > 0
(need to purchase) (need to sell)
A <T; Positive Negative
Am>T; Negative Positive

If E’” <0 and A,<7 , the buyer should purchase energy

in the spot market to compensate the deficit at a price lower
than the contractual price. Therefore, in this case the

exposition is positive. If EP* <0 and A4,>7 , the buyer
should purchase energy from the spot market to compensate
the deficit at a higher price than the contractual price.
Therefore, in this case the exposition is negative. If EP” >0

and 4,<7 , then the buyer should sell energy in the spot
market at a lower price than the contractual price. This
situation is unfavorable because energy is purchased at a
higher price and the surplus is sold at a lower price. In this

case the exposition in the spot market is negative. If £’ >0

and A,>7 , the buyer can sell the energy surplus in the spot
market at a higher price than the contractual price. In this case

the spot exposition is positive.
The annual buyer exposition in the spot market caused by
the potential new contract 7 is obtained by (19).

12
spot __ spot
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m=1

The risk of unfavorable spot exposition caused by the
presence of the new contract i is obtained by using (20).

W7 = Probie " <0} (20)

Considering the effect on the spot exposition of other

(19)

nc

existent contracts, &% :Zf;fpm; the risk of unfavorable
i=1

spot exposition is,

¥ = Proble ¥ <0}, @1
The buyer can self-define a measure of tolerance to such
risk, p7”. In this case, the risk is defined as shown in (22).

\I_,spot :Prob{gspot <pspot } (22)

VII. NUMERICAL EXAMPLE

In this Example, we studied a case of a Distribution
company located in the southwest region of Brazil whose
energy demand has a forecasted growing rate of 4.5%. In
Figure 4 is showed the forecasted load curve of the energy
amounts required by the buyer for the next 4 years. The
estimated degree of uncertainty of the forecasted load level is
also shown in the figure.
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Fig. 4. Disco Load forecast for the next 4 years.

Initial conditions of the negotiation process are described in
Table II and consider optional flexibility. Seasonal modulation
values in this table correspond to the same values showed in
Figure 4.

As described in Figure 3, in order to apply the Monte
Carlo Method (considering as random variables the load and
spot prices), two sets of one thousand samples of load levels
and spot prices are produced by using (13) and (23) (see
appendix). Each sample is used for simulating the contract
implementation by using (10) - (12) and obtaining as a result a



sample of the annual monthly amounts that minimize
payments. For each of these results, the /LS level and £ are
calculated by using (7) and (19). After considering all samples
of load and spot prices in (10) — (12), one thousand of samples
of ILS and £¥” are available. These sets of samples are
statistically analyzed for obtaining the risks levels of ¥** and
PP by using (17) and (22). The obtained risks levels are
compared with the self-defined risks tolerances which in this
case are W "5 = ' =10%.

TABLE II. INITIAL CONTRACTUAL CONDITIONS — SEASONAL MODULATION,
CONTRACTUAL PRICE AND FLEXIBILITY

Year
Month
1 2 3 4

September 540,6 566,7 593,6 619,5
October 543,6 569,9 596,8 6229
November 549,2 575,7 602,9 629,3
December 557,6 584,5 612,2 639,0
January 602,5 631,0 658,5 685,9
February 615,9 645,1 673,2 701,2
March 6223 651,8 680,2 708.,4
April 595,6 623,9 651,0 678,1
May 580,7 608,2 634,7 661,1
June 579,7 607,2 633,6 659,9
July 575,6 602,9 629,2 655,3
August 572,6 599,7 625,8 651,8
TOTAL 6936,0 7266,6 7591,9 7912,3

Initial contractual Price (R$/MWh) 160

Initial Flexibility 5%

Table III shows the risks levels obtained in the first year
considering several different contractual conditions. This table
is divided in three blocks. Each block corresponds to a
negotiation observation. By using the block on the left side of
the table is possible to estimate the size of the contract in the
first year. As can be observed, increasing the size of the
contract reduces the risk levels, ¥-* . Therefore, for obtaining
W $<10% the size of the contract should be greater than 6980
MWh. As a consequence, the buyer decides that the more
convenient size to purchase is 6990 MWh. The block on the
middle of the table gives information to the buyer for
estimating the contractual price, given the contractual
conditions of size and flexibility. As can be seen in this block,
the reduction of the contractual price also reduces the risk
level, W7 (risk levels of P** remain almost constant). The
buyer can choose a contractual price not higher than 360
$/MWh for ensuring a risk level lower than 12% considering
the current conditions of size and flexibility.

The block on the right shows risks levels for several
flexibility margins while holding fixed the size and the
contractual price. In this case the buyer is considering the
possibility of submitting a contractual price offer of 300
$/MWh. Results show that the reduction of flexibility margins
increases the risk levels of ¥ (risk levels of V" remain
almost constant). Therefore, if the self-defined tolerance is not
superior to 10%, the buyer can only accept flexibilities offers
higher than 4%. As a negotiation strategy, the buyer should

start the negotiation suggesting offers with wide margins of
flexibility and in the next negotiation rounds progressively
reducing for the purpose of making feasible to reach a deal.
Supposing that agents agree with a flexibility margin of 2%
(which is exactly the forecasted load uncertainty in the first
year) but still with the possibility of re-negotiating the
contractual price. Table IV shows the new negotiation
evaluation considering several contractual prices keeping
fixed the flexibility condition in 2% and the size of the
contract. In this table is observed that if the seller reduces the
contractual price below 180 $/MWh, the buyer can accept the
deal because the risks levels are tolerated.

TABLE III: RISKS LEVELS OBTAINED CONSIDERING SEVERAL CONTRACTUAL

CONDITIONS
=160 R$/MWh, EP=6990 , EP=6990 ,
Flexibility = +5 % Flexibility = +5 % 7= 300 R$/MWh,
EBCC \PILS gspor T \PILS \spot Flex \PILS \spot

7000 5.4 0,5
6995 6,5 0,7

390 9,8 13 7% 89 1,3
360 79 12 6% 8,4 2,9

6980 | 12,9 0,5 330 8,8 6,7 5% 73 5.4
6965 | 24,2 0 300 9,5 5,9 4% 7.8 10
6950 | 35,7 0,1 220 8,7 1,4 3% 10,1 17,4
6936 | 51,1 0 130 8,3 0,2 2% 9,1 31,5
6900 | 82,3 0 100 7,5 0,1 1% 9,3 59,6
6800 100 0 80 8,5 0 0% 10,6 83

TABLE IV: RISK LEVELS OBTAINED CONSIDERING SEVERAL CONTRACTUAL
PRICES FOR A FIXED CONTRACT SIZE AND FLEXIBILITY

EB“= 6990, Flexibilidade = +2 %
z 240 | 220 | 200 | 180 | 160 | 140 | 120 | 100
wis | 8,6 7.8 7,7 8,2 96 | 10,1 | 7,9 9
wrer | 211 | 173 | 12,8 | 10,8 | 59 5,4 1,9 0,7

TABLE V: CONTRACTUAL CONDITION LIMITS FOR NEGOTIATION

Year 1 2 3 4
Load [MWh] 6936 | 7267 | 7592 | 7912
E"“ [MWh] 6990 | 7350 | 7700 | 8060
Price [R$/MWh] 180 180 160 185
Flexibility [%] +2 +3 +4 +5

Table V shows the resulting contractual conditions during
the entire contractual period obtained by following the same
procedure as described before. As can be seen, the obtained
annual contracted quantities are greater than the annual
expected quantities. This is because of the need of reducing
the risk levels of /LS to a self-defined tolerance level
considering the increasing uncertainty along the contractual
period. The flexibility margin also affects the negotiation. A
wide margin is convenient for the buyer but it is not for the
seller. The buyer can reduce the negative spot exposition and
therefore increase the possibility of obtaining revenues in the
spot market. The inconvenience for the seller is the increase in
volatility of supplying the contract and the reduction of
revenues in the spot market.



VIII. CONCLUSION

A decision support tool designed for buyer agents during
negotiation of bilateral energy contracts is presented. The
suggested model considers the characteristics of bilateral
contractual conditions and the minimization of the buyer
payments. Due to the fact that the negotiation of long term
bilateral contracts involves uncertainty in prices and load, it is
necessary to estimate the levels of risks involved. Since these
variables are uncertain along the contractual period, a
procedure involving a Monte Carlo simulation and a payment
minimization allows obtaining levels of risks. The risks
involved during negotiation are the risk of not fully supply end
users through bilateral contracts and the risk of unfavorable
exposition in the short term market due to the possible buyer
participation for compensating the load. The contractual
conditions analyzed are the size of the contract, price and
delivery conditions like seasonal modulation and flexibility
margin. The proposed tool is straightforward to implement and
produce tables and cumulative probability curves based on
statistic analysis allowing to clearly evaluating seller offers by
observing the buyer risk levels. Numerical results show that
the buyer can analyze several contractual conditions in
different orders establishing margins of negotiation in each
contractual condition based on the determination of risks
levels. The seller counter offers can be analyzed in a
responsive manner. Results also show that optional flexibility
normally allows negotiation margins between agents involved
in the negotiation of a new energy contract.

IX. APPENDIX

Load samples are obtained by (13) assuming 6=2% in the
first year and incrementing this uncertainty by 1% in the
following next years as showed in Figure 4. Samples of spot
prices are produced through a random procedure showed in
(23).

ﬂ’m = Rexp (Rgamma (k,é’)) (23)

This procedure is based in a Southwest Brazilian region
spot price pdf approximation. R, is a random generator
number with exponential pdf whose scale parameter is
generated by function Rguum, which is another random
generator number with gamma pdf (with scale factor 6=75.35
and form factor &=2) [10]. The approximation in (23) was
obtained following the procedure in [11] which is based on the
simulation of numerous operative scenarios as recommended
in [12].

These scenarios include hydrological inflows, total energy
demand, unit availability and fuel prices. The statistical
behavior of samples generated through (23) follows a typical
Pareto pdf [13] — [14] which is a suitable approximation for
representing the historical behavior of spot prices of the
Southwest Brazilian region.

X. REFERENCES

[1] S.E. Khatib, F.D. Galiana, “Negotiating Bilateral Contracts in Electricity
Markets”, IEEE Transactions on Power Systems, Vol. 22, No.2, pp. 553
—562. May 2007.

[2] C. C. Liu, H. Song, J. Lawarrée, R. Dalhgren. “New Methods for
Electric Energy Contract Decision Making”, International Conference
on Electric Utility Deregulation and restructuring and Power
Technologies 2000, London april, 2000.

[3] R. Dahlgren, C-C Liu, J. Lawarree, “Risk assessment in energy trading”,
IEEE Transactions on Power Systems, vol. 18, no. 2, pp. 503 — 511, may
2003.

[4] R. Bjorgan, H. Song, C. C. Liu, R. Dahlgren, “Pricing Flexible
Electricity Contracts”, IEEE Transactions on Power Systems, vol. 15,
no. 2, pp. 477 — 482, may, 2000.

[5] National Regulatory Agency of Electric Energy of Brazil, website:
www.aneel.gov.br.

[6] M., Shahihdehpour, H., Yamin, Z., Li, “Market Operations in Electric
Power Systems: Forecast, Scheduling, and Risk Management”, Wiley
Interscience, NY, 2002, pp 8.

[71 J. Xu, P. B. Luh, F. B. White, E. Ni, K. Kasiviswanathan, ‘“Power
Portfolio Optimization in Deregulated Electricity Markets with Risk
Management”, [EEE Transactions on Power Systems, Vol. 21, No. 4,
pp. 1653 — 1662, November 2006.

[8] L. Pinto, J. Szczupak et al., “An Innovative Approach for the Optimum
Portfolio Risk Control instead of Risk Evaluation”, 19th International
Conference on Electricity Distribution — CIRED, Vienna, 21 — 24 May
2007, Paper 0865.

[91 L. Pinto, M. Fernandez, L. H. Macedo, J. Szczupak, “Building the
Optimal Contract Portfolio under Non-Probabilistic Uncertainties”,
presented at IEEE Powertech 2007, paper 504.

[10] L. Devroye, “Non-Uniform Random Variate Generation”. Springer-
Verlag, New York 1986.

[11] L. Pinto, M. Pereira, “Stochastic Optimization of a Multireservoir
System — a Decomposition Approach”, Water Resources Research,
1985.

[12] J. R. Cortes Pires, “Otimizagdo e Geragdo de Cenarios Aplicadas a
Contratagdo de Energia Elétrica”, Doctorate Thesis, Instituto
Tecnologico da Aeronautica, Sao José dos Campos, Brazil, 2008.

[13] P. Embrechts, C. Kliippelberg, T. Mikosch. “Modelling Extremal Events
for Insurance and Finance”. New York: Springer, 1997.

[14] S. Kotz, S. Nadarajah. “Extreme Value Distributions: Theory and
Applications”. London: Imperial College Press, 2000.

Juan Carlos Mateus (S’04) received his B.Sc. at National University in
Bogota, Colombia, and the M.S. degree from Brasilia University, Brazil.
Currently, he is with the Brazilian Institute of Metrology (INMETRO in
Portuguese) and a D.S. student in Electrical Engineering Department at
Brasilia University, Brazil. His current research interests are in analysis of
power systems under competition.

Pablo Cuervo Franco (SM’03) received his B.Sc. at Andes University in
Bogotd, Colombia, and the M.S. and D.S. degrees from University of
Campinas — UNICAMP, Brazil. He developed post-doctoral research
activities at McGill University, Canada. Currently, he is professor of
Electrical Engineering at Brasilia University, Brazil. His current research
interests are in power systems operation and planning.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


