segUniversidade Federal de
s C APES

U INFOR MRS
luINLr

Energy Supply Risk Dueto Selling Over
the Physical Generation Capacity

Anderson Rodrigo de Queiroz MC&E
Veronica Etchebehere Santiago UNIFEI
Luana M. Marangon Lima MC&E
Joseé Wanderley Marangon Lima UNIFEI

October 14, 2012 — Phoenix AZ



Outline

= |[ntroduction

* ANN-based Risk Simulator
= Electricity Demand Forecasting

= Simulations Results

* Final Remarks and Future Steps



Introduction



Introduction

= We consider an environment whexgents have
to present fulphysical generation cover age

= Only the generatorassured energy can be
negotiated

* This work explores the possiblility dfhancial
leverage in terms ofener gy

= Allow the negotiation of contractsthat
extrapolatesthe assured energy



Introduction(cont)

= |n 2001, Brazil suffered one of theggest blackouts
In the history of the country. LossedJS$ 27 Billions

= Some sources claims that this is one of the maisasa
of the change of parties in the government

= |n 2004 it wascreated a new model for the electricity
power system

* Free and regulated market living toghter



The Electricity Power Market in Brazil

Prices defined by
auctions

Prices freely
negotiated

Free Market

0O

The new modednfor ced the agentsto contract 100%
of its assured ener gy or of its demand



Assured Energy

= The AE iscomputed considering a certain level of
energydeficit risk to the power generation system

= Solve the hydrothermal scheduling problem

and define /\

To obtain

Energy deficit risk

0%

/

\

Energy generation
Assured Energy

JFMAMJJASOND



Hydro-thermal Scheduling Problem

= Find a sequence dfydro
releases anther mal plant
dispatchesfor a planning
horizon in order tanatch
system demand

= Resource management

Use the
water

Store the
water

= |nput variable forecasting

Low AN Med |l Low VAN Med

= Present decisions affect the
future conditions S 4

= Operational aspects

Energy

= Multi-stage large scale deficit OK OK Spill

stochastic optimization problei

= NEWAVE used in Brazil to
deal with the problem




What We Want to Know?

|sit possible for the system agents to
afford certain level of financialleverage
In terms of energy (l.e., liberate the agents
to sell contracts with values that are larger
than the AE)without harming the
energy deficit risk fothe whole system?



ANN-based Simulator



Model Inputs and Outputs

Market Electricity
Demand

Load Grow Rate

Inflow Energy

Reservatory Bulk
Storage

Thermal Fuel Costs

Thermal Plants
Unavaiability

Thermal Plants
Expansion

Hydro Plants Espansion

NEWAVE | —

Multi-stage problem with many decisidn

variables and constraints, representatjon ‘

of stochastic inflows

Marginal Cost

Final Energy Storage

Hydro Generation

Energy Deficit Risk

Time consuming!




ANN Simulator Modeling Process

15t Step

Newave

Design of j E
experiment :

Artificial Neural ‘ Results
Networks




ANN Simulator Modeling Processont)

1st Step

Market Electricity
- Marginal Costs

Load Grow Rate

1l

Final Energy Storage

Inflow Energy T

Reservatory Bulk Storage NEWAVE

| Hydro Generation >

Thermal Fuel Costs

€| ants
Unavailability
Thermal Plants
Expansion

Hydro Plants

Energy Deficit Risk

il

| nput variables selection

Q 27 Input Variables

Q 32 Output Variables

2nd Step

Available Factorial Designs [with Resolution)

| Factors ]
lefﬁﬂ 0 N W
4
8 | e v
1 | W v v v
| 32 | EE v v v ¥ N W NNV
64 | PR v v v v v v
120 | | KA
Fact =%t = il PlackettBurman Designs
—— rs  Runs Factors  Runs
2 24,28
2 x1x2 xn
X1 x2 x3 7 28,32
1 32.36
ot [ 15 36,40 Controlled
v # (O Levels Factors
]
5 + - + Inputs Qutputs
E
= + - F —
8 - o+ o p— =V - ——
m —_— —l
- a = E—— e ——
= = +
& E ks Uncontrolled
Factors

7172 I

DOE procedure

O Plackett-Burman DOE

Select the main factors

O Fractional Factorial DOE

Verify interactions between factors

O Combinatorial DOE

Create a sample for ANN training
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ANN training

O MLP network

Superior to other types of ANN for
the problem addressed




ANN-based Energy Supply Risk Simulator

Market Electricity
Demand

Load Grow Rate Marginal Cost

Inflow Energy

Final Energy Storage

\/’/

Reservatory Bulk

%

Storage

J

7
AN

{4

Thermal Fuel Costs Hydro Generation

Thermal Plants
Unavaiability

Thermal Plants
Expansion

Energy Deficit Risk

Hydro Plants Espansion
Compute the risk with different scenarios
of financial leverage in terms of energy



Buying Contracts in the Market
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SOMW 30MW  150MW Total = 260 MW (avg.)

Seasonal power generation that was bought
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Selling Contracts in the Market

9
& »iA
70MW 100MW  90MW Total = 260 MW (avg.)

Seasonal power generation that was sold
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Buying and Selling Contracts in the Market
[\

——— '\, 260MW (avg.) bought
JFMAMJJASOND

— 260 MW (avg.) sold

[N T O
JFMAMJJASOND

Suppose that the first buyer expands its plant and
needs to buy 100 MW of energy instead of 70 MW

\”\ 2
aanl 5 ¥
» Is there a possibility to sell
100MW

this new contract?

11% of leverage in the contract x



Leverage in Energy Terms for a Trader

Buying Contracts

—

170 MW (avg.)

August

190 MW (avg.)

Leverage

(}0f~ 11%

August

This could happen to several traders in a random way
according to their clients needs or for none of them



Energy Deficit Risk Simulation
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Electricity Demand Forecasting



Electricity Demand in Brazil

6,8%
14,7%
L |
3@6 il$ f ‘l % ﬂ : _l
) o Around 26% of the
- e total electricity
demand is
e ; i [ V{ 614% required by the
i i Sl el free market in
\ Brazil
i 3 M
mﬁ South 17’1%
-Wr Q

Source: Brazilian 1SO - Jan 2012

Total = 60565 MW



Electricity Demand Profile
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Electricity Demand Forecasting

= \WWe use an ARIMA model in order to forecast the

electricity demand

General ARIMA
model

> Model Identification

Using past data to
estimate parameters

Is the model
proper

Noise

analysis

o]

Adequacy test

Yes

Forecasting

= Autoregressive integrated

moving average

= Used when a time series

has time depedency In
terms of mean and
variance. Used for non-
stationarity parameters



Electricity Demand Forecastiriepnt)

= We aggregate the data correlation in our analysis:

— We do so by making stationary series followingitesa of Box &
Jenkings by simply differentiate the time seriesrtbimber of times that
IS needed

— After that we incorporate the correlation usirfgp(@sky factorization

— Multiply the decomposed correlation matrix by tBkectricity demand
of each activity in matrix

Where,

. D1, Di1 Dy D3 Y —is the matrix with the time series
U= DD" =| Dy Dy, D22 D32 | | values with modified by the
D31 D32 D33 D33

correlation

D —is a matrix of correlation, inferio
Y = DX triangular

X —1s a matrix with the original time
series

_



Electricity Demand Forecastirepnt)

Q51: (1+a1) . QBl N
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Qs = (1+a,) . QBZ‘
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Where,

Qs;i: Electricity amount [MW] of selling contract i

Qs : Total amount of electricity sold [MW]

Qpi: Electricity amount [MW] of buying contract i

Qp: Total amount of electricity bought [MW]

QE: Total amount of exceding electricity in the system [MW]
aj: Financial leverage in terms of energy for contract i

N: Number of contracts



Electricity Demand Forecasting - Procedure

1. Choose leverage limit for all contracts

2. Perform Monte Carlo simulation
1. Generate each contract using a normal distribution

2. Use this new electricity demand value as inputtierenergy
deficit simulator to obtain the risk values

3. Compute the energy deficit risk
3. Create the probability density function for the deficit risk

4. Choose a new limit for the leverage for all contracts. Go
back to step 2



Simulation Results



Simulation Results — Energy Deficit Risk

= We increase leverage to verify the energy deficit
risk for the system

= We generate@00 hypothetical contracts
randomly that combined would form the
electricity demand in thespot market

* Theleverage percentage was alsaandomly
generated, but consideringiait (e.g., 2% for
each contract)



Simulation Results — Energy Deficit Riglnt)

Electricity Deficit Risk for each Region

Northeast North Southeast South
Avg Std Avg Std Avg Std Avg Std

2% |597% 0,0054%]3,63% 0,0150%| 3,44% 0,0026%] 2,45% 0,0099%
4% |5,89% 0,0086%|( 3,86% 0,0243%]3,41% 0,0037/%]| 2,60% 0,0156%
6% |5,80% 0,0148%]|4,10% 0,0425%]| 3,37% 0,0057%]2,75% 0,0268%
8% [5,72% 0,0123%|4,35% 0,0364%]3,34% 0,0042%(2,91% 0,0224%
10% | 5,64% 0,0224%]4,57% 0,0673%]| 3,32% 0,0068%| 3,05% 0,0410%
12% | 5,54% 0,0239%]4,89% 0,0744%]( 3,29% 0,0061%| 3,24% 0,0444%
14% | 5,44% 0,0293%] 5,21% 0,0941%| 3,26% 0,0062%| 3,43% 0,0552%
16% | 5,37% 0,0227%] 5,43% 0,0745%| 3,25% 0,0042%| 3,56% 0,0433%
18% | 5,29% 0,0400%] 5,71% 0,1359%| 3,24% 0,0061%| 3,72% 0,0781%
20% | 5,19% 0,0331%]6,51% 0,1181%]| 3,22% 0,0350%| 3,92% 0,0669%

Max % of leverage in the contracts




Final Remarks and Future Work



Final Remarks

= We presented a way to verify the possibllity to
Increase thautonomy of the free market in Brazll

= We believe that the procedure givasre
flexibility and liquidity to the market amplifying
the business possibilities

= “So, themer chant or trader,moved only by their
own selfish interest, is led by an invisible hand to
promote something that has never been part of his
Interestithe welfare of society.” Adam Smith —
Wealth of Nations (Leal, 2012)



Future Steps

= Create atANN model to deal only with thenergy
deficit outputs of the hydrothermal scheduling

= Generate hypothetical contracts that may represent
a better way the different consumer types witlrthe
demand correlation

= Try to find anoptimal lever age percentage that
would not harm the energy deficit for the whole
system
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