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Introduction

e Hydrothermal System

The main objective of the hydrothermal system operation planning
is to minimize the expected operating cost of the system over
the considered period.

These costs are composed by thermal generation and deficit costs



Brazilian System Characteristics

Installed Capacacity Installed Capacity
31/12/2012 31/12/2017

5.9% 3,9%

89.358
61,0%

_ Total Disponivel: 114.951 MW _ Total Disponivel: 146.574 MW |
mHidraulica pTerrrica oPCHs
mBiomassa mEdlicas mtaipuy 60 Hz (Brasil)

B Compras itaipo

Fonte: PEN 2013, ONS
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ONE g5y SCHEMATIC DIAGRAM OF HYDRO PLANTS
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A“Jf Introduction

e Brazilian Systems Uses:

v Aggregation of the hydroelectric system into energy
equivalent system.

v' Stochastic Dual Dynamic Programming (SDDP).
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Graphical interface

Kernel

Official Data
(ONS ou CCEE)

Computational Platform

Windows or Linux

Parallel Processing (SDP
and SDDP)

Running Desktop
computer, remote or
distributed

Wind Plants and Solar
Plants (under
development)

Synthetic Scenarios

Energy Equivalent
System, Individualized
plants, Hybrid
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A«Jf Proposed Methodology

The long term operation planning can carried out:

* only representation through energy equivalent systems;

e part of the system is represented by energy equivalent systems and the
remaining system by individualized plants;

e All hydro power plants are individualized

The planner can choose a point in the time horizon when, before this time a
hybrid representation is used and after this time, the representation is by
equivalent systems.

For individualized plants, It is considered all non-linarites of the hydraulic
production function



m Proposed Methodology

e Temporal Coupling

Hybrid Energy Equivalent

Representation Systems Only

Break Down Time
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Proposed Methodology

Non-linearity's of Hydro Plants

Piecewise linear function to
approximate HPF obtained by
convex hull algorithm



Hydraulic Production Function- HFP
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Hydraulic Production Function - HFP
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Flow rate or

turbined flow

(m?3/s)

The piecewise linear function must be a convex polynomial
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Hydraulic Production Function- HFP
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Hydraulic Production Function- HFP

e Convex Hull Algorithm:

YA

(e 0]
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Hydraulic Production Function- HPF




A«Jf Problem Formulation

e The SDDP is formulated as the following optimization

model: _ i}
a, (X) Evt|Xt Min ZC, .thermalg, + Cdef - def, + ., (Xm) 1
subject to: - PIECEWISE LINEA
v;’+1 V/ + INFLOW turb —spillag UNCTION
Zc - thermalg; + + def, = LOAD,
VSV <V, HG;

turb, <turb,

thermalg, < thermalg, < thermalg,




Hydraulic Production Function - HPF

HG; < (7P + 1"V + 76" - turb + 75" - §)
HG, <HG; <HG,
. —
E < Vj < V]
Q < Q=<Q
J=1---, Number of Hydro Plants

t=1---.T
p=1,---, Number of Hyper Planes




Results

e Evaluation of the approximated HPF

|FPHA, — FPH,)|
AFPH, = ——= x100%
max
NUMH NOME Erro I{\;I;x:mo Erro{l;!)ed:o Pal;c:;;u{)%)
CAMARGOS 8.01147 2.54732 2.0653
ITUTINGA 0.0853443 0.0318999 0.0262842
M. DE MORAES 5.84823 1.53877 1.26733
20 BATALHA 5.94327 1.68161 1.37936
37 BARRA BONITA 9.19784 2.53948 2.09807
66 ITAIPU 6.44E-15 6.44E-16 1.94E-15
169 SOBRADINHO 7.48555 1.99897 1.62874
275 TUCURUI 5.99319 1.6 1.30939




Results

e Evaluation of the approximated HPF

FPH - Barra Baita 150 Diferenca FPH - FPHAprox (Barra Bonita)
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Results — Brazilian System — Mean of Final
Simualtion
— Time horizon: 5 years

— Final simulation with 70 scenarios

— All results corresponds to monthly mean

e Two Cases:

— EQV: representation by energy equivalent systems
only;

— SE_FPH: only Southeast subsystem was individualized

24



Results — Brazilian System

Monthly Mean of Stored Energy
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Equivalent reservoir representation presents a higher stored energy when compared to

the hybrid representation.
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Results — Brazilian System

Monthly Mean of Hydro Generation
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There is no significant difference in both methods and the equivalent system is a

little higher
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Results — Brazilian System

MWmaés

Monthly Mean of Thermal Generation
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Equivalent representation presents a smaller amount. This is due to the higher

hydro generation presented before.




Results — Brazilian System

——EQV ----SE_FPH

The spilled energy amount is higher when the southeast is modelled by individual
plants 28
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Conclusions

Piecewise linear function to

Hybrid Representation approximate the HPF

e Nowadays, with the hardware/software advances,
we must invest in new approaches to use more and
more the individualized representation instead of
energy equivalent representation.
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