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7 
Apêndice 

Este apêndice está dividido em cinco seções: 

 

7.1 - Mostra as previsões de carga elétrica dos modelos Box & Jenkins, 

Holt & Winters, Lógica Fuzzy e Redes Neurais para cinco séries de carga elétrica 

no período de janeiro de 2000 a dezembro de 2002; 

7.2 – Ilustra as previsões dos modelos de Box & Jenkins com variáveis de 

intervenção e os parâmetros estimados pelo programa AUTOBOX 5.0 de cada 

modelo; 

7.3 - Apresenta o desempenho da proposta de transformação da série 

temporal para os modelos de Lógica Fuzzy e Redes Neurais; 

7.4 - Apresenta o IRP de 28 empresas do SIN; 

7.5 - Apresenta o Estudo de Caso 1 para cinco séries de carga elétrica; 

7.6 - Apresenta o Estudo de Caso 2 para cinco séries de carga elétrica. 
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7.1. 
Previsão de Carga para 5 séries de carga elétrica 

Série 1 

 

 

DATA H.W. B.J. R.N. L.F.
jan/00 0,34% 0,44% 3,79% 0,84%
fev/00 0,21% 1,09% 3,70% 0,90%
mar/00 1,04% 0,69% 4,41% 0,16%
abr/00 0,36% 1,05% 2,29% 2,13%
mai/00 1,70% 1,33% 4,34% 2,14%
jun/00 1,41% 0,86% 4,62% 3,70%
jul/00 1,48% 1,78% 2,91% 0,51%

ago/00 1,30% 1,85% 7,45% 4,41%
set/00 3,11% 2,60% 2,75% 0,55%
out/00 4,24% 4,11% 6,43% 6,71%
nov/00 2,68% 4,23% 1,49% 2,63%
dez/00 0,33% 1,04% 0,97% 4,29%

MAPE 1,52% 1,76% 3,76% 2,41%

DATA H.W. B.J. R.N. L.F.
jan/01 6,12% 6,71% 7,31% 6,14%
fev/01 0,52% 0,43% 5,00% 4,00%
mar/01 0,62% 0,69% 4,32% 0,70%
abr/01 0,16% 0,47% 4,60% 3,03%
mai/01 5,75% 5,87% 1,42% 4,55%
jun/01 25,64% 25,04% 24,86% 27,88%
jul/01 10,05% 5,08% 29,45% 35,12%

ago/01 0,48% 0,17% 29,82% 12,72%
set/01 0,32% 0,21% 27,15% 8,41%
out/01 1,82% 1,80% 28,76% 11,59%
nov/01 4,25% 4,64% 20,68% 0,99%
dez/01 0,13% 0,66% 19,42% 0,89%

MAPE 4,65% 4,31% 16,90% 9,67%

DATA H.W. B.J. R.N. L.F.
jan/02 2,30% 2,07% 19,78% 5,74%
fev/02 3,02% 2,17% 13,38% 1,00%
mar/02 4,65% 3,83% 9,17% 3,26%
abr/02 4,54% 3,31% 6,38% 6,68%
mai/02 0,12% 0,50% 4,18% 10,88%
jun/02 1,94% 2,53% 8,71% 20,49%
jul/02 0,73% 0,71% 11,80% 12,47%

ago/02 0,73% 0,12% 11,67% 6,56%
set/02 0,12% 0,68% 12,25% 7,06%
out/02 1,01% 0,86% 11,80% 6,15%
nov/02 1,57% 1,85% 7,47% 1,46%
dez/02 1,22% 0,94% 5,90% 0,18%

MAPE 1,83% 1,63% 10,21% 6,83%  
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Série 2 

 

 

DATA H.W. B.J. R.N. L.F.
jan/00 2,39% 2,03% 0,43% 1,21%
fev/00 1,90% 2,24% 2,24% 4,69%
mar/00 0,03% 0,08% 1,10% 0,78%
abr/00 0,66% 0,03% 0,08% 1,89%
mai/00 1,41% 1,08% 2,75% 2,51%
jun/00 0,37% 0,74% 1,36% 0,24%
jul/00 0,42% 0,59% 0,72% 0,56%

ago/00 0,23% 0,55% 3,34% 3,18%
set/00 0,70% 0,38% 1,97% 2,68%
out/00 2,28% 2,94% 6,33% 2,86%
nov/00 0,09% 0,49% 4,62% 4,46%
dez/00 0,76% 1,30% 1,63% 0,23%

MAPE 0,94% 1,04% 2,21% 2,11%

DATA H.W. B.J. R.N. L.F.
jan/01 3,21% 3,09% 4,55% 1,12%
fev/01 2,89% 3,36% 5,81% 4,24%
mar/01 0,07% 0,07% 4,49% 3,62%
abr/01 0,58% 0,05% 4,08% 1,16%
mai/01 3,14% 3,74% 0,15% 4,16%
jun/01 25,52% 25,69% 23,60% 26,26%
jul/01 15,15% 9,55% 27,09% 25,42%

ago/01 3,85% 1,80% 27,83% 12,03%
set/01 1,78% 2,30% 22,31% 6,39%
out/01 2,79% 3,72% 26,62% 13,31%
nov/01 5,50% 5,56% 18,36% 3,04%
dez/01 0,43% 2,00% 18,76% 3,75%

MAPE 5,41% 5,08% 15,30% 8,71%

DATA H.W. B.J. R.N. L.F.
jan/02 0,86% 0,27% 20,83% 7,41%
fev/02 3,96% 3,62% 15,99% 5,21%
mar/02 7,87% 6,97% 6,99% 3,62%
abr/02 5,50% 3,84% 4,35% 7,38%
mai/02 2,68% 3,69% 7,75% 0,65%
jun/02 6,66% 7,64% 10,34% 24,78%
jul/02 6,77% 5,66% 7,12% 3,77%

ago/02 2,26% 3,88% 11,41% 12,45%
set/02 1,38% 1,17% 11,79% 5,85%
out/02 3,94% 3,44% 16,32% 11,42%
nov/02 0,03% 1,41% 11,77% 1,51%
dez/02 1,05% 1,89% 10,46% 1,00%

MAPE 3,58% 3,62% 11,26% 7,09%  
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Série 3 

 

 

DATA H.W. B.J. R.N. L.F.
jan/00 3,35% 3,05% 2,75% 5,09%
fev/00 4,68% 4,73% 5,48% 3,82%
mar/00 2,86% 3,22% 3,90% 1,94%
abr/00 2,59% 1,77% 0,06% 0,02%
mai/00 2,02% 1,41% 1,16% 3,90%
jun/00 0,73% 0,98% 1,82% 1,84%
jul/00 1,74% 1,64% 1,52% 0,68%

ago/00 1,17% 1,83% 3,14% 2,28%
set/00 0,10% 0,23% 0,33% 1,71%
out/00 0,31% 0,38% 1,41% 0,85%
nov/00 0,79% 1,22% 2,22% 3,11%
dez/00 1,48% 0,71% 0,43% 0,74%

MAPE 1,82% 1,76% 2,02% 2,16%

DATA H.W. B.J. R.N. L.F.
jan/01 0,01% 0,53% 2,06% 4,01%
fev/01 1,02% 1,33% 2,45% 3,81%
mar/01 2,73% 2,81% 2,97% 4,18%
abr/01 1,24% 2,53% 5,16% 4,23%
mai/01 9,56% 10,00% 9,57% 6,42%
jun/01 27,01% 26,18% 25,23% 22,05%
jul/01 5,99% 3,19% 33,07% 28,18%

ago/01 1,35% 1,23% 31,39% 12,72%
set/01 0,52% 0,15% 30,18% 10,84%
out/01 3,36% 3,93% 24,82% 7,20%
nov/01 1,44% 2,09% 21,43% 6,12%
dez/01 0,04% 0,00% 23,38% 6,65%

MAPE 4,52% 4,50% 17,64% 9,70%

DATA H.W. B.J. R.N. L.F.
jan/02 2,67% 2,46% 19,50% 3,20%
fev/02 0,92% 0,60% 17,18% 4,20%
mar/02 5,09% 4,40% 13,47% 1,82%
abr/02 5,94% 4,59% 7,53% 6,01%
mai/02 3,85% 4,18% 7,41% 8,93%
jun/02 0,49% 1,96% 5,22% 22,56%
jul/02 2,93% 1,35% 6,01% 7,84%

ago/02 0,08% 0,61% 6,39% 6,11%
set/02 0,19% 0,04% 6,58% 5,82%
out/02 6,57% 6,71% 10,37% 9,46%
nov/02 3,00% 2,78% 6,54% 2,18%
dez/02 2,96% 2,70% 7,50% 4,92%

MAPE 2,89% 2,70% 9,47% 6,92%  
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Série 4 

DATA H.W. B.J. R.N. L.F.
jan/00 1,38% 0,00% 0,92% 0,27%
fev/00 0,60% 0,70% 0,52% 0,53%
mar/00 2,20% 0,92% 0,29% 0,27%
abr/00 2,06% 0,18% 1,87% 0,83%
mai/00 1,16% 0,96% 2,62% 2,85%
jun/00 1,19% 0,39% 1,00% 3,25%
jul/00 3,02% 3,23% 1,46% 2,11%

ago/00 0,93% 0,35% 1,58% 1,18%
set/00 1,07% 0,35% 0,39% 4,74%
out/00 6,87% 7,27% 5,34% 8,33%
nov/00 1,52% 0,29% 3,13% 4,50%
dez/00 0,15% 0,34% 2,60% 0,09%

MAPE 1,85% 1,25% 1,81% 2,41%

DATA H.W. B.J. R.N. L.F.
jan/01 2,44% 2,73% 1,41% 2,68%
fev/01 2,50% 1,84% 1,59% 1,76%
mar/01 3,63% 2,53% 2,08% 0,80%
abr/01 0,29% 1,89% 4,21% 5,03%
mai/01 10,90% 11,74% 13,49% 14,55%
jun/01 28,01% 22,23% 17,00% 17,11%
jul/01 17,56% 2,83% 27,51% 28,25%

ago/01 4,74% 0,50% 20,78% 11,61%
set/01 1,48% 0,61% 21,82% 10,67%
out/01 0,39% 1,19% 26,33% 18,42%
nov/01 7,38% 6,36% 15,94% 3,06%
dez/01 1,92% 0,52% 13,89% 2,98%

MAPE 6,77% 4,58% 13,84% 9,74%

DATA H.W. B.J. R.N. L.F.
jan/02 4,14% 2,16% 13,46% 2,40%
fev/02 1,46% 1,50% 15,96% 4,52%
mar/02 9,22% 7,86% 9,24% 2,60%
abr/02 5,79% 1,77% 6,64% 7,20%
mai/02 2,51% 0,92% 2,96% 17,67%
jun/02 0,15% 1,67% 8,32% 15,43%
jul/02 4,11% 3,99% 7,47% 5,47%

ago/02 0,76% 4,82% 11,43% 9,54%
set/02 5,31% 5,23% 7,61% 2,26%
out/02 9,53% 9,88% 15,45% 12,36%
nov/02 0,99% 1,74% 12,12% 1,45%
dez/02 2,39% 2,20% 11,51% 3,05%

MAPE 3,86% 3,65% 10,18% 7,00%  
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Série 5 

 

DATA H.W. B.J. R.N. L.F.
jan/00 1,41% 0,97% 12,47% 15,51%
fev/00 2,66% 1,55% 8,88% 9,06%
mar/00 2,02% 2,08% 0,12% 0,36%
abr/00 1,48% 2,08% 8,58% 7,09%
mai/00 0,29% 0,14% 4,44% 4,69%
jun/00 2,74% 2,53% 8,68% 8,89%
jul/00 4,72% 3,23% 2,26% 3,52%

ago/00 3,97% 5,38% 7,96% 9,56%
set/00 2,90% 2,54% 5,81% 6,36%
out/00 6,07% 5,66% 8,31% 6,28%
nov/00 0,62% 1,46% 6,76% 14,01%
dez/00 1,13% 0,34% 8,81% 10,42%

MAPE 2,50% 2,33% 6,92% 7,98%

DATA H.W. B.J. R.N. L.F.
jan/01 0,95% 1,82% 6,76% 14,30%
fev/01 2,22% 2,22% 9,18% 4,51%
mar/01 0,85% 0,34% 9,90% 7,67%
abr/01 0,23% 0,35% 8,72% 8,18%
mai/01 9,35% 9,82% 0,01% 1,08%
jun/01 25,15% 25,25% 21,57% 20,06%
jul/01 5,38% 1,62% 27,03% 28,36%

ago/01 4,61% 3,37% 32,42% 29,39%
set/01 2,76% 2,27% 24,23% 5,40%
out/01 3,15% 4,13% 32,78% 17,14%
nov/01 9,65% 9,04% 18,83% 0,28%
dez/01 4,69% 3,77% 12,48% 4,43%

MAPE 5,75% 5,33% 16,99% 11,73%

DATA H.W. B.J. R.N. L.F.
jan/02 1,47% 1,80% 16,10% 0,00%
fev/02 0,17% 0,57% 17,41% 2,56%
mar/02 6,97% 6,04% 10,69% 4,37%
abr/02 7,46% 7,25% 3,53% 11,40%
mai/02 2,13% 1,20% 2,19% 21,36%
jun/02 2,78% 2,07% 9,84% 14,53%
jul/02 3,04% 0,42% 10,48% 11,45%

ago/02 0,70% 0,62% 12,81% 10,18%
set/02 3,50% 3,82% 8,33% 2,57%
out/02 9,21% 8,86% 18,24% 13,79%
nov/02 1,55% 0,38% 13,34% 1,46%
dez/02 4,52% 3,67% 13,56% 2,37%

MAPE 3,62% 3,06% 11,38% 8,00%  
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Série 6 

 

DATA H.W. B.J. R.N. L.F.
Jan-00 2.10% 2.26% 0.48% 0.63%
Feb-00 3.30% 2.80% 3.61% 1.70%
Mar-00 3.06% 4.50% 4.00% 6.51%
Apr-00 0.11% 0.34% 2.64% 0.61%
May-00 3.59% 3.68% 0.77% 4.04%
Jun-00 0.29% 0.07% 3.01% 1.95%
Jul-00 5.88% 6.32% 5.34% 5.24%
Aug-00 5.29% 4.40% 0.58% 1.12%
Sep-00 1.86% 0.55% 2.07% 3.80%
Oct-00 6.23% 7.96% 9.05% 11.59%
Nov-00 0.90% 1.06% 1.45% 4.30%
Dec-00 1.97% 1.90% 1.12% 4.06%

MAPE 2.88% 2.99% 2.84% 3.80%

DATA H.W. B.J. R.N. L.F.
Jan-01 3.90% 3.59% 1.44% 2.47%
Feb-01 4.18% 2.40% 3.58% 0.98%
Mar-01 3.83% 1.90% 0.24% 0.70%
Apr-01 2.60% 0.15% 4.20% 2.34%
May-01 12.30% 14.87% 18.80% 16.67%
Jun-01 30.97% 28.21% 19.67% 23.04%
Jul-01 26.74% 8.67% 33.92% 34.14%
Aug-01 7.60% 1.05% 25.91% 6.83%
Sep-01 5.13% 1.78% 25.87% 9.40%
Oct-01 1.05% 0.26% 29.37% 18.05%
Nov-01 4.75% 3.99% 19.81% 4.45%
Dec-01 1.79% 0.49% 18.45% 5.96%

MAPE 8.74% 5.61% 16.77% 10.42%

DATA H.W. B.J. R.N. L.F.
Jan-02 2.51% 0.51% 19.61% 7.92%
Feb-02 0.56% 2.65% 24.17% 12.12%
Mar-02 13.42% 12.02% 10.08% 2.36%
Apr-02 8.86% 4.68% 8.76% 5.93%
May-02 0.66% 3.60% 8.21% 16.04%
Jun-02 0.51% 0.20% 1.55% 17.29%
Jul-02 8.18% 4.92% 1.99% 3.66%
Aug-02 1.22% 3.63% 7.11% 12.20%
Sep-02 10.37% 8.51% 0.71% 0.78%
Oct-02 8.17% 9.62% 10.87% 10.22%
Nov-02 7.98% 6.98% 14.29% 8.87%
Dec-02 6.16% 4.42% 14.52% 9.77%

MAPE 5.72% 5.15% 10.16% 8.93%  
 

DBD
PUC-Rio - Certificação Digital Nº 0210444/CA



 106 

7.2. 
Previsões dos modelos de Box & Jenkins com variáveis de 
intervenção 

O primeiro modelo utilizado por Mendes (2002) foi estimado pelo 

AUTOBOX 5.0 para a série 6, resultando nos seguintes parâmetros:  

 

)1.051(
)845.01)(618.01(682.59)1)(1(

12
12

B
aBBIyBB t

tt −
−−

+−=−−  

 

Os erros de previsão e o desempenho desse modelo são apresentados na 

tabela e gráfico a seguir: 

 

 

Série 6 Observado Previsão APE
jul-01 2.317 2.250 2,89%

ago-01 2.401 2.300 4,21%
set-01 2.416 2.530 4,72%
out-01 2.482 2.590 4,35%
nov-01 2.650 2.530 4,53%
dez-01 2.802 2.810 0,29%
jan-02 2.917 2.960 1,47%
fev-02 2.896 3.030 4,63%
MAPE 3,39%  
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O segundo modelo também foi estimado pelo AUTOBOX 5.0, porem para 

a série 1, resultando nos seguintes parâmetros:  

 

)1.01641(
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Os erros de previsão e o desempenho desse modelo são apresentados na 

tabela e gráfico a seguir: 

 

 

Série 1 Observado Previsão APE
jul-01 3.994 4.900 22,68%

ago-01 4.040 4.210 4,21%
set-01 4.081 4.380 7,33%
out-01 4.109 4.140 0,75%
nov-01 4.171 4.110 1,46%
dez-01 4.108 4.110 0,05%
jan-02 4.260 4.330 1,64%
fev-02 4.469 4.500 0,69%
MAPE 4,85%  
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7.3. 
Desempenho dos Modelos de Lógica Fuzzy e RNA após as 
transformações nas séries de carga elétrica 

 

Série 1 

Mês RNA Usual RNA Proposto
jul-01 29,45% 6,26%

ago-01 29,82% 3,20%
set-01 27,15% 0,90%
out-01 28,76% 0,82%
nov-01 20,68% 0,77%
dez-01 19,42% 2,76%
jan-02 19,78% 5,02%
fev-02 13,38% 0,28%
MAPE 23,55% 2,50%  
Mês LF Usual LF Proposto
jul-01 35,12% 0,35%

ago-01 12,72% 1,21%
set-01 8,41% 5,98%
out-01 11,59% 0,97%
nov-01 0,99% 2,35%
dez-01 0,89% 1,51%
jan-02 5,74% 0,99%
fev-02 1,00% 9,73%
MAPE 9,56% 2,89%  

 

Série 2 

Mês RNA Usual RNA Proposto
jul-01 27,09% 2,72%

ago-01 27,83% 3,17%
set-01 22,31% 0,53%
out-01 26,62% 0,55%
nov-01 18,36% 7,33%
dez-01 18,76% 0,35%
jan-02 20,83% 0,41%
fev-02 15,99% 3,27%
MAPE 22,22% 2,29%  
Mês LF Usual LF Proposto
jul-01 25,42% 3,93%

ago-01 12,03% 1,69%
set-01 6,39% 3,72%
out-01 13,31% 1,54%
nov-01 3,04% 3,97%
dez-01 3,75% 2,06%
jan-02 7,41% 0,93%
fev-02 5,21% 5,82%
MAPE 9,57% 2,96%  
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Série 3 

Mês RNA Usual RNA Proposto
jul-01 33,07% 2,70%

ago-01 31,39% 1,55%
set-01 30,18% 0,07%
out-01 24,82% 3,58%
nov-01 21,43% 2,59%
dez-01 23,38% 0,44%
jan-02 19,50% 1,51%
fev-02 17,18% 2,27%
MAPE 25,12% 1,84%  
Mês LF Usual LF Proposto
jul-01 28,18% 5,33%

ago-01 12,72% 5,93%
set-01 10,84% 2,22%
out-01 7,20% 3,68%
nov-01 6,12% 1,41%
dez-01 6,65% 6,62%
jan-02 3,20% 4,08%
fev-02 4,20% 1,22%
MAPE 9,89% 3,81%  

 

 

Série 4 

 

Mês RNA Usual RNA Proposto
jul-01 27,51% 0,57%

ago-01 20,78% 1,54%
set-01 21,82% 0,68%
out-01 26,33% 0,41%
nov-01 15,94% 4,83%
dez-01 13,89% 3,61%
jan-02 13,46% 6,56%
fev-02 15,96% 4,78%
MAPE 19,46% 2,87%  
Mês LF Usual LF Proposto
jul-01 28,25% 10,90%

ago-01 11,61% 2,69%
set-01 10,67% 0,48%
out-01 18,42% 0,12%
nov-01 3,06% 4,48%
dez-01 2,98% 4,53%
jan-02 2,40% 2,60%
fev-02 4,52% 2,12%
MAPE 10,24% 3,49%  
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Série 5 

 

Mês RNA Usual RNA Proposto
jul-01 27,03% 3,61%

ago-01 32,42% 3,94%
set-01 24,23% 5,65%
out-01 32,78% 5,02%
nov-01 18,83% 2,70%
dez-01 12,48% 3,34%
jan-02 16,10% 4,13%
fev-02 17,41% 0,64%
MAPE 22,66% 3,63%  
Mês LF Usual LF Proposto
jul-01 28,36% 3,99%

ago-01 29,39% 7,73%
set-01 5,40% 8,76%
out-01 17,14% 8,87%
nov-01 0,28% 11,02%
dez-01 4,43% 9,53%
jan-02 0,00% 2,62%
fev-02 2,56% 0,13%
MAPE 10,95% 6,58%  

 

 

Série 6 

Mês RNA Usual RNA Proposto
jul-01 33,92% 2,93%

ago-01 25,91% 3,05%
set-01 25,87% 7,51%
out-01 29,37% 0,21%
nov-01 19,81% 1,37%
dez-01 18,45% 5,44%
jan-02 19,61% 0,81%
fev-02 24,17% 4,83%
MAPE 24,64% 3,27%  
Mês LF Usual LF Proposto
jul-01 34,14% 11,05%

ago-01 6,83% 4,50%
set-01 9,40% 3,15%
out-01 18,05% 4,11%
nov-01 4,45% 6,75%
dez-01 5,96% 0,64%
jan-02 7,92% 4,01%
fev-02 12,12% 2,90%
MAPE 12,36% 4,64%  
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7.4. 
IRP de 28 empresas 
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7.5. 
Estudo de Caso 1 para Cinco Séries de carga elétrica 
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Série 5
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7.6. 
Estudo de Caso 2 para Cinco Séries de carga elétrica 
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