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    APÊNDICE A – MODELO DESENVOLVIDO NO VENSIM


    
      
        

        
      

      
        
          	
            (01)

          

          	
            aMG=


            ("Pmg(1)"-"Pmg(0)")/("Pbr(1)"-"Pbr(0)")


            Units: Dmnl


            ai=Pi(t1)-Pi(t0)/P(t1)-P(t0)

          
        


        
          	
            (02)

          

          	
            bMG=


            "Pbr(0)"-(aMG*"Pmg(0)")


            Units: hab

          
        


        
          	
            (03)

          

          	
            Coeficiente de emissao de Gas= WITH LOOKUP (


            Time,


            ([(2015,0)-(2030,13)],(2015,0.995),(2016,0.995),(2017,0.995),(2018,0.995


            ),(2019,0.995),(2020,0.995),(2021,0.995),(2022,0.995),(2023,0.995),(2024,0.995),(2030,0.995) ))


            Units: Dmnl

          
        


        
          	
            (04)

          

          	
            Coeficiente de emissão CO2=


            Total de emissao de CO2/Consumo total de energia


            Units: Dmnl

          
        


        
          	
            (05)

          

          	
            Coeficiente emissao de Carvao Mineral= WITH LOOKUP (


            Time,


            ([(2015,0)-(2030,13)],(2015,0.98),(2016,0.98),(2017,0.98),(2018,0.98),(2019


            ,0.98),(2020,0.98),(2021,0.98),(2022,0.98),(2023,0.98),(2024,0.98),(2030,0.98


            ) ))


            Units: Dmnl

          
        


        
          	
            (06)

          

          	
            Coeficiente Emissao de Petroleo= WITH LOOKUP (


            Time,


            ([(2015,0)-(2030,13)],(2015,0.99),(2016,0.99),(2017,0.99),(2018,0.99),(2019


            ,0.99),(2020,0.99),(2021,0.99),(2022,0.99),(2023,0.99),(2024,0.99),(2030,0.99


            ) ))


            Units: Dmnl

          
        


        
          	
            (07)

          

          	
            Consumo de Carvao Mineral=


            PIB Anual*(Taxa de consumo de Carvao Mineral)


            Units: Dmnl

          
        


        
          	
            (08)

          

          	
            Consumo de Energia=


            PIB Anual*(Taxa de consumo de Energia)


            Units: Dmnl

          
        


        
          	
            (09)

          

          	
            Consumo de Gas=


            PIB Anual*(Taxa de consumo de Gas)


            Units: Dmnl

          
        


        
          	
            (10)

          

          	
            Consumo de Petroleo=


            PIB Anual*(Taxa de consumo de Petroleo)


            Units: Dmnl

          
        


        
          	
            (11)

          

          	
            Consumo total de energia= INTEG (


            (Demanda de Gas+Demanda de Petroleo+Demanda de Energia+Demanda de Carvao Mineral),


            8.0252e+009)


            Units: Dmnl

          
        


        
          	
            (12)

          

          	
            Consumo total de energia ano=


            Demanda de Carvao Mineral+Demanda de Energia+Demanda de Gas+Demanda de Petroleo


            Units: Dmnl

          
        


        
          	
            (13)

          

          	
            Crescimento do PIB Anual=


            PIB Anual*(Taxa de crescimento do PIB Anual)


            Units: Dmnl

          
        


        
          	
            (14)

          

          	
            Demanda de Carvao Mineral=


            Consumo de Carvao Mineral


            Units: Dmnl

          
        


        
          	
            (15)

          

          	
            Demanda de Energia=


            Consumo de Energia


            Units: Dmnl

          
        


        
          	
            (16)

          

          	
            Demanda de Gas=


            Consumo de Gas


            Units: Dmnl

          
        


        
          	
            (17)

          

          	
            Demanda de Petroleo=


            Consumo de Petroleo


            Units: Dmnl

          
        


        
          	
            (18)

          

          	
            Emissao de Carvao Mineral=


            Demanda de Carvao Mineral*(Coeficiente emissao de Carvao Mineral)


            Units: Dmnl

          
        


        
          	
            (19)

          

          	
            Emissao de Energia=


            Demanda de Energia*(Taxa de emissao de Energia)


            Units: Dmnl

          
        


        
          	
            (20)

          

          	
            Emissao de Gases=


            Demanda de Gas*(Coeficiente de emissao de Gas)


            Units: Dmnl

          
        


        
          	
            (21)

          

          	
            Emissao de Petroleo=


            Demanda de Petroleo*(Coeficiente Emissao de Petroleo)


            Units: Dmnl

          
        


        
          	
            (22)

          

          	
            FINAL TIME = 2030


            Units: Year


            The final time for the simulation.

          
        


        
          	
            (23)

          

          	
            Indice de Intensidade Redução CO2=


            Indice Intensidade Energetica*Coeficiente de emissão CO2


            Units: Dmnl

          
        


        
          	
            (24)

          

          	
            Indice Intensidade Energetica=


            Consumo total de energia/PIB Anual


            Units: Dmnl

          
        


        
          	
            (25)

          

          	
            INITIAL TIME = 2015


            Units: Year


            The initial time for the simulation.

          
        


        
          	
            (26)

          

          	
            "Pbr(0)"=


            1.69799e+008


            Units: hab

          
        


        
          	
            (27)

          

          	
            "Pbr(1)"=


            1.90756e+008


            Units: hab

          
        


        
          	
            (28)

          

          	
            PIB Anual= INTEG (


            Crescimento do PIB Anual,


            5.16634e+008)


            Units: Dmnl

          
        


        
          	
            (29)

          

          	
            PIB per capita=


            PIB Anual/Pop MG


            Units: Dmnl

          
        


        
          	
            (30)

          

          	
            "Pmg(0)"=


            1.78915e+007


            Units: hab

          
        


        
          	
            (31)

          

          	
            "Pmg(1)"=


            1.95973e+007


            Units: hab

          
        


        
          	
            (32)

          

          	
            Pop BR = WITH LOOKUP (


            Time,


            ([(0,2e+007)-(6000,3e+007)],(0,2.09976e+007),(365,2.11195e+007),(730,2.12359e+007


            ),(1095,2.13465e+007),(1460,2.14514e+007),(1825,2.15514e+007),(2190,2.16466e+007


            ),(2555,2.17359e+007),(2920,2.18189e+007),(3285,2.18958e+007),(3650,2.19675e+007


            ),(4015,2.20339e+007),(4380,2.20939e+007),(4745,2.21475e+007),(5110,2.21945e+007


            ) ))


            Units: hab

          
        


        
          	
            (33)

          

          	
            Pop MG=


            (aMG*Pop BR)+bMG


            Units: hab

          
        


        
          	
            (34)

          

          	
            SAVEPER =


            TIME STEP


            Units: Year [0,?]


            The frequency with which output is stored.

          
        


        
          	
            (35)

          

          	
            Taxa de consumo de Carvao Mineral=


            RANDOM BETA( 0.253 , 0.904 , 0.2 , 0.71 , 0.00105 , 0.605 , 0 )


            Units: Dmnl

          
        


        
          	
            (36)

          

          	
            Taxa de consumo de Energia=


            EXP( RANDOM NORMAL( 0.00244 , 0.00809 , 0.00454 , 0.00169 , 0 ) )


            Units: Dmnl

          
        


        
          	
            (37)

          

          	
            Taxa de consumo de Gas=


            RANDOM NORMAL(0.0016398, 0.00354267 , 0.00278938 , 0.000436815 , 0 )


            Units: Dmnl

          
        


        
          	
            (38)

          

          	
            Taxa de consumo de Petroleo=


            RANDOM TRIANGULAR( 0.0156 , 0.0519 , 0.01 , 0.0168 , 0.06 , 0)


            Units: Dmnl

          
        


        
          	
            (39)

          

          	
            Taxa de crescimento do PIB Anual=


            1.82e-005 + 0.00093*RANDOM BETA( 0.00182 , 0.00948 , 0.345 , 1.2 , 0.00189


            , 0.00236 , 0 )


            Units: Dmnl

          
        


        
          	
            40)

          

          	
            (Taxa de emissao de Energia=


            EXP( 0.033+RANDOM NORMAL( 0.0332 , 0.136 , 0.051 , 0.0247 , 0 ) )


            Units: Dmnl

          
        


        
          	
            (41)

          

          	
            TIME STEP = 1


            Units: Year [0,?]


            The time step for the simulation.

          
        


        
          	
            (42)

          

          	
            Total de emissao de CO2= INTEG (


            (Emissao de Carvao Mineral+Emissao de Gases+Emissao de Petroleo+Emissao de Energia


            ),


            0)


            Units: Dmnl

          
        


        
          	
            (43)

          

          	
            Total emissao de CO2 Ano=


            Emissao de Carvao Mineral+Emissao de Energia+Emissao de Gases+Emissao de Petroleo


            Units: Dmnl

          
        

      
    

  


  
    APÊNDICE B – DADOS UTILIZADOS PARA GRÁFICOS DE DISPERSÃO E PARA GERAR A DISTRIBUIÇÃO DE PROBABILIDADE ESTATÍSTICA


    1. Dados históricos e valores ajustados  por meio da equação de regressão


    
      [image: ]
    


    a. Ajuste da Curva de Distribuição de Probabilidade para o PIB (Produto Interno Bruto)


    
      [image: ]
    


    b. Ajuste da Curva de Distribuição de Probabilidade para o Consumo de Carvão Mineral


    
      [image: ]
    


    c. Ajuste da Curva de Distribuição de Probabilidade para o Consumo de Energia Hidráulica


    
      [image: ]
    


    d. Ajuste da Curva de Distribuição de Probabilidade para a Emissão de Energia Hidráulica


    
      [image: ]
    


    e. Ajuste da Curva de Distribuição de Probabilidade para o Consumo de Petróleo


    
      [image: ]
    


    f. Ajuste da Curva de Distribuição de Probabilidade para o Consumo de Gás Natural
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    2. Dados previstos e utilizados pela equação de regressão para ajustar as distribuições de probabilidade
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    APÊNDICE C – DISTRIBUIÇÕES OBTIDAS POR MEIO DO INPUT ANALYZER (ARENA) PARA OS PARÂMETROS DO MODELO


    1. Evolução do PIB (Produto Interno Bruto)


    
      [image: ]
    


    
      
        

        
      

      
        
          	
            Distribution Summary

          
        


        
          	
            Distribution:

          

          	
            Beta

          
        


        
          	
            Expression:

          

          	
            1e+008 + 3.84e+008* BETA (0.812, 1.04)

          
        


        
          	
            Square Error:

          

          	
            0.001327

          
        


        
          	
            Chi Square Test

          
        


        
          	
            Number of intervals

          

          	
            = 8

          
        


        
          	
            Degrees of freedom

          

          	
            = 5

          
        


        
          	
            Test Statistic

          

          	
            = 0.225

          
        


        
          	
            Corresponding p-value

          

          	
            = 0.75

          
        


        
          	
            Kolmogorov-Smirnov Test

          
        


        
          	
            Test Statistic

          

          	
            = 0.0205

          
        


        
          	
            Corresponding p-value

          

          	
            = 0.15

          
        


        
          	
            Data Summary

          
        


        
          	
            Number of Data Points

          

          	
            = 121

          
        


        
          	
            Min Data Value

          

          	
            = 100000000

          
        


        
          	
            Max Data Value

          

          	
            = 4.84e+008

          
        


        
          	
            Sample Mean

          

          	
            = 2.68e+008

          
        


        
          	
            Sample Std Dev

          

          	
            = 1.13e+008

          
        


        
          	
            Histogram Summary

          
        


        
          	
            Histogram Range

          

          	
            = 1.81e-005 to 0.000948

          
        


        
          	
            Number of Intervals

          

          	
            = 11

          
        


        
          	
            Function

          

          	
            Sq Error

          
        


        
          	
            Beta

          

          	
            0.00133

          
        


        
          	
            Weibull

          

          	
            0.0273

          
        


        
          	
            Lognormal

          

          	
            0.0321

          
        


        
          	
            Erlang

          

          	
            0.0561

          
        


        
          	
            Exponential

          

          	
            0.0561

          
        


        
          	
            Gamma

          

          	
            0.0735

          
        


        
          	
            Normal

          

          	
            0.218

          
        


        
          	
            Triangular

          

          	
            0.22

          
        


        
          	
            Uniform

          

          	
            0.262

          
        

      
    


    2. Taxa de Consumo de Carvão Mineral


    
      [image: ]
    


    
      
        

        
      

      
        
          	
            Distribution Summary

          
        


        
          	
            Distribution:

          

          	
            Beta

          
        


        
          	
            Expression:

          

          	
            2 + 7.1 * BETA(1.05, 0.605)

          
        


        
          	
            Square Error:

          

          	
            0.005540

          
        


        
          	
            Chi Square Test

          

          	
        


        
          	
            Number of intervals

          

          	
            = 7

          
        


        
          	
            Degrees of freedom

          

          	
            = 4

          
        


        
          	
            Test Statistic

          

          	
            = 7.8

          
        


        
          	
            Corresponding p-value

          

          	
            = 0.0995

          
        


        
          	
            Kolmogorov-Smirnov Test

          

          	
        


        
          	
            Test Statistic

          

          	
            = 0.0705

          
        


        
          	
            Corresponding p-value

          

          	
            > 0.15

          
        


        
          	
            Data Summary

          
        


        
          	
            Number of Data Points

          

          	
            = 121

          
        


        
          	
            Min Data Value

          

          	
            = 2.53

          
        


        
          	
            Max Data Value

          

          	
            = 9.04

          
        


        
          	
            Sample Mean

          

          	
            = 6.57

          
        


        
          	
            Sample Std Dev

          

          	
            = 2.26

          
        


        
          	
            Histogram Summary

          
        


        
          	
            Histogram Range

          

          	
            = 2 to 9.1

          
        


        
          	
            Number of Intervals

          

          	
            = 11

          
        


        
          	
            Function

          

          	
            Sq Error

          
        


        
          	
            Beta

          

          	
            0.00554

          
        


        
          	
            Triangular

          

          	
            0.0416

          
        


        
          	
            Uniform

          

          	
            0.0493

          
        


        
          	
            Normal

          

          	
            0.0625

          
        


        
          	
            Weibull

          

          	
            0.0739

          
        


        
          	
            Erlang

          

          	
            0.0817

          
        


        
          	
            Gamma

          

          	
            0.0823

          
        


        
          	
            Exponential

          

          	
            0.088

          
        


        
          	
            Lognormal

          

          	
            0.0953

          
        

      
    


    3. Taxa de Consumo de Energia Hidráulica
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            Distribution Summary

          
        


        
          	
            Distribution:

          

          	
            Lognormal

          
        


        
          	
            Expression:

          

          	
            LOGN(0.00454, 0.00173)

          
        


        
          	
            Square Error:

          

          	
            0.015269

          
        


        
          	
            Chi Square Test

          

          	
        


        
          	
            Number of intervals

          

          	
            = 6

          
        


        
          	
            Degrees of freedom

          

          	
            = 3

          
        


        
          	
            Test Statistic

          

          	
            = 20.7

          
        


        
          	
            Corresponding p-value

          

          	
            < 0.005

          
        


        
          	
            Kolmogorov-Smirnov Test

          

          	
        


        
          	
            Test Statistic

          

          	
            = 0.0814

          
        


        
          	
            Corresponding p-value

          

          	
            > 0.15

          
        


        
          	
            Data Summary

          
        


        
          	
            Number of Data Points

          

          	
            = 121

          
        


        
          	
            Min Data Value

          

          	
            = 0.00244

          
        


        
          	
            Max Data Value

          

          	
            = 0.00809

          
        


        
          	
            Sample Mean

          

          	
            = 0.00454

          
        


        
          	
            Sample Std Dev

          

          	
            = 0.00169

          
        


        
          	
            Histogram Summary

          
        


        
          	
            Histogram Range

          

          	
            = 0 to 0.01

          
        


        
          	
            Number of Intervals

          

          	
            = 11

          
        


        
          	
            Function

          

          	
            Sq Error

          
        


        
          	
            Lognormal

          

          	
            0.0153

          
        


        
          	
            Triangular

          

          	
            0.0159

          
        


        
          	
            Gamma

          

          	
            0.0165

          
        


        
          	
            Beta

          

          	
            0.0174

          
        


        
          	
            Erlang

          

          	
            0.0185

          
        


        
          	
            Weibull

          

          	
            0.02

          
        


        
          	
            Normal

          

          	
            0.0252

          
        


        
          	
            Uniform

          

          	
            0.0675

          
        


        
          	
            Exponential

          

          	
            0.0984

          
        

      
    


    4. Taxa de Emissão de Energia Hidráulica
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