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} Brazil
+ Area: 8,5 millions km?
} Population (2017 estimate): 207 millions
1 GDP.in PPP (2017 estimate):
} Total :$3,217 trillion (8th)
1 Per capita: $15.646 (76th)
} Gini (2014): 51,5
1 HDI (2015): 0.754 (79th)

1 Energy Consumption (2015): 260,7 Mtep
1 41,2% was from renewable sources
} Residential: 9,6%
» Families (Residential + Private Passenger
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+ In the beginning of the 21st century:

»

Social mobility through the increase of the per capita income;

A significant number of people has crossed the poverty line (ROCHA, 2013;
UCHOA et al., 2013);

2002: 20,8% => 2011:10,1%

Real increase of the minimum wage
From 2003 to 2009 => real increase of 49,1%.

Income transfer programs, such as Bolsa Familia;
Reduction of the social inequality;
Higher concentration of the population in the middle income classes (de R$ 1.064 a

R$4.561,00 em valores de 2008) i (NERI, 2011);

Increase of the Human Development Index - HDI;
2000: 0,669 => 2010: 0,726 (PNUD 2013)

THe eovdelod' s exgemdaturedhas increased (GROTTERA & PEREIRA JUNIOR,
2013; NERI, 2011; IBGE) € ..
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} So, the increase of income hel ps
The familiesO thasemeqyconsumptiore as e d

The patterns of energy consumption have changed

} As well as, in the last years, the families have responded to the variable
electricity prices and to the variations in the. relative prices of firewood and
LPG, for exemple.

Energy Consumption by income classes i 2002/2008.
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}  MAPS Project and IES Project

Medidas de mitigacdodisponiveis;

PROCESS05

INDUSTRIAIS

Curvas de custo de abatimento do setor; Matriz enengética utilizas;
Emissdes de processos industriats, ete, Medidas de mitigac3oadatadas,
eti.

g
Demanda par produtes
agropecishrics;
Pregodos ;l:vudl.rl:m Medidas de mitigacio disponiveis;
agropecisirics; Curvas de custode shatimento do setor;
Preqos dos energétioos; Emmissies dosetor de residuas, ete.
Receitas de carbono disponivels
para o REDD, etc.

Modelo CGE

Produgdo dos setores industriais,

RESIiDUOS

. (IMACLIM-S BR) - .

PIB; :

. PIE per capita; H
: mgotgz;mw i Distribuigiode renda; i
Prodist de por cultura; xﬂd&sd&mmy;ﬂn adotadas, :
H Lucratividade por cultura; ) H
: Oferta de produtes agropecudnios :
H Taxa de desmatamento; :
Desmatamentoevitado: .
. Investimentos necessarios; -

Variagiona produtividade [coef. tec): -

Emissdes referentes 3 LULLCF, etc. .,-"'
. Mowva matriz energética; o
T, Investimentos totais necessdrios, o

Toe. g etc. FYTTTTerS M ""......................,

........... BT —, 4=} Ofertadebiogés;

: oferta de biomass "”___...1---"' ! Incineracdpde residuns

para cogeragdo; e i parageragivelétrica,
. Ofertade TRANSPORTE oot
biocombustiveis, etc. RESIDENCIAL

Fonte: Wills (2013)

(LEAP]

Problem!




Objective

} 1°) Analyze the impacts of energy efficiency policies, mitigation of
greenhouse gas emissions policies, etc;

} 2°) To construct a Behavior Realism Simulation Model that will be
able to:

Represent the household energy consumption pattern disaggregated
by income classes and end uses;

Estimate the variation of equipment ownership, energy intensity and
the replacement of scrapped equipment by more efficient technologies
in the face of changes in per capita income and relative prices of
energy sources and technologies;

Be integrated into a general equilibrium model, preferably IMACLIM
Brazil.

It will contribute to the formulation of more effective public policies
(energy efficiency, mitigation of
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Hybrid Bottom Up
ALI ke a ficombinationo of Bottom Uj
Technological Details

Behavioral Patterns

It considers that the economic variables (as, income and price)
Influence the possession, energy intensity, efficiency, etc.

Easily integrated into the general equilibrium model

Adaptation of the methodology of Nexus model and CIMS
model to Brazil reality.
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Integration into a General Equilibrium Model

Simultaneousbalance between energy
flows in monetary and physical units

Model of Behavior
Simulation

Income Classes

ESUBs e AEEI

Prices and Final Demand
Income

Products
(Energetic e Others)

Exports Rest of the world
Imports

Taxes

Public Administration
Transfers Taxes
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2 h h h
SER — MMy Ef';:i{Pig ¢ T, Pep w1 F)

SE = energy consumption to the final usage i;
M = number of households per income class h

P = Percentage of households of the income class h that owns the equipment of the type j to
attend the final usage i;

T =Time of use of the equipment j in a year to attend to attend to the final use i in a house of the
income class h;

p = Energy Efficiency of the equipment j in a house of the income class h;
| = Power of the equipment of the type j used to attend the final use i in a house of the income class h;

I = final uses = lighting, water heating , refrigeration, conditioning air, coking and other uses =1,
2,3,4,5,6;

j = type of equipment to attend the finalusei ' M>X HX 03X XX WT

h =income classes =1, 2, 3... 10.
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} The Condition of Balance to calibrate the base year of
the Behavior Realism Simulation Model :

: _ h 1
J.i'l"f H P T
/ E*{P“ a Hf“} -f[ ""r ]
=1 | . = - . . L:
2, |CC;= A+t OCHEC + 14,

k ]|
| f

Nexus Model CIMS Model

Theadjustment variablddegree of Market Heterogene(y <v < infinite)
A higherv => A higher heterogeneity

Next Step Assuming premise®r the construction of scenarios in relation
to ownershipfrequency of usenergy efficiencendpowerbased anithe
governmental planning program.



Methodology

|) Useful Energy Consumption of the Residential Sector (Adapt.from Nexus Model)

Number of Households by income class h (M™):

Population Forecast and Number of people by household from IBGE

Gini Index from a developed country ( ~ GI'=34 Ex.: Spain, Canada, Italy, Ireland...)
Gini Index Brazil = 51,5 (in 2014 —World Bank)

The Percentage of households that have the equipment j to attend the energetic
servicei(Pi,jh): Cobb Douglas Function

_ 1\ (1)
h _ h . _hYY
Pi,]' _ Pi,]' * (Cci,j) * (Eci,j) * (RdlSp )
The time of use of the equipment j (T; jh ), the average power of the equipment j

(Ii,jh) and the equipment efficiency (pﬁfj): PROCEL + Inmetro + Logistic Function
—h
Ti’fj(t) =T * Arc tan(@{fj + (pffjt — a)fijC[-,j)

—-h .
I{}j(t) =1I;j x Arc tan(,uﬁfj + Aﬁfjt — vijCi}j + Ui{ldelSph)

pg-(t) = ;_)g. * Arctan(t + wt + YEC; ; + nCC,;J-)

Ps.: According to the assumptions made
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II) Condition of Balance to the Scenario
(Adapt. From CIMS Model)

iHr - PJEHTJ__._EHIQJFHIJ__.E B [r:t__l* l—l::l-l—‘:l‘},:l r1_.l+ Glr:'l_Er:‘I_ ]
b (B T ph e L) T o h :
A M j % 1[r:r: T GCJ.-+EEJ.-+:J.-]
log,(PR;)
CCi(t) = CC;(0) (Nf (t)) o
N;(0)
. £;(0)
i:(t) = L
j(t) = 1+Aje “MSje_q

The cost of the energy consumption from the technology EC;j) will
depend on thprices.ofithe:-energy sour(®. These prices will come from
the General Equilibrium Model

The adjustment variable: Degree of Market Heterogen@itsM(< infinite)
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Integration into a General Equilibrium Mod,, mussucms | JFR ]

1 After the Reference Scenario was calibrated:
The final energy requirement of the families is sent to the general

equilibrium model
It is possible to assess the Energy Efficiency Policies and the

Emission Mitigation Policies

Prices and
Incomes
Behavior
General Realism
S5 Ull5 LR Simulation
Model Model
Energy
Requirement

|1'¢ s@llpossible to calculate:
the Energy Price-Elasticity,
the Energy Income-Elasticity and the
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y Family Expenditures and Income Classes
» Family budget survey (POF i- microdata from 2008 i- 2009)

Division of households by income decile

Analysis of family life cycle - Consumption Index from OECD

This index is calculated by weights assigned to each inhabitant of the household, being: 1.0 for
the individual in the position of head of the household; 0.5 for other adults over 14 years and
0.3 for residents under the age of 14 years.

Decis Classes de renda *
D1 até 162,09
D2 de 162,10 até 239,45
D3 de 239,46 até 310,90
D4 de 310,91 até 388,36
D5 de 388,37 até 479,25
D6 de 479,26 até 602,17
D7 de 602,18 até 774,62
D8 de 774,63 até1.062,63
D9 de 1.062,64 até 1.732,16
D10 Maior que 1.732,17

fonte: elaboracéo propria, com base nos dados da POF 2008 - 2009
Nota: * valores em U$D 2005



Methodology
» Energy Consumption

Family budget survey (POF 2008-2009) - possession

National Energy Balance i energy sources

Useful Energy Balance (energy efficiency) i energy services

Research about the Equipment Ownership and the Usage Habits from PROCEL
(2007) 1 power and types of equipment

» Costs
ANEEL e ANP T Price of the Energy Sources
Family budget survey (POF 2008-2009)
Inmetro + Market research

) Scenarios
National Energy Plans developed by EPE for the years 2030 and 2050

Decennial Energy Expansion Plans i PDEs and International Energy Efficiency
Plans

Population Forecast and Number of people by household from IBGE
A improvement in the brazilian income distribuition

Gini Index Brazil in 2030 ~= 34 (Ex.: Spain, Canada, Italy, Ireland...)

Gini Index Brazil in 2014 = 51,5 (World Bank)
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