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Value triad to the future of powertrain in
automotive sector

The automotive development should be guided by the strategic objectives from the
country, the availability of energetic matrix and its efficient use, the environmental

issues and the security are the fundamental points to the mobility.
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Conselho Macional de Politica Enengética — CNPE 39 -

Ciclo Otto: Gap Energeético (m® Gas Equivalente)

GAP ENERGETICO If the “GAP” is covered with imported gasoline,

(% da demanda de Gasulina) necessary 35,1k m3 of Ethanol (18%). If covered
2020 = 12.5% with Ethanol, 46,8 mil m3 (61% higher than 2015).

2024 = 23,5%
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Inovar-Auto Goals

Text presented during the program launch in 2012:

Mais competitividade, tecnologia e seguranca para os carros
produzidos e vendidos no Brasil.

International

. . _ I competition
Grande mercado permite, via incentivotributario, colocar os carros > through
vendidos e produzidos no pais na rota tecnolégicaglobal. technology

2 17,26 km/l (gasolina) e 11,96 kmil {etann@,: consumo médio

nacional & de 14 km/l (gasolina) e 9,71 km/l (etanol); The 2017 target for Inovar-Auto

is an intermediate step to reach

The key target is... _ o
the deadline. The point is when

INOVAR A

2013-2017 this is possible.

Inovar para competir. Competir para crescer.
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Inovar-Auto: Metas de Eficiéncia Energética
Inovar Auto Evolution — visibility and globalization

The target was defined! It is now necessary to define time to

introduce it.
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International Competitiveness
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[1] China's Target scenario reflects a pure gasoline. If other fuels are considered with the target drops accordingly.
[2] US Light-Duty Vehicles include light commercial vehicles.
[3] Annual rate line is calculated from the current baseline and the target value.




The preference to Ethanol is key to reduce GHG

Law nr. 12.996, modification from law nr. 12.715 — INOVAR-AUTO,

Can give incentive
to flex vehicles that
presents the
relation between
consumption
running from
hydrated Ethanol
and Gasoline above
75% without
jeopardizing the
efficiency with
Gasoline.
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Torque (Nm)
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1.6 liter Flex Fuel Engine - Compression Ratio Comparison
Torque @ Full Load - Representing Real Life at
Summer time and/or environment temperatures above 25 °C
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Compromise also jeopardizes the Gasoline performance
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Degradation due knock protection strategy when running with high compression

engine and gasoline or other fuel with poor octane number




Technologies leveraged by Inovar-Auto will boost
the use of ethanol to achieve higher efficiency
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Introduce Ethanol with low water content in two steps, first as a premium option and later as a single
product will allow the Global Flex concept, a new generation of more efficient flex fuel vehicles in Brazil

with an international GHG solution approach. Abroad a second approach considering E40 to get the
Octane number benefits to allow higher efficiency will use the same technologies.




Motivation for High-Octane, Mid-Level Ethanol Blends

* Higher octane allows for

more aggressive engine 110 | |
design, which can improve . #/_,0_ /*.
efficiency __1os = — »
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decrease in energy density

Define “Renewable Super Premium” as RON ~ 100 with 25-40% ethanol

u.5. DEPARTMENT OF Energy Efficiency &

4 | Bioenergy Technologies Office ENERGY Renewable Energy

y L“ff’é&%*}% /;}(-)’"




Recent Experiments Highlight Benefits of High
Octane Fuel for Sl engines
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E100 / Global Flex
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Hydrogen fuel Battery electric E85-fueled Gasoline hybrid Gasoline ICE Gasoline plug-in
cell vehicles vehicles flexible fuel electric vehicles vehicles hybrid vehicles
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B Current vehicles Future vehicles = L

August 2015 MATIONAL RENEWABLE ENERGY LABORATORY

10% =

Life cycle GHG reduction compared to current
gasoline internal combustion engine (%)

Flgure 3. Over their life cycle, current and future alternative fuel and vehicle options can reduce GHG emissions compared to
current gasoline internal combustion engines (ICE). Charging battery electric vehicles with renewable electricity offers the
greatest potential for reducing GHG emissions. http://www.nrel.gov/docs/fy150sti/62943. pdf



Green House Gases (GHG) in Highlight

G7 leaders agree to phase out fossil fuel
use by end of century

German chancellor Angela Merkel announces commitment to ‘decarbonise
global economy’ and end extreme poverty and hunger

The G7 nations intend to reduce, up to 2050, about 40 to 80% in GHG
emission compared to 2010




Time to introduce new technologies to reduce GHG in a

representative market perspective

Table 2.1. Estimated Time Scales (for Each Implementation Stage) for Technology Impact

Vehicle Technology
High Speed Fuel Cell
Gasoline Diesel with Gasoline (Gasoline Hybrid with
Direct Particulate Engine/ Engine Onboard
Injection Trap, NOx Battery-Motor Battery-Motor Hydrogen
Implementation State Turbocharged Catalyst Hybrid Plug-in Hybrid Storage
Market-competitive vehicle — ~ 2-3 years ~ 3 years ~ 3 years ~8-10 years ~12-15 years
Penetration across new ~ 10 years ~ 13 years ~ 13 years ~ 12 years ~ 20-25 years
vehicle production
Major fleet penetration ~ 10 years ~10-15 years ~ 10-15 years ~ 13 years ~ 20 years
Total time required ~ 20 years ~ 25 years ~ 25-30 years ~ 30-35 years ~ 20 years

(Source: Bandivadekar et al. 2008)




Lower Water Ethanol E99* (99% ethanol/or 1% water max.)
pre-implementation plan

E99*/E22 low heat value 71,8%.
75% higher autonomy for Law 12.996 = 4,5%higher efficiency with EQ9*

E99* price up to 70% of gasoline (E22) price,

Old flex fueled vehicles check for performance and durability;

Performance, emission and durability for new flex fueled vehicles fleet check

compliance to the legislations.

Introduce E99* first as a premium fuel alternative to become single ethanol fuel in

the future
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Sindipecas - Frente Inovar-Auto
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MONTADORA SATISFAZ AO MENOS 2

DOS 3 SEGUINTES REQUISITOS? MONTADORA SE QUALIFICA PARA
Incentivo para R&D ATE 30% DE DESCONTO DE IPI
de 50% do investido P&D
em P&D em até 2 pp Engenharia, Tecnologia e
IPI, limite 2% Capacitagao de Fornecedores
vendas até 2017. * Participa¢dao no Programa de MONTADORA SATISFAZ METAS
Etiquetagem Veicular ADICIONAIS DE EFICIENCIA
ENERGETICA?

A) Aumentar a eficiéncia do flex (portaria 75%)
B) Introduzir alcool Premium no mercado
C) Introduzir o uso do alcool com baixo teor de e R e Y

agua (unico). DESCONTOS ADICIONAIS DE 1 OU
2% DE IPI

Como aumentar a participacao da engenharia nacional
na evolucado do INOVAR AUTO
MONTADORA SATISFAZ A META X MONTADORA NAO SE
E d / CORPORATIVA MEDIA DE EFICIENCIA QUALIFICA PARA ATE 30% DE
stender ate ENERGETICA? DESCONTO DE IPI
2020 para
desenvolvimentos SIM
com objetivos MONTADORA SATISFAZ METAS DE .
definidos para o NUMERO DE PROCESSOS DE
MANUFATURA NO PAIS?
segundo passo
do INOVAR- SIM
AUTO A
NAO
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Inovar-Auto: Metas de Eficiéncia Energetica

EVOLUCAO (INOVAR AUTO 2)
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Inovar-Auto: Metas de Eficiéncia Energetica

Evolucéo do Inovar Auto — previsibilidade e globalizacéo

Incluir Lei 12.966 para impulsionar etanol unico e eficiente.
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Ethanol — best solution to GHG — Well to Wheel Approach

120

CO2 Emission (%)
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Relative Reduction of CO
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Standard Gasoline + Diesel + BEV Biodiesel Ethanol
Diesel Hybrid Hybrid

Adapted from World Business Council for Sustainable Deve

lopment

* The electrical option depends on the origin of electrical power. In Brazil more than
30% is generated by thermo-generators. In the world it is based on coal.
* Hybrid powertrain with Ethanol engine represent the best results




Modern Flex Fuel Vehicles are “ethanol tolerant” gasoline
vehicles. Fleet average shows 27% lower mpg with E85.

Manufacturers must protect for minimum available octane, so engines take little or no advantage
of ethanol’s properties to improve power or efficiency.
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Lower Water Ethanol (99% ethanol) — implementation plan

1. Compared with the current E22, the energy content ratio in the low water content
fuel will be 71,8%. Thus, 75% higher autonomy means 4,5% more efficiency
running on low water content fuel. This is a challenging, but feasible engineering
target for a global flex with optimizing efficiency range from 40 up to 100% ethanol

blends.

2. The low water content ethanol (99%) must keep the price up to 70% of gasoline

(E22) price, resulting in a gain to the customer and assuring the GHG benefit.

3. Verification of the use from lower water content fuel in old flex fueled vehicles will

check any potential problem in performance or durability;

4. Tests of performance, emission and durability from flex fueled engines in the

market will assure the on road fleet compliance to the legislations.




Potenciais pontos para um Inova-Auto — Flex Global com a FINEP
Contexto

.
O programa de eficiéncia energética dos veiculos leves criou base para que acOes de ™=
inovacao tecnologica no desenvolvimento de motores recebam um novo impulso. Por sua
vez, as metas de consumo de combustivel previstas para 2017 n&do criam um patamar
diferenciado para o uso de novas tecnologias de motores flex que favorecam a utilizacao do
etanol como combustivel principal no Brasil. Em recente apresentacdo no Senado Federal,
o Ministério de Minas e Energia deixou clara a necessidade de aumentar a participacdo do
etanol na matriz energética dos proximos anos reduzindo a dependéncia do pais da
importacao de gasolina.
A grande maioria dos motores atuais nao utilizam as vantagens do etanol como
combustivel, que poderiam ser ainda maiores se as novas tecnologias de motores forem
aplicadas. Entdo uma nova geracdo de motores flex pode surgir reduzindo a quantidade
global de combustivel e incentivar o uso de etanol pelo desempenho e economia final para o
USuario.
A engenharia nacional tem condi¢cdes de desenvolver esses novos motores que além de
eficientes seriam menos poluentes, permitindo o atendimento de legislacfes internacionais
em prol da exportacdo de veiculos. Dai o nome Flex Global. Além de internacionalmente
aceitos esses veiculos poderao utilizar efetivamente qualquer % de mistura de etanol na
gasolina até o minimo necessario de etanol para garantir as propriedades antidetonantes
(octanagem).
Essa mistura é uma tendéncia mundial a liberdade de utiliza-la de forma mais ampla tera
um forte impacto nas discussdes sobre a reducdo da emissao de gas estufa (CO2), ponto
principal da préxima reunidao mundial da - em Paris no final de 2015..



Potenciais pontos para um Inova-Auto — Flex Global com a FINEP
Contexto

A acao Inova-Auto Flex Global seria um edital da FINEP que criasse condi¢cdes para que 0S recursos ja
disponiveis no FNDCT e outros que possam ser captaneados pela FINEP, sejam utilizados de forma
coordenada entre a academia, os fabricantes de combustiveis, os fabricantes de autopecas e as
montadoras gerando nao sO conhecimento, mas uma base soélida de decisdo de investimentos
necessarios para a introducdo desse novo conceito de veiculos flex, que principalmente deve
apresentar um rendimento superior com o uso de etanol.

A partir desses dados pode-se construir um arcabouco de acOes pro-etanol, comecando com
vantagens no atendimento das proximas etapas do INOVAR-AUTO, passando por vantagens para o
usuario, como reducao de IPVA para veiculos mais eficientes com etanol e na propria economia de
combustivel. Seria possivel congregar ndo sO a eficiéncia energética, mas o proximo estagio da
legislacdo de controle de emissdes veiculares, sempre em sintonia com as condi¢cbes econdmicas e de
disponibilidade dos diferentes combustiveis.

Essa iniciativa da FINEP, sera parte de outras ja iniciadas para aumentar a disponibilidade de etanol de
primeira e segunda geracao, producao e utilizacdo mais eficientes de combustiveis renovaveis, deve
ser parte de um painel que poderia ser apresentado no evento do meio-ambiente em Brasilia,
indicando o forte compromisso do governo brasileiro com a sustentabilidade nesse setor.
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Potenciais pontos para um Inova-Auto — Flex Global com a FINEP
Temas (alternativa A)

Os temas que seriam passiveis de financiamento seriam:

1 — Contribuicdo atual do etanol para a reducao de emissdes veiculares, e suas possiveis
evolucdes tecnoldgicas com misturas diferentes de gasolina e etanol e % de hidratacéo
(Global Flex), de forma a reduzir o compromisso entre 0 uso de gasolina e etanol, tornando o
motor mais eficiente com ambos 0os combustiveis.

2 — Impacto e beneficios do uso de tecnologias modernas de motores com etanol, entre elas:
turbo-alimentacao, taxa de compressao variavel, injecéao direta de combustivel, eixo de
comando variavel, start-stop otimizado com o uso do ar condicionado, 6leos de baixa
viscosidade e outras.

3 — Tecnologias especificas que garantam a durabilidade e confiabilidade dos novos motores
utilizando etanol anidro ou hidratado com misturas diferentes de gasolina e etanol, e de
porcentagem de agua no etanol.

7 — O impacto técnico e econdmico das novas formulacdes de misturas e hidratacao na
producao, distribuicdo e armazenamento das mesmas.
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