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Flexible fuel vehicles in Brazil

In 2003 the Brazilian auto industry started to produce light vehicles with
Otto cycle engines able to use any blend of pure hydrous ethanol and
gasoline (blended with anhydrous ethanol).

Such FlexFuel Vehicles (FFV) present good performance and
accomplish all environmental requirements.
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Is there phase separation in tanks of FFV’s?

There is no phase separation when mixing gasoline and hydrous
ethanol because ethanol is a co-solvent (amphoteric), able to dissolve

both water and gasoline. In fact, ethanol avoid water phase separation
In gasoline.
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Evolution of light vehicle fleet in Brazil

Flexfuel vehicles were rapidly and successfully accepted by the
Brazilian market. In 2014 they represented about 62% of a fleet with 38
million light vehicles (passenger cars and motorbikes).

Annual sales of new light vehicles in Brazil (ANFAVEA, 2015)
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FFV’s possibility of choice and consumer behavior

FFV’s owners decide what fuel will use when they fill up the tank of
their vehicles, taking into account the price and relative performance
of their car or motorbike with each fuel.

Looking for a rational decision, it is broadly assumed by consumers
that a indifference or parity of prices occurs when (Pg,/Pg,5) <0,7 or a
litre of ethanol costs 70% of a litre of gasoline.
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Evaluating a dogma: modeling the parity (HE/E2X)

The price parity or indifference of Hydrous Ethanol (HE) occurs when
the fuel price compensates for the vehicle’s differences in mileage
when using Hydrous Ethanol instead of gasoline.

: ” _ PHE _CE25
Parity condition: PHECHE = PE25 CE25 Peos  ChE
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Considering the values of calorific value, density and typical current
efficiency (for E25):

P
_HE - (0.68 to 0.74) or (68 to 74%)
PE2S




Actual parity values

The Brazilian Vehicle Labeling Program presents regularly mileage data
for Brazilian vehicles, evaluated under controlled conditions for urban
and road driving cycles.
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Actual parity values

The Labeling Program data can be used to estimate actual fuel price

parity for each vehicle.

Consumption and required values of price parity for vehicles

listed in PBEV (examples)

Manufacturer and Using HE (km/l) Using E22 (km/I) Pricesparity
model (2014) city road city road city road
Toyota, Corolla 1.8 -

16V XL | manual 7.0 9.6 10.2 13.5 0.69 0.71
\[;W’ Gol 1.08V City 2 77 9.6 116 13.9 0.66 0.69

oor

Fiat, Palio 1.0 8V Fire 8.8 103 12.3 15.0 0.72 0.69
2 Door

Renault, Clio 1.0 16V 95 10.7 143 15.8 0.66 0.68

Authentigue 3 Door

(INMETRO, 2015)
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Prospects for vehicle efficiency in Brazil

In 2012, the Brazilian Government launched the Incentive Program for
Innovation and Densification of the Automotive Productive Chain, the
Inovar-Auto program, allowing discounts of 30% on taxes for
automakers committed to increase the efficiency of light vehicles
manufactured in Brazil until 2018.

Efficiency targets set in Inovar-Auto program

Fud | Targets of vehicular consumption
km/liter M J/liter

| from to | from to |

Gasoline 1400 17.3 2.071 1.679

Ethanol 9.71 12.0 2.069 1.679
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Prospects for vehicle efficiency in Brazil

Considering the differential advantages of ethanol (high octane
number, high latent heat of the fuel vaporization , etc.), improvements
can be introduced to allow higher performance of FFV’s when using
ethanol, compared with blended gasoline.

Direct injection and turbocharging have been evaluated, presenting
relevant overall performance gains (up to 30%).

Engine fitted with a two
stage turbo and spray
study of direct injection
of ethanol in

combustion chamber
(Baeta et al, 2015)
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Final remarks

All parity values have been usually evaluated for E22, the
reference blend in the legislation. However, today the
Brazilian gasoline is blended with 27% ethanol (E27),
Imposing to adjust proportionally the parity values.

It IS Important:
1. Deconstruct of the paradigm 70%

2. Reinforce the Brazilian Vehicle Labeling Program and
diffuse its numbers

3. Adjust the INOVAR-AUTO, proposing higher efficiency
targets for ethanol, aiming at a price parity of 75%

4. Foster R&D for automotive use of hydrous ethanol
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Thanks for your attention.
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