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Abstract. The transport sector contributes to greenhouseagasharmful emissions. For this reason, emissmmtrol

programs were introduced in markets with greatematercialization of vehicles and more recently epefiiciency
programs, encouraging the reduction of fuel consionp In Brazil, based on the experiences of presiprograms
and other countries, it is possible to predict teehnological path for medium and long term for pavain and

chassis to support the targets achievements, takitiegaccount local investment and infrastructuomstraints. There
are still several points of improvement on legislatto guarantee its effectiveness, such as inttddn of inspection
and maintenance programs for vehicles in use, cbmf the number of particles from combustion ight vehicles
equipped with direct injection and study about tineke and tire emissions. Increase fuel RON to awerfleet fuel
consumption and the performance of flex fuel vehjdhtroduction of HVO, as a complementary sotutim Biodiesel
above 15% mixing and the definition of energy igfficy goals for light vehicles after 2022 basedtenneed for GHG
reduction including well to wheel concept, to guaee the technological competitiveness of the Baazvehicle and
for heavy vehicles the definition of goal basedconopean experience.
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1. INTRODUCTION

The automotive market is an important pillar in therld economy, data from OICA (Organization Inteianale
des Constructeurs d 'Automobiles), indicate thigssaf vehicles has grown steadily from 65,923,@84s in 2005 to
93,856,388 in 2016, 30% growth in 12 years. (IPOCA.

The transport sector's share of greenhouse gas J@Hissions is around 14% globally, due to the imgyrof
fossil fuels, which has generated the need to defitomotive legislation to control and reduce ¢hesmissions, with a
focus on reducing the impact of this sector on glaetarming.

In the same way that the transport sector makegnifisant contribution to increase the GHG emissipit also
contributes considerably to harmful gaseous emissiS8uch emissions come from the fuel burning m®esd have
also been the focus of attention and theme foripydalicies, especially in large centers, where ¢hacentration of
these pollutants has a direct impact on publicthesid consequently on the economy.

The need for an increasing contribution from tlaasport sector, with a focus on reducing greenhgase
emissions, demands the development of technologitaxhatives capable of increasing the energgieficy of
vehicles and finding ways for long-term sustainald@sportation, at cost as accessible as pos3ibéefore the
motivation of this paper is to explore the techgatal paths that the automotive industry can follawrder to mitigate
the impact on global warming and contribute todbastruction of sustainable mobility.

The objective of this paper is to indicate the texdtbgical routes for mobility focusing at the retdan of local and
GHG emissions, indicating the technological develept trends to meet the goals of the Brazilian o
ROTA2030 and PROCONVE, and also possible futureptementation in the existing programs, aiming at th
predictability of actions , taking into account tealysis of the main energy efficiency and gasemuissions
programs at a global level and the technologied gsedar to achieve the established goals.
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The methodology adopted in this paper was a corepisite bibliographic review of the global legistation
gaseous emissions and energy efficiency, as wethasvailable technologies to guarantee the aehient of the
established goals, carrying out an analysis focosetthe Brazilian application.

Based on this analysis, this paper makes recomrtienddor the next stages of Brazilian automotiggislation,
whether for emissions or energy efficiency, witldigations of possible measures to be adopted wifbcas on
equalizing Brazilian programs to international gnesh the objective of reducing the technologigap between Brazil
and the most developed countries on these themes.

Scenarios of possible technological routes were ialdicated in this paper, based on the measuigsted in other
countries with similar goals and also previous eignees of Brazilian automotive legislation.

2. OVERVIEW — CURRENT BRAZILIAN VEHICLE ENERGY EFFICIE NCY AND EMISSION CONTROL
PROGRAMS.

One of the biggest sources of urban pollution atgicles equipped with Otto and Diesel engines. &hehicular
emissions are formed through the process of burftieigduring the operation of internal combustiogi@es.

Legislation to control local and GHG emissions basn implemented in recent years on all continastshown in
the Fig.1, indicating that the industry has a gatwtilenge to achieve these objectives, howeverghgossible through
the application of new powertrain or chassis tetigies.
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Figure 1. CO2 Emissions Limit and Energy Consumpfar Passenger Vehicles. (ICCT, 2019).

About powertrain technologies, improvements wasfgoered in the last years on combustion engines with
increased thermal efficiency through the reductbrihermal and friction losses and applicationighter materials
(Samaras, Z. Voultisis, I. 2005). Electric motord aspecially batteries, becoming more competitivierms of cost in
relation to the combustion engine, supporting tlessincrease of vehicles with these technolodgsesilick, T. et al,
2016). For transmissions, the application of dowtléch, continuously variable transmission (CVTHdaransmission
systems optimized to keep the engine as long asilpjesn maximum efficiency regimes, should be thest used
technologies in the coming years.

About chassis technologies to reduce the vehidéestiee power, such as aerodynamic drag and fricte the
ground, mass reduction with the application of tgghand more resistant materials should lead thbntdogical
advances, emphasizing that the vehicle safety repeints will also be taken into consideration whbBoosing new
technologies.

With the introduction of legislation to improve egg efficiency in Brazil, to meet the energy effincy goals
defined by INOVAR AUTO, vehicle manufacturers, bdiem the average values of their fleets, at the 207MJ / km
for reference vehicle with mass of 1121kg and #igoneed to achieve at least 12% improvement iaieficy, defined
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their strategies seeking technologies with the baske-off between cost & % reduction in consumptifmcusing on
meet the goals without considerably increasingctigts in modern vehicles.

As reference, the Fig.2 shows the incremental ratist in vehicles according technology introduction
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Figure 2. Comparison of energy consumption versogemental cost according technology (Board on gnhand
Environmental Systems, 2015)

Comparing the energy efficiency of models sold acBmber 2014 in Brazil with vehicles sold in Sefien?017,
as shown in the Fig.3, it is possible to obsenee fhsitive effect of the INOVAR-AUTO program in imgving the
efficiency of vehicles, especially in the lighteres.
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Figure 3. Comparison of energy consumption in Biezimodels Dec/14 and Sep/17 (CONPET Database)201

Based on the CONPET data, it is possible to vetifit the most efficient models, received mostly fiiilowing
technologies with low cost of introduction accoglirigure 2.

* Low viscosity oils with a focus on reducing hydymamic friction.

« Green tires to reduce rolling resistance.

* Vehicle mass reduction.

« Variable valve timing and 4 valves per cylinder.

* Increase in specific power through the introdutf turbo engines and direct injection.
» Changes in transmission (increase in the numbgears or CVT).

» Electric steering pump.

* Gear shift indicator.

* Tire pressure monitoring.

* Start-Stop systems
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About harmful emissions, in particular, in the lgstase of emissions for light vehicles PROCONVEIt&as
necessary to introduce new technologies to meeethission reductions of carbon monoxide (CO), gigro oxide
(NOx) and from cold start as well, as follow:

» New materials for after-treatment systems.

» Adoption of fuel heating systems to assist in #mgine cold start with a focus on reducing hydroca
emissions.

* Application of an additional oxygen probe to thaust, to support the mixture control.

» Optimization in the on-board diagnostic systenBpBR2), which assists in controlling the operatiohthe
devices mentioned above, ensuring the maintendrtbe @mission levels during the use of the vehicle

» Improvements in the fuel specification, espegifdk commercial gasoline, also received a sigaiftcreduction in
the amount of sulfur from 800ppm to 50ppm, whichtdbutes significantly to avoid degradation of ttetalyst
system, ensuring the maintenance of emission levels

For heavy vehicles, the introduction of PROCONVE &juivalent to the European EURO-V, also introdiucew
technologies such as:

« After treatment systems, such as Diesel Oxida@atalyst (DOC), Diesel Particulate Filter (DPFH&Belective
Catalyst Reduction (SCR).

» Adoption of a gas recirculation system (EGR)amg applications as a measure to reduce NOx.

» Improvements in commercial diesel oil, with auetion in the level of sulfur, which contributestte formation
of particulate matter and the introduction of higlerels of mixture of Biodiesel to commercial digswith the
objective of reducing particulate material and (GH@Benhouse gases.

Therefore, the introduction of these technologiémsneed the complete and successful implementatiothe last
phase of PROCONVE and INOVAR AUTO.

3. FUTURE OVERVIEW — NEXT PHASE OF THE BRAZILIAN EMISS IONS AND ENERGY EFFICIENCY
PROGRAMS.

To meet the next stage of ROTA2030 for light vedsclscheduled for 2022, automakers will need mifigient
vehicles, as the weighted corporate average shouyddove by at least 11%, compared to the goal &shedl in
INOVAR-AUTO. This will require expanding the appditton of existing technologies, such as:

» Direct injection turbocharged engines.

* Three-cylinder engines (downsizing).

* Start-Stop systems.

» CVT or more geared transmissions with a focus@nnspeed.

» Reduction in mass of the best-selling vehicles.

« Adoption of off-cycle technologies, such as tlaiable air conditioning compressor.

» Aerodynamic optimization.

» Eco credits (increase in the compression rateeteefit Ethanol and introduction of hybrid / eléctrehicles)

About energy efficiency for heavy vehicles, theraswno prediction for targets for this vehicle clagfore the
entry of ROTA2030, however, there was always greatket attention regarding fuel consumption, dtai a direct
impact on the vehicle's operating cost.

Starting from ROTA2030, limits will be defined fbeavy vehicles, which should come into force in 208uch
limits will be based on the energy consumptionahmercial vehicles sold from 2022 onwards with tdehnology to
meet the PROCONVE P8, equivalent to EUROVI and gdmdtween 20% up to 30% improvement in efficiency
compared to MY2022 should be established, andpbssible to meet them as there are technologisspport the real
range of up to 43% efficiency increase comparetlitoent vehicles, as shown in the Fig.4.
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| | Reference 2015 tractor-trailer
Reference
+ “Best in Class” 2015 road load technclogy
(-17% Cy aerodynamics, -9% Cgg tires, -1% mass)

+ Incremental engine technology (46% BTE)

+ Driveline efficiency (+1%)

+ Moderate tractor-trailer road load technology
(-23% C, aerodynamics, -19% Cgg, tires, -3% mass)

+ Moderate engine technology (49% BTE)

+ Advanced tractor-trailer road load technology
(-27% C; aerodynamics, -23% Cg, tires, -7% mass)

+ Engine downsizing and downspeeding (10%)

+ Engine waste heat recovery (52% BTE)

+ Long-term tractor-trailer road load technology
(-42% C, aerodynamics, -27% Cxgg tires, -16 % mass)

+ Long-term engine technology (55% BTE)

+ Hybrid system
(60% braking regeneration efficiency)

43%
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Figure 4. Potential to reduce fuel consumption wigh technologies in an implement truck applicati@CT,
2017)

To meet the next stages of gaseous emissionsdggisifor commercial vehicles, one of the evideséds is the
introduction of the technology called extended S@Rich is an integrated system of DOC, DPF and SC& single
component, ensuring the optimization of costs amdiyct efficiency. For some more critical applioat in terms of
NOx emission, the exhaust gas recirculation (E@&Rhology integrated with the gas cooling systeool@r) should
also be implemented.

With all these devices to support the reductioooéil emissions, the OBD system will undergo evotutin this
new phase, carrying out the continuous diagnosih@foperation of these technologies, ensuringrihmtenance of
emission levels.

For light vehicles, the introduction of three-wagtalysts with increment of precious materials mgkime systems
more efficient, the introduction of gasoline pautate filters (GPF) for vehicles equipped with dirsnjection systems,
fuel heating systems to reduce emissions at cald ahd the introduction of evaporation absorpsgatems during
vehicle refueling, will be the main technologie@niuced to meet the next stages of emissionsagigis.

4. SUGGESTIONS FOR THE FUTURE AUTOMOTIVE LEGISLATION S TEPS.
4.1 Light Vehicles

For local gaseous emissions control programs piaper recommends special attention to the contrileonumber
of particles for direct injection gasoline enginssce the L7 and L8 standards only contemplatentass control of
particulate matter in [mg/km]. However, the numbémparticles is important especially for extremsiyall particles
such as PM10 and PM2.5, very common in these typesgines.

There is also a need to improve gasoline, espgaalhe level of octane number as an enabling eferior better
performance of flex fuel vehicles, to allow theraduction of new technologies such as downsizirgdytarimprove the
energy consumption of vehicles in use. Studiescatdi that increasing the research octane numbeN)Raing from
92 to 98 may allow the compression ratio to inceelag 1.5: 1 and still improve consumption by 4.786 aturally
aspirated vehicles and up to 6.9% for turbochaxgdicles. (Chow, E. 2013.)

It is also necessary to reduce non-methane orggses (NMOG) emissions by reducing Total Aldehyd#s0)
through the control of unburned hydrocarbon emissiavith the introduction of cold start technolagias the large
emission of these gases reside in the cold phasatalfyst operation. (Souza, R. 2013)
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About the contribution of the transport sectorhe teduction of greenhouse gas emissions, thedimttion of the
well-to-wheel concept, controlling G@&missions from the production of the fuel to isguwill be an alternative to
contribute to the growth in the use of biofuels.

During the production process of a fuel, there seweral stages that emit gCbeing the collection and
transportation of raw material, the production digtribution of fuel and, finally, the burning toowe the vehicles as
can be seen in the Fig.5. In the case of biofuldrge part of this COemitted is captured in the process of growth of
the raw material, a process that is not possibldogsil fuels, so biofuels have a great advantaganding the
environmental aspect, especially in mitigating éffects of GHG in global warming.

Well* Well-to-wheel analysis (WTW)

T

Produce || Transport | _‘ Produce |, Distribute | | Fuelvehicle | | Use vehicle Wheel
primary fuel primary fuel | | market fuel market fuel and fuel
4 ' \ 4
Indirect or well-to-tank Direct or
T) emissions tank-to-wheel

Figure 5. Well to Wheel Concept. (Roland Berged &0

It is possible to observe in figure 6 the comparisd different technologies and fuels applied ioceventional
passenger vehicle in terms of gQemission. The basis is the vehicle fueled wisfiogasoline, which has the biggest
CO,¢q emissions. The vehicle fueled with renewable fo@s such low emissions as the electric vehicle with
European electric power generation base in 2030even a hydrogen fuel cell vehicle. The biofuel lragreat
advantage, since biofuel is fully applicable in iedds fueled with fossil fuel, requiring only smalllaptations, already
known and applied in the market, as compared wlith need to implement new and expensive technologies
demonstrating the great potential of Brazilian béi$.
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Figure 6. CQ.qemissions from different technologies and fugkalé@nd Berger, 2018)

4.2 Commercial Vehicles

The improvement in fuels, especially a renewabterahtive with greater resistance to oxidation étation to
Biodiesel, should be a measure explored to supgperreduction of GHG. In this sense, hydrotreatedetable oil
(HVO) fuel is an applicable alternative. In additito energy efficiency targets, it is importantctmsider setting CO
emission targets from well to wheel, same concegbgsed for light vehicle, connecting the ROTA2@80gram with
RENOVABIO, supporting to effectively reduce greenke gas emissions and decreased dependence oifuessi

At the engine technology, it is possible to obseahat there is still room for improvement in theldi of friction
reduction and mechanical losses, especially inst#teof accessories, but the technology with thetgset potential
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related to the combustion engine is the use of esthanergy through technologies such as turbo-cangiog and
waste heat recovery systems.

In relation to transmissions, the integration wétlectric motors in hybrid systems can generate residerable
increase in efficiency at the level of up to 8%t ibis in the aerodynamic parameters that thetgetapportunities are,
since improvements in tires reducing the rollingis@nce and aerodynamic optimizations can brings@mption
reductions of up to 9%.

Fuel consumption reduction in line-haul operation

0% 2% 4% 6% 8% 10%

Engine friction reduction __ ————
]

On-demand accessories |
Combustion optimization }
Turbo improvements t |
Engine controls E—i
Aftertreatment improvement j—i

Engine downsizing I |

Engine

Turbocompounding f |

Waste heat recovery I—|
Transmission efficiency E|—<
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Engine-transmission integration — ——
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Figure 7. Commercial vehicle technologies for feiciency (ICCT, 2017)

The implementation of technologies to increase ggnefficiency shown in the Fig.7 for commercial igds goes
beyond environmental issues, since the reductidinelfconsumption has a great impact on operatoggsc which at
the end of the transport chain, helps to reducedisés of transported products.

4.3 Technologies for Urban Applications — Brazil FutureVision

The adoption of a single technological route fbtrainsport segments is something that does notrsakse, as the
technological application depends on the regiormiditions of resources availability, and in pardcuon the
environmental and economic needs of each segment.

For urban transport, the subway stands out foaliifity to unite strategic points of the city withe shortest
distance between routes and avoiding the creafitraffic jams, but the cost per meter of the mdiinvestment is very
high. There are other alternatives already impldetesuch as bus corridors that need less investrimetitis segment
the adoption of buses for public transport powebgdhybrid systems with biofuel is an environmentaldequate
solution and with a possible introduction costtia medium term.

Purely electric buses, whether the existing trdlleses, as in the city of S&o Paulo, or even eteoines using
batteries or fuel cells, are also an adequate isaldbr reducing local emissions in large Braziliaities, which
associated with the low G emission of Brazilian energy matrix, can also aftirate with the reduction of GHG
emissions.
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Commercial and passenger utility vehicles, whichrycaut short daily journeys (<200 km), can als@ptdhybrid
technologies powered by biofuel, battery powereélet cell, as it will contribute in the same way @ty buses to the
reduction local emissions.

Especially for urban applications, in order to regluhe impacts of local emissions on public heaithis
recommended to adopt an inspection and maintenpragram for vehicles in use, as recent experienith the
adoption of these programs in the city of Sdo Padéononstrated the reducing the environmental itnpaegehicles
while the program was active. Results showed tehtcles from the first year of use need to be iosak as they are
susceptible to wide variations in emissions in ¢went of problems, increasing emissions from tetwtenty times
higher than normal. (Branco, G. 2013).

In the Figure 8, it is possible to observe the rcleanefits of the inspection in guaranteeing thefa@onity of
vehicles to their emission levels. This examplengto the results of the I/M program of S8o Paitly showing the
average emissions of approved vehicles, disappreedicles and of these re-inspected after maintmaheing
approved accordingly.

CO Emission Average — Passcar Otto Cycle HC Emission Average — Passcar Otto Cycle
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Figure 8. Average vehicle emissions by technoldgye and inspection result (Branco, G, 2013)

4.4  Technologies for Long Distance Applications - BratiFuture Vision.

For road applications with a focus on long distancenventional combustion systems are cost-effeessociated
with the availability of supply infrastructure atitere are no problems associated with local emissidue to the low
demographic density around the highways and afdw# residence time vehicle in the same location.

In this segment, the greatest contribution can ¢so@ated only with the reduction of GHG. In thase the
expansion of the offer of biofuel, as already iadéd in this work, is the best way for sustaindatdasport, since the
adoption of electric vehicles will require majomv@stments in recharge infrastructure, and it ismeged an average
cost to build the network in the range between US0$0.00 to US $ 2,000.00 per vehicle (EPE, 2018).

5. CONCLUSIONS

GHG emissions between the period from 1950 to 2dadrupled from the period from 1750 to 1950, iatiigy
that the changes related to economic growth inldke decades have a direct impact on these emsssind as a
consequence, the increase in the combined tempe@itthe oceans and continents .

Local emissions also contribute to the reductionqoélity of life in large cities, in particular essions of
Particulate Material, Nitrogen Oxides and gasestiaato the formation of Ozone.
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The transport sector has a significant contributimrocal and GHG emissions, so there is a grefarteh the
implementation of automotive legislation with calesiable advances in the last decades, guarantisginigchnological
evolution of vehicles at each new stage, enabliggificant reductions of these emissions throughithplementation
of new technologies for vehicles or fuels.

In particular, the last phase of Brazilian automstiegislation significantly changed the model addpfor short
predictability, since with the definition of ROTA30 and the last phase of PROCONVE, there was aitiefi of a
long-term vision, ensuring planning for the goveeminin the field of infrastructure and for industwith the
development and introduction of new technologiesweler, it is still necessary to create integrati@mtween the
programs PROCONVE, ROTA2030 and RENOVABIO, reduding technological distance of Brazilian vehicles i
relation to developed countries and in particutiiag value technologies related to biofuel.

These programs indicated above are focused on ebiglgs. However, there are no current vehicleénspn and
maintenance programs (I/M) in use in large centeossiderably reducing the effectiveness of nevrietogies in
contributing to the reduction of local emissionketefore, this paper recommends the adoption ektpeograms with
the objective of guaranteeing the benefits derifredn technologies in improving air quality, benifi society,
resulting in the reduction of public health expengeverting to the subsidy of these programs.

This paper also recommends the inclusion of particimbers emission control from combustion fortligihicles
equipped with direct injection technology, basedkamopean legislation and elaboration of studiegshenimpact of
particles from the wear of the brake and tire syst&s this emission contributes considerably tadtio in air quality.

In relation to fuels, for Otto cycle vehicles, & iecommended to introduce high-octane fuels, &ifRON level
close to 100 due to the significant improvemenpa@nformance under field conditions, enabling neght®logies and
reducing fleet consumption.

For Diesel cycle vehicles, to ensure the continuatreduction of a renewable matrix to replace fip$$vVO can
be implemented as a complement to Biodiesel atdealmove 15% of mixture, as it is a drop-in fuelfilassil Diesel not
requiring investments in fleet vehicles retrofit.

To support the reduction of greenhouse gases, ghrthe wide application of biofuels, this work rewmends the
introduction of the concept of analysis of £€mnissions from well to wheel, considering the mtbn, transport and
use of fuels, with goals established in 2027 on phase of ROTA2030.

In relation to energy efficiency targets in heaehicles, it is recommended to apply the Europeawceat, setting
a 2032 goal of reducing consumption by 30% in i@hato the consumption reported for heavy vehiae®022, which
is a possible goal to be achieved with technologeasilable for the engine, transmission and aeradyoa
optimizations.

For light vehicles, the adoption of a new targe2@27 with a reduction in consumption of -11% comaplato 2022
will guarantee the continued introduction of neshigologies supporting the competitiveness of trezlian vehicle.

Finally, the introduction of new technologies mhbstin accordance with the needs imposed by lefislataking
into account the cost of application and needsasohesegment.

The analysis separating vehicles that operatargelcenters of those that operate over long adisgnaking into
account the existing infrastructure and the avditglof alternatives such as biofuel, will ensutee sustainable and
affordable transportation for society.
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