OPPORTUNITIES TO REDUCE MOBILE SOURCE VOC EMISSIONS
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ABSTRACT

Brazil is currently facing a growing vehicle popius@ and increasing concerns regarding air
quality in large metropolitan areas such as SadoPauobile source hydrocarbon emissions
are a large contributor to ground level ozone andgin many urban areas.

In order to develop the most cost-effective and miregul VOC control strategy, from both

evaporative and exhaust, one needs to better uaddrthe quantity currently not controlled
and the cost impact to advance controls and capfugach. This paper will further evaluate
the control opportunities and impacts to the ovegmal of reducing mobile source

hydrocarbon emissions and improving air quality.

INTRODUCTION

Brazil is currently facing a challenge regardinghne source emissions. Vehicle sales year
over year in Brazil continue to grow. AccordingltdS Automotive Scenarios Service, the
projected vehicle sales will be 5.2 million by 202(® over 40percent from 2012 [1]. This
growth leads to increases in traffic, congestiord pollution. In a 2011 study published by
CETESB, passenger cars were the largest contrbtmaiotal hydrocarbon emissions in Sao
Paulo [2]. Additionally in 2012, 98 days were m@&asl where the national standard for
ozone, 160 micrograms per cubic meter on a one-basis, was exceeded in Sao Paulo [3].
Possible contributors to this ozone formation wdeatified as the increase in pollutants from
mobile sources — namely nitrogen oxides (NOx) anthtiue organic compounds (VOC),
which contribute to the creation of photochemiaalog or ground level ozone.VOC levels
must be reduced to reduce ozone.

Currently PROCONVE addresses various pollutantsh witnits on key exhaust and

evaporative emissions. Tailpipe emissions haveived the majority of attention historically

with specific focuses on NOXx, sulfur dioxide (§Onon-methane hydrocarbon (NMHC),
particulate matter (PM) and carbon dioxide ¢EThis trend continues in PROCONVE L6
which contains exhaust emissions based on the dUrtates Environmental Protection
Agency’s (US EPA) 2004 Tier 2 Bin 7 requirementp [Evaporative emission standards lag
further behind and currently match closest with #880 US EPA standard. There is still
much opportunity with regards to VOC emissions paatfrom mobile sources in Brazil.



1. SOURCES OF MOBILE SOURCE VOC EMISSIONS

There are many sources 1 comprise vehicleemissions, some of which occur when
vehicle enginas shut off ancthe vehicle is parked. Figure 1 idéies several of themain
emission sourcefom a motor vehicl. Other sources of emissionklude tires, vehicle
interior, and window wshing fluid; however, the sources arendiscussecin detail in this
paper.
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Figure 1.Major Sources of VOC Emissions

Air induction system (AIS) losses occur when gasokvaporates from the eng This can
occurfrom unburned fuel in the cylinders, intake mardfdleaking cylinders, and from tl
crankcase. AIS emissions arrimarily from leaking injectors.It is estimated that the:
uncontrolled emissionare approximatel\0,1 grams pediurnal test plus adtional losses
during the hot soak [5]Currently, the low limit of the rig test and vel@amissions standa
requiredby the Air Resources Board (ARIlin Californianecessitate control on some vehic
including partial zero emission vehiclePZEV) vehicles andigh performance LEV |
vehicles.

Evaporativegasoline can migrate throuplastic fuel system componenti some instance
the use of ethanol in gasoline increases the anmfum¢rmeatiorUS EPA reviewecseveral
studies that include over 15@hiclesfrom a range of model years to develop emission fa
for permeation. Theseepmeatiolosses account for 0,01 to 0,3fhtams perhour of
uncontrolled VOC emission6].

As the vehicle is parked and exposed to daily teaipee increases, diurnal tank vent
losses occur. Daily evaporated gasoline from tie tank can result ione to10 grams per
day of uncontrolled emissior



Refueling VOC emissions occur each t the fuel tank is refilled. The vapors containec
the fuel tank are displaced as the liquid fuel entke tank. The quantity omissions from
each event can vary by the « of the tank; however, the emissions could resultSrto 10C
grams per refuelling event[7]

Exhaust hydrocarbon emissiooccur directly from the combustion of gasoline atllanol.
It is estimated that, if lefuncontrolle, these emissions can reach 30 to 50 grams per
With the current basis ?#ROCONVE L¢tthe vadue is expected to be two grams per da
certificationbased 0.05 grams per kilome.

2. ESTIMATES OF CURRENT EMISSIONS CONTRIBUTIONS

There are several ways to evaluate the currerdg sfatehicleemissions in Brazil. The fir
and simplest way is by evaluating the PROCONVE tBmiIn order to compare existil
exhaust and evaporative limits on the same bdmsasgvaporative emissions standard mus
converted to gram per kilometer basis. The follmyvassumptior were made ormalize this
value:

10 gaverage daily vapor generation |,

7% control of diurnal emissions with current teclogyl,

15000 kilometers per year, ai

10 kilometers per liter fuel efficienc

Figure 2 shows exhausind evaporativeemissions sindards since the implementation
PROCONVE L1 The difference can quickly be seen betweachlevel of PROCONVE.
Currently, the limit forevaporative missions as a whole;onsidering botrdiurnal and
refueling, is approximately 2times that for exhaust emissions.
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Figure 2. Normalized PROCONVE Hydrocarbon (HC) Emissions



A second way of evaluating diurnal emissions ighgly more complicated and only looks at
a one-year snapshot of the new vehicles sold iziBr& his approach incorporates regional
meteorological data[8] and new, 2011 vehicle regigins by state from the Brazilian
Automotive Yearbook published by ANFAVEA [9]. Ugira major city in each region and
weighting the contribution based on vehicle satethat region, these figures can be applied
to a diurnal vapor generation model. The vaporegaion is calculated using the Wade-
Reddy equation as referenced in the US EPA MOVEG20ddel [6].

Figures 3 and 4 show data regarding parking evientslorence, Italy over a one-month
period for approximately 18.000 vehicles, currenibed in the COPERT model [10]. The
current Brazilian canisters are similar in sizethose in other regions around the world
designed to meet the Euro Ill and Type IV, 24-hdast requirement. Using this
information,approximately 70 percent of the emissare controlled assuming 100 percent
control for all events up to 24 hours and a conayepurged canister at the beginning of the
parking event. When the total cumulative percemtafj parked hours are plotted versus
parking duration, the events lasting more than @dré account for 55 percent of the total
time, and events lasting beyond 48 hours equak4&ept of the time.
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Figure 3. Frequency of Parking Events



Cumulative % of Total Time Vehicles Parked as a Function of Parking Duration
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Figure 4. Cumulative Parking Duration — Percentageof Total Time Parked

Figure 5incorporates the vapor generation and cbmtfficiencies based on the parking
distribution for monthly diurnal emissions in BrlziThis12-month evaluation is based on
new vehicle sales in 2011 only and does not cdwerentire vehicle parc. One can see the
large improvementsin diurnal emissions reduction® do larger canisters with higher

working capacity.
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Figure 5.Monthly Diurnal Emissions -Based on 2011 New Vehicle Sales in Bre

Another aspect that must be considered is the qotahtity of refueling emissio, which are
currently not controlled Brazil. Using a refueling model published by S
International[1] and comparinwith laboratory results, an emission factor cargbeerate(
to cover the unique situation for BraTo remain consistent withutomotivesales figures,
2011 gasoline and ethammnsumption values were used from IHS,which indicate a split
of 60 perent gasoline and 40 percent ethanol used throudheuteet. Taking the weighte
average othe different fuels (E22 and ESthe emission factors, one can estinan average
of 0.8 grams per liter of vapor from refueling. Teslower than the Amecan Petroleum
Institute refueling emission factof 1,32 grams per liter [7 For the total vehicle parc
2011, approximately 32.000 metric tons of VOC wemdtted to the atmosphe by refueling.

Additional inventory work wil be presented at SBBA 2013. This inventol incorporates
data from the S&o Paulo inspection and maintengnegram to estimate actual exha
emissions. For light duty vehicles, the annualtgbation of nor-methane hydrocarbol
(NMHC) including aldehydefrom exhaust is estimated to be ned0.000 ton: There is
an opportunity to improve t/ existing controls through durabilityand inspection
requirements [12].

3. MOBILE SOURCE VOC CONTROLS

Based on the assessment in Section 2, there ageatepportunities to furer control mobile
source VOC emissionscluding reductions from boexhaust and evaporative emiss.

Diurnal emissions capture can be improved throughinges in the canister capacity i
purge strategy. The US EPA uses multiple dayswhdl testing with a lower limit per d¢



to achieve a higher level of control. The vapatsasbed on the canister are then recycled to
the engine while the vehicle is in operation.

There are two approaches to managing refuelingstoms — one on the vehicle platform
using on-board refuelingvapor recovery (ORVR) ahd bther at the gasoline dispensing
facility (GDF) using Stage Il vapor recovery.

The vehicle technology, ORVR, allows the vaporseat through the carbon canister rather
than to the atmosphere. The captured fuel vaptatés consumed by the engine when the
canister is regenerated through purging. As dismids the US EPA paper regarding
“widespread use,” the average in-use efficiencPBVR is 98 percent with the certification
requirement of 95 percent control. Implementatbthe technology began in 1998 and was
expected to reach 71 percent of the fleetand co®grercent of the gasoline dispensed by the
end of 2012 [13].

In addition to collecting refuelingvapors, ORVR meafurther reductions in diurnal
emissions,to a level of 95 percent efficiency. akbon canister requires 75 grams of capacity
to control a single refuelling event, and this ease in canister capacity would cover multiple
days of diurnal events. This technology can ordyidstalled on new vehicles; it is not a
retrofit control.

The other type of control is based at the gasostatind this technology is known as Stage |l
(also called Phase Il in California). The goalSiage Il is to control refueling emissions
regardless of the PROCONVE level of the vehicleyéwer, there are some disadvantages.
First, this solution requires a large initial capitexpense and additionally, on-going
maintenance to keep the system performance up.on8gaeal world conditions and
certification levels rarely if ever match. Agaas discussed in the US EPA paper regarding
“widespread use,” the average in-use efficiencystage Il is only 70 percent or less. The
variation in control efficiency is driven largelyybthe maintenance and certification
requirements [13]. Based on the current percenthdbe US fleet covered by ORVR, US
EPA has issued a waiver to remove the mandateiford Stage Il use.

Additional exhaust controls exist; the US EPA iskimg at the next level of reductions in its
Tier 3 program to match the levels already achiebgdCalifornia Air Resources Board
(CARB) through its PZEV and LEV lll programs. Thpeoposed standard, specifically
regarding non-methane organic gases (NMOG) and MCagticipated to make reductions of
approximately 80 percent from the current averagéhe NMOG plus NOx portion is
expected to decline to 30 milligrams per mile b2@om 160 milligrams per mile over the
Federal Test Procedure [14]. From an evaporativiesons stand point, these programs will
also reduce diurnal emissions from 500 mg to 650peigday levels to below 300 mg per
day.

4. CONTROL STRATEGIES FOR MOBILE SOURCE VOC EMISSIONS

Based on the current emissions and control equipnid¥azil has several opportunities to
further reduce VOC emissions from mobile sourc€&able 1 evaluates four possible control
strategies. Each strategy is reviewed on effigiegost, and the category of emissions it
would impact.



Table 1. Control Strategies, Impacts, Efficiencieand Cost

Improvements to Emissions Efficiency
Strategy Exhaust | Diurnal | Refueling | Control
Widespread I/M Yes No No RS 45 per |n_spect|or
per vehicle

Multiple-day No Yes No 95% 5—-6 USD per

Diurnal vehicle [15]

ORVR No Yes Yes >05% | 52 USD[l%?r vehicle
75.000 - 100.000
USD per station

Stage Il No No Yes 70% + 5.000 — 10.000
USD per year for
maintenance [17]

Figure 6, and previously shown Figure 5 for diurr@mpares the current L6 emissions
factors, normalized using the same assumptionsentid 2, with possibilities for future
control. The multiple-day diurnal and ORVR vehictantrols improve on the existing carbon
canister and control strategy. Since the exiFHROCONVE standard is similar to the 1980
US EPA standard, the next step for diurnal corttrat the US EPA took was a multiple-day
diurnal control in Tier | adopting both two-day atidee-day diurnal tests. However, this
approach would substantially increase the necesSHED time per certification test. The
other approach is to adopt on-board refueling vapoovery (ORVR), which gives the
benefit of multiple-day diurnal control and refurgliemissions control. The canister capacity
needed in this scenario is determined by the refgéést vapor generation.
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Figure 6. Impact of Various Changes it Evaporative Emission Requirement

CONCLUSION

After further review of the current landscape relgyag mobile source VOC emisns, there
are several paths that could be taken to make wepments to the overall emission leve
Each path &s different benefits and impg, and therefore must be evaluated to unders
where the largest potenti@kisisand which is the most cost effective.

A systematic approach should be used to maximieebt@mefit for Brazil. The analys
developed here indicates a large opportunity torave the current exhaust controls
ensuring their performance over the lifetime of #edicle. Large pportunities to improv:
both diurnal and refueling emissions also ¢ using proven, cost effective technology
improve capture. Solutions are available to bepsatbin Brazil for VOC emission reductio
from light duty vehicles which will help to inrove air quality.
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