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. INTRODUCTION

The fast. and continuous urbanlzatlon trend, observed in
Brazil since the early 1960's, associated with a chronic lack of
adegquatc mace tra.saort systems’ and increasing 1nd1v1dual moto-~

rization has led the major cities to traffic congestion and mo-
tor vehicle pollution. ' j )

As i1t has bcen cbserved in many other countries, vehicle
air pollution has also been 1mp051ng 50010 economic costs and
environment damaﬂe in Brazil. The recognltlon of thcsé facts
led to the estqbllohmcnt of the national Air pollution Control

Pbpgram for Automotive Vehicles: PROCONVE.

ATR QUALLTY

Some of the Brazilian metropolitan areas, such as Sao
paulo, Rio de Janeiro, Belo Horizonte, Recife, Salvador, Porto
Alegre and Curitiba, with a population of approximately 40 mil-
‘1ion people have been experiencing increased air pollution in
the 1astxyears, being sao Paulo the worst case.

It has been observed that when one considers carbon mo-

noxide, photochemical smog, nitrogen dioxide, hydrocarbons and

Note: . This paper updates our previous SAE paper n? 871073 - Automotive

Emission - The Brazilian Control Program,



particulates, sao Paulo has'one of thevmost'éevere vehicle re-
1a1ed air pol]utlon problems in the woﬁld (1), since all these
pollutants cxceed the air quality standards simultancously 1in
this area. The air quality data genera ated by CETESB, the Envi-
~ronment Contpol Agency for the State of‘Sao Paulo, support this
" conclusion. Carbon Monoxide (CO) and Ozone (03 ) ambient concen-
~trations routinely exceed the air quality standards, as shown

Jin Figures 1 and 2%
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Peak concentrations have reaohgd 38;6 ppm‘(8—hour ave-
rage) for CO and 584 pg/m®  (1-hour average) for Os. For compa-
rison, Téble'l shows tﬁe Brazilian air quality standards for the
regulated pollutants and Table 2 the air pollution acute episode

criteria for “the State of Sao Paulo.

~ Table 1 - National Air Quality‘Standards

. - Sampling Standard Reference
Pollutant Time- (h) (pg/m*) Method
Total Suspended . 24* 240 ‘ Hivol Sampler

Particulate - AGH* * 80
. 24* 365 ,
_sulfur Dioxide" Pararosaniline
' AAM* ¥ 80
1% 40,000 NDIR***¥
Carbon Monoxide-
8* 10.000
Photochemical ~ )
Oxidants 1% - 160 Chemiluminescence
(as ozone)
* Not to be exceeded more than once a year

¥% Annual geometric mean
%% Annual arithmetic mean

x»x%% Non dispersive infra red
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. fable 2 - Air Pollutlon Acute Fplsode Crltcrla

for the State: of sSao Paulo

: Levels
Paramcter . . _
Attention Alert Emergency
Sulfur dioxide - - 800 + 1600 | 2100

(Rg/m*)-24h

Total Suspended _ )
.Particulate (TSP) ' 375 625 875

(pg/m®)-24h v

%32/§3§§?24h : 65 x 10° 261 x 10°| 393 x 10°

Carbon Monoxide’

: | &
(ppm)-8h 15 30 40
Photochemical . ,
' . oxidants (as Os) 200 800 1200
© (pg/m®)-1h ' :

Although Brazil has not established air quality stand—

."ards for non methane hydrocarbons: (NMHC) and nitrogen dioxide

(NO. ) yet, recorded peak concentrations for these pollutants in

sao Paulo City are 4 ppmC(6-9 a.m. average) and 254 ppb (annual

~avcrage),'respect1ve1y. These data"represent about 17 times
~for NMHC and 5 -times for NO: the U.S. Air Quality Standards.

<

The emission inventory, presented in Table 3, shows

the améunt of pollutants ‘emitted in the Sao Paulo Metropolitan

Area - SPMA.

.4‘



Table 3 - SPMA - Atmospherlc Fm1981on Inventory
1987 (lOOO tons/year) '

Pollutaht
Source - | Cco HC ‘No_ |sO. |Particles
Gasoline (Exhaust) 835 77,7 | 28,9 | 4,5 4,3
_ Alcohol (Exhaust): 172 14,3 | 10,0 - -
Diesel (Exhaust)* 218 35,6 159,0 73,0 9,9
Motorcycle (Exhaust) 32 6,1 0,21 0,26 O,il
Taxi (Exhaust) ‘ 52 4,6 2,2 0,13 0,16
Evaporative Emission - 47,5 - - -
. Crankcase Emission - 10,6 - - -
Tire Emission , - - - - 6,4
Gasoline Transfer - 10,9 - - -
Industrial Processes 38 50 23 53 59
Open Air Burning . 44 14 A 0,36 12
_Potal ©] 1301 | 271,83 206,3 |131,2 | 91,8

* Heavy Duty Vehicles
| Source: CETESB

Figure 3 resumes an indicative comparison, petween the
" relative contribution from each source 'type and the reduction
'needs,'to bring down the present maximum pollutant concentra-
tlons to the Air Quality Standards. It is important to note that
industrial control programs, already implemented, have been o
.responsible for the general 502 air quality standard attainment.
However,lsulfur reduction in the Dlesel fuel is still necessary
to improve air quality, particularly, in the most conﬂested

‘areas and, -also, to reduce diesel particulate emission and im-

prove engine durability.

+5.
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Fig. 3 - Total emission reduction Qombared to the
source emissions in SPMA

_ Deaﬁte the fact that motor vehicles aré'not fhe major-
cource of particulates (PM), their contribution to air pollution
is of grcat concern because the vehicles dischafge these pollu-
tants at street level. Therefore, public cxposure toithem is ‘
gencrally greater than it ig to industrial stack emissions. Addi-
tionally,it ié worthy of note that the PM emitted by motor ve-
‘hicles, due to its tiny size (averaging about 0,2 p), chemical
properties, emission at stféet level and pefsistence in the
atmosphere, may pose a greater risk to the public health than
some of the particulates generated by industrial sources. '

, Precise cvaluation of automotive contribution to air
polldtion, in most Brazilian cities, has not been possible be-
causc the.existing air quality monitofing networks are either
inadqqudte or insufficieht for this purpose. However, based on
available data regarding motor vehicle fleet, growth rate, traf-

fic conditions and ecmissions, the motor vehicle generated alr

“6Q



pollution is.-probably severe in tﬁe majbr cities and may become
a problem in the foresecable future in many other cities, if no
actions are taken to control.emission. Therefore, to cope with
this problem, CETESBEprosented to the federal governmcnt a pro-
 posal for the establishment of an emission control program. This
proposal was submitted for analyuns to all interested parties
‘and after two yeapgcﬁ‘dlcu581on and a few modifications, became

‘the National Automotive Emission Control Program.
THE EMISSION CONTROL PROGRAM
Figure 4 identifies motor vehicle-emission sources and

the major polluﬁants emitted. Table 4 shows the exhaust emis- .

sion factors for the Brazilian light duty vehicles.

FUEL CVAPORATIVE GAS FROM

FUEL TANK AND CARBURETOR
HC, ALCOHOL , ETC

"

P,
O N
S ‘” o
(\‘"\. ///'/--' PCW oo L = r”JZY'.'ZZ'L.Z?"Cfl—" PRI LR

CRANKCASE
HC,CO, VAPORS ETC

EXHAUST EMISSIONS
—~CO,HC,NOX ,ALCOHOL,

LDEHYDES, DIESEL SMOKE
ETC

Fig. 4 - Motor Vehicle Emissions
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Table 4 - Brazilian LDV Emission Factors - g/km

Vehiolé Type Poilutant
- co. HC NO.X~ Aldechydes
Pre £0 pasoline 54 4;7 1,2 0,05
84/85 - pasoline 37 3,3 | 1,4 0,05
84/85 ~ alcohol 18,5 O,Q(**) 1,2 0,18
86/87 - gasoline i 22 2 1,9 0,02
86/8% ~ alcohdl - | 116 | 1,6(¥%) | 1,8 . 0,06
Th-use fleet alc, 18,8 1,56(%*) 1,09 - -
average (*) - gas. . 40,5 3,77 1,4 - -

Source: CETESD

(*)

(¥)

These averapge emigsion factors were calculated considering
thé¢ model year d;stributidn,‘milcage average and vchicle
age} as well as the cmission deterioration factors from the
"Mobile Sources Emission'Factors“, published by the USEPA,
1981. .

The alcohol engihe HC data present an uncertainty due to
differences in gas density and detector response for oxy-

genated organic compounds and propane.

The above data indicate similar technological stages

".for international and Brazilian uncontrolled vehicle designs. In

addition, figMPG three indicates that the Brazilian control pro-

Togram

must be concecived on the same basis as the most stringent

programs that are. being cnforced eléewhefe.

Starting from these pointé. PROCONVE was designed to

control cmissions, in such a way as, to promotc technological

8.



develonment and fucl quality improvement. ‘Thé PROCONVE {s also
ascociabed  to environmental educatioh, f{ransportation and ins
pection/maint o‘axce'complomcntary programs. .

The PROCONMVE was costabliched by the National Fnviron-
ment Council (Gonselho Macional do tleio Ambiente - CONAMA)Y on May

Gth, 3066, and it is regulated by CONAMA's Resolution n? 18. Its

hR )
adming tration s under the reponsibility of the Secretary of
nvivonmental AZTolrs - SEMA,which‘has been assisted by CETESB.
Since thisg proaram preseribes vehicle prototypes and

asseinnly line cnrtification, there is a normative complement,
ihe Mrational Automotive Vehicle Emission Conformity Certifica-
Lion Drooram — PROVEMY, which was established by the National
Covnenl Toe Letrology, Standards and Tnﬂuutrjdl Quality - CONME-
TRO of Octobor 22nd, 1987 and it is reyulated by CONMETRO's Re-
01, Tts administration is under the responsibility
of the Industeial Developmont Secretary - SDI and carried out
with CEuiRsB3is Loboratorics and pers sonnel particibationg

The program straetegy is based on successiul ihternatio—
‘nalo experience and can be defined by the following key points:

. Only new engines'and'vehicles are required to comply
with the establiched emission limits.,

. Didssion limits,'that progressively become more
-mtrlngcﬁtj are puased i according to a schedule which is based

on the state of hnoLovy in Brazil and the international expe-

rienco.,

. Dmiscion test methodologies follow international
-rénds and therefore promoie stqnddrtl qtlon and the use of

stafe of the art test proccedures. _
' . Prototype, essembly-1line and aftermarket parts oertin'
fncabdon is qudLPCd 1n order to guarantee produ ct quallty and
COHLOleLV _ ‘
. Mdnuchturcr arce required to wafrant emission con-
formity in uxdcr to guarantce the emission control systems dura-
bility. . ,
. Adjustﬁble comnonents, which may significantly affect
cmiscion, arc rcduired to .be scaled by the manufacturers O

incorporate inviolable limiting devices for the pcrmzﬂﬁlblc

o "y
POy i WD B
Y
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gauging range, in order to avoid maladjustment during tunc-ups.
. Tor the general management of the program, manufac-
turcrs are rcduired to present, scemesterly, emission data from
their produclion vahwc!:s and'thé'séles projection for each con-
figur: ien. Sor the period prior to the cmission limits imple-
mentation, 1o emiosion datd ig bascd on a few vehicles and it
ig lnown oo Ylypleal Eml"“lOﬂ Data'. Once the limits come intc
effect, the oata will be thalncd from the manufacturcrs regular

gquality conticl programs, whicl shall provide statistically signi-

ricont recsulis. Based on the quality control data, production
vonl for cortain engines or vehicle configurations may be

o)
s
=

et

A

whix%dﬁwm, therefore oplimizing the C”FTlJJC”thﬂ process,

. tote or Cily Administrations ~re authorized at
thetii- Qiscrooion, Lo imnlement inspection and maintenance pro-
grerns (1/41), in order Lo verify the effccti\ ertess of the emls
sien control ayasltems In consumer UsSe and to foster adequate

o —

. Mew types ol uels and modification of pro sent fuel

2

¥
spcoificalicns may he adopted only after approval Dby the Admi-
nistration.

. Tho Administration may order a reoali, if through
speeianl chooiis or I/1 programs it is verified that adequately
-malntahmﬂlin ase vehicles do not comply with the emission 1i-
mits. ALl costs invo olved in such action shall be bdrne by the
manuviacturer.

. Due to the use of cthanol as an automotive fuel, the
'AdMixiu\ra:ioh may establish emis ssion llm1LS for the so-callecd
un)orulutow wmpoun4“; such as ldohydew, alcohols and othcr
‘orﬂnnuc compounds. As for hydrocarbons, this class of pollutants
is defined as Lhe total amount of OPUdnlC substances, including
unburmned fucl fractlonq and combustlon byproducts, ocurring in
exhaust gas and which are detected by the flame ionizatidn
detcctor (I]D) ‘ A

.. . To promoiu public awareness with respect to the
progrom and the issuc of air pollution by motor vehicles, the
manulacturers are rcquired to furnish specifications and reco-

mendations to the owner, to the service network and to the pu-

.10.



blic through'thc owner's and services guides, labels placed on.
all venhicles and the media. . ' . _

. The Nationa1~Petroléum 3oard (CNP) is requested to
csteblich a program for’roducino the total Suifur content from
the Dicoel fu2l, to spe olfy and oversee the total exclusion of

lead in the ethanol/ﬁesoliné blend and to. ensure that ethanol
15 1ol contaminated by lead during transport or storage.
Koy the purposcs of manacement and gﬂrman ent  covalua-

Licy, the Natioenl Environment Council instituted the "PROCOIVE

folioo-up and Evaluation Committee!, coordinated by the SEMA and

comes sod of eleven top covernment offic 1als whiiceh have the
comotonce to ddentify and propoce measurcs for optimizing the

preoron, deliborate on penalties to be imposed, supervise and

coni e the enforcement of the program, grant exemptions, waivers

Tl Lo TESY YROCEDURES

The cmission test procedures standardized in Drazil and
sumnioized in Table 5, are versions of actual international pro-
cedures and represent a combination of the state of the art and

coat effectiveness.

Pable 5 - Lmission Test Procedures Adopted in Brﬁzil

Ty of Enission Type of Vehicle nission Test Procedure
IDV - Otto Engine | U.S. - 75 FIP
Pyt LDV/IDV —~ Diesel In U.S. '"13 Mode'" TITP

gine European Full-Load Steady State
Test Procedurc (smoke) .

HDV - Otto Engine U.S. "9 Mode'" FTP

. Evduot ative . LDV -~ Otto Engine U.S. SHED FTP

A1) vehicles except | Engine Design Anqu31s for cloued

Craniccas
anseas Dicsel turbochargcd Cranlcase ventilation system

A N



For the ligth duty vehicles powercd by OTTO engines,
the U.S. - 75 test proccdure  was choscn because it better fe—
flects aétualidriving conditions than the Europcan or Jépanese
emission tests; the gampling and analytical systems are more
suitable for alcohol and gasohol fuels than the Luropean emis-
sion test and, becausec its gradﬁal adoption by & number of coun-
tries, it may well become the international refersnce test pro-
cedurac, _
In contrast to the IEuropcan emisgion test, the adoption
of the U.S. proccdure represents the confidence that consid-
erable investments  in emission laboratories will not be lost
in a Cew years due to obsolescence.

' Also beéause it considers the'actual {friction and aero-
dynamic vehicle power in a wide Speeq range, the U.S. test pro-
cedure incentives the manufacturer to improve the whole vehicle
degign instead of just improving the pO\cv systpm.

For the evaporative emission, the SHED FTP (U:s., Fede-
ral Test Proccedure) was adopted for the light duty VenlCLLb, be-
.causc it evaluates the evaporation from the complete fuel
system. The adoption of the SHED test has resulted ‘eclsewhere in
improvements in the tightness of the fuel systems., TFor alconol
engines, a new analytical equipment calibration is beihg tcated
“with ethanol) instead of ﬁropane, due to the differences in FID
response and fuel vapour density. '

For the Diesel engineé, whether they power light duty or
heavy duty vehicles, the U.S. "13 mode" and the European '"Full
bloég steady state" engine test procedures were chosen for ga-
seous émissions and smoke, respectively. These emission tests
are presently ddopted in Europe (the European version has some
calculation differences from the U.S.procedure) and, although
they are not as sophisticated as the U.S. transient test, can be
adapted to existing engine laboratories.-The European expgrience
has shown thal these tests, degpite the fact that they do not adequa-
tely represcnt actual engine operating‘conditions,'can be suc-

essfully used to.develop emission limits which cut down the
gross exhaust pollution. ‘At this point, it is important to note
that Diescl vchicles are useced in Brazil mainly for commercial

1207



purposcs ~and mass transport and répresented approximately 80% of
the total motor vehicle flecﬁ in 1985. Duc to the European ex-

pericnce with the 13?mode test, CETESB is evaluating the use of

Lhc iuropean version in place of the U.S. version.

In’a lower priority for emission control, we have the
heeavy duly vehicles powored by OTTO englnes, because they re-
presented only 1% of the total motor vehlcle fleet and therc
are no signs that “this percentage may 1n¢redse substantially in
the near future. Thercfore, the emission test procedure adopted

for the OTTC engines is the U.S. "9 mode', simply beccause it

utiiizes the same basic equipment and instruments needed for the

n13 mode! test.
Finally, for crankcase emission, the PROCONVE does not
coltablish any special procedure, but recommends an engine design

ancliyois in order to fully evaluate the closed crankcase venti-

“laticn system. Only turbo charged diesel engines are not re-

guired to have such a control system.

STANDARD TFUELS IFOR FMISSION TESTS -

The Vraa1]1dn emisgsion limits are being developed with

the help of the previously refered test procedures and shall

"be attained in official tests by vehicles or engines fueled

with fhe standard emission test fuels, presented in Pables 6 and 7.

These fuels were specified in such a way as to repre-
sent the typical Brazilian commercial fuels, but with tighter

tolerances. The gasoline =~ anhydrous alcohbl blend shall be pre-

'_pared from the corresponding test fuels, in the ppoportion‘ of

22,0 £ 1,0 of alcohol, by volume.

The standard diesel fuel spééification is being rec-
vised, therecfore, it is not presented in this paper.

i E SIMOND - BT
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Table 6 - Standard Alcohol Fuels (CNP ‘Resolution n? 1 - 1985)

Item’

Anhydrous
Ethanol

Hydrated
Ethanol

Test Method

Alechol grade at 20°C, °INPM

99.5 ¥ 0.2

93.2 ¥ 0.4

esidue, mp/l, maximan 50.0 ISO.O
Potul acidity, mg/l, maximum 20.0 20.0

“:iiéchydes, /1, maximum - 60.0 | Cﬁi‘RiF?}aiii?
ﬁsthers,‘mg/l, mascinum - 80.0
Jligher alcohols, mg/l,maximm - 60.0
Alcalinity negative negati?é
Copper, me/ke, maximm 0.03 -

- Sodiom, mg/kz; mzxdmm 2.0 2.0 Flame photomneter
‘Sﬂﬂﬂmrmﬂ@,WKMMn iO 2.0 @@dmﬁﬁc
Conductivity, pS/m, maximum | 605{0 ZGOO.O Conductivitimeter

Denaidty al 20°C, lkg/m’ 790.9 T 0.6 |809.4 1.1 NBR~-5992
clean and clean and
e without without .
. hepect suspended suspended Visual
particles particles

14,



.Table 7 - Standard Gasoline
De@omber 1984)

(Brazil;an Standard NBR-8689 - -

Itaem Specification Test Mcthod
Motor octans rauber 73 - 75 ASTM D-2700
Senzitivity 3 minimum -~

Tetracthyl lead, ml/l1

0.4 maximum

ASTM D-3237

Distillation ronoe IBP, °C 35 - 50

10% point, °C o 65— 71

- B0% point, ¢C 78 - 98 ~ ASTM D-86
Q0% point, ¢C 135 - 155

E.P., °C 170 — 205

RVP at 37.8¢C, Pa 29.42 - 53.84 STV D-323

Sulfur, weight %

0.15 maximum

NBR-6563

‘Gum, mg/100 ml

5 mootinum

ASTM D-381

Hydrocarbon Carposition
Olefings, volums %
Aromatics, volume %

Saturates, volumz %

20 maximum -
A0 maxirmm

to be recorded

ASTM D-1319

" C/H ratio

fo be recorded

to be recorded

" Relative density, 20°C/4eC NBR-7148
Copper corrosion, -3h at 502C i.maximum ASTM D-130
“Induction period, min. 1500 mininmam ASTM D-525
‘Asp§qtl. cleaﬁ aﬁd without visual
suspended particles )
“nihil CNP—DIRAB—zoé/

Alcohol content, % vol.

81
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THE EMISSION LIMITS

The emis ién limit for llght duty wvehicles poxered
by Otto cngines and heavy duty vehlcles, are presented in
Tables 8 and 9, respectively. For the light duty vehicles, the
cmission limits were established under.the premise that:by 1999,
CO concentrations in ambient air should conform to .the air qua-
i]ity standards in the SPMA. Therefore, for this pollutant the
proportlonul Rollback model was used to define the limits until
1997. For the other two poWlutant the limits were established
according to an engineering analy51s of possible emission reduc-
ﬁions that can be achieved with present emission control techno-
iégies. These reductions were correlated with the already de-
fined'CO emission limits.

The idle CO emission limits were based on the best
available information regarding the éontrol of this type of
emission and were established because many Brazilian cities have
a congested traffic{ Furthermore, they will provide a baseline
for maintenance and future inspection and maintenance programs.

The smokce emission 1imits were established according to
the criteria of best proven control strategy for this pollutant.
The European expcrlpnce with smoke control hdS becen more suc-—

" cessful than other .



Table 8 — Emission Limits for Brazilian Aléohol_and Gasoline
' Light Duty Vehicles '

Type of | Effective Fmission Limits
Emission “Date Bemarks - a/km %
CO HC - NOx Idle
CO
. Jun 1st,88 |Brand new vehicle con—
E . figurations
X Jun 1st,89 |50% of sales is the
ﬁ mininum required 24,0 251 2,0 3’0
A Jan 1st,90 |100% of sales except
v LDT
B ) Jan 1st,82 [Only LDT
T -
Jén lst,§2 10% of sales excpet
| LDT - 12,0 1,21 1,4 | 2,5
Jan 1ist,87 |A11 LDV 2,0 0,3 0,6 0,t
Evapora- | Jan 1s8t,90 |All LDV o C -~ |g/test| - -
tive . . o 6,0
Crankcase | Jan 1st,88 |All LDV S emission shall bé nill un-
| ' . der any engine operating
conditions.

“Notec: LDV - light duty vehicles
LDT — light duty trucks

W17,



Table 9 -

Emission

Limits'for_Braziliah Heavy
Duty. Vehicles ‘ ' B '
pype of  |Effective Date Remarks Emission Limits
Jimission i :
87. only for urban buses pow

)

Oct. 1st,

ered by Diesel engines

X _ . k = 2,5 (smoke)
) H. Jan, 1lst, 89. all vehicles powered by
A ' Diesel engines
.U . : .
5 _ - only for v§hlcles pow- K = 2,0 (smoke)
to be proposed ered by Diesel engines
T' until December 31, _

1988. : - for vehjples powered by shall be proposed
either Diesel or Otto until December
engines 88 for CO, HC,
| . NOx

Evapora— to be proposed only for vehicles pow= to be propesed
tive ered by Otto engines

Jan. 1st, 98 only for urban buses pow= emigsion shall

c . | ered by Diesel cngineé be nill |
R A

- N o be proposed all vehicles powercd by
K until Dec.81,1987 | Diesel engines ””d?” any
c engine
A Jan. 1st. 89. all vehicles powered by | operating
% Otto engines ' condi tions

e &SR
R L

?\“kgﬁ .a ‘.E{S. L». v (w} :f =

.18,
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The’ emlsulon limits shall be warrantod In writing by the
manufacturcr &CCOPdan to the requlromonts uummarlsed in Table

10, as follows:

.Table 10 - Emission Limits Warranty
Type of Vehicle \Arranty Requirements ' Remarks
Light duty " | 80,000 km/5 years which- Testing procecure to be es-
vehicles ever occurs first tablished; in the meantime,
4

. the warrenty may be re-

; ISERY; i —-
160,000 km/S years which placed by a 10% reduction

Heavy ever occurs first or equi- | C R N
in the emission limits, ex-

QQty Vehlcleg valent results on a dyna- cept for idling CO.

‘mometric testing procedu-

re

Notes: 1) Tne light duty vehicles powered by Diesel engihes shall foliow
the same prescriptions established for the heavy duty vehicles.
2) The smoke limit was established according to the European pro-
cedure which is based on the equation c=k VG, where ¢ is the
~.carbonic concentration, in g/m*, G is the nominal ga=.flow in

‘l/s and Kk is a constant that represents the smoke level.

EMISSION REDUCTION

The effcct of the PROCONVE on exhaust emission from
1ight duty'vehicles (Otto Engines) was evaluated by CETESB for
the Sao Paulo Metropolitan Area (2).

" The study, based on the temporal evolution of the 1984
emission inventory data, according to ten fleet growth scena-
'rios; indicates potential emission reductions of 63% for CO, 50%
for HC and 35% for NO_, expected by 1999. '

] ' If, for the same study scenarios, instead .of the estabf
lished emission limits starting froh 1988, Brazil would have
adopted the prescnt U.S. emission.limits, enforced in 1987, thecn
the potential cmission reductions would be 90% for CO, 85% for
19, ' '



HC and 67% for NOX, as shown ianig. 5..Although this hypotesis

migﬁt be highly desirable, it would not be feasible mainly due
to the unavailability of advanced emission control technologies
in Brazil-agd due to the necessity to adapt, in a very short
time, emission control systems de&eloped elsewhere for the Bra-
zilian vehicles and fuels. Howevér, PROCONVE was designed in

such a way to produce the same air quality improvements, as the

‘hypothetical "US case", with a delay no longer than 4 years,

As for the evaporative emissioﬂs,-it can be said that
émission reduction for certain vehicle configurations will be
hlghcr than 80%. o '

-As far as Dlesel smoke emissions are concerhcd the

flrst approach of the program deals with the maximum "k" smoke

- levels, prcsently reaching up to 6, for the worst engines,

.initially, the "k 1levels -have to come down to 2,5 and later on

to 2.0, for all Diesel engines.

~rewa

Although detailed emission redu cfnnn forecasts for all

'pollutants are.-not availéble yet, it can be inferred that auton

motive emission coéontrol will have a positive 1mpact on air
quality, either throuph corrective action in tho polluted arcau

or through preventive action 1n.the still unpolluted arcas.
THE FEASIBILITY -OF THE éONTROL PROGRAM

Whén Considefing the establishment of a motor vehicle
emission control program, especially inja developing céuntry,
ohp has to:analyse local conditions in order to verify the
possibilities of adopting, successfully, the international ex-

pcrlence which has been acqulred in the so-called industrialized

“countries. In the case.of Brazil, this is possible because there

is a well established motor vehicle industry, capable of design-

ing and producing control systems that have proved to be effi-

-¢clent, durable and cost-effective élsewhere.
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Actually, the Brazilian motor Qéhiclc indQstry has been
ekpdrting enginés; vehicles and components to countries like the
U.S,A.,Canada and Sweden which have ongoing emission control
programs., In adittion, Brazil represents a market of about one
million vehicles/year which, accoraing to industry sources,
may reach 1,5,million,vehicles/year in 1990. Such a considerable
markct has certainly caught the atfentidn of emission control
manufacturers. |

Furthermore, the alcohol fuel pfogram has fostered fast
technological development which resulted in new advances in
materials engineering, engine optmization, fuel economy and some
emission reduction. .‘

The "Typical Emission Data Report", summarised by Figu-
res 6, 7, 8'and'9 for carbon monoxide, hidrocarbons, nitrogen |
oxldes and smoke,respcctlvely, shows the emission factors (ave-
rage per configurati on) for the present Brazilian models. The
data indicates: '

a) The first control step for LDV, in effect since June
1988 , represents an "emission dispersién reduction'" and an im-
"provcment in "production quality, control”, in Order ﬁo average
all vehicle configurations to a techn010ﬁlcal 5tag which has
allcady been achieved by a number of models.

b) The second control step for LDV, to éome,into effect
in January 1992, means a '"design standardization', upgraded to
the lowest emission levels, presently observed in some models.

¢) The third control for LDV, to come into effect in
‘January 1997, reprecents the progfam’s goal.which is the imple-
.mentation in Brazil of the '"best available technology in the

world'".
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Actually' the Brazilian motor vehicle industry has becen
exnortlnp englnes, véhicles and components to countries like the
U.S.A., Canada and SWden which have ongoing emission control
programs. Im adittion, Brazil represents a market of about one
‘million vehicles/year which, abcording to industry sources,
may reach 1,5,millionlvehicles/year in 1990. Such a considerable
markct has certainly caught the atfentién of emission control
‘manufacturers. ' |

Furthermore, the alcohol fuel pfogram has fostered fast
technological development which resulted in new advances in
materials engineering, engine optmization, fuel economy and some
ehlsSLon.reduction. A '

The "Typical Emission Data Report", summarised by Figu-
res 6, 7, 8 and 9 forbcarbon monoxide, hidrocarbons, nitrogen .
oxides and umoke,regpectlvely, shows the emission factors (ave-
rage per conflguratlon) for the present Brazilian models. The
data indicates: ‘ ) '

a) The first control step for LDV, in effect since June
'1988 represents an "emission dispersibn reduction’ and an im-
"provemont in "production quallty control“ in order to average
all vehicle configurations to a technoloclcal stagc which has
already been achieved by a number of models.

b) The sccond control step for LDV, to come into effect
in January 1992, meahs a “design standardization', upgraded to
the lowest emission levcls, presently observed in some models.

¢) The third control for LDV, to come into effect in
‘jJanuary 1997, represents the program's goal which is the imple-
‘mentation in Brazil of the '"best available technology in the

worla'.
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Due to the blend of 22% ethanol to gasoline, lead le-
vels have been substantlally lowered and the impact of reduced

lead cm1551ono on air quality can be seen in Figure 10,
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Fig. 10 - Lead quarterly average concentrations at two sampling
sites on SPMA during 1978 and 1983

However, 1xﬂeaded fuels are still necessary within a short
perlod of time, con31derlng that catalytic converters -have become
an important technological choice for compllance of step two

for a number of models and that converter will certainly be re-

.. qulred for all vehicles, to comply with step three. Thcrefore,

c‘EMA is proposing a lead phase- -nut program, as described below:

1) a 70% reduction in the gasoline lead content by 1991,
-in order to guarantee that lead contamination of alcohol, which
’eventually occurs during storage, transportation and dwstrlbu—'
tion operations, 1is kept at minimum. Therefore it is expected
that aicohol will always have less than 0,01 mi/1 tetraethyl |
lead. .

T ) Use of lead-Tree gasoline, nationwide, in m1d 1993,
since ‘the oil industry (PETROBRAS) has made public that it needs
abqut 5 years to modify the refining proccsses.

‘ ' As for the Diesel fuel, the’ sulfur~content is still high,
being the national average 0.7% weight. However, desul furization
plants are being built and planned, so, i1t is expected that in
few years, low sulfur Dicsel fuel will be available.
° 24 ° ?
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Unfortunately, éulfur is not tﬁe only problem; Diesel
fﬁel specificaﬁions neced to have tighter tolerances and fuel
quality has to be improved. Therefore, a wévking group involv-
~ing the oil industry, the Diesel vehicle manufacturers and
“government agencies has been established to discuss the possi-
.bllltleq of upgrading the diesel fuel. '

‘ Another important point is the in-use vehicles mainte-
xnancef In June 1988, CETESB conducted an inspection program
for volunteers. About 7000 vehicles were submitted to a CO‘and
RPM check at idle and it was found that 72% of the test fleet
recded a tune-up. Two hundred and twenty vehicles were tuned-up
an retested and the rcsult was not much better: 69% of the vehi-
cles failed the retest. The poob maintenance can be blamed on
three basic reasons: . .

_ 1) Servk@ personnel are, in general, poofly prepared
héving in most cases, hands on experience rather than techni-»
cal training. _ ) ' '

2) Only few service stations have check-up equipments.

3) PrevenﬁiVe maintenance has bécome an economic burden
for the average car owner, because of the high cost 6f mainte~-
nance services and parts. Furthcrmore, many customerg fear that
preventive malntenance may have a negatlve effect on the vehi-
cle .performance., :

Therefore, a itraining program directed to improVe the
méchanico eyDértise and to get them acduainted with emission
. control systems, must be implemented. - '

" Although at present there are no off101a1 inspection
and malntenance programs in Brazil, it is felt that certain
critical areas, like the SPMA, will have to begin with such
‘programs in a few years.

One additional point of 1nterest is the cost of the
em1531on ‘control systems for the consumer. To this question,
.we would like to refer to the public survey conducted by CETESB
in Sao Paulo City in 1985. When asked about the willingness .to
pay 10% mofe,for a new vehicle, which would be equiped with
filters' to reduce polluﬁion, 79% of the intervicwed people
agreed to pay the extra cost in order to have less pollution,
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17% answered no and 4% did not have any opinion. The'“lo%” va-
lue was.arbitrafily chosen in. order to ghé an "“impact!" to the ques-
tion. Nevertheless, it is expectéd that emission control systems
will add no more than 5% to the vehicle cost. '
_ Congidering this broad picture, it is safe to say that
Braz11 has the basic conditions to adopt an emission control

program comparable to present similar forelgn programu.
FIRST-EFFECTS OF THE CONTROL PROGRAM

~ " ‘The PROCONVE, as a recently established program, has not had
the time to cause any positive impact on air quality yet. Howe-
ver, it produced some side effects that can be reported already.

The first effect worthy of mention is the removal of .
certain barrlers which set apart the env1ronment control offi-
cials and the motor vehicle manufacturers. It is clear that only
a cdmbined effort of industry and government can lead to a suc-
cessful program. '

A second effect is the progresé,in technological exper-
tise which is being“ observed. In fact, considerable efforts in
human resources training are presently being madé , Darticu-
larly by the industrial sector, witﬁ a sighificant impact on
Brazilian automotive engineecring.

Another important effect is the practical experlence
which is being acquired due to the requirement of the semes-—

" terly report of '"typical emission'data“} To prepare such a re-
"port, the manufacturer has to pay attention to emissions, a
'fairlyinew:topic to a gréat number of engineers. Besides the
tralnlng effect, which will Dbe hlghly valuable during the
emission control stages of the program, important data come out
from these reports giving to the program administration a more
comprehcn51ve panorama of the state of em1551ons in Brazil.

) An effect which cannot be overviewed is the influence on
the economy "In fact, the PROCONVE created a new market for
equipment, instruments, parts, systems and services related to
R&D, emiéélon testing, quality control, emission control and

vehicle maintenance.
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Furthermore, the PROCONVE can be a Réy factor to pfomote
or eXpand»Brazilian automotive exports;.therefqre contributing
to the balance of paymént

Other eff@cts are being observed éuch as research of
non- nob}o metals for catalytic converterb but, by now there is
vno available information about this work. '

JAPANESE PARTICIPATION IN THE PROCONVE

"The Japanese participation in the PROCONVE has been, up
to now, very small. This is mainly due to the tiny participation
of the Japanese motar industry in the Brazilian market. It is
worthy of note thatnpost emission laboratories use analytical
equipment which weré designed by a Japanese company. The au-
thors believe that the Japanese experience .particularly in

emission control .and fuel economy should be sharéd with Brazil.

The PROCOVVE is at initial stage and Jt is not the
author's intention to claim that it is perfect or that it should
, not be modified in the future. In fact, a lot of work 1s neces-
sary from the government, the motor ahd fuel 1nduer1es and re-
.'search institutes in order to make it a reallty Also public |
and political support are ecsentlal.

The .environment is not a garbage box with infinite capa-
-éify, 1n fact, it is Jjust the other way: round. This is true for
.both 1ndustr1allzcd and developlng countries. .

The PROCONVE is a feasible program for Brazil and cer-

tainly ‘similar programs may be adopted by other developing coun-

tries..
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