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ALCOHOL CRISIS IN BRAZIL: THE SEARCH FOR ALTERNATIVES
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"The ethanol shortage forecast of  one bBillion liters
4990, Forced government  sagencies  and private organi
search Ffor an emelgency  solution which could  gusorantes
gupply for the present 4,2 million ethanol fueled vehicles

throuah

Ted the
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The ovaluaticon of viable albternatives in the short Lers
federal government to decrease, from
certaln areas), the ebthanol content of aole WM o
to rhe gbthancl Fuel and inplement the o AR mthvanol S30N
‘methanol /7% gasoline  blend in gelected regions of Bragil. This
paper discusses the effects of the alternal iy in terms  of
Fuel wtilization and air pollution.
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T conclusion, the addition  of : o sthanol fuel and
ethanol  reduction in gasohol represent @ visk to @rie e
duirani Vity  and  veliability and ves inown o significant increase
af  sollutant EMissions. The large weale nee  of the
ethanol/netharnol/gasolineg blend has VoW very good results, ir
terws of utilization and pollution emis

OIS o

The wee of this blend is the only known alternative which  gives
great  Flexibility o the managemnent and recovery of the Mat ionsl
Aleonol Program  without  placing  the HMotor Yehicls  Pollation
Copteol Program at risk. ‘

£, INTRODUCIION

Due to the fall of approximately D0X in sugar caneg prices between
foa0 and 1908, areas déedicated to sugar cane plantation decreased
in Meamil, particularly  between 1987 and 1989. Consequently,
ethanol production was exceeded by the consumption growth in
19801990 (1), Having to {face the reality of & one billion liter
ethanal shortage through 1990, the federal government established
a task  force  composed of govaernment APENC 1 ES, resealoh
institutions, the motor industry, ethandl producers and Petrobrds
(the state  oil  company  which s responsible o for  ethanol
distribution). This task force was asked to evaluate viable
alternatives, other than ethanol rationing, in order to alleviate
a shovtage which, inevitably, would result in undesivable social
effects, such as lack of transport, = hlack market in  ethanol,
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illegul fuel storage, wse of improvised fuel blends, uncontroled
Engine conversions to  gasohol etce. :
The  task force CRme ot with Yo iritisd ENMET QoY

recommendat iong s

ey g

e a creduction  of anhgdrous ethanol content in gasohol from oDy
o s wmindimawm of 42% by volumes and .

e the addition of up te 5% by wolume of gasoline in the figdrated
etharnol Fuel. '

Since  the practical effect of the two first recommendations, in
terms of ethanol sconomy, would not be sufficient to overcome the
ashortage, @ third alternative, considering the nse of methanol as
a suplemnentary alcohol source, was placed for evaluation.

To ascertain the feasibility of using methanal, wan
wreh progran was launched involving, principally,
Environmental  Protection Agency For the State of
the Braxilian mobtor industry.

At the very beginning of the research program CETESEH defined two
s o requirenents for any fuel containing methanol

fas

al) no o special tuning, recalibrations  or conversions should he
necesesary For the enginesy andg

siong should not be higher and/or mores haermtul o
s resulting From

By vehicle emnias ‘
public  health  and  the environment than thos
the wse Of gasohol or ethanol fuel .

The purpose of these requirements was Lo avoid environmental Ev el
public  hewlth rieks, to allow for fuel dse reversibility and to
guarantee the attainment of the Motor  VYehicle FEmission Control
Program  goals  (PROCONVED (2)  without  the need of any change of
specifications far the in-use vehicles.

Additionally, it i important to recognize that the donsumer
populat ion  had no responsibility for the ethanol shortage and
theretore shonld not be penalized by  any  fuel change related
costs. ’

The research program involving methanol use was successful and wn
alternative to egthanol fuel was found. This new fuel, a blend of
60% hydrated ethanol - 3387 methanol- 74 gasoline (by volume), is
substantially similar to ethanol fuel. - This paper discusses - the
air pollution and vehicle-related effects of the alternat ives
adopted in Brazil to overcome the ethanol shortage.
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2. THE USE QE METIHANQL BLENDS

Aofull evaluation of o new  fuel  should idenlly  consider =z
analyze all riake related to  Ffuel  production, atorage ,
transpaortation, handling  and  uwse. Due  to  bthe energency
situation, the First research work  was  directed toward fuel
apecification and measuremnsnt  of vvhitlﬁ exhauvast  emissiong,
evaporative emissions and fuel econowny . ’

flthough intarmat ton  concerning  the wse of  methanol  as  an
alternative fuel can be easily  found, it . was cl:uv that the
v Table datz would only be & sterting point, since as Beaxilian
conditions required a particulay use of methanol (luu“ inoengings
designed for sthanol and gasohol).

Considering that the stoichiometric siv—Ffuel ratios (A/F) and the
heat  wvalues are increasing for methanol, ethanol and gasoline,
respect ively  (table 1), theoretically an  adedguate blend  of
methanal and  gansoling might be substantizally similar Yo sthanol
fuel and could be with the same A/F requirements in an
engine designed For ethanol use (3).. ‘ : ' :
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fes A Fivest approach, the proportion of wmethanol and  gasoline
was based on the A/F ratios and the heat - values only. - For a
First. evaluation of the theoretical reasoning, a blend of 70M/300
wag  tested in an alcohol vehicle, simulating a complete ethanol
subet itutdion. Following the same line of reasoning, other blends
were tested. ' ' '

The initials  “E”,  “M” and “67 refer Lo percentage by volume of
ethanol, methanol and gasoline, respectively. o

The First test results, indicated that viscosity and volatility
)

of  methanol  significantly affect a cuwrburetor ‘s fuel delivery,
gepecially for the alcohol engines, reaulting in richer A/F




mistures (l.ea more fuel than reguired) and in & threefaold
increase in carbon monoxide (COY emission.

Therefore it was necessary to correct, empivically, the blending

proportions to allow For o real A&/F delivery that could match the

one  specified For bthe original  fuael.  Additional  binary and
tertiary blends were tested and it became ¢lear  that  the blend
HOE/33M/76G  showsd  the best results in terms of similarity with
ethanol fuel and the greatest potential Ffor ethanol substitution.

It oig interesting to note that wmethanol  wnd  gasoline, in  the
sxiating  proportions, tend to compensate each other "o effects.
Methanol addition to ethanol results in & lean A/F  and =& lower
heat value. Becauwse methanol has a lower viscosity than ethanol .,
these effects are partially overcome by the  higher carburetor ‘s
fuel  suapply.  On the other hand, gasoline addition to ethanol
Feaulte in oa vicher A/F and an incrense in the heat value.

Aan important characteriebic of this blend s the Reid. Yapour
Pressure which s about  80% higher than that of ethanol fuel.
although this characteristic inproves cold  start Cwhich means
Tewss  erhaust  emissions  and  better  fuel economy), St also
increases evaporative enissions, particularly, in pre-1999 wmodel
year  vehicles, which were not equiped with evaporative control
HBYsLEMS . ' ' ‘ ~ ' o

The tests were carried oul  on @ chass
vehicles  were gubmitted to  the 4979 UWBWFTP . (Federal Test
Procedure - cold and hot start urban driving cucled Ffor  light
duty vehicles. Measurenents  of GO, total  hydrocarbons
(HGY s mitrogen axides(NO=), carbon  dioxide (C0O2), toatal
aldehyd CMBTH strofotometyry method), formaldehyde and
acetaldehyde (DHPH -gwe chiromatography method), alcohols  (gag
chiromnatography) and fuel sconowny, were nade. Bvaporat ive emission
bestes were oconducted according  to the Uu8. Federal Test SHED
Procedure, corrected for alcohols use (4). o ’

it

o oaddition tao CETESE s work, GENERAL MOTORS, FIAT, FORD,
VOLKSUHAGEN  and  the carburetor manufacturers, WEBER and BROSOL.,
also contributed to this research, by tedting additional vehicles
in laboratory and in the Ffield, by evaluating the eeffect of
methanol use on materials and by proposing the tolerance range of
blend constituents. ' = '

Table 2 shows the exhaust emission and fuel economy datn obtained
with seven vehicles running on blend 60E/33M/7G and ethanol fuel
(3. ’ : : '

The vehicles were designed originally  for ethanol fuel | and,

hefore the tests, when necessary, were adjusted to manufacturers:

specifications.

is  dynamomnet er and  the

W?‘u?@"
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Tt s nmtewovthq that out of the seven vehicles, only- the Four
1990 model wear were designed to attein the FPirst stage Braoeil i
JEMiSEon 1|m1t¢ which are, For exdhaast emission, 24 9lkm 00, 2.4
g/km MG, 2,90 g/km NOx wnd 3,04 00 at idler  For  svaporastive
emission thc legal limit s 6 g/test.  These Limits wre in (I(ft.

unt i1l December Sdst, 1994, when the zecond g of FROCOMVE w1
be phased place, reducing pollutant emissions substant ially.,

Results expressed in terms of percentage indiciate dats  warialion
in comparison with the baseline ethanol Ffuel., :

TABLE 2 - METHANOL BLEND INFLULNPE ON fXHﬁUQT EMISSTON
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v N° OF TIDLE €OY FUEL ' ' EMISSIONS - g/kn ‘
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PARATI £.6 L/88 0 3 1 f.6 1 8.3 % 9,320 {81 784 1,33 ) = om0 0.090% -
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14.000 kn A e A A A VAR AV A T -
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36 09@ km T LY AR T AR I AR Y AR T T T v A v A I 1) A -
CARAVAN 4.4 L/850 2 1 2.4 % 5.05 15,250 192 0 3.86 0 - 1 0.000 | 0.0%3 | @.047 !
140,000 kn - - SR —— SR NS
N L A A v A 7 A T T LY AV A Ly A -
GOL 4.6 /9% 4 4 0 4.2 1 8,58 1 539 1 158 % (.64 ) 1,53 - Rt
CHT/MEBER : ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ et e b e o e T
6.60% kn - T R £ VAR X VA R 57 SR S VAR S VAR VA I R Y ACS R VAR S
GOL 4.6 L/79% 4 5 0 .8 1 B.20 1 2004200 145 ) 1,32 ) 0.87 % - o -t
CHI/ZBROSOL  fmmmmmmsmmmn - e
9.899 kn A T VA A B ) A ) S YA R & 7 b = -SAL-27L) kK
CCHEVETTE £.6L/9%% 2 % 4453 B 1 9901 142! 1.70 ¢ f.451 - [ S -
NEDER ¥ S
2,804 Pm e e VAR &V AR v AR R Y ATy A He - - e -
ONZA 1.4 L/90 (I R T T3 S Y. RO VS A R A T R Vo= 1 0.08ix | -
7.000 kn e SR — - -
L T Y O o A ) A Y & S S V.Y 2 R A1/ -
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¥ Heasured through the HBTH - spectrofotometry wethod
¥%  Parenthesis indicates alcohols {methanol + ethanol)
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Table. 3 shows %hw evaporat ive emission data for five aleohal
velricles fueled with s blend of AQE/B33M/76G and sthanol  fuel  and
an estimate of the dayly emission incresse due to the vse of the
~blend.

o order too evaluabte the practicwnl effect  of  the obeagrwverd
increase in evarorat ive emission, woosinple emission inventory
model wag developed, The model, typical of 8o Paulo conditions,
considers that, on the average, vehicles travel 49 lbm/day in @
“three treip moded morning, lunch time mnd gyverning driving followed
by parking. '

This model can then be represented by three 7% FTP orban driving
cycles, Fhiree hot soal evaporat ive tests  and  bwo  ocold 5Ol
evaporat ive tests.  The hot sosak tests represent fuel evaporalion
cafher a owvehicle is diriven and then parked and bhe cold ak testas
represent fuel evaporat ion due to fuel peratre ohanaes daring
the day and the period fraom sverning Lo morning.

TABLE 3~ METHANOL BLEND INFLUENCE ON FUEL EVAPORATIVE FMI‘STON

e e e s e s e s 1k et e B L4 b 1 st 0 e v e B e S T e s o o e i sk s st i i B s e 8k 48 s s B s s st o 0 ok Tt e B

HYDRATED ETHANOL (g/test)! METHANOL BLEND (g/test) P INCREASH
o st o et s o o et e e o et st s et oo o b e e g/dag

CoLn i HoOT ! TOTAL i COlD ' HOT 1 TOTAL i

®~6/ v 4,09 i 4.7u i ,.6u ! g.08 | 9 74 : 17 9%
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I“TﬁT ”R”H])
16 a6

HFUFTTF 1. 6/ M0

GOL 1. fHI?@

9,39 | 4.99 u.L9 i 9.90 : L7u72 5 m?qu : 74,51
1 [ ' 1 ! '
B | co i 1 LI i

A2 0 2075 P3.87 4.14 4.72 8.86 | 11,95

Q.77 113 I WL 344 0 2,25 Ge346 1 8.04

fON/A i 8/89 b0, 41 i 1.45 4.8 0 1,38 Ladi 2.79 1 2.72
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The analysis of tables 2 and 3 shows that:

a) the blend of 60E/33M/76 is a convenient substitute for ethanol
fuel and reauires no engine adjustments or conversions.
PolTutant  emission levels and fuel economy, on the overall,
are similar when compared to ethanol results.

) the reduction of total aldehydes and aleohol emission with
blend &6QE/33M/76G can be the result of an improved  combustion
efficiency. :

¢) methanol  and formaldehyde emission levels are similar o
emissions levels modeled by the U.8. Environmental Protection
Agency for toxicologically acceptable pollutant levels in  the
environment <35) ., .

b




d) when comparing, on A  mass basis, the “daily  increase” of

. a  hlend of GOE/33M/70G evaporative smissionsg with the observed
unburned fuel snissions reduction CHE,  aldehydes,. alcohols)
total  organic  emissionsg with the blend are about the swame %
with the ethanol fuel. -

&Y NOw  emiseions  wand  Fuel consumpltion are glightly higher with
hlend of ARE/33M/70G.

Conesidering that it is not fensible bto substitubte ethanol fuel by

e methanaol blend  nationwide  and Phat both  fuels - would he
silable  sinultaneounsiy in the sane regions, the neesd far fuel

coampatibility became #n important issue. :

o Yehicle tests with 1090% ethanol Fuel, 7%% ethanol + 257 wmethanol
blend, 99% ethanol W EOY methanol  blend, 2897 ethanol + ATYA
methannl  blend  and 4007 methanol blend have showun very similay
results in bterus of emissions, fuel gconomy, wvehicle performances

s driveability.

The fact Yhat  different  fuel combinationg are. compatible
" oihdicates that there are acceptable  tolerance ranges far  the
Clend of GOE/3EM/7G.  Thie is shown in Fige 1 which indicates the
ideal and acceptable ranges of methanol and gasoline in  the
b lend . ' :

- GASOLINE (%)

A ‘
2l DU

T
: /// —
Pl = pCCEPTABLE = ,
0 0 N 1 i//. vz L 1 : -
. O 5 10 6 15 20 o5 30 35
| - meTHAnoL (%)

- e - -

Figs 1 = Methanol Blend Acceptable Tolerances




Thus that the ideal proportion of methanol to gasoline should be
kept wery close to 33/7 (line 0f) as acceptable proportions are
“within® the limits “ABGODY, defined hy driveability and 00
emission reaguiremnents, :

Tr terms of mnaterials compatibility with the blend, the first
laboratory  tests indicated that attack on  elastomers might be
case for concern. However, after ten months of intensive use of
the new hlend. which averaged 200 thouwsand w®/month in 1990,
replacenent rates of parts and components did not increases since
the introduction of the blend in the market.

Public satisfaction with the new blend was also investigated. In
Juty o ie9e,  CETESE conducted an inguwiry with 300 alcohol vehicls
auners concerning the influence of the new blend on cold and hot
aturtabilitu, vehicle performance, fuel sconomy and maintenance
problems (Y. Resulis indicate good soceptanc with approval
Faten aver 207 For o all items, with the exception of fuesl sconowny,
which had o a &% smpproval rate. Whenever the wee of the blend was
not ranked worse than the use of ethanol  Fuel, the answer was
clussified under the term “approval”. u

When considering the use of methanol in gascohol,  the problem of
phase aration in the presence of  water wmust be confronted.
Soame Field evaluations of water content in the fuels distribution
asystem indicated that current water presence might be sufficient
Lo cause phase aration.  Since there was no tine, bto v luat e
ather co-seolvents that could reduce the problem, the v arohers
Cdecided  to o recommerd  the. uase of methanol only for the alcohol
vehicles . '

e

[N

B OTHER ETUHAINOL SAYING ALTERNATIVES

Ge mentioned above, reduction of ethanol content in ga%whml'(vam
pey Lo 42y buw volume) and the addition of gasoline up  to 5% by
volume in o 2thanol  fael were the fFirst suggested ethanol saving
Salternat ived. :

Besides thetr small benefit in terms of  ethanol economy, both
alternat ives result in  &® negative impact on certain pollutant
emissions, particularly €O and HC.

Figure 2 shows the influence of adding gasoline to ethanol fuel
(a)d in  terms of CO and HOC relative emigssion (a) and the effects
of ethanol content  in  gasohol on  CO  and aldehyde relative
gmissions ()

8
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VOLKSWAGEN  and  FORD (&) also evaluated these alternat ives
reported that the reduction of ethanol content in  gasolal, i om
@24 to 1@2% results in an increase of GO and HC emissions of about
DO%  and 107, vespectively, and a reduction of about A i M
emission.  Also, U fdition of 9% gasoline bto .ethanol el
represent s Tan P 6 in GO and MO emissions of about 25% wnd
107,  vespectively and has no effect on MO emissions. &  more
radical alternative is  the wse of  an ethanol-Ffree gaaol ine
Cinstead of gaschol. This alternabive, however, resualitse  in oan
increase  of 1007 to 3H0% in terms of CO emission and an ineres
of wbout 407 For MO emission.  The use  of  such  an albternstiove
resullts  also in maintenance problems, such ws rapid spark-plug
carbonization, excessive gum formation in carturetors, valve rods
and “intake manifolds, atbtack on elastomer components  and  wvapor
lock problems.

(4

45 L

i

These effects on emissions are caunged primarily by the A/F
enrrichment which results from ethanol  reduction in  gasohol o
gasoline addition to ethanol fuel. : :

To resolve thig problem, A/F regquirements nust be optimized for
all engine operation modes and, unfortunately, thies cannot bres
achieved by simple engine tunning .

Another alternative which has caught some attention is alcohol
engine conversion for gasohol wse. In fact, the ethanol shortage
has fostered the development of conversion formulas and unproven
conversion kite. However, none of these conversion measures are
ahle to  give, simultaneously, great performance, good
driveability, high fuel economy, attainment of emission standards
and  engine reliability and durability. This i because these

P




CONYErsion measuwres, in general, are inadequate and tend to offer

standardized solutions to different types of Uy ires, T
addition, repaiv shops  or  engine rebuilders tack basie Grgine
Ttesting  and 'tuniny Gl prient and technical ackaround ,

repecially,  in terms of emission contral.  Moreover, since the
methanol blend iz wn gmergency solat jon, Pt ods highly desivabnle
that  the return to ethano) fuel use is made without the fneed of
rERCONVersions or o tune upe.,

Inconclusion, based on the above ment ioned effecta,
bt oy anding against these alternat ives becans they
slon contral  program aoals, PRt icular iy in terme
major problen in oa considerable number of B

WE S A
didian oities,

4. METHANOL USE AND ATR POLLUTION

In termse of aip pollution, the use of methanol couwld rFesullt in
unEcceptable public sexposure Lo methanol  and Formaldehyde . Tao
address this auest ion CETE

S5E mstablished = monitoring program for
ambiient  concentrationg of methanot, ethanol, CFormaldehyde wud
wcetaldehyde, in addition to the routine monitoring afo oo,
photochemical  oxidants Cexpressed  as  azone - Ow), and other
common air pollutants,

C The monitoring program. (7) evaluated air auality  Ffrom ' Mareh
Cthrough Septenber 1990 in two monitoring stations, in the City of
B8 Paulo. - The Ceraueira ﬁ&gmv‘mtatiun is directly affectec VRS
heavy traffic while the Mooca station, Ehowah tocated in an B e
of  dense Ctraffic, is less affected by direct emissions due Lo
the distance From the traffic WA G . The reported data shows that
methanol  wasg detected in only 12,84 of the 6 samples collected
at the Cerqueira Cesar station. At the Mooes station methanol was

Lot de Aed in any of the 24 samples. The detect ion Yimit of the
gas chromatography analytical procedure used For methanol is 6.4
pm. o The highest nethanol recorded value wag  0.47  ppm oat
Ceraueira Cesar .

Fornaldehyde concentrations were detected in  all of the 50
Ceraqueira Cesar samples and 42 Mooca samples. The highest values
recorded  for  formuldehyde  were 32 ppb oand 47 ppb oat Ceragueira
Cesar and Mooca, respectively. Only 14.0% of formaldehyde result s
were higher than 24 pph.

focording to Hervey et aliji G3)Y, ambient concentrations lower
than  3.44 ppm for methanol and 24 ppb for formaldehyde are helow
the range of concern from a toxicological point  of view. Thege
values represent the lower  Timit of  the range and are not
believed to result in  adverse physiclogical effects, F e
methanol, CETESB ‘& reeultes indicate that concentrations are about
one tenth of the lower limit of the range. o Formaldehyde, 869
of the recorded values are below thig Vimit.  The remaining 44%
are  still bhelow 420 pph, which was defined by Harvey et alii as

10,




the intermediate limit of the range of concern and it _is bhelieved
to have @ more $olid basig Ffor concern than the lTower limit.

Despite of the measured peak of 32 pepb, previouws monitoring worl
has shown that formaldehyde concentrations wsually reach
considerable levels in SXo Paulao. For instsnce, i 4984, w peal
af 59 ppb was measured at oa downtown location (P do Dorreio?
and no methanol blend was in age at that time. Therefore, it i
safe  bto o ogay  that the uwee of methanhol has not contributed to an
increase in formaldenyde concentrations in the City of S8o Paulo.

Thn terms of the other pollutante which are  routinely nonitored,
the use of the blend has not resulted in any negative effects on
air auality.

The environmental importance of blend use fs that it saves =
considerable amount of ethanol and it does not increase pollution
from alecohol vehicles. The économy of ethanol means availabil ity
af anhydrous ethanol which has to be added to gasoline, in 28% by
volume, bto obtain gascohol “and  therefore to  Fulfill  the a/F
requivenents  of  the gasohol vehicles. Consequently, emissions
from gasohol vehicles are also not increased. As it can be seen,
the blend has become a key factor for the Motor Yehicle Pollution
Control Program. : - o

When discussing the safety aspects related to the blend use, it
is worthy of rote bthat the presence of gasoline in the blend
inhibits ingestion C(which i¢ the major cause of methanol  acube
intoxication), because the Dblend acquires the distinctive odor
and taste of gasaline.

aAnother point of interest is that ethanol is a known “antidote”
n case of methanol poisoning becsuse it greatly slows nethanol ‘g
entrance into its metabolic pathway (8). Considering all possible
ways  of body intake  Cingestion, skin abzorpiion o inhalation)
ethanol will be always associated to methanol, . in &t least o 204
ratio. Therefore, 1t is possible to infer that the wigk of public
svposare Lo methanol is lowered by the presence of sthanol.

Furthermore, for ease of recognition, the blend received a red
dye which gives the fuel @ pinky color, therefore differentiating
the blend from other fuels., N

S

5. GONCLUSIONS

Despite the present ethanol shortage in Bragil, there wre viable
alternatives to overcome the crisis. o

Reducing the ebhanol content in gasohol or adding gasoline to
gthanol fuel bhelps Lo save ethanol, however, these alternatives
can cause engine mnalfunction and result in significant effects on
vehicle emissions, particualarly, an increase in carbon monoxide
and  hydrocarbons. Other alternatives such  as alcohol engines
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conversion to gasohol are not recommended due to the dimpact  that
uncontrolled conversicns can have on air aquality and on Brgine
performance and veliability. ;

The best known alternative, in terms of air pollution contraol,
fuel  supply  and fuel quality guarantee s the use of a blend of
AOE/33M/76G. Tt is an alternative which gives great flewibility to
the management and recovery of the Mational Alcohol  Program  and
simultaneonsly, does not put the National Motor Vehicle Pollution
Control Program ab risk. - '
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