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PREFACE |

This report presents the results of a major research study on mobile

“ source emissions from California vehicles. That effort was divided into
four task areas:

Task 1l:  Analysis.of. Post-1979 Model Year Light-and-Medium
Duty Vehicle Emissions

Task 2: Analysis of Post-1979 Model Year Light-Duty and
Medium-Duty Vehicle Emissions

Task 3: Analysis of Heavy-Duty Vehicle Emissions

Task 4: Analysis of Regulatory Issues

A total of 14 separate reports were produced under the contract. This

volume contains all of the reports produced under Task 4. They are:

Technology Assessment for Light-Duty Vehicle Compiiance With
0.4 g/m NOy Standard

Comments Regarding MVMA Petition for Reconsideration of
Petrocoal 211(f) Waiver

Comments Regarding American Methyl Corporation's Request for
Waiver of Clean Air Act Section 211(f) for "Methyl-10" Fuel
Additive

Environmental Impacts of Methanol/Gasoline Blends
Development of California's I/M Credits Model

Maintenance and Fuel Quality Effects In Transit Bus Smcke and
Particulate Emissions



Three of the above documents incorporate comments and revisions suggested
by the California Air Resources Board. These documents were published

by ARB and submitted to dockets of relevant EPA rulemakings. They are
reproduced in this volume in the format published by ARB.

For an overview of all of the reports produced under the contract the
reader is referred to:

Executive Summary of Work Produced Under ARB Contract
"Moblle Source Emissions Analysis for California
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The statements and conclusions in this report are those of the
contractor and not necessarily those of the California Air Resources
Board. The mention of commercial products, their source or their use
in connection with material reported herein is not to be construed as
either an actual or implied endorsement of such products.
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SUMMARY

As is evident from the 1983 emissions certification

results, many cars and light trucks have already been certi-
{LW4 -...fied at 0.4 grams per mile NOx or less. However, some of these.
| models may require additional emission cont;ol to maintain

compliance‘with the asSembiyliné tésting requirements. Other

0.4. Two different approaches, one based onstatistical

!_ models need as much as 40% greater NOx control to achieve
' analysis and one based on engineering analysis, have been

used to determine the feasibility of achieving the additional

‘,{»"\

NOx control required without fuel economy penalties.

n STATISTICAL ANALYSIS

One indication of the type of changes which can be made
to reduce NOx emissions has been derived from a detailed
analysis of the 1982 model year certification results. A
computer analysis was performed using detailed information
on the emissions, fuel economy, and control system design of
each gasoline engine powered passenger car model certified
by thirteen different manufacturers. These manufacturers
account for approximately 90% of California car sales. They

were selected because they represent a reasonable cross




section of the total California fleet. The thirteen manu-
facturers analyzed in detail were General Motors, Ford,
Chrysler, Toyota, Nissan, Volvo, Saab, BMW, Mercedes-Benz,

Toyo Kogyo (Mazda), Peugeot, Fiat, and Mitsubishi.

Information analyzed included the following:

1. type of catalyst system used

2. amount of active ingredients in the catalysts
3. volume of the catalysts

4. type of catalyst substrate used

5. type of EGR system used, if any

6. type of air injection system used, if any
7. type of fuel metering system used

8. HC, CO, and NOx emission levels

9. city cycle fuel economy

10. engine displacement

11. vehicle test weight

12, vehicle gearing

13. engine horsepower rating

A variety of analyses were conducted to see if any rela-
tionships exist between vehicle design characteristics and
NOx emission level. BAnalyses were also conducted to deter-

mine whether any relationship exists between the NOx emis-

sion levels of the vehlcles and the fuel eff1c1ency of the

P U
mELS LI b

vehicles. e Soa ‘
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It has previously been noted that most veh1c1es certi-

iisn vaw- £
fied to very low NOx emission leveis are equlpped w1th

"port-type" fuel injection systems (one fuel 1n3ector per
cylinder located in the intake manifold port). However, the
analysis of all of the data indicated that the apparent cor-

relation between the type of fuel metering system used



and NOx level may be primarily due to other system charac-
teristics typical of models which happen to use port-type
fuel injection. It appears from the data that the NOx level
achieved is dependent on two factors: (1) the amount of
rhodium used in the catalyst system and (2) the type of

Rhodium is the most effective eiement for catalytically
reducing NOx in automotive catalysts. The effect of the
catalyst rhodium loading is illustrated in Table 1. As can
be seen from the table, cars which certified at or below 0.4
grams per mile NOx used, on the avereée, 0.392 total grams
of rhodium and 0.125 grams of rhodium per thousand pounds of
vehicle test weight. Vehicles which did not achieve 0.4 NOx
used 58% less rhodium per car and 59% less‘rhodium per 1,000

pounds.

Table 2 1nd1cates the pos51b1e significance of catalyst

% . =z sl

system type. None of the cars without catalytic NOx
control certified at 0.4 grams per mile or less. In addi-

tion, of those cars which use catalytlc NOx controls, cars
! oot

e

which used ohl§A3~yay catalysts rather than 3-way catalysts
followed by ox;det;en catalysts have significantly lower NOx
emissions. 87t of the cars using only 3-way catalysts were
certified at 0.4 NOx or less. Only 15% of the cars using 3-

way plus oxidation catalysts met 0.4 NOx.



Table 1

Relationship Between Catalyst Loading
and NOx Level

NOx Certification Level

0.4 or less above 0.4
Rhodium 0.392 0.166
(grams)
Rhodium/1000 lbs. 0.125 0.051
test weight
Table 2

Relationship Between Catalyst System Type
and NOx Level

Fraction
Grams Rhodium - Certified )
System Type per 1000 1lbs. @ 0.4 NOx or less
Oxidation Catalysts FI0L00 T S v T 0%
3_way plus oxidation O At £ it SR SN L
catalyst 0.058 o 15%
3-way only 0.;3}' ) ‘: ‘A_vi 87%




. ig . | : vy'

-

iy poiy

Catalyst rhodium loading appears to be a significant
factor contributing to the superior performanée of the 3-way
only systems. On the average, the 3-way only cars used over
twice as much rhodium as the 3-way plus oxidation catalyst

cars per pound of car weight. In addition, the 3-way cars at

“or BEYTow U.¥ NOX uBéd 32¥ ficte rhodiim than the 3-way cars
~abeve;0.4 NOX. .

However, rhodium loading is not the only factor contri-
buting to the superior performance of 3-way only systems.
The presence of the oxidation catalyst itself diminishes NOx
control. Oxidation catalysts are installed behind 3-way
catalysts to AChieve greater levels of HC and CO control.
However, a disadvantage of this system configuration is that-
the oxidation catalyst converts some of the NOx that was
reduced (to ammonia) in the 3-way catalyst back to NOx.

It is interesting to note that the cars egquipped only
with 3-way catalysts demonstrated superior CO control to
the cars equipped with>3-w;§;:§lus oxidation catalysts. 94%
of the 3-way only systems ;;rtified at or below the federal
CO standard of 3.4 grams per mile. Only 69% of the 3-way

plus oxidation catalyst cars met 3.4 CO.



The catalyst loadings of platinum (Pt) and palladium
(pd), the two ingredients which control hydrocarbon and car-
bon mono#ide emissions most effectively, may explain the
superior perfo;mance of 3-way only systems on CO. Total Pt
and Pd usage for the 3-way only and 3-way plus oxidation cat-
alyst systems is comparable. However, the 3-way plus oxida-
tion catalyst systems use much less loading in the front
catalyst (the 3-way). This may degrade the performance of
the system during the critical warmup period which the
engine has high CO emissions and the catalysts, especially

the rear catalyst, are below normal operating temperature.

An additional explanation for the relatively worse
performance of 3-way plus oxidation catalyst systems is that
they are not generally used in conjunctioﬁ_with port-type
fuel injection systems. Port fuel injection.generally
provides improved CO control during warmup.  This effect is
evident from the comparison of .the .CO g%;;qigg }gvgls for
the 3-way catalyst cars with poggzggp§n§%gg %qjﬁctiop and
carburetors. As shown in Table 3, 100% of ,the 3-way cars

with port-type fuel injection certified at 3.4 grams per

cve o #

mile CO or less. Their average CO level was 1.8 grams per
mile. By contrast 82% of the carbureted:3fw£y cars certi-
fied at 3.4 CO or less. Their average CO level of 2.6 grams

per mile was 44% highéf éhaﬁnggwporé-tY§é fuel injection

cars,
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Table 3

Comparison of CO Emissions
Port Fuel Injection vs. Carbureted 3-Ways

% of Cars

Carburetors ‘ - 82% 2.6 grams/mile

No significant difference in the NOx levelé exists
between the carbureted and port-type fuel injected cars.
Average NOx levels were 0.299 grams.per mile for carbureted
cars and 0.292 grams per mile for injected cars. About 25%
of the 3-way cars certified above 0.4 NOx used feedback
controlled carburetors as did 26% of the cars at or below

0.4 NOx.

Fuel economy.differencesvbetween the 1982 certification

cars were analyzed with the aid of a predictive model devel-

1.

oped by Bascunana *. 'The model ‘predicts fuel economy from

the three most critical vehicle parameters which affect econ-
omy: test weight, enginé’size, -and gearing. The form of the
equation is as follows: ' -

MPG = AL(TW)® (cID)P (N/W)€)

where: A,a,b, and ¢ are constants
TW = vehicle test weight in pounds
CID = engine displacement in cubic inches
N/V = engine rpm/vehicle speed in mile per hour
when in high gear

*Superscripts denote references listed at end of text.

€ 3.4 or less Average CO Level
Port-type ) . :
_Fuel Injection . . ... ..3100% 1.8 grams/mile . . ...



Constants used with the equation were developed by EPA
using EPA's 1981 data base for city cycle fuel economy. The
coefficient of determination (r-squared) for the equation
was 0.9, indicating the model is a good predictor of fuel
economy. With the use of the model it is possible to
account for the differences in fuel economy between vehicles
which are due to difference in weight, engine size, and
gearing. Differences which are not explained by the egua-

tion can be assigned to other factors including engine

calibration differences needed to achieve various emission
levels with the specific emission control system used on the
vehicle. If certain combinations of emission control sys-
tems and NOX levels are associated with engine calibrations
which adversely affect fuel economy then such effects should
become evident provided enough cars are available for compar-

ison and they are similar in other respects.

City fuel economy data for every test car in the sample
was first "normalized" by adjusting it to correct for differ-
ences between the characteristics of the specific test car
ﬁhd average car in the population as far as weight, engine
size, and gearing were concerned. = The following equation

was used:
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where: MPGnorm = fuel economy of the test car
: adjusted to the average weight,
engine size, and gearing of all of
the cars tested
MPG, ., = actual measured fuel economy of the
: test car
CM?Gamg. = predlcted fuel economy of a car
R WItH "average w&ight, engine size,
and gearlng
CMPG, ., = prealcted fuel economy of a car
" with the same weight, engine size
and gearing as the test car
The results of the analysis are displayed in Table 4.
Cars certified at or below 0.4 NOx were 0.5% more fuel effi-

cient than the average car and 0.9% more efficient than cars

‘certified with NOx levels above 0.4 grams per mile.

3-way

only cars demonstrated 1.8% better economy than the average

car and 4.5% better economy than 3-way plus oxidation

catalyst cars.

(w3
¥y
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Table 4

Fuel Economy Analysis of
1982 Model Cars

Normalized Difference from
MPG Average Car
All Cars 20.94 0%
Cars € 0.4 NOx
or Below 21,04 +0.5%
Cars Above 0.4 NOx 20.86 -0.4%
3-Way Only Cars 21.31 +1.8%
3-Way Plus
Oxidation Catalyst Cars 20.40 -2.6%

ENGINEERING ANALYSIS

There are two fundamental approaches available for
reducing the NOx emission levels!of.those models which have
not yet demonstrated suff1c1en£ Nééf;mxgéléﬁ ‘control to meet
the certification and assemblyline testing requirements
under a 0.4 gram standard. The flrst'égé:oach is the
reduction of "engine-out" emission levels through changes to
the basic engine. The second approach is the improvement of

catalyst efficiency. Both approaches can be taken using a

variety of specific changes and both require consideration

of the effects that changes to improve NOx control will have
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on the control of HC and CC emissions, fuel economy, drive-

ability, and cost.

AVAILABLE NOX CONTROL TECHNIQUES

 The four most common approaches to the control of NOx
emissions are (1) retarded spark timing, (2) richer air/fuel
ratio, (3) exhaust gas recirculation (EGR), and (4) cataly-
tic aftertreatment. The first three approaches involve
changes to the basic engine which are commonly associated
with reduced fuel economy. However, each of these approach-
es can be used to reduce NOx emissions without fuel economy
loss provided other changes are also made. It is only when
NOx controls are applied in a simplistic manner that fuel
economy is less than optimum. The types of changes needed
to incorporate these NOx control technigues without fuel

economy loss are summarized in Table 5.

B vn o+ .-Table 5
Methods for Reducing NOx Emissions
ST UoWithout "Fuel- Economy Loss

Chanées

P

Needed to Maintain

Technigue . -Optimal Fuel Economy Side Effects

spark retard add "fast-burn” reduced HC
combustion chambers

richer air/fuel increase EGR rate to obtain increased

ratio best economy with richer mixture HC and CO

EGR advance spark timing increased HC

and increase compression ratio

catalytic control none none
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As can be seen from Table 5, some NOx control techni-
ques adversely affect other emissions. This is another
reason why a "systems"™ approach should be taken to reducing
NOx emissions. When the engine and emission control system
are completely re-optimized, additional NOx control can be
achieved without adverse consequences. As discussed below,
the use of additional HC and CO controls in combination with
more EGR, and catalysts with improved NOx conversion effi-
ciency, offer the greatest potential for achieving addition-

al NOx control without adverse consequences.

Exhaust Gas Recirculation - EGR has three principal

effects on gasoline engines. First, it reduces NOx emis-
sions. Second, it increases hydrocarbon emissions. And
third, it reduces the octane reqﬁirement of the engine. All
three of these effects are due to the reduced peak flame
temperature and reduced oxygen concentration associated with
the use of a diluent. The increa§¢d.§c emigsions and the
reduced peak flame temperature i?ﬁagg 85 gpgmselves would
reduce fuel economy. However there are,c;gpgervailing

RRRCE- 230 S A T

forces at work. EGR increases the ratio of specific heats

b~

of the intake mixture and thereby increases ideal air cycle

thermal efficiency:

Tyl
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thermal efficiency = 1 - —1
- (k=1)

where:
r = compression ratio
k = ®p/Cv, ratio of specific heats.
 This effect offsets the adverse effect on Carnot cycle

efficiency Que to the lowered flame temperature.

The reduction in fuel combustion efficiency as evi-
denced by increased BC emissions with EGR is insignificant
because the portion of the total fuel not burned is

insignificant.

Another factor affecting fuel economy with EGR is
reduced pumping loss. Because the recirculated exhaust gas
takes up space in the cylinder, a lower intake manifold
vacuum is needed to deliver the same mass of air and fuel.
The reduction in ihtake maniféld vacuum increases the
efficiency of the éhgihé in the same manner that the use of
a lean air/fuel ratio increases efficiency in an engine that
does not use EGR. Kﬁsiaéﬁﬁehefit of achieving a reduction
in pumping loss without the use of lean mixtures is that the
exhaust gas is compatible with catalysts which reduce NOx
such as 3-way catalysts. Engines optimized for fuel economy
without the use of EGR have excess oxygen in their exhaust
gases which prevents the catalytic control of NOx for all

practical purposes.
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One reason EGR is so often linked to poor fuel economy
is that before the availability of high efficiency cata-
lysts, manufacturers used spark retard to offset the HC emis-
sion increase caused by EGR. This is no longer required.

In addition, the first generation EGR systems used on automo-
biles in the early 1970's did a poor job of matching the EGR
flow rate to the load on the engine. EGR flow-rate with
unsophisticated systems is usually excessive at light load.
This causes much greater HC emission increases and driveabil-
ity degradation due to combustion stability problems. The
increase in HC may be too large to be controlled adequately
with a catalyst. More sophisticated EGR systems which are
electronically controlled have minimized the HC emission
increases associated with EGR, however, ndt all vehicles are

yet equipped with sophisticated systems.

The NOx control achievable on conventional engines
through the use of EGR in combination with advanced spark
timing for retaining optimum fuel economy is approximately
80%, according to information puinéﬁeé'by General Motors?
and others. Since uncontrolled d&héénthnéi'engines typical-
ly emit about 3-5 grams per mile of NOx, levels below 1.0
grams per mile are achievable through the use of EGR. Since
typical 3-way catalysts have NOx conversion efficiencies of
at least 60%, it is apparent that less than the maximum

amount of EGR is used on those vehicles which are not yet

certified at 0.4 grams per mile NOx.
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Increased EGR rate is one of the most promising
techniques available to those manufacturers who have not yet
certified all of their models at 0.4 NOx. EGR rates of
approximately 20% are needed to achieve 80% NOx control,

however, conventional engines experience degraded

dr1veab111ty at rates above about,lS%. Hzgher rates can be

achieved w1thout dr1veab1lity problems prov1ded more
sophistic&tede@R'systems or *"fast-burn" combustion chambers
are used. A "fast-burn" combustion chamber is one that is
designed to reduce the time required from the firing of the
spark plug to the combustion of essentially all of the fuel
in the cylinder. This can be accomplished through either

increased turbulence or the addition of more than one spark

plug.

The benefits of fast-burn combustion chambers is

3

evident from information reported to EPA by Nissan®, As

shown in Figure 1, the fast-burn combustion chamber extended

' the maximum EGR rate without .combustion stability problems

from about 19% to about 35%. This made it possible to
improve NOx control efficiency from about 80% to over 95%.
This level of NOx control is sufficient to achieve 0.4 grams

per mile with no catalytic control of NOx.
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Figure 1

NOx vs. EGR Rate for
Nissan Fast-Burn Engine

| 804’ 1 400rpm
3kgm
60r MBT
|A/F14.5:1

A40r

NOx 9/h

20f

0 10 20 30
EGR RATE %
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Pighre 2 éhows that thé fast—bﬁrn éngine'aISO émits
less hydrocarbons and has 9% better fuel efficiency at an
EGR rate of about 208%. As can be seen from the figure, the
fast-burn engine achieves optimum fuel efficiency at 20%

EGR. Test data provided by Nissan indicate that when the

engine is calibrated for 0.6-0.8 grams per mile NOx it

achieves almost 10% better fuel economy than the average
1982 car of equivalent weight. The Nissan data indicate
that with the use of fast-burn combustion chambers, EGR, and
a 3-way catalyst it is possible to easily achieve the 0.4

gram NOx standard with a fuel economy improvement.

Improved Catalytic Control of NOx - Many different

approaches can be taken to increase the efficiency of HC and
CO control with catalytic converters. Two of the most
straightforward approaches are increased catalyst loading

and the elimination of ‘clean-up oxidation catalysts.

Loading - The'activéAingfédients of 3-way catalysts are
platinum and rhodium. Platinum is the ingredient which is
principally responsible for the control of hydrocarbons and
carbon monoxide. Rhodium is the ingredient which is

principally responsible for the control of NOx.

The amount of rhodium used in 3-way catalysts has a
significant effect on the ability of the catalyst to

eliminate NOx. This effect was apparent from the analysis
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Figure 2

Fuel Consumption and Hydrocarbon Emissions vs. EGR Rate
for Nissan Fast-Burn and Conventional Engines
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of the 1982 certification déta, however, it is more clearly
illustrated in Figure 3. This figure shows the reported4
effect of different ratios of platinum and rhodium on NOx
conversion efficiency as a function of mileage accumulation.

Since the total amount of platinum and rhodium combined was

.held constant during the tests, those catalysts with the

lower ratios of platinum to rhodium contained the most

rhbdidﬁ.

As can be seen from Figure 3, NOx conversion efficiency
increased significantly as the ratio of platinum to rhodium
decreased and the total amount of rhodium increased. A cata-
lyst with a platinum/rhodium ratio of 3:1 controlled NOx
with about 95% efficiency. 1In addition, no significant loss
of conversion efficiency was measured as mileage was accumu-
lated. A catalyst with a platinum/rhodium ratio of 19:1
initially achieved about 84% efficiency. Conversion effi-

ciency degraded to about 73% after 25,000 miles.

Catalyst efficiency teéﬁé“such as those reported in
Figure 3 make it possible toﬁéee the effect of changes in
catalyst loading withou§ £he’effect of the many other vari-
ables which effect the NOx emission level of a particular
car. A comparison of two specific cars using catalysts with
different rhodium content may not show the effect illus-

trated in Figure 3 because of numerous other differences
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Figure 3

Catalyst NOx Efficiency vs. Mileage
for Different Platinum/Rhodium Ratios
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between the vehicles which may exist such as EGR flow rate,

spark timing, etc.

Based on Figure 3, it appears that the 43% reductions

in NOx emission levels needed to bring the highest emission

“level 1963 -models into-compliance with-the 0.4 -Nox standard

could be accomplished’thrqngh«incxeasggﬁin;rhodium usage of
approximately d factor 6f twb. Since thé average'car that
does not achieve 0.4 NOx is currently using just under 0.2
grams of rhodium, a total of 0.4 grams may be needed for
these cars. Interestingly, 0.4 grams per car is almost
precisely the average level of rhodium used in those cars

which have already certified to 0.4 NOx or less.

Deletion of Oxidation Catalysts - It appears from the

certification data that the use of oxidation catalysts in
conjunction with 3~-way catalysts may adversely affect the
degree of NOx control achievable. This phenomenon has been
documented in numerous tests where significant increases in
NOx emissions have been measured between the inlet and the
outlet of the oxidation éétalyst. Ford has reported5
numerous tests whérein the oxidation catalyst increased the
NOx emissions by about 1008. The specific benefits of elim-
inating oxidation catalysts will vary from car to car due to

differences in fuel metering and catalyst formulations.
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If done properly, a change from a 3-way plus oxidation
catalyst system to a 3-way only system will not significant-
ly affect HC and CO control. Loss of control can be pre-
vented by retaining the same total volume of catalyst. In
other words, two relatively small catalysts should be

replaced by one relatively large catalyst.

COMPENSATING FOR _INCREASED HC AND CO

Although no significant additional HC and CO control is
likely to be required due to the imposition of a 0.4 gpm NOx
standard, a small fraction of the different models could
require some additional control. The further control over
HC or CO emissions that may be needed with some 0.4 NOx sys-
tems can also be accomplished thorough changes to either the
basic engine or the catalytic aftertreatment system. Two of
the most effective basic approaches tq reducing HC and CO
emissions without increasing NOx emissions. are reduced cold
start enrichment and increased cata;xsngfficiency.

.'y"

Reduced Cold Start Enrichment - It has long been

recognized that warmed up gasoline engines emit much less HC
and CO than engines which are cold when started. The area

of the engine that is most temperature sensitive is the

intake manifold. A warm intake system improves fuel
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vaporization and atomization and reduces the mixture
enrichment required to obtain a combustible air/fuel mixture

in the cylinder.

Directing exhaust gas through the intake manifold

~during warmup operation is one technique that has been

employed on many producgiqa vehicles,’ Sueh systems are
commonly referred to as Early Fuel Evaporation (EFE)
systems. EFE systems are beneficial in reducing warmup time
and therefore they make it possible to reduce the time
during which the engine must be operated with fuei
enrichment. However, because of thermal inertia, EFE
systems do not provide heat to the intake manifold during

startup and immediately thereafter when it is needed most.

An extremely successful technique for providing heat to
the intake manifold immediately during cold starting and
warmup operation has been developed by the Control Products
Division of Texas Instruments, Inc. (T.I.). T.I. report56
that the basic concept involves the use of electrical resis-
tance heating of a grid mounted directly under the carbure-
tor. The grid is made of a "positive temperature coeffi-
cient™ (PTC) ceramic. T.I. refers to the device as either a

"PTC Honeycomb Heater" or an "EFE Heater". A schematic of

the heater is shown in Figure 4.
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Figure 4

Texas Instruments Heater
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Maximum power consumption for the T.I. heater is approx-
imately 350 watts. Power consumption decreases when the
grid temperature at which resistance increase occurs is
reached. According to T.I., the heater reaches operatihg
temperature in just a few seconds after it is energized.
Fuel atomization is enhanced even before the engine fires
during a low temperature cold start. Therefore, leaner
choke settings are feasible. Current to the heater is
switched off when the engine coolant temperature reaches
approximately 150°F. With the use of the heater, T.I.
reports that CO emission reductions of 30% to 60% are possi-

ble under standard test conditions.




prgme S —— H_Q

-—

o B T T ‘F—g —

=25~

The atomization improvement associated with the T.I.
heater is probably due to three mechanisms:
1. Convective heatlng of the intake charge passing
through the grid

2, Conductive heating of fuel droplets which'impact the
gr1d

3. Improved mlxlng due to the presence of the grld

According to T.I. reptesentatives, the device has
already been mass produced as an original equipment part for

several engines including:

1. Chevrolet Chevette 1.6L

2. GM 2.8L V-6

3. GM "J-Car" 1.8L

4. GM 3.8L V-6

5. Ford Escort 1.6L

6. Datsun 510 & Stanza

7. Chevy (Isuzu) Luv Truck

T.I. reports that other applications may also be
produced by T.I.'s subsidiary in Japan. In addition, T.I.
says that Sylvania is producing an almost identical heater
for every application T.I. covers. Sylvania is also report-
edly producing a heater for the turbocharged Buick 3.8L V-6

which uses a Rochester Quadrajet carburetor.
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In addition to the grid heater, T.I. also manufactures
another device which is called the "Hedgehog Heater". The
Hedgehog uses similar technology as far as the use of the
PTC ceramic is concerned. However, rather than the use of a
grid suspended under the carburetor, the Hedgehog is bolted
to the floor of the intake manifold. Metal spines are
attached to the ceramic which extend upwards into the plenum
chamber of the manifold. These spines conduct heat from the

ceramic to the intake charge.

T.I. reports that the Hedgehog device is already in
production for all inline engines manufactured by American
Motors. T.I. says the Hedgehog has also been sold to

Volkswagen.

First production of the T.I. grid heaters did noﬁ occur
until very recently. GM was the only U.S. manufacturer
using the device (and on just two engines) prior to the 1983
model year. It has been reported that numerous other appli-
cations are-under consideration by the automobile manufac-
turers. The extent of the heater's future use will depend
in large part on whether additional CO control is needed as
a result of the elimination of oxidation catalysts from
behind 3-way catalysts in order to improve NOx emission

control.
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Improved Catalytic Control of HC and CO - As dis-

cussed earlier, there are a variety of approaches that can
be taken to improve catalyst efficiency. The use of higher
noble metal loadings and increased catalyst volumes will
benefit HC and CO control as well as NOx control. However,
since HC and CO emissions are highest during engine warmup, '
the most ef éE?EGé”35b¥8§857£6wﬁﬁﬂf36i6§wi&b?&é&d“é&é&i&iié
control of HC a@d“ca is through‘ﬁechniguas‘désigﬂéd to

reduce the time required to achieve catalyst light-off.

Most catalysts must be heated to approximately 500°F
before they are effective in reducing emissions. Rapid
catalyst warmup is particularly difficult to achieve with
"pelletized" catalysts. Since the pellet must be large
enough to be held within the catalyst container by support-
ing grids, it has a lower surface to volume ratio than the
catalyst washcoat which is applied in a very thin coat on a
monolithic substrate. Therefore, when the catalyst is
supported by a pellet, rather than a monolithic honeycomb,
the weight éf the catalyst is higher for the same amount of
active surface area. This higher weight gives the pellet-

ized catalyst more thermal inertia and it therefore
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rises to operating temperature more slowly. Table 6 shows
test results obtained by GM and reported by Era? which

demonstrate this effect.

Table 6

Effects of Converter Type on Emissions and
Time For Exhaust Exiting Converter to Reach 600°F

-- grams/mile --- seconds
to reach
Converter HC co NOX 600°F
260 CID pellet 0.35 3.11 1.40 338
160 CID pellet 0.37 2.82 1.44 224
150 CID monolith 0.24 2.11 1.45 165

The emissions data shown in Table 6 indicate that the
150 cubic inch monolith was superior in performance to the
260 CID pelletized catalyst. Much of this advantage for the
monolith is associated with the fact that it warmed up in

51% less time.

Although Ford, Chrysler, and most foreign manufacturers
have relied primarily on monolithic catalysts, the largest
manufacturer, General Motors, has relied primarily on pellet-
ized catalysts. Use of more monolithic catalyst by GM is

one approach that could be taken to reduce HC and CO emis-

sions. Fuel economy is unaffected by the choice of catalyst

substrate.
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Anbthét'means'df_SOIVing the catélyst'warmup prdblem isb
through the addition of a small volume "close-coupled" cata-
lyst. Small catalysts located as close as possible to the
outlet of the exhaust manifold are referred to as "start

catalysts”, "pre-catalysts", or "warmup catalysts”". The

concept is straightforward:

- locate a catalyst as close to the exhaust valve as
possible to minimize heat loss

- use a monolithic design to minimize warmup time
- make the size of the catalyst only as large as is
necessary to handle the exhaust volume that occurs
under warmup conditions to minimize thermal inertia
Although start catalysts would be most effective when
added to vehicles equipped with pelletized catalysts, they
will also reduce cold start emissions when added to vehicles

which are already equipped with larger monoliths located

under the vehicle floor or in the "toe-board" location.

The effectiveness of a start catalyst installation

depends several factors:

- the light-off characteristics of the main catalyst
- the light-off characteristics of the start catalyst

- adequate oxygen for efficient oxidation to occur in
the bed of the start catalyst

Data from tests run by Chrysler and previously reported
by EPA7 demonstrate the potential of start catalyst instal-

lations. The data are displayed in Table 7.
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Start catalysts have not been used on very many produc-
tion vehicles for the simple reason that emission control
technology has progressed to the point where start catalysts
are not needed to comply with either California or federal

emission standards.

Table 7

Effect of Start Catalyst
on Composite Emissions

Chrysler 400 CID, C Body

————— grams per mile ----

HC co NOx
Two Test Average
Without Start Catalyst 0.37 2.7 1.35
Three Test Average
With Start Catalyst 0.20 1.4 1.35
Change With Start Catalyst -46% -48% 0%

Johnson Matthey has reported8 that they have recently
completed the development of a new oxidation catalyst formu-
lation which is specifically designed for high temperature
applications such as heavy duty truck exhausts or starf cata-
lysts for light duty vehicles. It appears that this new

catalyst would perform well in a start catalyst application.
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The adaition df stért catalysts is oné of the most
effective changes to the typical car that could be made to
restore any HC or CO emission control lost through the
deletion of oxidation catalysts. No fuel economy change is

associated with the use of start catalysts.

EFFECTS OF A 0.4 NOX STANDARD ON FUEL ECONOMY

The net effect on passenger car fuel economy associated
with a requirement for all manufacturers to certify at 0.4
NOx will depend on the approach to reducing NOx emissions
selected by each manufacturer. It is conceivable that some
manufacturers will elect to merely retard spark timing in
order to reduce NOx emission levels withoutlmaking any
éhanges to the emission control system design. However,
those manufacturers who have already certified at 0.4 NOx
did so with the use of technology that offers about 1%
better fuel economy to the cars certified at higher emission

levels. As discussed in the preceeding sections of this

report, the technology is clearly available to allow

substantial reductions in NOXx emissions without fuel economy
penalties for those models which have not yet been certified

at the 0.4 NOx level.
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ESTIMATES OF LIKELY HARDWARE AND COST CHANGES

The cost impact of a 0.4 NOx standard was calculated
based on the modifications that could be used to reduce the
NOx emission levels of those cars not already certified at

0.4 without adverse fuel economy impacts. While a zero

cost increase could be achieved through the use of spark
retard, it is unlikely that this will be the approach taken
by manufacturers for two reasons. First, such an approach
would degrade fuel economy and thereby adversely affect
sales. Since so many models are already certified at 0.4
NOx using systems that provide excellent fuel economy,
market forces will encourage the use of modifications which
retain competitive fuel economy levels. Second, the cost of
the modifications which reduce NOx without adversely affect-

ing fuel economy are modest.

Based on the analysis of the 1982 certification data
from thirteen manufacturers, about 54% of the models will
need reduced.NOx emissions in order to certify at 0.4 NOx.
68% of‘these cars used 3-way plus oxidation catalyst sys-
tems. 23% used oxidation catalyst only systems. 11% used

3-way only systems.

Although expanded use of port-type fuel injection sys-

‘tems may provide some benefits in terms of achieving reduced
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NOx emission levels without incfeases ih BEC or CO éﬁissions;
the conversion to fuel injection is relatively expensive
(estimated sticker price increase of about $150) and unneces-
sary. Changes needed for each type of control system (3-way

plus oxidation catalyst, 3-way only, and oxidation catalyst

only) were therefore estimated based on the assumption that

fuel metering system changes would not be employed.

Projected 3-way Only System Changes - The 1l% of the

cars above 0.4 NOx that use 3-way only systems represent
only 13% of all of the 3-way catalyst systems that were cer-

tified. On the average, these cars were different from the

H:‘ﬂ m
k!

3-way only cars that certified at 0.4 NOx or less. 20% of

'
|

these higher NOx level cars did not use feedback control of

fuel metering. The other 80% of these high NOx 3-way cars
used, on the average, 30% less rhodium than the 3-way cars

certified at 0.4 NOx. It also should be noted that the 3-

-

way car with the highest NOx emissions needs only 27% lower

NOx emissions to certify:.at 0.4 grams per mile.

It is estimated that most 3-way only cars can be
brought into compliance with no change in fuel economy if
two basic changes are made. First, the cars which do not
employ feedback control of fuel metering will achieve addi-
tional control if feedback control is added. Second, cata-
[ ) lyst rhodium loadings could be increased by about .2 grams

to improve conversion efficiency.
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Cost associated with these changes are shown in Table
8. The cost values were based on estimated manufacturing
and materials costs marked up 40% for the component vendor,

40% for the vehicle manufacturer, and 20% for the car

dealer.
Table 8
System Changes to Achieve 0.4 NOx
With Some 3-way Catalyst Cars
Estimated Sticker
Change Price Increase

add feedback control
to carburetor $10
electronic control unit $37
oxXygen sensor $4
add .2 gréms rhodium $8

Based on the estimates from Table 8, those few 3-way
only models which do not employ feedback controls are projec-
ted to have a sticker price increase of $59 assqciated with
the imposition of a 0.4 NOx standard. Most 3-way only cars
that do not already comply are estimated to increase in

price by only $8.

Projected Oxidation Catalyst Only System Changes -

The 23% of the cars which failed to meet 0.4 NOx and which

used oxidation catalyst only systems account for 100% of the
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oxidation catalyst systems. There are a variety of ap-
proaches that could be used to achieve 0.4 NOx with these
cars while retaining oxidation catalysts (such as the use of

high EGR rates and fast-burn combustion chambers), however,

[

[t the simplest approach would be to convert to 3-&ay catalyst

{ systems. Estimated changes and associated costs for
conversion to 3-way catalysts are shown in Table 9. Total

‘!f stitkeiyﬁri&e inéreaée for the conVersidn'to a 3-way system

is estimated at $115.

System Changes to Convert Oxidation Catalyst Cars
To 3-way Catalyst Systems

!
! ‘ Table 9
[
l

e Estimated Sticker
T Change Price Increase
add feedback control
to carburetor $10
; electronic control unit $37
oxygen sensor $4

i - replace oxidation catalyst
& with 3-way catalyst T - $64

Projected Changes to 3-way Plus Oxidation Catalyst

Systems - The 68% of the cars above 0.4 NOx which were
equipped with 3-way plus oxidation catalyst systems repre-

sent 85% of all 3-way plus oxidation catalyst equipped

o
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models. The most straightforward approach to achieving 0.4
NOx with these cars would be to convert to 3-way only sys-
tems using relatively higher rhodium loadings. However,
deletion of the oxidation catalyst will not result in a cost
savings. Most 3-way plus oxidation catalyst cars use rela-
tively small 3-way catalysts compared to the typical 3-way
only car. It will be necessary to retain the same total
volume of catalyst when converting the system to 3-way only.
In addition, the cost of the catalyst system will be
increased by approximately $8 due to the increase in rhodium
usage that will be needed to obtain adequate NOx conversion

efficiency.

Estimated changes and associated costs for conversion

to 3-way catalysts are shown in Table 10.

Table 10
System Changes to Convert
3-way Plus Oxidation Catalyst Cars
To 3-way Catalyst Systems

Estimated Sticker
Change Price Increase

replace 3-way plus
oxidation catalyst
with 3-way catalyst $0

increase rhodium use $8
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COMMENTS REGARDING AMERICAN METHYL CORPORATION'S
REQUEST FOR»WAIVER OF CLEAN AIR ACT SECTION 211(f)
FOR "METHYL-10" FUEL ADDITIVE

Submitted to: U.S. Environmental Protection Agency
Central Docket Section (LE-131)
Public Docket EN-83-03
Gallery 1, West Tower
401 M Street, S.W.
Washington, D.C. 20460

Submitted by: California Air Resources Board
P.O. Box 2815 ;
_.Sacramento, California 95812

Our analysis of the effects of Methyl-10, a methanol-based

fuel additive, indicates that its use would substantially

increase evaporative emissions regardless of whether the
volatility of blends of Methyl-10 and gasoline is controlled
to the same Reid Vapor Pressure (RVP) or Front End
Volatility Index (FEVI) of straight gasoline. Conclusions
reached by ARCO and DuPont that methanol addition will not
increase evaporative emissions at constant FEVI were based
on the use of statistical techniques that are incapable of
recognizing the effect of methanol addition.

We estimate that as many as 60% of 1981 and later model
vehicles would fail to meet evaporative emission standards
in customer service due to the use of fuels containing
Methyl-10. In addition, vehicles which already exceed the
standards would exhibit even higher emissions.

Another problem associated with the use of Methyl-10 will be
increased NOx emissions of 27%. We estimate that as many as
45% of 1981 and later model vehicles would fail to meet NOx
emission standards in customer service due to the use of
fuels containing Methyl-10.

Increases in all three regulated exhaust emissions will be
associated with the tampering that will be induced by the
degraded driveability that Methyl-10 causes. The applicant
has also failed to demonstrate that Methyl-l0 will not cause
additional emissions increases associated with materials
compatibility problems. '

The Clean Air Act authorizes waivers for fuel additives only
if the additive, "...will not cause or contribute to a
failure... ...to achieve compliance by the vehicle with the
emission standards...."™ However, the available data
indicate that Methyl-1l0 will substantially increase the
number of vehicles in customer service which fail the
standards for evaporative emissions and NOx, regardless of
what conditions might be placed on the use of Methyl-1l0.

The statute therefore requires denial of the waiver request.



Background

Section 211(f) of the Clean Air Act prohibits the
introduction of new fuels and fuel additives unless it is
demonstrated that "...such fuel or fuel additive... will not
cause or contribute to a failure of any emission control
device or system (over the useful life of any vehicle in
which such device or system is used) to achieve compliance
by the vehicle with the emission standards...."™ American
Methyl Corporation has requested a waiver of Section 211(f)
for a fuel additive known as "Methyl-1l0".

According to the applicant, Methyl-10 consists of methanol
and cosolvent alcohols combined with a proprietary corrosion
inhibitor called American Methyl 1A-7. Maximum alcohol
content is controlled by a 5% upper limit on oxygen content
of the blend. This limit allows about 10% methanol without
cosolvents and about 14% total alcohol for a 50/50 mixture
of methanol and butanol. Even higher alcohol content would
be permissible with a greater proportion of butanol. By
Federal Register notice of July 6, 1983, EPA announced a
comment period on the waiver request for Methyl-10 ending on
August 22, 1983.

Based on our review of the waiver request, it appears that
Methyl-10 covers a wide range of methanol, higher alcohol,
and corrosion inhibitor blends, many of which have never
been tested. Except for any possible differences in the
proprietary corrosion inhibitor used, Methyl-10 appears to
be very similar to the "Petrocoal" additive for which
American Methyl (formerly Anafuel Unlimited) has already
received a waiver which is currently the subject of
reconsideration.

American Methyl has requested a waiver based on the
submission of data which purportedly reflects the effect of
"worst case" blends containing 10% methanol. In addition,
American Methyl has suggested a number of "conditions" for
the requested waiver which purportedly will eliminate
driveability and materials compatibility problems associated
with water contamination and phase separation. These
conditions put the onus on the user of the additive for
eliminating water contamination problems through the use of
such techniques as emptying and drying all underground
service station tanks in which blends containing Methyl-10
additive will be stored.

American Methyl Has Underestimated the Evaporative
Emissions Increase Associated With Methyl-10

Evaporative Emissions data developed by American Methyl was
~limited to an analysis of the alcohol fraction of the vapor
formed by blends of methanol or methanol plus four carbon
alcohols with gasoline in test tubes. American Methyl
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asserts that such data are representative of the alcohol
fraction of total evaporatlve emissions from motor vehicles
using such blends and that the typical alcohol fraction for
a wide range of Methyl-10/gasoline blends is about 7.5%.
American Methyl also asserts that the alcohol fraction of
evaporative emissions should not be counted.

American Methyl's evaporative emissions analysis is based on
subtracting 7.5% of the evaporative emissions from:
methanol~gasoline blends tested in two cars by DuPont and
then comparing the remaining emissions to DuPont's test
results for the same two cars using straight gasoline of

waéﬂmﬁﬁwﬂﬂumw#MM%dﬁﬁu%mmJkHdMMMHMMMJHHHMNMﬂhwm&mﬁﬁhﬁﬁﬁ.Mﬁthyl

calculates that the evaporative emissions increase in

‘non&alcohol eq1551ons at equal FEVI- 18”21%3; American Methyl

. ‘ ; .emigsions woild p 2 gufficient to.
cause a 51gn1f1cant 1ncrease in the failure of vehicles to
meet evaporative emission standards based on the results of
certification tests conducted from 1975 to 1982.

It is questionable whether American Methyl's extrapolation
of the test tube analysis of vapor alcohol fraction to
vehicle evaporative emissions is reasonable. Charcoal
cannisters used to control evaporative emissions do not
adsorb all compounds with equal efficiency and the
temperature of the fuel during vehicle evaporation may
significantly affect the composition of the evaporating
vapors. However, there are three more basic problems with
American Methyl's analysis:

1. The subtraction of the alcohol fraction of
evaporative emissions is inappropriate.

2. The increase in evaporative emissions which
occurred on the two cars tested by DuPont is
significantly lower than typical of other
tests.

3. The extent to which an increase in
evaporative emissions will cause vehicles to
fail the standards is substantially
underestimated if the in-use performance of
motor vehicles is ignored.

These three deficiencies in American Methyl's analysis are
discussed in greater detail below.

Methanol and Butanol Evaporative Emissions Contribute to
Ozone Formation and Should Not Be Ignored

Evaporating alcohols clearly contribute to the total
evaporative emissions from vehicles using methanol or
methanol and butanol mixed with gasoline. However, these
emissions should not be ignored just because the evaporative
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emissions standard is referred to as a "hydrocarbon"
standard. As noted in the Federal Register, the evaporative
emissions standard, "...refers to a composite sample of the
fuel evaporative emissions..." determined using a specific
procedure. Alcohols are detected by the specified procedure
and it 1s appropriate that they are measured since alcohols
contribute to photochemical air pollution just like
gasoline.

Based on rates of reactions with the hydroxyl radical (OH),
the primary chain carrier in photochemical air pollution,
both methanol and ?utanol have been compared to other
organic compounds.~* Using a five class reactivity scale,
methanol and butanol fall into the middle class, Class III.
Compounds in this class are 100 to 1,000 times more reactive
than methane. Other compounds in the same reactivity class
such as hexane, pentane, butane, and toluene are evaporated
from straight gasoline. All compounds in this class have a
"half life" of 0.1 to 1.0 days. They contribute
significantly to ozone formation, especially when multi-day
episodes or long-range transport are involved.

Given the requirements of the test procedures and the
contribution of methanol and butanol to smog formation,
there is no justification for the exclusion of these
compounds from the evaporative emissions that result from
the use of additives such as Methyl-10.

Methanol-Gasoline Blends Cause Evaporative Emissions to
Increase Substantially Even When Volatility is Controlled

The fact that evaporative emissions from methanol-gasoline
blends cannot be controlled through the use of comparable
volatility specifications is clearly indicated in the data
from the Coordinating Research Council (CRC) testing of
methanol-gasoline blends. Our analysis of the CRC data is
based on the draft Phase II Report for a "Performance
Evaluation of Alcochols-Gasoline Blends in the Late Model
Automobiles" prepared by SCI. Four of the five blends
evaluated contained methanol or methanol plus butanol in
amounts that are consistent with the specifications for the
use of Methyl-10. One of the blends (MG-5) contained 40%
more oxygen than the 5% limit proposed for Methyl-1l0 blends.

The blends tested by CRC would be expected to reflect the
evaporative emissions performance of gasoline containing
Methyl-10. The absence of the corrosion inhibitor used in
Methyl-10 would not be expected to influence the evaporative
emission characteristics of the fuels tested by CRC.

*Superscripts denote references listed at end of text.
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The propertles of the CRC blends and the baseline gasollne
used in the evaporative emission testing are shown in Table
1. As can be seen from the table, the volatility of the
blends was controlled so that each of the blends had a lower
RVP than the straight gasoline used in the testing program.
Three of the four blends that are consistent with the
suggested specifications for the use of Methyl-10 (MG-1,
MG-2, and MG-3) also had lower FEVI than the straight
gasoline.  The other blend (MG-4) had only slightly higher
FEVI than the gasoline.

Blend MG-3, 8.8% methanol and 2.7% butanol, was volatility’
“‘pentane than in the base gasollne. The othér four blends

were volatility adjusted by using 100% less butane than in

the base gasoline. All of the alcohol-gasoline blends were

below the maximum RVP specified by ASTM for either winter or
summer gasolines in any area of the country.

Table 1

CRC Test Fuel Properties

Straight Blend Blend Blend Blend Blend
Gasoline MG-1 MG-2 MG-3 MG-4 MG-5

Methanol % 0.0 3.31 3.54 8.83 9.75 13.35
Isobutanol & 0.0 1.21 0.05 2.66 0.0 1.80
Total Alcohol % 0.0 4.52 3.59 11.49 9.75 15.15
RVP, psi 9.7 8.0 8.7 7.6 8.7 8.4

FEVI 12.8 10.9 11.5 11.6 13.2 13.8

% Oxygen Content 0.0 1.9 2.9 5.0 4.9 7.1

(calculated)

The results of the evaporative emission testing conducted
for CRC are shown in Table 2. Data are shown for all ten of
the 1980 model cars that were tested. The first letter of
the vehicle designation is either an "O" or a "C". The "O"
designation indicates an open-loop emission control system.
The "C" designation indicates closed-loop. The second digit
of the vehicle designation indicates the number of cylinders
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Table 2

CRC Evaporative Emission Test Results
(grams per test)

Car Straight Blend Blend Blend Blend Blend
Number Gasoline MG-1 MG-2 MG-3 MG-4 MG-5
04-1 1.47 1.83 2.58 3.18 2.75 2.82
04-2 1.70 1.88 2.22 2.12 2.15 2.34
C4-1 3.17 6.82 6.38 9.52 11.80 9.55
C4-2 2.34 4.26 4.77 5.17 4.62 8.15
Cc6-1 2.32 2.68 3.59 3.73 4.14 4.26
06-1 3.29 4.13 6.04 4.18 5.63 4.81
04-3 3.46 5.79 4.07 5.83 8.57 6.88
04-4 3.51 4.02 4.18 4.63 4,25 7.56
C4-3 4.07 6.38 6.84 13.15 18.75 19.64
C4-4 3.79 4.81 4.83 5.24 6.62 5.62
10 Car Average 2.91 4.26 4.55 5.67 6.93 7.16
Change from 0.0% +46.4% +56.4% +94.8% +138.1l% +146.0%

Base Gasoline

of the test car and the third digit indicates whether the
car is the first, second, third, or fourth test vehicle with
the same type of emission control system and number of
cylinders.

As shown in Table 2, every single car experienced an
increase in evaporative emissions on every one of the five
blends. Average increases for all ten cars ranged from
46.4% to 146%. The highest increase in emissions for a
blend consistent with the suggested specifications for the
use of Methyl-10 was 138.1% for the blend that contained
9.75% methanol with no cosolvent.

Many In-Use Vehicles Will Fail to Meet Evaporative Emission
Standards With the Use of Methyl-1l0

Analyses, such as that done by American Methyl, which only
consider the effect of blends on the test results of
certification cars present an unrealistic assessment of the
increased failure of vehicles to meet emission standards.
The emission standards do not just apply to the
certification- veh%eles,-they alse~applyAto properly .
maintained cars in customer service for the vehicle's useful
life. To avoid recalls of cars in customer service,
manufacturers must achieve a reasonable margin of safety
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with their certification cars because it is widely
recognized that the 50,000 durability test required of
certification cars does not subject the evaporative emission
control system to as much stress as will occur in customer
service.

Average mileage accumulation rates in customer service are
appxax;mately 30 miles per day and each. day the evaporative
emission control system must control several relatively long
hot soaks. However, during the certification testing
progr&m 1t is not uncommon for a test car to accumulate 600

wwmlle =F vehlcle travel. the evaporatlve em1551on control

system may go through 20 to 30 tlmes more storage and

_purging cycles in the real world.

Since the certification testing of evaporative emission
control systems does not fully simulate real world
deterioration, the in-use data provides a more accurate
representation of whether a fuel which increases evaporative
emissions will "cause or contribute" to a failure of the
standards over the useful life of a vehicle.

To determine the probable effect on the ability of cars to
meet the evaporative emission standards with the increase in
emissions associated with Methyl-10, an analysis was
conducted of the latest in-use surveillance test results
published by ARB. SHED test results were available for

20 1980 model California cars. These cars are required to
meet the 2 gram per test evaporative emission standard which
applies federally for 1981 and subsequent models.

Hot soak and diurnal emissions for each of the 20 cars from
the in-use surveillance testing were increased by 171% and
28% respectively. These increases, based on the CRC data,
are the same as we used in our earlier analysis of the
Petrocoal waiver reconsideration. They represent a net
evaporative emissions increase of about 120%, somewhat lower
than the worst case results for blends consistent with the
suggested specifications for Methyl-10 blends. It should
also be noted that the FEVI of the worst case Methyl-10-type
blend was almost the same as for the base gasoline. An
evaporative emission increase of 120% therefore represents
the effect of a high methanol content Methyl-10 blend with
FEVI controlled to that of straight gasoline.

The decision to base the analysis on the CRC data was due to
the fact that it is the largest data base available on the
effect of volatility adjusted methanol-gasoline blends.
Criticism of the CRC data based on the argument that the
lack of a corrosion inhibitor in the fuel may have
contributed to excess emissions from fuel system leaks does
not appear to be supported by the data. Some of the tests
on straight gasoline were made both before and after tests
on the blends and the evaporative emissions from the
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Table 3

Evaporative Emissions of Vehicles Certified Under
2 Gram Per Test SHED Standard

Estimated Emissions

Car ARB Surveillance Data With Methyl-10

No. Hot Soak Diurnal Total Hot Scak Diurnal Total
096 0.85 0.30 1.15 2.30 0.38 2.68*
148 2.92 4.23 7.15% 7.92 5.41 13.33%*
155 1.06 0.38 1.44 2.87 0.49 3.36*
163 0.83 0.34 1.17 2.25 0.43 2.68*
240 0.44 0.27 0.71 1.19 0.35 1.54
279 0.47 0.22 0.69 1.27 0.28 1.55
295 1.13 0.18 1.31 3.06 0.23 3.29%*
298 11.72 0.37 12.09%* 31.77 0.47 32.24*
299 0.85 0.29 1.14 2.30 0.37 2.67*
341 0.79 0.21 1.00 2.14 0.27 2.41*
343 0.61 0.19 0.80 1.65 0.24 1.89
344 0.92 1.79 2.71* 2.49 2.29 4.78%*
345 1.05 0.81 1.86 2.85 1.04 3.89*
347 0.73 0.49 1.22 1.98 0.63 2.61*
349 0.53 0.65 1.18 1.44 0.83 2.27*
350 0.60 0.21 0.81 1.63 0.27 1.90
351 3.89 0.49 4.38% 10.55 0.63 11.18*
352 0.96 0.30 1.26 2.60 0.38 2.98*
378 1.33 0.14 1.47 3.61 0.18 3.79*
379 1.33 0.13 1.46 3.61 0.17 3.78*
Average 1.65 0.60 2.25 4.47 0.77 5.24
Failure Rate 20% 80%
Grams/Mile** 0.24 0.61

* Fails 2.0 gram standard

** Grams/Mile = (hot soak grams)(3.58 trips/day) + diurnal grams
27.4 miles/day

straight gasoline were not significantly different after the
fuel system had been exposed to the corrosive effects of
methanol. This result is not surprising due to the
relatively short duration of the testing program. The
results of the analysis are shown in Table 3.
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As shown in the table, when tested on gasoline, the
surveillance testing indicates that 20% of the cars
certified to the 2 gram SHED standard fail to meet the
standard. The average emissions from the cars is just over
the standard at 2.25 grams per test. However, when we
adjusted the emissions to account for the use of Methyl-10,
the failure rate increases to 80% and the average emissions
increase to 5.24 grams per test.

Also shown in Table 3 is the projected effect of Methyl-10
on the grams/mile of HC emissions equivalent to the SHED
test emissions. On straight gasoline the evaporative
emissions of the 1980 model cars average 0.24 grams/mlle.

OR MEERYIZTU EHEY 478 "SStTHMAtad t6 B& 2 1727 Eifies Target at

0.61 grams per mile.

It aISO shoul& be noted that the effect of Methyl -10 may be
underestimated due to the fact that the evaporative emission
increases on which the analysis is based were derived from
relatively low mileage testing. %though only limited data
are available it has been reported~ that a severe
deterioration in the activated charcoal control systems for
vehicle diurnal evaporative emissions is associated with the
use of methanol/gasoline blends. This phenomenon may be the
result of the hygroscopic nature of methanol or the behavior
of the azeotropic methanol/gasoline mixtures.

Analyses Done by ARCO and DuPont Do Not Show That Fuels
With Equal Volatility Have Equal Evaporative Emissions

In recent comments filed in reference to the reconsideration
of the Pitgocoal waiver, ARCO and DuPont submitted

analyses which are relevant to the question of whether
some volatility constraints on the use of an additive like
Methyl-10 would be sufficient to prevent increases in
evaporative emissions. Our review of these analyses
indicate that statistical technigues used were incapable of
recognizing the effect of methanol addition.

ARCO Analysis - ARCO's analysis of available evaporative
emission data on a variety of straight gasolines and alcohol
gasoline blends repeatedly refers to the existence of "a
positive correlation between evaporative emissions and FEVI"
even when data from both straight gasoline and
alcohol-gasoline blends are analyzed together. ARCO's
analysis may lead the reader to the conclusion that it is
only FEVI which effects evaporative emissions and that

some type of control of FEVI will prevent evaporative
emission increases from methanol blending.
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ARCO's analytical technique involved the performance of
linear regressions to determine the relationship between
FEVI and evaporative emissions for a variety of different
fuels tested in the same car or cars. Because ARCO
repeatedly found "a positive correlation between evaporative
emissions and FEVI"™ the erroneous conclusion was drawn that
control of FEVI will prevent evaporative emission increases
from methanol blending.

The available data do indicate that higher FEVI causes
higher evaporative emissions. However, FEVI is only one

of the factors affecting evaporative emissions. The
available data also quite clearly indicate that the presence
of methanol causes higher evaporative emissions at equal
FEVI. By failing to use statistical techniques that would
have shown this effect, ARCO failed to determine whether
FEVI is the only significant factor affecting evaporative
emissions.

ARCO's analysis is analogous to attempting to define the
weight of an object by measuring only its size, and
ignoring what it is made of. Because size and weight are
correlated, such an analysis could lead one to erroneously
conclude that the weight of an object can be accurately
predicted by only knowing its size. This is illustrated by
the following example.

Consider two blocks of aluminum of 3 and 4 cubic inches in
size, and two blocks of steel of 10 and 12 cubic inches.
Since aluminum weighs 0.100 pounds per cubic inch, the
aluminum blocks would weigh 0.3 and 0.4 pounds. Since steel
weighs 0.284 pounds per cubic inch, the two steel blocks
would weigh 2.84 and 3.41 pounds. Linear regression of
these data would indicate that the weight of all four blocks
can be predicted quite closely by just knowing their size.
The correlation coefficient for the straight line fit to the
data is an amazingly high 0.99. Clearly a "positive
correlation between weight and size" has been demonstrated
as shown in Figure 1.

-Using the correlation established above to determine what
size limit would keep blocks from weighing more than 1
pound, we would set such a size limit at 5.23 cubic inches.
However, a 5.23 cubic inch steel .block would weigh 1.49
pounds. Even though our correlation between size and weight
was excellent it turns out that the results cannot be used
to accurately predict weight of blocks based on their size.

In the above example, one of the reasons the correlation
coefficient was so high is that the aluminum blocks in our
data set were at one end of the size spectrum and the steel
blocks were at the other end. With the sample of blocks .
segregated in this manner the apparent ability to accurately
predict weight knowing only the size of metal blocks is
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Figure 1
Relationship Between The Size -
and Weight of Metal Blocks
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maximized. This same phenomenon occurred during ARCO's
analysis of the relationship between evaporative emissions
and FEVI. The data representing fuels with low FEVI and low
evaporative emissions were usually straight gasoline. The
data representing fuels with high FEVI and high evaporative
emissions were usually alcohol-gasoline blends. Even though
the correlation coefficients reported by ARCO may look
reasonable, use of ARCO's approach would result in
substantial underestimates of evaporative emissions from low
FEVI methanol-gasoline blends just as the correlation we
established between the weight and size of metal blocks
resulted in underestimates of the weight of small steel
blocks.

In the test program conducted by CRC, methanol-gasoline
blends of both higher and lower FEVI than the baseline
gasoline were evaluated. As shown in Figure 2, the
evaporative emissions of the blends do appear to correlate
gquite well with FEVI. The correlation coefficient for the
least squares fit to the data for the blends only is 0.96,
indicating a high correlation between evaporative emissions
and FEVI. Based on other studies it is clear that there is
a relationship between evaporative emissions and FEVI for
straight gasoline, but it is a different relationship.

This is obvious from the data shown in Figure 2.
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Figure 2

Relationship Between Evaporative Emissions and FEVI
Based on the CRC Data

7.0
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Evaporative
Emissions
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For the FEVI of the baseline gasoline, the least squares
line fit to the blend data predicts 6.33 grams per test of

evaporative emissions. However, the actual evaporative
emissions for the straight gasoline were only 2.91 grams. A
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methamei gasoline blend of egual PEVI to the qasallne~&s
predlcted to yield 117.5% higher evaporative emissions.

It should also be noted that, under a contract with Coal
Fuels Corporation, the CRC data have also been analyzed by
EnergyGand Environmental Analysis, Inc. (EEA). EEA's
contains several conclusions with which we do not
agree. For example, EEA sald that test cars which exceeded
the evaporative emissions standard on the base gasollne
should not be considered. This does not appear reasonable
to us for two reasons. First, it is well established that -

all cars do not perform as well as the certification cars

upen” WﬁTﬁﬂ”ﬁ%ﬁﬁTTﬁﬁ@ﬁ”Wﬁ%ﬁwfﬁé”gfﬁmﬂgfawfg BYTGTHEATIY based.
Second, the base gasoline used in the CRC tests was not
Ind@&ame certificatien fuel and it may have- had slmghtly
higher ‘evaporative emissions poténtial.

The EEA report also states, "Most of the data cited by MVMA
show that, while methanol may increase emissions relative to
a base fuel, vehicles fueled with methanol blends still meet
the applicable evaporative emission standard. 1In those
cases where vehicles exceed the standard when fueled with
methanol, they frequently exceeded the standard fueled with
the base gasoline."™ EEA seems to be arguing that
significant evaporative emission increases should be
acceptable provided the percentage of cars which fail the
standard does not increase significantly. We do not believe
waivers should be granted for fuels which clearly increase
the amount by which cars fail the standard. Furthermore
EEA's analysis ignores the real world deterioration of
evaporative emission control systems. The fact that
methanol-gasoline blends significantly increase the
emissions of test cars which are under the standards means
that more cars will fail the standard in customer service.

The important point of the EEA report with respect to the
correlation between evaporative emissions and FEVI is that
EEA's analysis demonstrates that there is an emission
"offset" for methanol-gasoline blends compared to straight
gasolines of equivalent FEVI. EEA found that methanol-
gasoline blends cause higher evaporative emissions than
straight gasoline at the same FEVI. This "emission offset"
was also found in our own analysis of the data. ARCO did
not use an analytical approach that was capable of
identifying the offset.

DuPont Analysis - Dupont's analysis of the relatlonsh1p

between evaporative emissions and volatility is very similar
to ARCO's and it suffers from the same basic deficiency. 1In
addition to concluding that FEVI is a reasonable predictor
of the evaporative emissions of both blends and straight
gasoline, DuPont suggests that an alternative measure of
fuel volatility which it calls an "Evaporative Index" would
be even more appropriate.
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We have independently analyzed the CRC data using DuPont's
Evaporative Index and reached conclusions which are contrary
to DuPont's. Using the distillation characteristics of the
test fuels from the CRC report, we found a correlation coef-
ficient of 0.871 for a straight line fit to the blend data
for Evaporative Index and evaporative emissions. This was
somewhat poorer correlation than we found between evapora-
tive emissions and FEVI. We also found that the relation-
ship between evaporative emissions and Evaporative Index for
straight gasoline was substantially different than for metha-
nol-gasoline blends. At the same Evaporative Index it appea-
rs that blends have about twice the evaporative emissions.

The reason for the difference between our analysis and
DuPont's appears to be that DuPont used a different set of
test results for calculating the Evaporative Index of the
CRC test fuels. DuPont used the average of "round robin”
test results from a variety of laboratories that were
obtained sometime after the testing program had been
completed. We relied on the data in the SCI report which
was reported before the testing began. The test results
used by DuPont showed that the base gasoline had a much
lower Evaporative Index than the blends. We have no way of
knowing which set of tests are more accurate. The data used
by DuPont was obtained using more measurements; however, the
fuel was also subject to more handling. Given the paucity
of data which is available on the relationship between
evaporative emissions and Evaporative Index, it would seem
highly inappropriate to base a waiver for Methyl-10 on the
condition that the volatility of Methyl-10/gasoline blends
be limited to some as yet undefined level of Evaporative
Index. Further analysis of the effect of Evaporative Index
may demonstrate that its control is inadequate to prevent
significant evaporative emissions increases due to methanol
addition.

American Methyl's Analysis of Exhaust Emission Impacts is
Not Meaningful

Data generated by American Methyl in support of its waiver
request are not meaningful because of the non-representative
testing methods employed. No conclusions regarding whether
Methyl-1l0 will cause or contribute to the failure of
vehicles to achieve compliance with emission standards can
be made based on the data.

Exhaust emissions data developed by American Methyl are
based on the concentration of pollutants measured during
steady state operation of sixteen vehicles. American
Methyl's analysis of the data indicates a misunderstanding
of the manner in which vehicles contribute to air pollution
and the importance of evaluating vehicle exhaust emission

—rates on a mass basis.
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The steady state data reflect none of the cold start and
transient émissions’ performance characteristics of the
tested fuels. More importantly, the effect of Methyl-10 on
the mass emission rate of vehicles was not calculated. On
vehicles without feedback control of fuel metering, the
enleanment effects of methanol would have caused reduced
pollutant concentrations even with no change in mass
emission rates. Based on the vehicle descriptions provided,
it appears that ten of the vehieles tested did not have
feedback control. It is dlffxcult to tell much about the
vehicles that were tested since the vehicle descriptions
used throughout the application were 1nadequate: No descrip~

models that were certified . thh more than one control system
depending on the reg:on of original sale (Caleornza, high
altitude, and regular 49-states)., :

Methyl-10 Will Increase NOx Emissions

Based on its analysis of the effect of Petrocoal, a very
similar additive to Methyl-10, EPA concluded that the
exhaust emission effects of the additive would be insignifi-
cant for hydrocarbons, a reduction in carbon monoxide, and
an increase in NOx. EPA reported, "...hydrocarbons (HC) do
not increase, carbon monoxide (CO) emissions decrease, and
oxides of nitrogen (NOx) likely increases, although the
amount of the increase is modest."™ The waiver decision also
says, "While it does cause NOXx emissions to increase modest-
ly, it is not likely to cause a significant failure of
vehicles to meet NOx emission standards...."

The CRC data on the effect of methanol-gasoline blends is
generally consistent with EPA's findings regarding Petro-
coal; however, somewhat larger NOx emission increases were
apparent. Exhaust emission test results from the CRC study
are summarized in Table 4. For the blend which represents
the worst case Methyl-l0 usage, hydrocarbons were reduced by
16.1% or 0.05 grams per mile. This decrease was far less
than the 0.37 gram per mile increase in evaporative emis-
sions calculated above. CO emissions were reduced by 44%.
However, NOx emissions were about 27% higher.

In our earlier comments on the reconsideration of the Petro-
coal waiver,’ we calculated the effect of a very similar
(30%) increase in NOx emissions on the ability of cars to
meet the NOx standards based on an analysis of ARB in-use
surveillance data. The surveillance data used represented
the emission performance of a sample of the fleet after

all tampering has been corrected and obvious defects have
been repaired. The results for open loop cars, typified by
1979 models, are shown in Table 5. The results for closed-
loop cars, typified by 1980 model California cars, are shown
in Table 6.
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Table 4
CRC Exhaust Emission Test Results
(grams/mile)
8.8% Methanol

Base Gasoline + 2.7% Butanol

HC co NOx HC co NOx

04-1
04-2
C4-1
C4-2
cé6-1
06-1
04-3
04-4
C4-3

C4-4

0.17 2.03 1.64 0.14 1.01 2.19
0.26 3.40 1.21 0.29 2.69 1.89
0.35 6.96 0.76 0.25 2.86 1.18
0.38 4.28 0.57 0.28 2.65 0.60
0.33 6.96 0.65 0.29 4.19 0.96
0.33 5.55 1.67 0.36 4.43 1.67
0.17 3.32 0.84 0.15 1.64 1.26
0.21 2.04 1.43 0.12 0.50 1.48
0.50 8.26 0.53 0.45 3.97 0.75
0.35 2.91 0.70 0.26 1.67 0.72

Average

0.31 4.57 1.00 0.26 2.56 1.27

Percent Change
From Base Gasoline -16.1 -44.0 +27.0
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“ €% | f ' Table 5

for 1979 Model Passenger Cars

{V ARB In-Use Surveillance Data
l NOx Exhaust Emissions After Repair

(grams/mile)
Emissions on Gasoline Estimated Emissions With Methyl-10
NOx Miles NOx Miles NOx Miles NOx Miles
li 0.81 8637 1.18 22063 1.03 8637 1.51 22063
0.62° 17535 1.20 5406 0.79 17533 1.53 5406
!% 1.61*% 23739 1.56* 17806 2.05* 23739 1.99% 17806
0.79 18725 1.33 10827 1.01 18725 1.70* 10827
1.29 18010 1.47 21538 1.65* 18010 1.88* 21538
! 0.81 19818 1.08 23774 1.03 19808 1.38 23774
1.06 28032 1.71* 33169 1.35 28032 2.18* 33169
1.40 33430 1.32 27705 1.79*% 33430 1.68* 27705
1.34 35375 1.57* 10399 . 1.71% 35375 2.00* 10399
{ 1.64* 28561 1.51 20743 2.09* 28561 1.93* 20743
0.96 17463 1.03 24363 1.22 17463 1.31 24363
. 1.60* 19817 0.86 32794 2.04* 19817 1.10 32794
[Q 1.26 22030 1.52 23170 1.61* 22030 1.94* 23170
- 1.27 17140 1.45 36901 1.62* 17140 1.85* 36901
0.89 45965 1.33 25304 1.14 45965 1.70* 25304
0.81 34394 1.17 15635 1.03 34394 1.49 15635
[ 1.40 32480 0.58 29841 1.79* 32480 0.74 29841
1.72% 23562 1.52 24917 2.19* 23562 1.94* 24917
1.53 25536 1.39 8859 1.95* 25536 1.77* 8859
1.78* 19990 1.27 35153 2.27* 19990 1.62* 35153
1.44 28370 1.62* 16552 1.84* 28370 2.07* 16552
1.04 38517 0.94 28295 1.33 38517 1.20 28295
- 1.05 28296 1.44 33005 1.34 28296 1.84*% 33005
3 1.14 7733 1.16 27885 1.45 7733 1.48 27885
1.10 30910 1.11 18835 1.40 30910 1.42 18835
1.10 25354 0.73 42697 1.40 25354 0.93 42697
1.00 21267 2.09* 35974 1.28 21267 2.67* 35974
1.25 47339 4.96* 36164 1.60* 47339 6.33* 36164
2.10* 42289 0.70 9574 2.68* 42289 0.89 9574
0.60 29943 0.67 34696 0.77 29943 0.85 34696
1.18 21433 2.03* 29503 1.51 21433 2.59* 29503
0.99 40307 1.26 40307
Failure Rate = 20.6% Failure Rate = 52.4%
'( Average Emissions = 1.30 Average Emissions = 1.66
*Fails 1.5 gram/mile standard
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Table 6
ARB In-Use Surveillance Data for 1980 Model Passenger Cars
NOx Exhaust Emissions After Repair, (grams/mile)

Emissions on Gasoline Estimated Emissions With Methyl-10

NOx Miles NOx Miles NOx Miles NOx Miles
0.29 4977 0.23 5242 0.39 4977 0.31 = 5242
0.95 9534 1.66* 13522 1.28* 9534 2.23* 13522
0.40 14977 0.52 1216 0.54 14977 0.70 1216
0.86 14222 0.43 999 1.16* 14222 0.58 999
0.89 43016 0.92 12218 1.20* 43016 1.24* 12218
0.72 13358 1.14* 17137 0.97 13358 1.53* 17137
0.49 18761 0.31 16372 0.66 18761 0.42 16372
1.09* 10141 1.05* 18375 1.46* 10141 1.41* 18375
0.48 17790 0.32 12273 0.65 17790 0.43 12273
0.84 27279 1.12* 13179 1.13* 27279 1.51* 13179
0.85 29371 0.90 14065 1.14* 29371 1.21* 14065
1.25* 23104 0.90 5320 1.68* 23104 1.21+ 5320
1.95* 14380 0.89 5022 2.62* 14380 1.20* 5022
0.46 10941 0.87 15175 0.62 10941 1.17* 15175
0.89 12651 0.94 22705 1.20* 12651 1.26* 22705
1.33* 13508 0.49 15164 1.79* 13508 0.66 15164
0.69 4402 0.60 8540 0.93 4402 0.81 8540
0.53 12395 0.74 12187 0.71 12395 0.99 12187
0.66 25925 0.68 19608 0.89 25925 0.91 19608
1.32* 28972 0.65 18275 1.77% 28972 0.87 18275
1.12* 12170 1.06* 10873 1.51* 12170 1.42* 10873
0.89 9639 0.92 5506 1.20%* 9639 1.24%* 5506
1.11* 17396 0.90 18799 1.49* 17396 1.21* 18799
0.78 11229 0.93 17246 1.05* 11229 1.25* 17246
0.81 14981 0.80 9716 1.09* 14981 1.08* 9716
1.47* 9233 0.94 11880 1.98* 9233 1.26* 11880
1.12* 21082 1.98%* 6509 1.51* 21082 2.66* 6509
1.31* 5398 1.09*% 37275 1.76* 5398 1.46* 37275
0.63 22584 0.94 15569 0.85 22584 1.26* 15569
0.88 8708 0.94 4990 1.18%* 8708 1.26* 4990
0.97 3367 0.94 14161 1.30* 3367 1.26* 14161
0.90 6492 0.96 13509 1.21%* 6492 1.29* 13509
0.89 13645 0.92 16227 1.20* 13645 1.24* 16227
1.01 10262 1.54* 8983 1.36* 10262 2.07* 8983
0.92 12445 0.93 12540 1.24* 12445 1.25*% 12540
0.88 11704 0.80 7006 1.18* 11704 1.08* 7006
1.04 14186 0.70 12134 1.40* 14186 0.94 12134
0.91 8544 1.03 18694 1.22%* 8544 1.38* 18694
0.89 10564 1.18* 18328 1.20* 10564 1.59* 18328
1.00 15287 1.05* 24677 1.34* 15287 1.41* 24677
0.88 25411 1.10* 31297 1.18* 25411 1.48* 31297
0.81 14309 0.58 21959 1.09* 14309 0.78 21959
1.06* 24344 0.64 20355 1.42*% 24344 0.86 20355
0.70 21443 1.06* 11538 0.94 21443 1.42* 11538
-0.84 26289 0.60 13751 1.13* 26289 0.8 13751
Failure Rate = 25.6% Failure Rate = 72.2%

Average Emissions = 0.90 Average Emissions = 1.20
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As shown in Tables 5 and 6, the increased NOx emissions
associated with the use of Methyl-10-type fuels has a major
impact on the ability of both open-loop and closed-loop cars
to meet emission standards in customer service. The
increase in NOx increases the failure rate of open-loop cars
to 52.4% from 20.6%. Average emissions for open-loop cars
increase from 1.30 grams per mile (below the 1.5 standard)
to 1.66 grams per mile. Closed-loop cars are even more
significantly affected. The failure rate increases from
25.6% to 72.2% when the effects of Methyl-10-type fuels are
accounted for. Average emissions increase from 0.90 grams
per mile (below the 1.0 gram standard) to l 20 grams per

“mite; 20% over thestandard

Methyi»l@ ﬁilluDEQrade,Driveability and Induce Tampering

The effects of methanol-gasoline blends on driveability are
associated with the enleanment effect. The decrease in the
chemically correct (stoichiometric) air/fuel ratio
associated with methanol-gasoline blends is due primarily to
the fact that methanol contains oxygen and gasoline does
not. A blend of 10% methanol and 90% unleaded gasoline has
a stoichiometric air/fuel ratio of 13.9:1, 5.4% richer than
pure gasoline. Since a 10% methanol-gasoline blend is only
0.6% greater density than gasoline, the net effect is that
an engine will run 4.8% leaner on a 10% methanol-gasoline
blend. Closed-loop vehicles can compensate for this
enleanment effect during warmed up operation except for near
wide open throttle operation on some vehicles. However,
during the critical cold start and warmup operation, the
closed-loop system cannot compensate for the enleanment
caused by the methanol.

Most researchers report a noticeable increase in problems
with gta%lifg and surging when methanol-gasoline blends are
used. Reports of poor driveability during
cold-start operation may also be due to the fact that
methanol has a higher heat of vaporization than gasoline.
In spite of the fact that methanol-gasoline blends are more
volatile than gasoline, they do not vaporize as well in the
intake system because of the higher heat of vaporization
regquired.

The adverse effects on driveability associated with
Methyl-10-type blends was clearly demonstrated in the CRC
testing. The results of the driveability tests are
summarized in Table 7. As shown in the table, the use of a
blend allowed under the proposed Methyl-10 waiver increased
driveability demerits by 144%. Such a significant increase
in driveability problems is likely to induce some motorists
to have their vehicles modified or adjusted to restore
acceptable driveability. The effects of such adjustments on
exhaust emissions can be substantial.
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Table 7
CRC Driveability Test Results
------------ Driveability Demerits ---=—==--—---—-

8.8% Methanol

Car Base Gasoline + 2.7% Butanol
04-1 75.0 204.0
04-2 49.0 89.5
C4-1 ' 86.0 180.0
C4-2 75.5 108.5
cé6-1 44.5 111.5
06-1 21.0 61.0
04-3 39.5 92.5
04-4 51.5 193.5
C4-3 17.5 97.0
C4-4 45.5 94.5
Average 50.5 123.2

Increase in
Driveability Demerits +144.0%
With Methanol Addition

Limited test results have been identified which determined
the effect on exhaust emissions of readjusting vehicles to
offset the degradation iildriveability caused by a switch to
alcohol-gasoline blends. Three different 1978 model
passenger cars equipped with 1.6, 3.3, and 5.0 litre engines
were adjusted to optimize driveability after their drive-
ability had been adversely affected by a switch to a 15%
methanol-gasoline blend.

Adjustments made to the vehicles included:
1. spark timing advanced 4°

2. Idle speed increased 50 RPM




-

-21-

3. Idle mixture enriched for best idle quality

4. Part throttle mixture adjusted on two of
the three cars to optimize driveability

After these modifications had been completed, two of the
cars had driveability ratings that were almost identical to
what they had on straight gasoline. The third car had
improved driveability compared to the use of the alcohol-
gasoline blend without adjuStments; however the vehicle was
still experiencing a 50% increase in driveability problems
compared to gasoline. The driveability tests that were run
indicate that the ad ustments made to compensate for the use

o "the alcdhol-gassline "blend weére not greater than Fequired

to. restore the orlglnal level of drive performance.

‘Table 8 shows the effect of the adjustments made to restore

driveability on the exhaust emission changes caused by the
methanol-gasoline blend. As would be expected the switch to
the methanol-gasoline blend initially reduced CO emissions.
The 39.3% reduction shown in the table is reasonably
consistent with data for Methyl-10-type fuels. HC was
reduced initially by 11.1%. When the vehicles were adjusted
to restore their driveability the CO emissions were 138.3%
higher than when they were running on gasoline in their
baseline condition. HC was increased 59.3% from the
baseline.

The reason that the CO emission levels in the adjusted
configuration were higher than the gasoline baseline is
probably associated with the inability to restore adequate
acceleration enrichment with the adjustments that were made.
Because it was not practical to increase the accelerator
pump shot, the basic air/fuel ratio of the carburetors had
to be adjusted rich enough to compensate for the
driveability problems caused by this lack of adequate
acceleration enrichment.

After the vehicles were modified to restore their
driveability, they were switched back to gasoline to
determine what the effects would be on emissions and
driveability. Driveability was determined to be superior to
the baseline condition because of the mixture enrichment.
NOx emissions were 1.3% less than in the baseline
configuration, however, the increases in hydrocarbon and CO
emissions were enormous. HC had increased to 189% above the
baseline and CO had increased by 360%.

These data indicate that additives like Methyl-10 have the
potential to produce emissions in customer service far
beyond the levels that are normally associated with such
additives during laboratory evaluations.
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Table 8

Effect of Methanol-Gasoline Blend Use
and Subsequent Adjustments to Restore Driveability
on Exhaust Emissions

HC (8{0) NOx
3 '78 model cars,
no adjustments* -11.1% -39.3% -4.6%
3 '78 model cars,
adjusted to restore +59.3% +138.3% +19.1%

driveability*

3 '78 model cars,

switched back to +189% +360% -1.3%
gasoline after

adjustments to restore

driveability on methanol blends

* Emission changes as compared with straight gasoline

Source: Reference 11

Materials Compatibility With Methyl-10 Has Not Been
Demonstrated

The materials compatibility data supplied by American Methyl
do not substantiate a lack of materials compatibility
problems. Because of the lack of high mileage and long
calendar time data on a variety of motor vehicles, it
appears that the conclusion reached by EPA during the
evaluation of the similar Petrocoal additives prepared by
American Methyl (then Anafuel) is still appropriate,
-",...there appears to be no available data, either in the
published literature or supplied by Anafuel, which would
conclusively demonstrate that Petrocoal would be safe (from
an emissions control standpoint)-to operate in currently
available motor vehicles over long time periods."™ The EPA
report goes on to say, "The elastomers tested by Anafuel
were noted in the existing literature as being the most
resistant to attack by methanol...."

The data submitted by American Methyl indicate significant
corrosion of lead and zinc. Lead is one of the principal
components in the "terneplate"™ fuel tank coatings which are
commonly used. American Methyl concludes that the observed
corrosion rates for these compounds are not sufficient to
result in penetration of the fuel tank over the life of the
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typical vehicle. This rational ignores the effect that
ternepiate corrosion can have on other fuel system
components., Excessive wear of Viton fuel inlet needles has
been associated with exposyre of the needles to lead
hydroxychloride particles. These particles can be
formed from the corrosive effects of methanol on fuel tank
linings. Deterioration of fuel inlet needles can lead to
carburetor flooding and greatly increased emissions.

The exlstence of materxals compatlblllty problems w1th other
methanol-gasoline blends produced by or under license from
Amerlcan Methyl have apparently already occurred in customer
Callfornla, reports that numerous complaxnts about
drxveabllxty problems were received when they began
marketing Petrocodl at the 12% total alcohol level last
year. Newhall reports that accelerator pump failures appear
to be at least partially responsible for driveability
problems. Some of the driveability problems experienced by
Newhall's own employees were solved by the replacement of
accelerator pumps. Fuel additives which cause accelerator
pump failures or plugged fuel filters can increase emissions
in two ways. First, the failure can lead to lean misfire

which significantly increases hydrocarbon emissions.

Second, the failure can lead to tampering (such as idle
mixture enrichment) in an attempt to solve the driveability
problem induced by the component failure.

Given the lack of evidence that Methyl-10 will be free from

materials compatibility problems, we believe it would be
inappropriate for EPA to grant the waiver request.
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RECONSIDERATION OF PETROCOAL 211(f) WAIVER
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Central Docket Section (LE-131)
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Gallery 1, West Tower
401 M Street, S.W.

Submitted by: California Air Resources Board

P.O. Box 2815
Sacramento, California 95812

Summary

An analysis conducted by the California Air Resources
Board (ARB) indicates that there are significant evaporative
emission increases and other problems associated with the
use of methanol/butanocl-gasoline blends even when ASTM
volatility specifications are met. The ARB concurs with the
Motor Vehicle Manufacturers Association (MVMA) position
regarding the adverse air quality effects associated with
the use of "Petrocoal". We agree with MVMA that EPA should
reconsider and revoke the waiver of Clean Air Act section
211(£)(1) for Petrocoal.

New data are available which indicate that some of the
assumptions and conclusions made during the previous EPA
consideration of Petrococal are not valid. These data
include the Coordinating Research Council testing of
methanol-gasoline blends, in-use surveillance testing of
cars designed to meet the SHED test-based evaporative
emissions standard, and the consumer experience with the use
of Petrocoal. Our analysis of these and other data
indicates that there are four major emissions related
problems associated with Petrocoal:

1. Petrocoal will more than double evaporative
emissions even if ASTM volatility specifica-
tions are met. The percentage of cars failing
to meet the 2 gram evaporative emission
standard in customer service will increase
substantially. 80% of the vehicles using
Petrocoal are estimated to fail the evapora-
tive standard. Only 20% are failing the
standard using conventional gasoline.
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2. Petrocoal will increase NOx emissions by
approximately 30%. The percentage of properly
maintained cars failing to meet the NOx
emission standards in customer service will
increase substantially with Petrocoal use. An
estimated 52% of 1980 and earlier models will
fail the NOx standards using Petrocoal
compared to a 20.6% failure rate on
conventional gasoline. 72.2% of 1981 and
later models are estimated to fail the NOx
standards with Petrocoal compared to 25.6%
with gasoline.

3. Petrocoal will increase driveability problems
by about 144%, creating a substantial
.incentive for "tampering®™ to restore
driveability. Tampering sufficient to offset
the effect of Petrocoal can increase HC
emissions by about 60%, CO emissions by about
140%, and NOx emissions by about 20%.
Tampered cars switched back to gasoline will
exhibit even higher emissions.

4. Materials compatibility problems also occur
with Petrocoal. The materials compatibility
testing conducted by Anafuel was grossly
inadequate and therefore did not indicate
problems. However, failures of elastomeric
components have already occurred due to
Petrocoal use in Southern California.

Based on the latest available data, fuels like
Petrocoal which contain significant amounts of methanol and
four carbon alcohols will clearly cause and contribute to
the failure of emission control systems to achieve
compliance with the emission standards. Emission increases
occur even if the maximum alcohol content of the fuel is
restricted to less than 5%. Such fuels certainly do not
meetfthe Clean Air Act requirements for waiver of section
211(£)(1). : -

Background

Section 211(f) of the Clean Air Act prohibits the
introduction of new fuels and fuel additives unless it is
demonstrated that "...such fuel or fuel additive... will not
cause or contribute to a failure of any emission control
device or system (over the useful life of any vehicle in
which such device or system is used) to achieve compliance
by the vehicle with the emission standards...." EPA's

determination that a fuel known as "Petrocoal®" meets the
requirements for a waiver of the section 211(f) prohibition
was based on data from testing conducted by System Controls
Inc. for Anafuel Unlimited (the fuel producer), General
Motors, and EPA.
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According to Anafuel Unlimited, "Petrocoal is
essentlally a met ggd §X hetic fuel extender."” (See
Anafuel ‘waiver app n.) ° fuel tested to obtain data
for submission to EPA was described by Anafuel as, "...a
fuel blend called "Petrocoal® which consists of 15%
proprietary additive and 85% of the base fuel." Anafuel
said, "The base fuel is a commercially available unleaded
gasoline.” In its application for waiver, Anafuel said, "We
hereby request a waiver for introduction into unleaded
gaseline of our proprietary fuel known as Petrocoal which
consists, when blended with unleaded gasoline, of up to 12%
methanol by volume and up to 6% of certain C-4 alcohols by
volume in the presence of a proprietary inhibitor of not

~.less.than. .023..g/gallon and .ot -more. -than 033 -g/galloBe..e”

‘From the above defxnitions it is not entirely clear
her "Petrocoal® is ‘o define an additive or a

'domplete fuel. EPA flnally dec;ded to treat Petrocoal as a

complete fuel.

Although Petrocoal requested approval for up to 18%
total alcohol, EPA conditioned the waiver on the use of a
maximum of 15% total alcohol and a maximum methanol to four
carbon alcohol ratio of 6.5:1. The rational for the
restriction to 15% was apparently that 15% represented the
maximum alcohol content of any Petrocoal fuels tested.
However, our review of the Docket indicates no evidence that
any of the fuels tested actually contained 15% total
alcohol. An analysis of fuel supplied to GM for testing
indicates a total alcohol concentration of about 10% when
Petrocoal additive is blended with pure hydrocarbons in a
15/85 ratio. A Department of Energy Analysis of the
Petrocoal tested by EPA indicated 12.1% total alcohol.

The confusion associated with the definitions of
Petrocoal initially supplied to EPA are undoubtedly
responsible for the inconsistencies in the way the effect of
Petrocoal on emissions was determined. Some of the tests
that were run to determine emission impacts of Petrocoal
were based on a comparison of a commercially available
unleaded gasoline and the same gasoline with an additive
supplied by Petrocoal while other tests were based on a
comparison of commercial unleaded gasoline and blends of
Petrocoal additive in unleaded blendstocks (not finished
gasoline).

A summary of the tests used by EPA to compare
commercially available unleaded gasoline to the fuels tested
which contained Petrocoal additive are summarized in Table
1. As can be seen from the table, evaporative emissions
with Petrocoal were consistently higher and CO emissions
were consistently lower. HC and NOx emission results were
mixed.
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Table 1

Average Effect of Petrocoal on Emissions
Available at Time of Original Waiver Decision

Change in Emissions w/ Petrocoal

Data Source HC co NOx Evap.

Anafuel/SCI -14.6% -38.2% +11.2% +158.6%
GM-1 -5.6% -32.1% -9.1% +42.1%
GM-2 +20.9% -5.0% ~10.2% +31.0%
EPA-1 +2.2% -20.0% +18.3% +239.6%
EPA-2 +0.9% -26.1% +8.3% +83.7%

Note: GM-1 = comparison of Indolene with Indolene
+ Petrocoal additive

GM-2

comparison of Indolene with blendstock
+ Petrocoal additive

EPA-1 = comparison of Indolene with fuel supplied
by Anafuel

EPA-2 = comparison of Shell unleaded with fuel
supplied by Anafuel

EPA's analysis of the available exhaust emission data
resulted in a finding that, "...hydrocarbons (HC) do not
increase, carbon monoxide (CO) emissions decrease, and
oxides of nitrogen (NOx) likely increases, although the
amount of the increase is modest.®™ The waiver decision also
says, "While it does cause NOx emissions to increase
modestly, it is not likely to cause a significant failure of
vehicles to meet NOx emission standards...."

Regarding evaporative emissions, the waiver decision
states, "...controlling the volatility of Petrocoal within
ASTM specifications should adequately control evaporative
emissions and they should be no worse than those of
commercially available fuels."
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Regarding issues which are indirectly related to
emissions, EPA concluded driveability amd materials :
campatlbllxty would not be a problem with Petrocoal. The
waiver decision says, "The information developed by Anafuel,
EPA and other commenters on driveability, in conjunction
with market demands placed on a fuel manufacturer for an
acceptable fuel, lead me to conclude that driveability is
not a significant problem with Petrocoal.” The only
quantitative data in the record was based on dr1veab111ty
test:ng done by GM. 'GM found an average 200-400% increase
in cold-start driveability demerits on two cars that were
tested. '

i@wuae-a&uevnuwa& rHthE’rﬁvﬁf&”fﬂﬁt """ “EWe 6L the five
vehlcles tested by EPA had experienced driveability problems
that were apparently corrected through maintenmance. One of
the repairs used to correct a d@riveability problem at EPA
was the replacement of an accelerator pump cup that had
swollen and began sticking. Notwithstanding this
occurrence, the waiver decision also concludes that the
Petrocoal, "does not present a materials compatibility
problem affecting emissions...."

Because of concerns about the consistency of the fuels
used in the testing on which the waiver grant was based, and
because of concerns regarding the interpretation of the
available data by EPA, the Motor Vehicle Manufacturers
Association has petitioned EPA for reconsideration of the
Petrocoal waiver decision. MVMA has also submitted the
results of tests conducted by CRC on a variety of blends
containing methanol which are more representative of the
fuel allowed under the Petrocoal waiver than the fuels
originally tested by EPA, GM, and Anafuel.

Because of concerns about the effect of Petrocoal-like
fuels on air quality, the California Air Resources Board has
independently analyzed the CRC data, the record on which the
waiver grant was based, and other data.

Evaporative Emissions

A major shortcoming of the data base used for the
Petrocoal waiver decision was the lack of comparisons
between Petrococal and conventional gasoline blended to the
same volatility level. Although the original data indicated
consistently higher evaporative emissions with Petrocoal,
Anafuel asserted that the high emissions were due to the
fact that the Petrocoal fuel had not been blended to the
same volatility of the gasolines which were used for
baseline evaporative emission testing.
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The waiver decision stated that controlling Petrocoal
to the ASTM volatility specifications would prevent
evaporative emission increases. The waiver decision says
this conclusion is based on EPA's belief that Front End
Volatility Index (FEVI) and evaporative emissions are well
correlated. There are two problems with the conclusion that
constraining Petrocoal to meet ASTM specifications will
prevent evaporative emission increases:

1. Petrocoal blends meeting ASTM specifications
will have higher FEVI than gasoline meeting
the same specifications.

2. Petrocoal will have higher evaporative
emissions than gasoline of equivalent FEVI.

Regarding the first point, ASTM specifications control
Reid Vapor Pressure (RVP), not FEVI, and the relationship
between RVP and FEVI is not the same for methanol-gasoline
blends as it is for gasoline. A methanol-gasoline blend
controlled to the same RVP of gasoline will have a
significantly higher FEVI. This occurs because of the
"knee" in the distillation curve which is caused by the
addition of methanol. This "knee" increases the percent of
the blend which evaporates at 158°F even when butane and/or
pentane is removed to the point where the RVP is equal to
the base gasoline. Since FEVI = RVP + .13(% evaporated @
158°F), FEVI will be higher with a methanol-gasoline blend
than with straight gasoline even at constant RVP.

Regarding the second point, the relationship between
evaporative emissions and FEVI with straight gasoline does
not hold for blends like Petrocoal. The effect of methanol
addition on the 100-200°F range of the distillation curve
is so severe that hot soak emissions are much greater than
for a gasoline of equal FEVI. FEVI is not an adequate
measure of the evaporative emissions difference between
fuels that are as different as conventional gasoline and
Petrocoal. In addition, methanol has been shown to
substantially degrade the effectiveness of the activated
charcoal canisters. This effect does not show up under
short term testing programs such as were used in the
evaluation of Petrocoal.

CRC Evaporative Emissions Data - The fact that
evaporative emissions from methanol-gasoline blends cannot
be controlled through the use of comparable volatility
specifications is clearly indicated in the data from the CRC
testing of methanol-gasoline blends. Our analysis of the
CRC data is based on the draft Phase II Report for a
"Performance Evaluation of Alcohols-Gasoline Blends in the
Late Model Automobiles" prepared by SCI. Of the five blends
—evaluated, two were especially representative of the S
methanol and four carbon alcohol combinations that are
allowed under the Petrocoal waiver. The absence of the
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"proprietary inhibitor®" used in Petrocoal would not be
expected to influence the evaporative emission: :

‘"characteristics.

The propertxes of these two blends and the baseline
gasol1ne used in the evaporative emission testing are shown
in Table 2. As can be seen from the table, the volatility
of the blends was controlled so that FEVI was comparable for
each. of the fuels. . In order to achieve comparable FEVI's,
the RVP of the blends was lower than straight gasoline.
Blend MG-5, 13.4% methanol and 1.8% butanol, was volatility
adjusted by butane removal from the base gasoline. Blend

MG-3, 8,.8% methanol ggd ;%l$m~ utanol, was volat111ty

adjusted through the removal of 50% of the butane and 25% of

the pentane in the base gasoline. The methanol to butanol

ratio for the MG-3 blend isg well within the 6.5
specification in the waiver. The methanol/butanol ratio of

the MG-5 blend exceeds 6.5 by only 14%. Both of the blends
are far below the maximum RVP specified by ASTM for either
winter or summer gasolines in any area of the country.

Table 2

CRC Test Fuel Properties

Straight Blend Blend

Gasoline MG-3 MG-5
Methanol, vol & 0.0 8.83 13.35
Isobutanol, vol $ 0.0 2.66 1.80
Total Alcohol, vol & 0.0 11.49 15.15
Methanol/Butanol Ratio - 3.32 7.42
RVP, psi 9.7 7.6 8.4
FEVI 12.8 11.6 13.8

It should be noted that the specifications for the
tested blends shown in Table 2 may be somewhat different
from the specifications that have been reported to EPA by
MVMA. We understand that MVMA has obtained the results of
supplemental tests of the fuels that were not available to
ARB. However, the supplemental testing produced results
that were very comparable to the results from the supplier
of the fuels on which our analysis is based.
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The results of the evaporative emission testing
conducted for CRC are shown in Table 3. Data are shown for
all ten of the 1980 model cars that were tested. The first
letter of the vehicle designation is either an "O" or a "C".
The "O" designation indicates an open-loop emission control
system. The "C" designation indicates closed-loop. The
second digit of the vehicle designation indicates the number
of cylinders of the test car and the third digit indicates
whether the cars is the first, second, third, or fourth test
vehicle with the same type of emission control system and
number of cylinders,

Table 3

CRC Evaporative Emission Test Results
(grams per test)

8.8% Methanol 13.4% Methanol

Base Gasoline + 2.7% Butanol + 1.8% Butanol
Car Diur. HS Total Diur. HS Total Diur. HS Total
04-1 0.555 0.912 1.467 1.198 1.979 3.177 0.813 2.008 2.820
04-2  0.794 0.901 1.695 0.834 1.288 2.122 0.700 1.640 2.340
cé-1 1.216 1.952 3.168 2.582 6.936 9.518 1.067 8.487 9.554
Cc4-2 0.709 1.632 2.341 1.049 4.117 5.166 1.313 6.832 8.145
c6-1 0.610 1.708 2.317 0.831 2.900 3.731 1.024 3.232 4.256
66-1 1.276 2.011 3.287 1.315 2.861 4.176 1.542 3.270 4.812
04-3 1.049 2.408 3.457 1.268 4.560 5.827 1.322 5.559 6.881
04-4 0.938 2.568 3.506 1.079 3.554 4.632 1.241 6.316 7.557
C4-3  1.946 2.126 4.071 1.716 11.433 13.148 2.243 17.396 19.639
C4-4 1.163 2.623 3.785 1.434 3.811 5.245 1.660 3.960 5.619
Average 1.026 1.884 2.909 1.331 4.344 5.674 1.293 5.870 7.162

Percent Change

From Base Gasoline +29.7 +130.6 +95.1 +26.0 +211.6 +146.Z
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.. As shown in the table, every car experienced a
s1gn1f1cant increase in evaparat1ve emissions on both of the
Petrocoal-like blends. On the average, the diurnal
emissions increased by 27.9% and the hot socak. emissions
increased by 171.1%. Total emissions increased by 120.7%.

It should also be noted that the CRC data indicate
significant evaporative emissions increases for
Petrocoal-like fuels with as little as 4.5% total alcohol
content. A blend (MG-l) containing 3.3% methanol and 1.2%
butanol caused an average 46.4% increase in evaporative
emissions of the same ten test vehicles even though the Reid

~Hapor--Pregsare--of -the--blend-was adjusted £o0--8.0 ps8i, 17.5%.
lower than the 9.7 RVP baseline gasoline.

ARB Survéiilance Data - To determinerthe probable
effect on the ability of cars to meet the evaporative

emission standards with the increase in emissions associated

with Petrocoal-like blends, an analysis was conducted of the
lateft in-use surveillance test results published by

ARB."* GSHED test results were available for 20 1980 model
California cars. These cars are required to meet the 2 gram
per test evaporative emission standard which applies
federally for 1981 and subsequent models. Since the
certification testing of evaporative emission control
systems does not fully simulate real world deterioration,
the in-use data provides a more accurate representation of
whether a fuel which increases evaporative emissions will
"cause or contribute” to a failure of the standards over the
useful life of a vehicle.

Hot soak and diurnal emissions for each of the 20 cars
from the in-use surveillance testing were increased by the
average increase in evaporative emissions calculated from
the CRC data on the Petrocoal-like fuels. The results of
the analysis are shown in Table 4. When tested on gasoline,
the surveillance testing indicates that 20% of the cars
certified to the 2 gram SHED standard fail to meet the
standard. The average emissions from the cars is just over
the standard at 2.25 grams per test. However, when we
ad justed the emissions to account for the use of Petrocoal
the failure rate increases to 80% and the average emissions
increase to 5.24 grams per test.

Also shown in Table 4 is the projected effect of
Petrocoal on the grams/mile of HC emissions equivalent to
the SHED test emissions. On straight gasoline the
evaporative emissions of the 1980 model cars average 0.24
grams/mile. On Petrocoal they are estimated to be 2 1/2
times larger at 0.61 grams per mile.

* Superscripts denote references listed at end of text.
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Table 4

Evaporative Emissions of Vehicles Certified Under
2 Gram Per Test SHED Standard

Estimated Emissions

Car ARB Surveillance Data With Petrocoal

No. Hot Socak Diurnal Total Hot Soak Diurnal Total
096 0.85 0.30 1.15 2.30 0.38 2.68%
148 2.92 4.23 7.15% 7.92 5.41 13.33*
155 1.06 0.38 1.44 2.87 0.49 3.36*
163 0.83 0.34 1.17 2.25 0.43 2.68*
240 0.44 0.27 0.71 1.19 0.35 1.54
279 0.47 0.22 0.69 1.27 0.28 1.55
295 1.13 0.18 1.31 3.06 0.23 3.29*
298 11.72 0.37 12.09* 31.77 0.47 32.24*
299 0.85 0.29 1.14 2.30 0.37 2.67*
341 0.79 0.21 1.00 2.14 0.27 2.41*
343 0.61 0.19 0.80 1.65 0.24 1.89
344 0.92 1.79 2.71* 2.49 2.29 4,78%*
345 1.05 0.81 1.86 2.85 1.04 3.89*
347 0.73 0.49 1.22 1.98 0.63 2.61*
349 0.53 0.65 1.18 1.44 0.83 2.27%*
350 0.60 0.21 0.81 1.63 0.27 1.90
351 3.89 0.49 4.38% 10.55 0.63 11.18%*
352 0.96 0.30 1.26 2.60 0.38 2.98%*
378 1.33 0.14 1.47 3.61 0.18 3.79*
379 1.33 0.13 1.46 3.61 0.17 3.78*
Average 1.65 0.60 2,25 4.47 0.77 5.24
Failure Rate 20% 80%
Grams/Mile** 0.24 0.61

* Fails 2.0 gram standard

** Grams/Mile = (hot soak grams)(3.58 trips/day) + diurnal grams
27.4 miles/day

Long Term Evaporative Emissions Effect - Stamper2
reports that a severe deterioration in the activated
charcoal control systems for vehicle diurnal evaporative
emissions is associated with the use of methanol/gasoline
blends. Stamper explains this phenomenon as the result of
the hygroscopic nature of methanol or the behavior of the
azeotropic methanol/gasoline mixtures.
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Once methanol is adsorbed onto. act;vgtad carban, water .
vapor entering the canister with the purge air is probably
attracted to and adsorbed onto the methanol site. Over time
more of the available adsorption sites become occupied with
methanol and water molecules which are unlikely to be
stripped off at temperatures and pressures that are typical
of automotive evaporative .emission canisters. In addition,
Stamper says the presence of methanol in the gasoline tends
to put higher molecular weight HC into the vapor space than
would be present with gasoline alone. When the higher
molecular weight HC is adsorbed onto the activated carbon,
the azeotrope is broken, and thus, these compounds are not

.. A8..1ikely to.be remcued -under-typical-purge -conditions:

These HC compounds tend to occupy an increasing number of
adsorpt1on(s;ﬂﬂ§'as the number of purge/load cycles
increase, reducing the adsorption capacity of the canister.

Data reported by Stamper indicates that a three fold
increase in diurnal emissions is likely to occur due to
extended operation on fuels which contain significant
amounts of methanol. If this effect occurs with Petrocoal
then the emission increases shown by the CRC data will
significantly understate the increased evaporative emissions
associated with the use of this fuel.

Exhaust Emissions

Exhaust emission test results from the CRC study are
summarized in Table 5. Hydrocarbons were reduced by 16.1%
or 0.05 grams per mile on both of the Petrocoal-like blends.
This decrease was far less than the 0.37 gram per mile
increase in evaporative emissions calculated above. CO
emissions were reduced by about 44% on both blends.

However, NOx emissions were about 30% higher. If the NOx
emission changes for the open-loop and closed-loop cars are
calculated separately then it can be seen that the open-loop
cars had a 27.6% increase in NOx and the closed-loop cars
had an 34.4% increase.

To determine the effect of the NOx emissions increase
on the ability of cars to meet the NOx standards the
percentage increases from the CRC cars were applied to ARB
in-use surveillance data. The increase shown for the
open-loop cars was applied to surveillance data for 1979
model cars, the vast majority of which used open-loop
control systems. The increase shown for the closed-loop
cars was applied to the 1980 California cars, which are
typified by closed-loop systems. The surveillance data used
represents the emission performance of a sample of the fleet

after all tampering has been corrected and obvious defects

have been repaired. The results are shown in Tables 6 and
7.


https://cy:cl.es

-12-

Table 5
CRC Exhaust Emission Test Results
(grams/mile)
8.8% Methanol " 13.4% Methanol
Base Gasoline + 2.7% Butanol + 1.8% Butanol
Car HC CO NOx HC CoO NOx HC Co NOx

04-1 0.17 2.03 1.64 0.14 1.01 2.19 0.17 1.80 1.98
04-2 0.26 3.40 1.21 0.29 2.69 1.89 0.24 2.56 2.10
C4-1 0.35 6.96 0.76 0.25 2.86 1.18 0.35 3.36 0.90
C4-2 0.38 4.28 0.57 0.28 2.65 0.60 0.30 3.08 0.80
Cé6-1 0.33 6.96 0.65 0.29 4.19 0.96 0.27 4.47 0.93
06-1 0.33 5.55 1.67 0.36 4.43 1.67 0.33 4.39 1.35
04-3 0.17 3.32 0.84 0.15 1.64 1.26 0.24 1.84 1.56
04-4 0.21 2.04 1.43 0.12 0.50 1.48 0.12 0.51 1.88
C4-3 0.50 8.26 0.53 0.45 3.97 0.75 0.38 2.30 0.73
C4-4 0.35 2.91 0.70 0.26 1.67 0.72 0.19 1.50 1.04

Average 0.31 4.57 1.00 0.26 2.56 1.27 0.26 2.58 1.33

Percent Change
From Base Gasoline -16.1 -44.0 +27.0 -16.1 -43.5 +33.0
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Table 6
ARB In-Use Surveillance Data

for 1979 Model Passenger Cars
NOx Exhaust Emissions After Repair

-ﬂq o s B B R anee B e

(grams/mile)
Emissions on Gasoline Estimated Emissions With Petrocoal
NOx Miles NOx Miles NOx Miles = NOx  Miles
. 0.81 8637 ~Llel8 - 22063 1,03 3637 1.5 22083
[l 0.62 17535 1.20 5406 0.79 17535 1.53 5406
§ 1.61* 23739 1.56* 17806 2.05* 23739 1.99* 17806
0.79 18725 1.33 10827 1.01 18725 1.70% 10827
f 1.29 18010 1.47 21538 1.65* 18010 1.88¢ 21538
: 0.81 19818 1.08 23774 i.03 19808 1.38 23774
1.06 28032 1.71* 33169 1.35 28032 2.18* 33169
1.40 33430 1.32 27705 1.79*% 33430 1.68* 27705
| 1.34 35375 1.57* 10399 1.71* 35375 2.00* 10399
| l1.64* 28561 1.51 20743 2.09* 28561 1,93* 20743
0.96 17463 1.03 24363 1.22 17463 1.31 24363
r(“ 1.60* 19817 0.86 32794 2.04* 19817 1.10 32794
|~ 1.26 22030 1.52 23170 l.61* 22030 1.94* 23170
1.27 17140 1.45 36901 1.62* 17140 1.85* 36901
0.89 45965 1.33 25304 1.14 45965 1.70* 25304
‘ 0.81 34394 1.17 15635 1.03 34394 1.49 15635
- 1.40 32480 0.58 29841 1.79* 32480 0.74 29841
1,72+ 23562 1.52 24917 2.19* 23562 1.94* 24917
1.53 25536 1.39 8859 1.95* 25536 1.77+ 8859
1.78* 19990 1.27 35153 2.27* 19990 1.62* 35153
1.44 28370 1.62* 16552 1.84* 28370 2.07* 16552
: 1.04 38517 0.94 28295 1.33 38517 1.20 28295
E~ 1.05 28296 1.44 33005 1.34 28296 1.84* 33005
1.14 7733 1.16 27885 1.45 7733 1.48 27885
1.10 30910 1.11 18835 1.40 30910 1.42 18835
1.10 25354 0.73 42697 1.40 25354 0.93 42697
1.00 21267 2.09* 35974 1.28 21267 2.67* 35974
1.25 47339 4.96* 36164 1.60* 47339 6.33* 36164
2.10* 42289 0.70 9574 2.68* 42289 0.89 9574
0.60 29943 0.67 34696 0.77 29943 0.85 34696
1.18 21433 2.03* 29503 1.51 21433 2.59* 29503
0.99 40307 1.26 40307
Failure Rate = 20.6% Failure Rate = 52.4%
{ Average Emissions = 1.30 Average Emissions = 1.66
*Fails 1.5 gram/mile standard
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Table 7
ARB In-Use Surveillance Data for 1980 Model Passenger Cars
NOx Exhaust Emissions After Repair, (grams/mile)

Emissions on Gasoline . Estimated Emissions With Petrocoal

NOx Miles NOx Miles NOx Miles NOx Miles
0.29 4977 0.23 5242 0.39 4977 0.31 5242
0.95 9534 1.66* 13522 1.28* 9534 2.23*% 13522
0.40 14977 0.52 1216 0.54 14977 0.70 1216
0.86 14222 0.43 999 1.16* 14222 0.58 999
0.89 43016 0.92 12218 1.20* 43016 1.24* 12218
0.72 13358 1.14* 17137 0.97 13358 1.53* 17137
0.49 18761 0.31 16372 0.66 18761 0.42 16372
1.09* 10141 1.05* 18375 1.46* 10141 1.41* 18375
0.48 17790 0.32 12273 0.65 17790 0.43 12273
0.84 27279 1.12* 13179 1.13* 27279 1.51* 13179
0.85 29371 0.90 14065 1.14*% 29371 1.21* 14065
1.25* 23104 0.90 5320 1.68* 23104 1.21* 5320
1.95* 14380 0.89 5022 2.62* 14380 1.20* 5022
0.46 10941 0.87 15175 0.62 10941 1.17* 15175
0.89 12651 0.94 22705 1.20* 12651 1.26* 22705
1.33* 13508 0.49 15164 1.79* 13508 0.66 15164
0.69 4402 0.60 8540 0.93 4402 0.81 8540
0.53 12395 0.74 12187 0.71 12395 0.99 12187
0.66 25925 0.68 19608 0.89 25925 0.91 19608
1.32* 28972 0.65 18275 1.77* 28972 0.87 18275
1.12* 12170 1.06* 10873 1.51* 12170 1.42* 10873
0.89 9639 0.92 5506 1.20* 9639 1.24* 5506
1.11* 17396 0.90 18799 1.49* 17396 1.21* 18799
0.78 11229 0.93 17246 1.05* 11229 1.25* 17246
0.81 14981 0.80 9716 1.09* 14981 1.08* 9716
1.47% 9233 0.94 11880 1.98* 9233 1.26* 11880
1.12* 21082 1.98* 6509 1.51* 21082 2.66%* 6509
1.31* 5398 1.09* 37275 1.76* 5398 1.46* 37275
0.63 22584 0.94 15569 0.85 22584 1.26* 15569
0.88 8708 0.94 4990 1.18* 8708 1.26* 4990
0.97 3367 0.94 14161 1.30* 3367 1.26* 14161
0.90 6492 0.96 13509 1.21+ 6492 1.29* 13509
0.89 13645 0.92 16227 1.20* 13645 1.24* 16227
1.01 10262 1.54+* 8983 1.36* 10262 2.07* 8983
0.92 12445 0.93 12540 1.24% 12445 1.25* 12540
0.88 11704 0.80 7006 1.18* 11704 1.08* 7006
1.04 14186 0.70 12134 1.40* 14186 0.94 12134
0.91 8544 1.03 18694 1.22% 8544 1.38* 18694
0.89 10564 1.18* 18328 1.20* 10564 1.59* 18328
1.00 15287 1.05* 24677 1.34* 15287 1.41* 24677
0.88 25411 1.10* 31297 1.18* 25411 1.48* 31297
0.81 14309 0.58 21959 1.09* 14309 0.78 21959
1.06* 24344 0.64 20355 1.42* 24344 0.86 20355
0.70 21443 1.06* 11538 0,94 21443 Y 42% 11538
0.84 26289 0.60 13751 1.13* 26289 0.81 13751
Failure Rate = 25.6% Failure Rate = 72.2%

Average Emissions = 0.90 Average Emissions = 1.20
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As shown in Tables 6 and 7, the increased NOx emissions
associated with the use of Petrocoal-like fuels has a major
impact on the ability of both open-loop and closed loop cars
to meet emission standards in customer service. The
increase in NOx increases the failure rate of open-loop cars
to 52.4% from 20.6%. Average emissions for open-loop cars
increase from 1.30 grams per mile {(below the 1.5 standard)
to 1.66 grams per mile. Closed-loop cars are even more
significantly affected. The failure rate increases from
25.6% to 72.2% when the effects of Petrocoal-like fuels are
-enissions increase from 0.90 grams.

‘.per mile (below ‘the 1.0 gram standard) to 1.20 grams per

mxle, 20% over the standard

Driveability and Materials Compatibility

The effects of methanol-gasoline blends on driveability
are associated with the enleanment effect. The decrease in
the chemically correct (stoichiometric) air/fuel ratio
associated with methanol-gasoline blends is due primarily to
the fact that methanol contains oxygen and gasoline does
not. A blend of 10% methanol and 90% unleaded gasoline has
a stoichiometric air/fuel ratio of 13.9:1, 5.4% richer than
pure gasoline. Since a 10% methanol-gasoline blend is only
0.6% greater density than gasoline, the net effect is that
an engine will run 4.8% leaner on a 10% methanol-gasoline
blend. Closed-loop vehicles can compensate for this
enleanment effect during warmed up operation except for near
wide open throttle operation on some vehicles. However,
during the critical cold start and warmup operation, the
closed~-loop system cannot compensate for the enleanment
caused by the methanol.

Most researchers report a noticeable increase in
problems with stalling and surging when methanol-gasoline
blends are used. Reports of poor driveability during
cold-start operation may also be due to the fact that
methanol has a higher heat of vaporization than gasoline.
In spite of the fact that methanol-gasoline blends are more
volatile than gasoline, they do not vaporize as well in the
intake system because of the higher heat of vaporization
required.

The adverse effects on driveability associated with
Petrocoal-like blends was clearly demonstrated in the CRC
testing. The results of the driveability tests are
summarized in Table 8. As shown in the table, the use of
the blends increased driveability demerits by 144%. Such a
significant increase in driveability problems is likely to
induce some motorists to have their vehicles modified or
adjusted to restore acceptable driveability. The effects of
such adjustments on exhaust emissions can be substantial.
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Table 8

CRC Driveability Test Results

---------- -~ Driveability Demerits --=----==—c=---

8.8% Methanol 13.4% Methanol

Car Base Gasoline + 2.7% Butanol + 1.8% Butanql
04-1 | 75.0 204.0 168.0
04-2 49.0 89.5 84.5
C4-1 86.0 180.0 205.0
C4-2 75.5 108.5 103.0
cé-1 44.5 111.5 170.0
06-1 21.0 61.0 » 135.0
04-3 | 39.5 92.5 104.5
04-4 51.5 . 193.5 87.5
C4-3 17.5 97.0 97.0
ca-4 45.5 94.5 - 76.5
Average 50.5 123.2 123.1

Increase in
Driveability Demerits +144.0% +143.8%
with Petrocoal

Limited test results have been identified which deter-
mined the effect on exhaust emissions of readjusting vehicles
to offset the degradation in driveability caused by a switch
to alcohol-gasoline blends.? Three different 1978 model
passenger cars equipped with 1.6, 3.3, and 5.0 litre engines
were adjusted to optimize driveability after their drive-
ability had been adversely affected by a switch to a 15%
methanol-gasoline blend.

Adjustments made to the vehicles included:

1. Spark timing advanced 4°

—2. Idle speed increased 50 RPM
3. 1Idle mixture enriched for best idle quality

4. Part throttle mixture adjusted on two of

bheo thvanm meave ban Anbtimisa Arisrasakhi (e
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After these modifications had been completed, two of the
cars had driveability ratings that were almost identical to
what they had on straight gasoline. The third car had
improved driveability compared to the use of the alcohol-
gasoline blend without adjustments, however the vehicle was
still experiencing a 50% increase in driveability problems
compared to gasoline. The driveability tests that were run

indicate that the adjustments made to compensate for the use

of the alcohol-gascline blend were not greater than required
to restore the original level of drive performance.

Sable. 9. shows. the ef mmmmm -made. to..

restore driveability on the exhaust emission changes caused by

the methanol-gasoline blend. As" would be expected the switch
0 the methanol-gasoline blend ini 1y reduced €O emissions.
The 39.3% reduction shown in the Table is reasonably
consistent with data for Petrocoal-like fuels. HC was reduced
initially by 1l1.1%. When the vehicles were adjusted to
restore their driveability the CO emissions were 138.3%

higher than when they were running on gasoline in their
baseline condition. BHC was increased 59.3% from the baseline.

The reason that the CO emission levels in the adjusted
configuration were higher than the gasoline baseline is
probably associated with the inability to restore adequate
acceleration enrichment with the adjustments that were made.
Because it was not practical to increase the accelerator pump
shot, the basic air/fuel ratio of the carburetors had to be
adjusted rich enough to compensate for the driveability
problems caused by this lack of adequate acceleration
enrichment.

Table 9

Effect of Alcohol-Gasoline Blend Use
and Subsequent Adjustments to Restore Driveability
on Exhaust Emissions

HC Cco NOx
3 '78 model cars,
no adjustments -11.1% -39.3% -4.6%
3 *78 model cars,
adjusted to restore +59.3% +138.3% +19.1%

driveability

Note: Emission changes as compared with straight gasoline

Source: Reference 3
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After the vehicles were modified to restore their
driveability, they were switched back to gasoline to
determine what the effects would be on emissions and
driveability. Driveability was determined to be superior to
the baseline condition because of the mixture enrichment.
NOx emissions were 1.3% less than in the baseline
configuration, however, the increases in hydrocarbon and CO
emissions were enormous. HC had increased to 189% above the
baseline and CO had increased by 3608%.

The CRC driveability data are not inconsistent with the
data in the record at the time the Petrocoal waiver was
granted. The GM data indicated significant increases in
driveability demerits. EPA did not evaluate the
driveability of the Petrocoal equipped vehicles on anything
other than a subjective basis., However, two of the vehicles
tested by EPA experienced significant driveability problems.
One of the problems was probably associated with the
materials compatibility problems associated with Petrocoal
(a swollen and sticking accelerator pump). However, the
Ford Escort apparently experienced vapor lock induced stalls
on several occasions.

EPA reported that the problem with the Escort stopped
when the fuel filter of the vehicle was replaced. It should
be noted, however, that the Docket contains a hand written
memo from the driver of the cars saying that inspection of
the fuel filter indicates it was not plugged and all
indications were that the problem was caused by vapor lock.
It is likely that a change in the weather, rather than a
change in the fuel pump solved the problem.

EPA apparently chose to disregard the driveability
problem associated with the failed accelerator pump;
however, it is unlikely that the sticking accelerator pump
would have been correctly diagnosed had the failure occured
in customer service. The likely repair procedure would have
been enrichment of the carburetor to mask the problem. This
pump failure is one of the indications available that the
secret inhibitor used in Petrocoal is not adequate to solve
the materials compatibility problems associated with
methanol.

The materials compatibility data supplied by Anafuel do
not substantiate the lack of problems. As noted in the EPA
report on materials compatibility submitted to the Docket,
*...there appears to be no available data, either in the
published literature or supplied by Anafuel, which would
conclusively demonstrate that Petrocoal would be safe (from
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an emissions control standpoint) to operate in currently
available motor vehicles over long time periods."™ The
report goes on to say, "The elastomers tested by Anafuel
were noted in the existing literature as being the most
resistant to attack by methanol....”

The existance of driveability and materials
compatibility problems with Petrocoal has recently been
documented from customer experience. For example, Newhail,

_one of the marketers of Petrocoal in California, reports

that Tumerous complaints about driveabllity pProblems were
received when they began marketing Petrocoal at the 12%
total alcohol level last ye In addition, Newhall reports
that accelerator pump fai”ures appear to be associated with
the use of the fuel. Some of the driveability problems
experienced by Newhall's own employees were solved by the
replacement of accelerator pumps. Newhall has since decided
to stop marketing the product.

Because of the significant increases in emissions that
are associated with the tampering that will be done to
vehicles to restore the driveability problems associated
with the enleanment effects of Petroccal and the materials
compatability problems, it is inappropriate for EPA to
assume that there will be no particular problem in this
regard.
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#* 1980 & LATER LOW-ALTITUDE CALIFORNIA CARS: BIE. AL PROGRAM

Ak
.000.000.000.000,058,165,233.235.238.241.245.249.253.257.260.262.265.271.291
.000,000.000.000.044.196.277.278.282.286.292.296.302.306.310.314.317.324.339
.000.000,000,058.144.206.208.212.218.222.227.232.237.241.244.247.249.256.276
.000.000.000.035.174,248, 250, 256.262.269.275. 281, 287.292. 296. 300.304.312. 326
.000.000.072.122.180.188.195,204,212,219.225.231.237.241.245.249.252.259.279
.000.000.039.159,233.243.251.262.273.282.291.299.306.313.318. 323.328.336. 351
.000.086.089.148.168.184,197.209.221.230.239.246.253.259.264.268.272.279,299
.000.053.118.192.215.235.250.266,280,292.303.312.321.329.335.341.346.355. 369
.021.043.098.141.169.192.209.225.239.250.261.270.278.285.290.296.300.308. 328
.030.059.128,178.211.237.257.276.292.306.319.330.340.348.355.361.367.377. 391
.022.045.104.149.179.203.221.238.253.265.276.286.295.302.308.314.318.327. 346
.032.064.138,192.228.255.276.297.315.329.343.354.365.374.382.389.395.405.419
.022.047,108,155.187.211.230.248. 264.276.288.298.307.315.321.327. 332,341,360
.033.068.146.202.239.267.289.311.329.345.359,371.382.391.399.406.412.423,437
.023.048.111.159,191.216.236.254.270.283.295. 305. 315.323. 330.335. 341. 350, 369
.034.071.151.209,247.277.299.321.340.356.371.383.395.404.412.420.426.437,451
.000.000.000.000.060.175.247,248.251.255.259.263.267.271.274.277.280,287.307
.000.000.000.000,051.224.315.317.321.326.332.337.343.348.352. 356.360.369. 364
.000.000,000.060.153.219.220.225.230.235.241.246.251.255, 258.261.264.271. 291
.000.000.000.042.200.285.286.293.301.308.315,322.329.334.339.344,348.357.373
.000.000.074.129.191.199.207.215,224.231.238.244.250.255.259.263.266.273. 294
.000.000.045.182,266.277.287.299.311.321.331.340.349.356.362.368.373.383.398
.000.088.094,157.177.194.208.221.233,242.251.259.266.272.278.282.286.294.314
.000.057.133.217.243.265.282.300.316.329.341.352.362.370.378. 384.390.400. 416
.021.045.103.148.176.202.219.236.251.263.274.283.292.299.305.310.315.324.344
.031.066.143.199.236.265.286.308.326.342.356.368.379.388.396.403.409.420.436
.022.047.109.156.188.213.231.249,265.2768.289.299.309.316.323.328.334.343.362
.033.071.153,213,252,282,306,328.348.364.379.391.403.413.422.429.436.447.463
.023.049.113.162.195.221,241.259.276,289.301.312.321.329.336.342.347.357.376
.034.075.160.222,263.294.318.341,362.379.394.407.419.430.438.446.453.465.480
.023.051,116.166.200.226.246.266.282.296.308.319.329.337. 344.350. 356, 365. 384
.035.078.166,229.271.303.328.352.372.390.406.419.432.442.451.459.466.478.493
.000.000.000.000.060.175.247.248.251.255.259.263.267.271.274.277.280.287.307
.000.000,000.000.051.224.315.317,321.326.332.337.343.348.352.356.360,369. 384
.000.000.000.060.153,219.220.225.230,235.241.246.251.255.258.261.264.271.291
.000.000,000.042.200,285.286.293.301,308,315.322.329.334.339.344.348.357.373
.000.000.074.129.191.199.207.215,224.231.238.244.250.255.259.263.266,273.294
.000.000.045.182.266.277.287.299.311.321.331.340.349.356.362.368.373.383.398
.000.088,094.157,177.194.208.221.233,242.25]1.259.266.272.278.282.286.294.314
.000.057.133,217.243. 265,282,300, 316.329.341.352.362.370.378.384.390.400.416
.021.045.103.148,178.202.219.236.251.263.274.283.292.299.305.310.315.324, 344
.031.066.143.199.236.265.286.308, 326, 342. 356.368.379. 388. 396.403.409.420.436
.022.047.109.156.188.213.231.249.265.278.269.299.309.316.323.326.334.343.362
.033.071.153,213.252.282.306.328.348.364.379.391.403.413.422.429.436.447.463
.023.049.113.162.195.221.241.259.276.289.301.312.321.329.336.342,347.357.376
.034,075.160,222.263.294.318.341.362.379.394.407.419.430.438.446.453.465.480
.023.051.116.166.200.226.246.266.282.296.308.319.329.337.344.350.356,365. 384
.035.078.166.229.271.303,328.352.372.390.406.419.432.442.451.459.466.478.493



A

A4 1980 & LATER LOW- ALTITUDE CALIFORNIA CARS: ANNUAL

000 000.000.000.066,2 2 255. 266 273.278.282.284.287.
.000 000.000.000.079.288.302.315.324.329.334.338.341.
.000,000.000.059,212.232.242.253.260.264.267.
.000.000. 000.072.256,279.292.304.312.318.323.
.000,000.051.161.213.232.243.254.262.266.270.273.275.
+000.000.068.236.276,299.313,327.336.343.348.352.355.
.000.036. 135.197,229,.290.262.274.282,287.292.295.297.
.000,050.179.257.294.3%8.333.347.357.363.369.373.377.
.026.068.151.217,252,275.269.302.311.317.322.325.329.
.037.094.198.276.315.340.355.370,361.387.393,397.401.

270.272.
326.329.

PROGRAM

2688.290.291.
343.345.346.
273.274.275.
331.333.334.
277.278,279.
358.360.361.
299.301.302.
379.381.383.
331.332.334.
403.406.408.

292.296.311
348.353.363
276.280. 296
336.341.351
280.284.300
363.369.378
303.308.323
385.391.399
336.341.355
409.415.423

.027,072.160.230,267.291.306.320.329.336.341.345.348,351,353,354.356.361.375
.040.103.216.299.340.367.383.399.409.416.423.427.431.434.436.438.440.446.453
.0268,075,167.240,278,3G43.319.333.343.350.356.359.363.366.368.369.371.377.390
©041.109.227.314,357.344.401.417.428.435.442,446.451.453.455.458.460.466.473
.028.077.171.246,285.310.326.341.352.358.364.368.372.375.377.379.381.386.399
.043.114.236.326.370.346. 415.431.443.450.457.461.465.4668.470.472.475.481.488
.000.000.000.900.070,2%7.270.281.289.294.298.301.303.305.306.307.308.313.329
.000.000.000.000,.090,.3%8.345.359.369.375.381.364.388,390,392.394.396.402.412
.000.000.000.062.225,246.257.268,275,279,283.286.288,289.290.291.292.297.313
.000.000.000.082.294.330.334.348,356.364.370.373.377.379,381.383.384.390.401
.000.000.054.192.225.245.258.269.277.281.286.288.291.292.294,295,296.300.317
.000.000.078. 270.315.341.357.373.383.390.397.401.405.408.410.412.414.420.429
.000.038.142.208.242,263.276.289.297.303.307.311.313.315.317.318.319.324.340
.000.057.202.2689.332.399.375.392.403.410.416.421.425.428.430.432.434.441.449
.026.071.158. 228.265.289.304,317.327.333,338.342.345.346.349.351.352.358.372
.039.105.221,.308.352;379.397.413.425.432.,439.443.447.450.452.455.457.463.472
.027.076.168.241.280.30¢5.320.335.345.352.357.361.365.367.369.371.373.379.392
+042.114.236.330,376.445.423.441.452.460.467,472.476.479,481.484.486.493.500
.028.079.175.251.291.3%7.333.349.359.366.372.376.380.382.3684.386.368.394.407
.043,120.249,345.392.422.440.458.471.478.485.490.495.498.500.503.505.512.519
.029.081.179. 257.298,334.341.357.367.374.381.385,389.391.393.395.397.403.416
.045,125,258.356.405.435.454.472.484.492.500.505.509.512.515,.517.519.527.533
.000.000.000.000.070.2%7.270.281.289.294.296.301.303.305.306.307.308.313.329
.000.000.000.000.090,348.345.359.369.375.381.364.388.390.392.394.396.402.412
.000,000.000.062,225,246.257.260.275.279.283.286.288.289.290.291.292.297.313
.000.000.000.082,294,3%0.334.3468.358.364.370.373,.377.379.381.383.384.390.401
.000.000.054.192,225.245.258.269.277.2681.286.288.291,292.294.295.296.300,317
.000.000.078.270.,315.341.357.373.383.390.397.401.405.408.410.412.414.420.429
.000.038.142.208.242.243.276.289.297.303.307.311.313.315.317.318.319.324.340
.000.057.202.289.332,399.375.392.403.410.416.421.425.428.430.432.434.441.449
.026.071.158.228,265.289.304.317.327.333.338.342.345.348.349.351.352.358.372
.039.105.221.308.352,3%9.397.413,425.432.439.443.447.450.452.455.457.463.472
.027 076.168.241,280.3@5.320,335.345.352.357.361.365,367.369.371.373.379.392
.042.114.238.330.376,445.423.441.452.460.467.472.476.479.481.484.486.493.500
.028.079.175.251.291,3%7.333.349.359.366.372.376.380.382.3684.386.388.394.407
.043.120.249. 345,392,432.420.458.471.476.485.490.495.498,500.503.505.512,519
.029.081.179.257.298. 324.341.357.367.374.381.385.389.391.393.395.397.403.416
.045,125.258. 356. 605-4:5 454.472.484.492.500.505.509.512.515.517.519.527.533

L/
o




Ak

AA 19R0 & [ATFR LOW-ALTITUDE CALIFORNIA CARS: A .L  PROGRAM

AA

1980 EF EQUATION : FTP HC= 0.27 + 0.10 # MILES/10000 0.27082 0.09926
1981 EF EQUATION : FTP HC= 0.27 + 0.10 # MILES/10000 0.27236 0.09719
1982 EF EQUATION : FTP HC= 0.26 + 0.09 ~ MILES/10000 0.25756 0.08540
1983 EF EQUATION : FTP HC= 0.28 + 0.10 # MILES/10000 0.28398 0.09783
1984 EF EQUATION : FTP HC= 0.29 + 0.10 # MILES/10000 0.28646 0.10291
198586 EF EQUATION : FTP HC= 0.28 + 0.10 » MILES/10000 0.27899 0.10331
198789 EF EQUATION : FTP HC= 0.28 + 0.11 ~# MILES/10000 0.28034 0.10634
1990+ EF EQUATION : FTP HC= 0.28 + 0.11 ~ MILES/10000 0.27951 0.10748
1980 EF EQUATION : FTP CO= 3.24 + 1.84 A~ MILES/10000 3.24085 1.84085
1981 EF EQUATION : FTP CO= 3.20 + 1.76 ~ MILES/10000 3.19700 1.76078
1982 EF EQUATION : FTP CO= 2.85 + 1.52 ~ MILES/10000 2.84824 1.51597
1983  EF EQUATION : FTP CO= 3.19 + 1.79 A~ MILES/10000 3.18675 1.79164
1984 EF EQUATION : FTP CO= 3.31 + 1.98 ~ MILES/10000 3.31419 1.97706
198586 EF EQUATION : FTP CO= 3.14 + 2,01 A MILES/10000 3.14331 2.00604
198789 EF EQUATION : FTP CO= 3.12 + 2.09 * MILES/10000 3.11665 2.08652
1990+ EF EQUATION : FTP CO= 3.05 + 2.12 # MILES/10000 3.05163 2.11582



A

4 1980 & LATER LOH—AETITUDE CALIFORNIA CARS: ANNUAL  PROGRAM

A
.000.000.000.000.051.

.000.000.000.045.161,
.000.000.000.:070.248.

.000.000.067,231,267.

.000.028.105.153.180.18
.000.049.175.249.287. 3] ,
b1.233.245.253.258. 262. 265. 268, 270.272. 273.275. 279. 292
87.353.369.360.387.393.397.401.404.406.408.410.416.425

.024.054.119;173.202.
.037.092.191.270.311.

.025.058.128.187.219. 28
.040.101.210.295.339. 3§
.024.062 136.197.231.25
B7.405.422.434.442.449.454.458.461.464.466.468.475.482

.042.108.222.311,358.

.026.064.140.204.239. 2§
.043 113.232.324.372.4¢
000.000.000.000.051.1

; B1.296.308.317.322.327.331.334.336.338.340.341.347.356
96.185.193.199.202.205.207.209.210.211.212.213.216.231
3 90.282.295.303.309,314.317.321.323.324.326.327.332.342
-000.000.039.139.163. 1}
.000.000.067,231.267.2§
.000.028.105.153,180.1§
.000.049.175.249,287. 31 2.
.024.054.119.173.202. 2}
.037.092.191,270.311. 3§
.025.058.128,187.219.2
.040.101.210.295,339, 38
B3.267.280.289.295.300.304.307.309.311.313.314.319.331

.025.062.136.197.231.2

.042.108.222,311,358.387
.026.064.140.204.239. 28
.043.113.232.324.372.4
.000.000.000.000.051.1
.000.000.000. 000 077.28

.000,000.067.231,267.2

.037.092.191.270.311.3

.025.058.128.187.219, 2}
.040.101.210.295. 339, 3
.025.062.136.197.231. 28
.042.108.222.311. 358, 34
.026.064.140.204.239.261.
.043.113.232.324.372. 44

B87.197,206.212.216.219.221.224.225.226.227.228.232. 246
.000.000.000.000,077. 2B
96,1685,193.199.202.205.207.209,210.211.212.213,216,231
90.282.295.303,309.314.317.321.323.324.326.327.332.342
.000.000.039.139.163, 1%

1.295,308.317.322.327.331.334.336.338.340.341.347.356

9.168.197.203,207.211.213.215,217.218.219.220.223.238

1.305.319.329,.335.341.345.348.351.353.354.356.362.371
6 207.217.224.228.232.235.237.239.240.242,243.246.261
2.326.342.352.359,365.369.373.376.378.380.382.387.396

9,253.265.273.279.284.2687.291.293.294.296.298.302.315
7.384.401.413.420.427,.432.436.439.441.443.445,452.459
3.267.280.289.295.300,304.307.309.311.313.314,319.331

1.276.289.299.305.310.314.318.320.322.324.325,330.342
2.42]1.438.451.459.466.471.476.479.481.483.486.493.499
7.1397.206.212.216.219,221.224,225,226.227.228.232.246

9,188.197.203.207.211.213.215.217.218.219.220.223.238
1.305.319.329.335.341.345.348.351.353.354.356.362.371
6.207.217.224.228.232.235.237.239.240.242.243.246.261
328.342.352.359.365.369.373.376.378.380.382.387.396
1.233.245.253.258.262.265.268.270.272.273.275.279.292
7.353.369.3680.387.393.397.401.404.406.408.410.416.425
9.253.265.273.279.284,287.291.293.294.296.298,302.315
7.3084.401.413.420.427.432.436.439.441.443.445.452.459

.40%.,422.434.442.449.454.458.461.464.466,468.475.482
1.276.289.299.305.310.314.318,320.322.324.325.330.342

D2.421.430,.451.459,466.471.476.479.481.483.486.493.499
B7.197.206.212.216.219.221.224.225.226.227.228.232.246

1.295.308.317.322,327.331.334.336.338.340.341.347.356

16.18%.193.199.202.205,207.209,210,211.212.213.216.231
070 $0.262.295.303.309.314.317.321.323.324.326.327.332.342

.000.000.039, 139 163,19}

" h1.309.319.329.335.341.345.348.351.353,354.356,362.371

.000,028.105,153,180.1§

.000.049,175,249.287.3

»024.054.119. 173.202.2'

9.188.197.203.207.211.213.215.217.218.219.220.223.238

202'217 224,228,.232.235.237.239.240.242.243,246.261
28.342.352.359.365.369,373.376.378.380.382.387.396
45.253.2%58.262.265.268,270.272.273.275.279.292
53.369.380.387.393.397.401.404.406.408.410.416.425
% «265.273.279,2684.287.291.293.294.296.298.302.315

. 4 .

quw\u:osnuuo
%3&3%3

#401.413.420.427.432.436.439.441.443.445.452.459
280.269.295.300,304.307.309.311.313.314.319.331
405.422.434.442.449.454,458.461.464.466.468.475.482
276.289.299.305.310.314.318.320.322.324.325.330.342
.421.438.451.459.466.471.476.479.481.483.486.493.499

.
.
.




A A

AA 1980 & LATER LOW-ALTITUDE CALIFORNIA CARS: A. .AL  PROGRAM
oy

1980 EF EQUATION : FTP HC= 0.27 + 0.10 A MILES/10000 0.27082 0.09926
1981 EF EQUATION : FTP HC= 0.27 + 0.10 & MILES/10000 0.27236 0.09719
1982 FEF EQUATION : FTP HC= 0.26 + 0.09 4~ MILES/10000 0.25756 0.08540
1983 EF EQUATION : FTP HC= 0.28 + 0.10 # MILES/10000 0.28398 0.09783
1984 EF EQUATION : FTP HC= 0.29 + 0.10 # MILES/10000 0.28646 0.10291
198586 EF EQUATION : FTP HC= 0.28 + 0.10 *# MILES/10000 0.27899 0.10331
198789 EF EQUATION : FTP HC= 0.28 + 0.11 » MILES5/10000 0.28034 0.10634
1990+ EF EQUATION : FTP HC= 0.28 + 0.11 ~ MILES/10000 0.27951 0.10748
1980 EF EQUATION : FTP CO= 3,24 + 1.84 A MILES/10000 3.24085 1.84085
1981 EF EQUATION : FTP CO= 3.20 + 1.76 ~ MILES/10000 3.19700 1.76078
1982 EF EQUATION : FTP CO= 2.85 + 1.52 » MILES/10000 2.84824 1.51597
1983 EF EQUATION : FTP CO= 3.19 + 1.79 # MILES/10000 3.18675 1.79164
1984 EF EQUATION : FTP CO= 3.31 + 1.98 » MILES/10000 3.31419 1.97706
1968586 EF EQUATION : FTP CO= 3,14 + 2.01 # MILES/10000 3.14331 2.00604
198789 EF EQUATION : FTP CO= 3.12 + 2.09 » MILES/10000 3.11665 2.08652
1990+ EF EQUATION : FTP CO= 3.05 + 2.12 * MILES/10000 3.05163 2.11582
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LL]

A 1980 & LATER LOW-ALTITULE CALIFURNLIA CARS: BILENniAL PRUGRAM

AA
»000.000.000.000.077,210.294.294.297.300,305.309.314,318.322.325.328.337.355
»000.000.000,.000.100.242.337.337,340.344,349.354.359.364.369.372.376.385.400
.000.000.000.069.186.263.263.267.273,279.285.290.296.301.305.308.311.320.339
-000.000.000.084.216.303.302.307.314,320.327,333.340.345.350.354.358.367. 382
.000.000.068,160.232.239.246.255,264.272.280.287.293.299.303.307.311.320.339
-000,000.073.196,279.286.292.303.313.322.331.339,347.353.359.364.368.378,393
.000.063.119.192,214,232.245.259,272.283.292.301.,309.316.321.326.330.340.359
.000.060.152.237,258.277.292.308.322.334, 346.356.365.373.380.385.391.401.416
.029.061.131.181.213.238.257.275.291.303.315.325.335.342,349.354.359.370. 389
.046.084.166.221.256,.283,303.323,341.355,369.380.391.400.407.414.420.431.447
+030.062.134.186,220.246,266.2685.301.315.327.337.347.355.362.368,373.384.403
.048.090.177.234.271.300.321.342.361.376.390.403.414.423.431.438.445.456.472
.030.064.138.191.226.253,273.293.310.324.337,348.358.366.373.379.385,395.414
-050.094.184,244,283.312.334.356.376.392.406.419.431.441.449,456.462.474.490
.030.064.139.194.229.257,277.298.315.329,342.353.364.372.379.386.391.402.421
-051.,098.190.251,.291.321.344.366.386,403.418.431.443.453.461.469.475,487.503
+000.000.000.000.080.221.308.308.311,314,319,324.329.333.337.340.343.352.371
.000.000.000.000.106.268.373,372.375,379.384.390.396.401.406.410.414.424.440
-000.000.000.071,195.276.276.280.287.292.299,304.310.315.319.323.326.335. 355
+000.000.000.090.241.338.336.341.348.355.363.370.377.383.3868.393.397.407.423
-000.000.070.168.243.251,256.267.277.285,293.300.307.312.317.321.325.334.354
.000.000.079.217,309,.316.323.334.345.355.365.373.382.389.395.400.405.416.432
.000.064,124.201,223,.242,256.271.284.295,305.314.322.329.335.340.344.354,374
.000.064,167.259,283.303.319.336.352.365,377.388.398.407.414.420.425.437.454
.030.063.136.188.222,248,267.286.302.315.327.338.347,355.362.368.373.384,403
»047.092.180,239.277.306.327,.349,368.383.398.410.421.431.439.446.452.465.481
.030,065.139.193.228.255.275.295.312.326.338.349.359.368.375.381.386.397.417
.049.097,190.252,291.321.344.366.386.402.417.430.442.452.461.468.475,487.504
.030.066.143.198.234.262,283.303,.320.335.348.359.369.378.3685.392.397.408,428
.051.101,197.261.301.332.356.379.399.416.432.445.458.468.477.4684.491,504,520
.030.066.144,200,237,265.286.307.325.339.353.364.375.384.391.,398.403.414.434
.052.104.202,267.308.340.364.388.409.426.442.456.468.479.488.496.503,515,532
.000.000.000,000.080.221.308.308.311.314.319.324.329,333.337.340.343,.352.371
.000.000.000.000.106,268.373.372.375.379,3684.390.396.401.406.410.414,424,440
.000.000.000.071.195.276.276.280.287,292.299.304.310.315.319.323.326.335.355
.000.000,000.090.241.338.336.341.348.355.363.370.377.383.388.393.397.407.423
.000,000.070.168.243,.251.258.267,277,285.293.300.307.312.317.321.325.334.35%4
.000.000.079,217.309.316.323.334, 345.355,365.373.3682.389.395.400.405.416.432
.000.064.124.201.223.242.256.271.284.295,305.314.322.329.335.340.344,354.374
»000.064.167.259.283.303.319.336.352.365.377.368.398.407.414.420.425,437,454
.030.063.136,188,222.248,267.286.302,315.327.338.347.,355.362.368.373.384.403
.047.092.180.239.277.306,327.349,368,383.398.410.421.431.439.446.452.465.481
.030.065,139.193,228.255.275.295.312.326.338,349.359.368.375.381.386,397.417
.049.097.190.252.291.321.344.366.386.402.417.430.442.452.461.468.475.487.504
.030.066.143.198,234,262.283.303.320.335.348.359.369.378.385,392.397.408.428
.051.101,197,261.301,332.356.379.399.416.432.445,458.468.477.484.491.504.520
.030.066.144.200,237.265.286.307.325.339.353.364.375.384.391.398,403.414.434
.052.104.202.267.308.340.364.388.409.426.442.456.468.479.488.496.503.515.532



Ak

% 1980 & LATER LOKW- AiTITUDE CALIFORNIA CARS: ANNUAL
A

.000.000,000.000.085.
.000.000.000.000, 098,

PROGRAM

509, 322.334.343.3468.353.356.359.360.361.362.363.370.383
54.368.381.390.396.401.404.408.410.411.412.414.421.429

.000.000,000.077.274.295.307.319.328.332.337.340.342.344.,345,346,347.353,367

.000.000.000G.091.317.
.000.000.070,237.273.
.000.000.088.290, 327.
.000.051.179.252.289.
.000.071.229.310.349.
.037.095.196.274.315.
.058.132.249.335,377.
.037.097,201.282.324,
.060.141.265,355.399.
.037.099.206.290,333.
.063.148.276.370.,415.
.037.100.208.293.337.
.064.152.284,38]1,427.
.000.000.000.000.089.
.000.000.000.000.109.

.000.000.000.081: 288.%
.000 000.000,102.354.3
.000.000,073,249.286.§

.000.000.098.321 363.

.000.053.187.263.302. §

.000.078.251. 340, 362.

.038.099.204. 286. 327. 5

.060.144,270.364,408.
.038.101.209,293.336.

.063.152.284.382.428.94

.038.103.213,300, 345.

.065.158.295.395.443.4

.038.103,215,303,348.
.066.162.302,.404,453.
.000.000.000.000, 089.
.000,000.000.000.109.
.000.000,000,081.288.
.000.000.000,102.354.
.000.000.073, 249,286,
.000.000.098,321.,363.
.000.053,187,263,302.
.000.078,.251; 340»382
.038.099.204,286,327.
.060.144.270,364.408.
.038.101.209:293.336.

|
|

40.352.365.374.379.384,387.391.393.394.395,397.403.412
294.307.319.328.333.337,340.343.344,345,346.347.354,367
350.363.376.385.391.396.400.403.405.406.408.409.416.425
12.326.339.348.353.358.362.365.366.368.369.370.376.390
73.386.400.410.416.422.425.429.431.432,434.435.442.451
40.354,368.376.384.390.393.397.399.400,402.403.410.422
02.417.431.442.4468.454,458.461.463.465,467.468.476.484
50,366.361.391.397.403.407.411.413.414.416.417.424.437
26.441.456.467.474.480.484.487.490.492.493.495.502.510
60,376.391.402.409.415.419.422.425.426.428.430.436.449
43.459.474.485.492.498.502.507.509.511.512.514.522.530
65.381.397.408.415.421.425.429.431.433.435.436.443.455
155.471.487.499.506.512,516.520.522.524.526.528.535.543
$24.337.350.359.364.369.372.375.377.378.379.380.387.401
B92.406.421.431.437.443,446.450.452.453.455.456.464.473
10.323,335.344,349.354.356.359.361.362.363.364.370.384
79.392.406.416.422.427.431.434.436.438.439.440.448.457
$09.322.334.343,348.353,356.359.360.361.362.363.370.384
287, 4?1.416 426.432.437.441.445.447.448.450.451.459.468
326.340.354.363.369.374.377.380.382.383.385.386.392.406
§08.423.438.448.455.461.464.468.470.472.473.475.483.492
53.368.383.393.399.405.409.412.414.416.417.418.426.438
$35.4%1.467.477.484.490.494,498.500.502.504.505.513.522
$63.379.395.405.412.418.421.425.427.429.431.432.439.452
56. 4?2 489.500.507.513.517.521.524.526.527.529.537.545
972, 3@3.405.416 422.428.432.436.439.440.442.444.451.463
$72.488,505.517.524.530.534.539.541.543.545.546.554.563
377.394.410.421.428.434.438.442.445.446.448.450,457.469
83;59@.517.528.536.542.546.551.553.555.557.559.566.575
24.337.350.359.364.369.372.375.377.378.379.380.387.401
$92.406.421.431.437.443.446.450.452.453.455.456.464.473
$10..323.335.344.349.354.356.359,361.362.363.364,370.384
79.392,406.416,422.427.431.434.436.438.439.440.448.457
09.322.334.343,348.353.356.359.360.361.362.363.370.384
87. 4@1.416.426 432.437.441.445.447.448.450.451.459.468
26.340.354.363,369.374,377,380,382.383.385.386.392.406
08.423.438.448.455.461.464.468.470.472.473.475.483.492
$3.366.3683.393.399.405.409.412.414.416.417.418.426.438
§35.451.467.477.484.490.494.498.500.502.504.505.513.522
363.379.395.405.412.418.42).425.427.429.431.432.439.452

.063.152.284, 382, 428.‘56 472.489.500.507.513.517.521.524.526.527.529.537.545

.038.103.213,300,345. ]
.065.158.295,395.443.
.038,103,215,303, 348,
.066.162.302,404,.453.

72.389.405.416.422.428.432.436.439.440.442.444.451.463
72.4&5:505 517.524.530.534.539.541.543,545.546.554.563
77.394.410.421.428.434.438.442.445.446.448.450.457.469
483. 560 517.528.536.542.546.551.553.555.557.559.566.575
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44 1980 & LATER LOW-ALTITUDE CALIFORNIA CARS:
* ok

AL PROGRAM

>

1980 EF EQUATION : FTP HC= 0.27 + 0.13 # MILES/10000 0.27288 0.12728
1981 EF EQUATION : FTP HC= 0.28 + 0.12 A MILES/10000 0.27608 0.12320
1982 EF EQUATION : FTP HC= 0.26 + 0.11 ~ MILES/10000 0.25541 0.109186
1983 EF EQUATION : FTP HC= 0.28 + 0.13 A MILES/10000 0.27897 0.12563
1984 EF EQUATION : FTP HC= 0.28 + 0.13 * MILES/10000 0.27749 0.13440
198586 EF EQUATION : FTP HC= 0,27 + 0.13 ~ MILES/10000 0.26723 0.13077
198789 EF EQUATION : FTP HC= 0.27 + 0.13 # MILES/10000 0.26621 0.13231
1990+ EF EQUATION : FTP HC= 0.26 + 0.13 # MILES/10000 0.26368 0.13128
1980 EF EQUATION : FTP CO= 3.16 + 2.65 # MILES/10000 3.15693 2.64861
1981  EF EQUATION : FTP CO= 3.14 + 2.53 # MILES/10000 3.13543 2.52513
1982 EF EQUATION : FTP CO= 2.78 + 2,25 » MILES/10000 2.78231 2.24898
1983 EF EQUATION : FTP CO= 3.07 + 2.64 * MILES/10000 3.06800 2.63831
1984 EF EQUATION : FTP CO= 3.13 + 2,91 #~ MILES/10000 3.13197 2.90773
198586 EF EQUATION : FTP CO= 2.88 + 2,86 # MILES/10000 2.88494 2.85509
198789 EF EQUATION : FTP CO= 2.80 + 2.91 * MILES/10000 2.79991 2.91254
1990+ EF EQUATION : FTP CO= 2.69 + 2.90 # MILES/10000 2.69228 2.90084
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% 1980 & LATER LOW-ALTITUDE CALIFORNIA CARS: B i11IAL PROGRAM

A
»000.000,000.000.059.170.234.211.195.182.173.165.159.154.149,145.141,140.153
.000.000,000.000.046.205.281.,254,236.222.211.202,195.189.184.179.175.173.182
.000.000.000.059,148.212.206.186.171.160.152.145.140.135.131.127,123.122.136
.000.000.000.037.181.258.252.228,211.198.189,181.174.169.164.160,156.155.163
.000.000.073.126.186.194,194.175,162.152.144,138.133,128.124.121.118,117.130
.000.000.041.166,243.254,253.229,213.201.191.183.177.172.167.163.15B8.157.165
.000.0B7.092.154.174.191.195.176.163.154.146.140.135,130.126.123.120.119.131
.000.054.123.202.226.246.251.228.212.200.190.183.176.171.167.162.158.157.165
.021.044,102.146.176.199.207.187.174.164,156.149,144.139,.135,132,128,127.139
.030.062.135.187.223.250.258.235.218.206.196.188.182.177.172.168.163,162.169
.022.047.108.155.187.212.220.200.185.175.166,159.154.149.145.141.137,136.148
.032.068.147.204.242.271.280.254.237.223.213.204.1968.192.1687.182.178.177.183
-023.049.113.162.195.221.230.209.194.183.174.167.161.156.152.148,144.143.154
.034.072,155.215.254.285.294.267.249.235.224,215.208,202.197.192,187.186.192
-023.051.116.166.200.227.236.214.199.188.179.172.166.161.156.152.149,147.158
.035.076.161.223.264.295.305.277.258,243,232,.223,.216.210,204.199.194,193.199
.000,000.000.000.061.180.247.223,206.192.182,174.168,162.157.152.148.147.160
.000.000.000.000.053.232.318.288.267.250,238,228.220,213.207.201.196,195.204
.000.000.000.061.157.224.218.196.181,170.161.153.147.142.138.134,130.129.143
.000.000.000,043.207.295.287.259.240.225.214,205.198,191.186.181.176.175.184
.000.000.075.133.196.205.204.185.171.160,152.145.140,135.131.127.124.123.136
.000.000.047.189.276.288.286.260.241.227.215.206.199.193.168.183.178,177.185
.000.088.097.162.183.201.205.186.172.161.153,147.141,137.133,129.125.124.137
.000.058.139.227.254.277.282.255.237.223.212.204.197.191.185.181.176.175.182
.022.047.107.153.185.209.217.197.1682.171.163.156.151.146.142.138.134.133.145
.032.069.150.208.247.2768.287.260,242.227.217.208.201,195.189.184.180.179.186
.022.049.113.163.196.222.230.209.194.182.173.166.161.156.151.147.143.142.154
.034.075.162,224.266.298.308.279.260.244,233.223,216.210.204.199.194.192.199
.023.052.118.169.204.231.240.218.202.191.181.174.168.163.158.154.150.149.160
.035.079.170.235,278.311.321.292.271.256.244.234,.226.219.214,208.203.202.208
.023.053.121.,174.209.237.246.223.208.196.1686,179.173,167.163.158.154.153.164
.036.082.176.243.287.322.332.301,280.264,252.242.234,227.221.215.210.208.214
.000.000.000.000.061.180.247.223.206.192.182.174.168.162.157.152.148.147.160
.000,000.000.000.053.232.318.2688.267.250.238,228.220.213.207.201.196.195.204
.000.000.000,061.157.224.218.196.181.170.161.153.147.142.138.134.130,129.143
.000.000.000,043.207.295,287.259.240.225.214,.205.198.191.1686.181.176.175.184
.000.000.075.133.196.205.204.185.171.160.152,145.140,135.131.127.124.123.136
.000.000.047.189.276.288.286.260,241.227.215.206.199.193.188,163.178,177.185
.000,088.097.162.183.201.205.186.172.161.153,147,141.137.133.129.125.124.137
.000.058.139,.227.254.277.282.255.237.223.212,204,197.191.185.181.176.175.182
.022.047.107.153.185,209.217.197.182.171.163,156.151.146.142,138.134.133.,145
.032.069.150.208.247.278.287.260.242.227.217.208.201,195.189.184.180,179.186
.022.049.113.163.196.222.230.209.194.182.173.166.161.156.151.147.143.142,154
.034.075.162.224.266.298.308.279.260.244,233.223.216.210.204.199.194.192.199
.023.052.118.169.204.231.240.218.202.191,181.174.168,163.158.154.150.149.160
.035.079.170,235,2768.311.321.292.271.256.244.234.226,219.214.208.203.202.208
.023,053,121.174.209.237.246.223.208.196.1686,179.173.167.163.,150,.154.153.164
.036.082.176.243.287.322.332.301.280.264.252.242.234.227.221.215.210.208.214



~ A : 3

4+ 1980 & LATER LO

ook :

W-ALTITUDE CALIFORNIA CARS: BIENNIAL PROGRAM

.000.000.000.060&049.128.181.182.185.188.191.195.198.201.203.206.208;213.230

.000.000.000.000
.000.000.000, 050

§943;1§2.272.273.277.281.287.291.296.301.
110:157.159.163.167.171.175.179.183.186.

.000,000.000.034.1169.242.243.249.256.262.269.274,280. 285,

.000.000.065.094.:140.146.152.159.165.171.176.181.186.189.
.000.000.039.156.1228,238.247.258.268.277.286.294.301.307.
.000.082.070,117.133.146.157.167.176.184.191.197.202.207.
.000,053.116,190.:213.233.248.264.278.289.300.310.319.326.
.020.034.079.114.137.156.170.183.195.204.213.220.227.233.
.030.059.128.178.211.237.257. 277.293.307.320.331.341. 349,
.020.037.086.123.149.169.184.198.211.221.231.239.247.253.
.032.065.140.194.1231,259.280.301.319.334.348.360.370.380.
.021.039.091.130.1157.178.194.210.223.234.244.253.260.267,
.033.069.148.206.243.273.295.317.336.352.366.378.390.399.
.021.041.094.135.162,184.201.217.231.242.252.261.269.276.
.034,072.155,214.253.283.307.329.349.365.380.393.404.414.
.000.000.000.000.049.126.181.182.185.188.191.195.198.201.
.000.000,000,000.043,192.272.273.277.281.287.291.296.301.
.000.000.000,050.110.157.159.163.167.171.175.179.183.186.

.000.000.000.034.
.000.000.065.094.

369.253.243.249.256.262.269.274.280.285.
140.146.152.159.165.171.176.181.186.,189.

.000,000.039,156.228,238.247.258.268.277.286.294.301.307.
.000,082,070,117.133.146.157.167.176.184.191.197.202.207.

.000.053.116.190.
.020.034.079.114.

.030.059.128.178.4

.020.037.086.123.
.032.065.140,194,
.021,039.091.130.
.033,069.148. 206.
.021.041.094.135.
.034.072.155,214.
.000.000. 000, 000.
.000.000.000.000.
.000.000.000, 050,
.000.000.000.034.
.000.000, 065,094 .
.000.000.039.156.
.000.082,070,117.
.000.053.116,190.
.020.034.079.114.
.030.059.128,178.
.020.037,086.123.
.032.065,140,194.
.021.039.091.130.
.033.069,148, 206.
.021.041.094.135.
.034.072.155.214.

13.233.248.264.278.289.300.310.319.326.
37.156.170.183,195.204,213.220,227.233.
11.237.257.277.293.307.320.331.341.349.
149.169.184.198.211.221,231.239.247.253.
£31.259.2680.301,319.334,348.360.370.380.
57.178.194.210.223.234.244.253,260.267.
43.273.295.317.336.352.366.378.390.399.
62.184,201.217.231.242,252.261.269.276.
53.283.307.329.349.365,380.393.404.414,
49.128.161.182.185.188.191.195.198.201.
43.192.272.273.277.281.287.291.296.301,
110.157.159.163.167.171.175.179.183.186.
169,242.243.249.256.262.269.274,280.285,
140.146.152.159.165.171.176.181.186.189,
28.238.247.258.268.277.286.294.301.307,
33.146.157.167.176.184.191.197.202.207.
13.2383.248.264.278.2689.300.310.319.326.
137.156.170.183.195.204.213.220.227.233.
211.237,257.277.293.307.320.331,341.349,
49,169,184.198.211.221.231.239.247.253.
231.299.2080.301,319.334.348.360.370.380.
$7.178.194.210.223.234.244.253.260.267.
243.273.295.317.336.352.366.378.390,399.
62.184,201,217.231.242.252.261.269.276.
53.283.307.329.349.365.380.393.404.414,

305.308.312.319.333
188.191.193.198.215
290.294.297.304.319
193.196.198.203,221
313.318.322.330, 344
211.215.218.224.242
333.338.343.352,367
238.242,.246.253.270
357.363.369.378.393
258.263.267.274.291
387.394.400.411.425
273.278.282.290.307 -
408.415.421.432.446
282.287.292.300.317
423.430.437.448.462
203.206.208,213.230
305.308.312.319.333
188.191.193.198.215
290.294.297.304.319
193.196.198.203.221
313.318.322.330.344
211.215.218,.224.242
333.338.343.352.367
238.242.246.253.270
357.363.369.378.393
258.263,.267.274.291
387.394.400.411.425
273.278.282.290.307
408.415.421.432,446
282.287.292.300.317
423.430.437.448.462
203.206.208.213.230
305.308.312.319.333
188.191.193.198.215
290.294.297.304.319
193.196.198.203.221
313.318.322.330.344
211.215.218.224.242
333.338.343.352,367
23B.242.246.253.270
357.363.369.378.393
258.263.267.274.291
387.394.400.411.425
273.278.282.290.307
408.415.421.432.446
282.287.292.300.317
423.430.437.448.462
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Environmental Impacts of
Methanol/Gasoline Blends

February 16, 1984

A review of available data on the emission impacts of
methanol/gasoline blends identifies six ways in which blend
usage may result in increases in vehicle evaporative or
exhaust emissions. The size of each emission increase
ranges from indeterminate to an equivalent of nearly 0.5
grams per mile hydrocarbon emissions.  The review identifies
the need for additional research and testing into the
effects of blend usage on vehicle emissions, and suggests
that even stringent volatility controls on blends may be
inadequate to avoid hydrocarbon emission increases. 1In
addition, an increase in NOx emissions from methanol/blend
usage is apparent.

Introduction

Despite 20 years of progress in controlling motor vehicle
emissions, In many areas vehicles remain a significant
source of air pollution due to growth in vehicle travel and
the failure of vehicles to meet the emission standards in
customer service. Vehicle inspection and maintenance (I/M)
programs, tamper resistant design features on new vehicles,
and other programs to improve in-use compliance will enable
substantial further progress to be made in the control of
motor vehicle emissions during the 1980's. However, the
expanded use of methanol gasoline blends may offset much of
this needed progress. .



The California Air Resources Board (ARB) has long recognized
the importance of motor vehicle fuel controls as an element
of an effective emission control program. ARB regulations
currently limit the lead content, sulfur content, MMT
content, Bromine Number, and Reid Vapor Pressure (RVP) of
gasoline sold in the State of California. U.S. Environmen-
tal Protection Agency (EPA) regulations also control the
content of motor vehicle gasoline, but not in the important
area of volatility. Since vehicle evaporative emissions are
related to fuel volatility, and the use of methanol in gaso-
line can substantially increase a fuel's volatility, the
potential for use of methanol/gasoline blends to result in
an increase in emissions is a concern.

This paper has been prepared on the premise that in areas of
the country with levels of ozone that exceed the national
ambient air quality standards, the use of methanol/gasoline
blends must not result in an increase in smog-forming
pollutants. In this paper, we identify six areas of concern
where the use of methanol/gasoline blends may conflict with
that premise. The areas of concern are:

- Increase in evaporative emissions due to blend
volatility.

- Increase in evaporative emissions due to
intermittent blend usage.

- Increase in evaporative emissions due to
evaporative control system degradation.

- Increase in smog formation due to higher
photochemical reactivity of the evaporative
emissions of blends.

- Increase in exhaust emissions of NOx.

- Increase in exhaust emissions of HC and CO due to
driveability-induced readjustments and tampering.

Additional research may prove several of these areas not to
be of concern. Restrictions, by regulation or by the blend
marketers, in the formulation and use of blends may also
address some of the concerns. However, it is uncertain if
research and control will be adequate to assure there are no
emission increases resulting from blend usage, and thus
whether methanol/gasoline blends should be used at all in
nonattainment areas remains an unanswered question.

Increase in Evaporative Emissions Due to Volatility

The effect of alcohol addition on the volatility of gasoline
is illustrated in Figure 1. As shown in the figure, Reid
Vapor Pressure, a measure of volatility at 100 F,
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increases rapidly with only minor alcohol addition. Beyond
the addition of 2% alcohol, RVP increases at a much lower
rate.

Of the three most commonly uﬁed alcohols, methanol causes
the greatest volatility increase. RVP will typically
increase by about 3 psi with the addition of methanol in the
range of 2-10 volume percent.

Methanol addition has an even greater effect on another
measure of gasoline volatility, Front End Volatility Index
(FEVI). FEVI is defined as RVP plus 13% of the fuel
distilled at 158°F. Methanol addition significantly

4.0 '

Methanol

3.0
| Figure 1
Effect of Alcohol Addition
o .
> 2.0- on Reid Vapor Pressure
Ethanol
—— —e
1.0-' — 1
Tert.-Butanol
0 T R 1 1
0 2.0 4.0 6.0

Volume Percent Alcohol

increases the percent of fuel that is evaporated at
temperatures in the range of 158°F, a temperature which
gasoline in a carburetor float bowl typically reaches during
a "hot soak" after the shut down of a warmed up engine.

Numerous studies have documented the fact that evaporative
emissions increase as fuel volatility, measured by either
RVP or FEVI, increases. However, the available data
indicate that these volatility parameters are not sufficient
to explain all of the variation in the evaporative emissions
potential of various fuels.

The fact that evaporative emissions from methanol/gasoline

blends cannot be controlled through the use of comparable
volatility specifications is indicated in the data from the
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Coordinating Research Council (CRC) sponsored testing of
methanol/gasoline blends.!* Five blends which contained
methanol or methanol plus butanol in amounts ranging from
3.5 to 15% total alcohol were included in the CRC study.
Each of these five blends, in addition to a straight
gasoline, were evaluated using ten 1980 model passenger
cars. Five of the cars were equipped with "open-loop",
oxidation catalyst control systems and five were equipped
with "closed-loop" control-systems incorporating 3-way
catalysts.

Table 1 shows the properties of the six fuels used in the
CRC testing program. As can be seen from the table, the
volatility of the blends was controlled so that each of the
blends had a lower RVP than the straight gasoline used in
the testing program. Three of the five blends (MG-1, MG-2,
and MG-3) also had lower FEVI than the straight gasoline.
Blend (MG-4) had only slightly higher FEVI than the
gasoline.

Blend MG-3, 8.8% methanol and 2.7% butanol, was volatility
adjusted through the use of 50% less butane and 25% less
pentane than in the base gasoline. The other four blends
were volatility adjusted by using 100% less butane than in
the base gasoline. All of the alcohol/gasoline blends were
below the maximum RVP specified by ASTM for either winter or
summer gasolines in any area of the country. The testing of
these fuels provides a basis for examining the hypothesis
that controlling RVP or FEVI of a methanol/gasoline blend to
the same value as straight gasoline will result in no
increase in evaporative emissions from vehicles using the
blend.

Table 1

CRC Test Fuel Properties

Straight  Blend Blend Blend Blend Blend
Gasoline MG-1 MG-2 MG-3 MG-4 MG-5

Methanol % 0.0 3.31 3.54 8.83 9.75 13.35
Isobutanol % 0.0 1.21 0.05 2.66 0.0 1.80
Total Alcohol % 0.0 4,52 3.59 11.49 9.75 15.15
RVP, psi 9.7 8.0 8.7 7.6 8.7 8.4

FEVI 12.8 10.9 11.5 11.6 13.2 13.8

% Oxygen Content 0.0 1.9 1.8 5.0 4.9 7.1

(calculated)

*Superscripts denote references listed at end of text.

T



The results of the evagonative emission testing conducted
for CRC are shown in Table 2.  Data are shown for all ten of
the 1980 model cars that were tested. The first letter of

the vehlcle designation is either an "O" or a "C". The wQwn
designation indicates an open-loop emission control system.
The "C" designation indicates closed-loop. The second digit
of the vehicle designation indicates the number of cylinders
of the test car and the third digit indicates whether the
car is the first, second, third, or fourth test vehicle with
the same type of emission control system and number of
cylinders. ‘ ,

As shown in Table 2, every single car experienced an
increase in evaporative emissions on every one of the five

”the straight gasoline, and three of the fuels had lower
FEVI. Average evaporative emlssion increases for all ten
cars ranged from U46.4% to 146%.

Table 2

CRC Evaporative Emission Test Results
(grams per test)

e e T TR R O T R T

Car Straight Blend Blend Blend Blend Blend
Number Gasoline G-1 MG-2 MG-3 MG-4 MG-5
!

-[\* ol -1 1.47 1.83  2.58  3.18  2.75  2.82
04-2 1.70 1.88 2.22 2.12 2.15 2.34

f Cl -1 3.17 6.82 6.38 9.52 11.80 9.55
f c4-2 2.34 4,26 4,77 5.17 4,62  8.15
C6 -1 2.32 2.68 3.59 3.73 4. 14 4,26

06 -1 3.29 4,13 6.04 4,18 5.63 4. 81

04 -3 3.46 5.79 4,07 5.83 8.57 6.88

o4 -4 3.51 4,02 4,18 4,63 4,25 7.56

) cl -3 4.07 6.38  6.84 13.15 18.75 19.64
- Cl -4 3.79 4, 81 4.83 5.24 6.62 5.62
10 Car Average 2.91 4. .26 4,55 5.67 6.93 T7.16
Change from 0.0% +46.4% +56.4% +94.8% +138.1% +146.0%

Base Gasoline

Figure 2 graphically illustrates the evaporative emission
test results of the CRC testing program. As shown in the
figure, the evaporative emissions of the blends (ten car
averages) do appear to correlate quite well with FEVI. The
correlation coefficient for the least squares fit to the
data for the blends only is 0.96, indicating a high
correlation between evaporative emissions and FEVI. Other
( studies have shown there is also a relationship between
evaporative emissions and FEVI for straight gasoline, but

it appears to be a different relationship. This can also
be seen in Figure 2.




For the FEVI of the baseline gasoline,
line fit to the blend data predicts 6.33 grams per test of
the actual evaporative
emissions for the straight gasoline were only 2.91 grams.
methanol/gasoline blend of equal FEVI to the gasoline is

evaporative emissions.

However,

predicted to yield 117.5% higher evaporative emissions.

A more detailed analysis of the CRC data indicates that this

evaporative emission increase at equal FEVI is divided

between an approximately 170% increase in hot soak emissions
and 30% increase in diurnal emissions.
data on California cars certified to the 2 gram per test
SHED evaporative emissions standard indicates that on gaso-
line their evaporative emissions average about 1.65 grams
per test hot scak and 0.60 grams per test diurnal.

3.58 hot soaks and 27.4 miles of driving per day, the

Figure 2
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average evaporative emissions of these cars on straight
gasoline is 0.24 grams per mile. The typical increase in
evaporative emissions at equal FEVI observed in the CRC
teating pregram would result in these emissions increasing
to 0.61 grams per mile, an increase of 0.37 grams per mile.

Based on the in-use surveillance data we have available on
cars designed to meet a 2 gram per test standard,?® the use
of methanol/gasoline blends would increase the percentage of
vehicles which fail to meet the 2 gram standard in customer
service from 20% to 80%. This expected increase in the
in-use evaporative emissions and evaporative emission
standard failure rate is summarized in Table 3.

Table 3

Evaporative Emissions of Vehicles Certified Under
2 Gram Per Test SHED Standard

Estimated Emissions
ARB Surveillance Data Methanol/Gasoline Blends
Hot Soak Diurnal Total Hot Soak Diurnal Total

1.65 0.60 2.25 4y, 47 0.77 5.24
Failure Rate 20% 80%
Grams/Mile* 0.24 0.61

¥ Grams/Mile = (hot soak grams)(3.58 trips/day) + diurnal grams

27.4 miles/day

Others have analyzed the CRC data and other data on the
effects of methanol/gasoline blends and concluded that the
data show a correlation between FEVI and evaporative emis-
sions for all of the fuels, blends as well as straight gaso-
line. 1t may be possible to demonstrate such a correlation
statistically, but it is obvious that the correlation is
improved when the methanol/gasoline blends are analyzed inde-
pendently. FEVI is only one factor related to the effect of
methanol addition on evaporative emissions. The control of
FEVI alone does not appear to be sufficient to prevent an
increase in evaporative emissions from vehicles using
methanol/gasoline blends.
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Other Volatility Measures - DuPont has analyzed the CRC
data and concluded that an alternative measure of fuel
volatility which it calls an "Evaporative Index" would be
even more appropriate.? DuPont defines Evaporative Index
as follows:

E.I. = 1.1(RVP) + 0.21(% evap.@ 200°F) - 0.32(% evap.€ 100°F)

We have independently analyzed the CRC data using DuPont's
Evaporative Index and reached conclusions which are contrary
to DuPont's. Figure 3 illustrates DuPont's analysis of CRC

- Figure 3
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Evaporative Emissions

DuPont Analysis
of
Evaporative Emissions
v..
Evaporative Index
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34
2 5
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o i ¥ L] ¥ T
15 16 17 18 19 20 21 22 a3

Evaperative Index

data on alcohol/gasoline blends. In addition to the
methanol blend testing, DuPont included test results from an
earlier CRC testing program involving the use of
ethanol/gasoline blends. As shown in the figure, it appears
as though there is a good correlation between evaporative
emissions and the Evaporative Index for all of the fuels,
.alcohol/gasoline blends and straight gasolines. In the
figure, the straight gasolines are shown as a solid circle
or square. The blends are shown as open circles and
squares.

However, there are several problems with the DuPont
analysis, in our opinion. First, DuPont did not use the
fuel specifications reported by CRC for calculating the
Evaporative Index of the CRC test fuels. DuPont used the
average of "round robin"™ test results from a variety of
laboratories that were obtained sometime after the testing
program had been completed. The fuel specifications used by

‘DuPont showed that the base gasoline used during the
methanol blend testing had a much lower Evaporative Index
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than the blends. However, the fuel specifications for the
baseline gasoline appear unreasonable.

The specifications ‘used by DuPont indlcate that the ‘baseline
gasoline had 9.9% evaporated at 100 °F, increasing to only
10. 7% evaporated at 120°F. The percent fuel evaporated at
100°F appears to be greater than other fuels used in the
study, and for the base gasoline results in a much steeper
rise in temperature per volume evaporated than typical of
commercial gasolines. Based on the distillation curves
shown in the CRC report, the data used by DuPont represent a
significant overestimate of the percent evaporated at 100°

F. The Evaporative Index term is very sensitive to errors
in the measurement of the front end of the distillation

. LULNE.. ... The. difference betuween.the CRC distillation curves

and those used by DuPont cause a large difference in the
calculated value of the Evaporative Index.

Our recéloulaﬁion of EQaporative Index vs. Evaporative

Emissions, using the fuel specifications reported by CRC, is
shown in Figure 4. By comparing Figure 4 to Figure 3, it
can be seen that the difference between our calculated
values of Evaporative Index and DuPont's are minor, except
for the baseline gasoline used in the methanol blend
testing. Illustrated on the figure is the change in
Evaporative Index for this one fuel. With the use of the
CRC fuel specifications, the correlation between Evaporative
Index and evaporative emissions is significantly degraded.

The second problem we have with DuPont's Evaporative Index
analysis is that it combines the results of two independent
testing programs without normalizing the test results.
Variations in vehicles and fuel blending components can
result in significant changes in the average evaporative
emissions that will be measured for a population of
vehicles, independent of FEVI. This fact has not been
accounted for in DuPont's analysis of the CRC test data from
two different programs. The methanol/gasoline blend testing
program used a ten vehicle subset of the fourteen vehicles
used in the ethanol blend testing program. In addition, the
baseline gasolines were blended from different components.

Figure 5 shows which data points are derived from the "Phase
I" ethanol blend program and the "Phase II" methanol blend
program. Figure 6 illustrates the effect of "normalizing"
the two data sets so that the average evaporative emissions
of both testing programs are identical on the baseline
gasolines (which, coincidentally, had the same value of
Evaporative Index in both testing programs). When the data
are normalized in this fashion there is no apparent
relationship between Evaporative Index and evaporative
emissions. While we do not conclude there is no
relationship between evaporative index and evaporative
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emissions, this analysis brings into question the inclusion
of both ethanol and methanol blends into analyses aimed at
identifying a fuel volatility parameter which accurately
predicts evaporative emissions.

Figure 4
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Oxinol Blends - A more limited data base was analyzed to
evaluate the relationship between fuel volatility
characteristics and evaporative emissions for gasoline
blended with a 50/50 mixture of methanol and tertiary butyl
alcohol ("Oxinol"). Data reported by ARCO" for Oxinol
Blends of 3.5% oxygen content compared to straight gasolines
are shown in Figures 7 and 8. At 3.5% oxygen, these blends
contain slightly less than 10% total alcohol.

Figure 7

Relative Evaporative Emissions
vs.
RVP
For OXINOL and Gasoline
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Figure 8

Relative Evaporative Emissions
vs.
FEV1
For OXINOL and Gasoline
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Data for straight gasolines are shown as solid circles and
data for Oxinol blends are shown as hollow circles. As
shown in the two figures, there is no clear difference
between the evaporative emissions of the Oxinol blends and
straight gasolines of equal RVP or FEVI. The test results
are based on only four cars. The analysis of these data
conflicts with the results of the CRC study. This
discrepancy needs to be resolved by additional testing.

Although more data on the relationship between methanol
blending, fuel volatility characteristices, and short term
evaporative emissions is desirable, several points are
already clear:

1. The addition of methanol to gasoline without a
reduction in the amount of butane and other light
hydrocarbons used in the gasoline will result in
significant increases in fuel volatility.

2. Higher fuel volatility will significantly increase
evaporative emissions.

3. Based on the CRC data, methanol/gasoline blends with

RVP or FEVI equal to straight gasoline will have
significantly higher evaporative emissions.

Effects of Intermittent Use of Blends

The above discussion suggests that some fairly restrictive
type of volatility control will be required on methanol/
gasoline blends to prevent increases in evaporative

-12-
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emissions. However, even if the volatility of blends was
controlled to a level necessary to prevent evaporative
emissions from increasing after a switch from straight
gasoline to a methancol/gasoline blend, "real world"
evaporative emissions would inerease due to intermittent
usage of a methanol blend. The reason for phenomenon is
related to the volatility characteristics 1llustrated
earlier in Figure 1.

As shown in Figure 1, the boost in fuel volatility per
volume percent addition of methanol is not a constant.
Lower concentrations of methanol have a disproportionately
greater effect on volatility than higher concentrations.

This effect is true for combinations of alcohols as well.

’WFigure 9 illustrates data reported by ARCOs regarding the

concentration 1n gasoline. This is another way of looking
at the effect of alecohol addition on volatility. As- shown
in the figure, if a blend contains 10% Oxinol, the Oxinol
will increase the RVP of the gasoline as though the Oxinol
itself had an RVP of about 33. Therefore a mixture of 10%
Oxinol and 90% gasoline with an RVP of 9.0 psi would result
in a blend with an RVP of 11.4, a 27% increase. However,
only half as much Oxinol would have a blending RVP value of
about 52. A mixture of 5% Oxinol and 95% gasoline with an
RVP of 9.0 psi would result in a blend with an RVP of 11.15,
a 24% increase. Almost as great an increase in RVP occurs
with the addition of half as much alcohol.

Because of this phenomenon, a mixture of a 9.0 RVP straight
gasoline and a 9.0 RVP methanol/gasoline blend will have
volatility in excess of 9.0 RVP. Such mixing will
frequently occur when motorists sometimes purchase methanol
gasoline blends and sometimes purchase straight gasoline.

-13-
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Figure 10 illustrates the effect of one possible
intermittent use scenario. The calculations shown in this
figure are based on the relationship between evaporative
emissions and RVP shown in Figure 7 and the blending RVP
valués for Oxinol shown In Flgure 9. It 1s assumed that a
vehicle starts with a full tank of an Oxinol/gasoline blend
that has been volatility adjusted to 9.0 psi RVP. Each time
the level of the tank reaches one third capacity, it is
refilled. Every third refueling is with an Oxinol/gasoline
blend and the other refuelings are with straight gasoline of
9.0 psi RVP. -

The initial tank of fuel contains 10% Oxinol with a Blending

RVP value of 33. To achieve the overall blend RVP of 9.0,

it must be mixed with a base gasoline which has been -
~velatility adjusted to 6.33 RVP.

Upon the first refueling with straight gasoline, the
concentration of Oxinol in the gasoline tank is reduced from
10% to 3.33%. The Blending RVP of the Oxinol rises to 70,
as shown in Figure 9. The RVP of the mixture in the
gasoline tank is calculated by averaging 3.33% of 70
Blending RVP Oxinol, with 30% of the 6.33 RVP gasoline the
Oxinol was originally mixed with, and 66.7% of 9.0 RVP
gasoline. The net result is 10.23 RVP for the entire tank,
a 13.7% increase in RVP. This increase in RVP causes

evaporative emissions to rise by 40%.

-

Figure 10
Effect of Intermittent Use of
Volatility-Controlled OXINOL

(OXINOL Used Every Third Tank)
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With the second refueling, RVP of the tank rises slightly to
10.30 RVP due to a further increase in the Blending RVP of
the Oxinol as it is further diluted, combined with a
reduction in the concentration of 6.33 RVP gasoline in the
tank. Evaporative emissions are 43% above the baseline
value.

When refueled with an Oxinol/gasoline blend at the third
fill-up, the RVP of the tank drops to 9.49 due to the
reduction in the Blending RVP of the Oxinol and the addition
of more 6.33 RVP gasoline blending stock and the Oxinol. )
The RVP does not return to 9.0 because the presence of the
tank bottoms keeps the overall Oxinol concentration below
10% and the Blending RVP of the Oxinol is still higher than
its original value of 33. Evaporative emissions are 16%
higher than the baseline value.

As the intermittent use of Oxinol/gasoline blends continues,
the RVP of the tank follows the pattern illustrated in
Figure 10. The average RVP of the tank after eight
refueling cycles is 10.01, 11.2% higher than the RVP of the
fuel the vehicle was using. Evaporative emissions increase
by an average of 33%.

The above example illustrates a very serious problem with
the use of methanol/gasoline blends which has not been
adequately addressed. Intermittent use of the blends will
obviously occur. The result will be that vehicle fuel tanks
will contain higher volatility fuel than is being purchased
by motorists. Not only will evaporative emissions be
increased, vapor lock problems associated with higher
volatility fuels may be encountered. To account for this
situation, methanol blends may need to be formulated with a
lower volatility than commercially available straight
gasoline.

Effects of Blends on Evaporative Emission
Control System Durability

Only limited data are available on the long term effect of
methanol/gasoline blends on evaporative emissions. The
effect of long term use is important because of the possible
deterioration of evaporative emission control system
performance that methanol exposure may cause.

Once methanol is adsorbed onto activated carbon, water vapor
entering the canister with the purge air may be attracted to
and adsorbed onto the methanol site. Over time more of the
available adsorption sites may become occupied with methanol
and water molecules which are unlikely to be stripped off
and purged at temperatures and pressures that are typical of
automotive evaporative emission canisters. 1In addition,
according to some researchers,® the presence of methanol in
the gasoline tends to put higher molecular weight HC into
the vapor space than would be present with gasoline alone.
When the higher molecular weight HC is adsorbed onto the

-16-



activated carbon, it is not as likely to be removed under
typical purge conditions. As higher molecular weight HC
compounds occupy an increasing number - of adsorption sites,
the adsorption capacity of the canister can be substantially
reduced.

Data reported by the Department of Energy® indicates that
the effectiveness of charcoal canisters was substantially
degraded after 50,000 miles of operation on a blend of 10%
methanol and 90% gasoline. Data reported for two 1977 model
automobiles which used charcoal canisters for the control of
diurnal evaporative emissions, is shown in Table 4.

Diurnal Evaporative Emissions
(total organics, grams per test)

Car A Car B Average
Fresh Canister 2.93 5.11 4.02
Aged Canister 11.47 12.45 11.96
Change in Emissions +197.5%

As shown in Table 4, the effect of 50,000 miles of driving
caused the average diurnal emissions of these two vehicle to
increase by a factor of three. (Hot soak emissions control
was not degraded because these vehicles were not subject to
as stringent an evaporative emissions standard as late model
cars, and hot soak losses were not vented to the canister.)
Since late model cars use charcoal canisters for the control
of both diurnal and hot soak emissions, this may be the
level of increase that would eventually occur with late
model cars using methanol/gasoline blends, even if the
blends are volatility controlled to the extent necessary to
eliminate evaporative emission increases in the short term.

Other high mileage test data have been reported which do not
indicate the adverse effect on charcoal canister
effectiveness which is shown in Table 4. However, other
high mileage data are based on the use of accelerated
mileage accumulation schedules. Such data are of virtually
no use in evaluating the effects of methanol/gasoline blends
on the long term effectiveness of the charcoal canisters and
hoses which are critical to the performance of an
evaporative emissions control system. In order to evaluate
the "real world" effect that methanol may have on charcoal
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canisters, it is necessary to use a testing procedure that
will subject the canister to the same number of load/purge
cycles that it will undergo in customer service.

An evaporative emissions control canister in the average
passenger car would undergo well over 10,000 load/purge
cycles throughout its lifetime (about 3 hot soaks per day of
operation and 1 diurnal per day). However, during an
accelerated 50,000 test, the canister may undergo only
several hundred load/purge cycles.

More data are needed to better define the effect of
methanol/gasoline blends on evaporative control system
effectiveness in extended customer service. However, the
currently available data indicate that there is a
potentially serious problem.

Evaporative Emissions Reactivity

Data reported by the Department of Energy® indicate that
the hydrocarbon composition of evaporative emissions with
methanol/gasoline blends is different from that of straight
gasoline. DOE reports an increase in the concentration of

Cc- C; hydrocarbons and notes that the compounds in
tgis Zange have high photochemical reactivity. DOE

concludes that the change in composition of the evaporative
emissions could potentially increase the reactivity of the
evaporative emissions.

More detailed investigation of the possible adverse effects

of the change in evaporative emissions composition
associated with methanol/gasoline blend use is needed.

Short Term Exhaust Emission Effects

Exhaust emission test results for one of the fuels used in
the CRC study on methanol/gasoline blends are summarized in
Table 5. The values contained in the table represent the
average emissions of all ten vehicles included in the
testing program. The trends evident in this table were also
apparent in the test results of the other fuels. For the
blend of 8.8% methanol with 2.7% butanol, hydrocarbons were
reduced by 16.1% or 0.05 grams per mile. CO emissions were
reduced by 44%. NOx emissions were about 27% higher.
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Table 5
CRC Exhaust Emission Test Results
(grams/mile)
: ~ 8.8% Methanol
Base Gasoline + 2.7% Butanol
Car : HC co NOx HC co NOx
ol -1 0.17 2.03 1.64 0.1% 1,01 2.19
04-2 0.26 3.40 1.21 0.29 2.69 1.89
Cl -1 0.35 6.96 0.76 0.25 2.86 1.18
Cc4-2 0.38 4.28 0.57 0.28 2.65 0.60
C6 -1 0.33 6.96 0.65 0.29 4.19 0.96
06 -1 0.33 5.55 1.67 0.36 4.43 1.67
ol -3 0.17 3.32 0.84 0.15 1.64 1.26
o4 -4 0.21 2.04 1.43 0.12 0.50 1.48
Ccl-3 0.50 8.26 0.53 0.4 3.97 0.75
Cl -4 0.35 2.9t 0.70 0.26 1.67 0.72
Average 0,31 4,57 1.00 0.26 2.56 1.27

Percent Change
From Base Gasoline -16.1 -44.0 +27.0
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The CO emission reduction associated with the blend is
consistent with data which has been reported under many
other testing programs. The oxygen content of the alcohol
causes an enleanment of the air/fuel ratio which tends to
reduce CO emissions.* The enleanment effect is probably
also responsible for the slight reduction in hydrocarbon
emissions.

For open-loop control system equipped vehicles, the effect
of enleanment on NOx emissions would be expected to be a
function of the calibration of each individual vehicle. NOx
emissions are usually at a maximum at air/fuel ratios that
are slightly leaner than stoichiometric. Enleanment would
cause some vehicles to move closer to this point and others
to mover farther away.

¥One of the factors related to the effect of
methanol/gasoline blends on exhaust emissions is that the
addition of alcohol tends to make a vehicle run with a
leaner air/fuel ratio. There is sufficient oxygen to
completely burn straight gasoline with 14.7 pounds of air
for each pound of fuel. However, methanol requires only
6.45 pounds of air per pound of fuel because methanol
contains 49.9 weight percent oxygen. Since the
stoichiometric air/fuel ratio for methanol is richer than
for pure gasoline, the stoichiometric air/fuel ratio of a
blend of methanol and gasoline will also be richer. For
example, when methanol and gasoline are mixed in a ratio of
1:9 (10% methanol), the stoichiometric air/fuel ratio is
13.9:1, 5.4% richer than pure gasoline.

Carburetors and fuel injection systems do not automatically
compensate for the richer stoichiometric air/fuel ratio
caused by the addition of alcohol to gasoline. Fuel
metering systems generally meter a fixed volume of fuel per
unit of engine air flow. However, because of the similarity
in the density of gasoline and methanol, a 10%
methanol/gasoline blend has only 0.6% greater density than
gasoline, not a sufficient density increase to offset the
5.4% change in stoichiometric air fuel ratio caused by the
addition of 10% methanol. The net effect is that an engine
will run 4.8% leaner on a 10% methanol/gasoline blend. Use
of a methanol/gasoline blend instead of gasoline therefore
has an effect which is similar to readjusting the air/fuel
ratio of an engine to a somewhat leaner setting.
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For closed-loop controlled vehicles, one might expect the
effect of alcohol addition to cause insignificant changes in
NOx emissions. NOx emissions are fairly low while the
vehicle is warming up in the open-loop mode, and once the
vehicle is in the closed-loop mode it would be expected that
the feedback controlied fuel metering system would overcome
the enleanment effect of methanol addition. However, the
CRC data indicate a significant NOx emission increase.
Department of Energy tests also indicate a 47.9% increase in
NOx emissions was associated with the use of a 10%
methanol/gasoline blend in three 1978 model vehicles
equipped with 3-way catalysts.® (The vehicles also
demonstrated a 4.7% reduction in HC emissions and a 28.3%
reduction in CO emissions.)

" The Increased NOXx emissions associated with the use of

methanol/gasoline blends in 3-way catalyst vehicles seems to
indicate that the feedback control systems of these vehicles
are not keeping the air/fuel ratio at stoichiometric condi-
tions as well. Tests conducted by General Motors® have
shown that 3-way catalyst NOx conversion efficiency is
degraded with the addition of alcohol to gasoline even
though the average air fuel ratio remains at stoichio-
metric. Oxygen sensor response characteristics may be
altered in some way which degrades catalytic activity. It

hed + In £ = b | S en & la
is also conceivable that the presence of methanol in the

gasoline is causing a change in exhaust gas composition
which affects the activity of the catalyst. Whatever the
reason, the available data indicate that the addition of
methanol to gasoline increases NOx emissions.

It should also be noted that the reduction in hydrocarbon
exhaust emissions measured with the methanol/gasoline blend
are insufficient to offset the increase in evaporative
emissions. Evaporative emission increases are estimated at
0.37 grams per mile even for vehicles certified under the 2
grams per test SHED standard. This outweighs the .05 gram
per mile reduction in exhaust hydrocarbons by more than a
factor of seven.

Long Term Exhaust Emissions Effects

A serious concern regarding the long term effects of the use
of methanol/gasoline blends involves the potential increase
in exhaust emissions associated with tampering. Tampering
may occur as a result of attempts to correct driveability
problems associated with the enleanment effect caused by the
use of oxygen containing fuels. Figure 11 illustrates the
driveability problems that were observed during the CRC
methanol blend testing program. As shown in the figure,
driveability demerits were significantly increased as the
oxygen content of the fuel was increased by the addition of
methanol.
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Limited test results have shown the effect on exhaust
emissions of readjusting vehicles to offset the degradation
in driveability caused by a switch to alcohol-gasoline
blends.'® Three different 1978 model passenger cars
equipped with 1.6, 3.3, and 5.0 litre engines were adjusted
to optimize driveability after their driveability had been
adversely affected by a switch to a 15% methanol-gasoline
blend.

Adjustments made to the vehicles included:

1. Spark timing advanced 4°

2. 1Idle speed increased 50 RPM

3. 1Idle mixture enrichened for best idle quality

4, Part throttle idle mixture adjusted on two of
the three cars to optimize driveability

After these modifications had been completed, two of the
cars had driveability ratings that were almost identical to
what they had on straight gasoline. The third car had
improved driveability compared to the use of the alcohol/
gasoline blend without adjustments; however the vehicle was
still experiencing a 50% increase in driveability problems
compared to gasoline. The driveability tests that were run
indicate that the adjustments made to compensate for the use
of the alcohol/gasoline blend were not greater than required
to restore the original level of driveability performance.
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Figure 12 shows the effect of the adjustments made to
restore driveability on the exhaust emission changes caused
by the switeh to- the alcohellgasoline blend. As would be

figure is reasonably consistent with the 1nformation shown
earlier for blends with somewhat lower methanol content.
When the vehicles were adjusted to restore their
driveability on the alecohol blend, the CO emissions were
138.3% higher than whén they were running on gasoline in
their baseline condition. HC emissions were also 59 3%
higher following the readjustment. - piive

The reason that the €O emission levels in the adjusted
configuration were higher than the gasoline baseline is
.adeguate .

Because it was not practical to increase the accelerator
badic air/fuel ratic of the cdarburetors had
to be adjusted rich enough to compensate for the driveabil-
ity problems caused by this lack of adequate acceleration
enrichment.

After the vehicles were modified to restore their
driveability on the methanol/gasoline blend, they were
switched back to gasoline to determine what the effects
would be on emissions and driveability. Driveablility was
determined to be superior to the baseline condition because

of the mixture enrichment.

Figure 12

Effect of Tampering
on Exhaust Emissions
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NOx emissions were 1.3% less than in the baseline
configuration; however, the increases in hydrocarbon and CO
emissions were enormous. HC had increased to 189% above the
baseline and CO had increased by 360%.

These results make it clear that the initial carbon monoxide
emission reductions that can be demonstrated for a switch to
methanol/gasoline blends may be of academic interest only.
The increase in CO emissions that occurs if vehicles are
readjusted to restore driveability can be much larger than
the initial reduction, and thus driveability must be
considered an environmental factor when evaluating the
effect of methanol/gasoline blend usage on emissions.

Impact on Emissions

The emission increases identified for each area of concern
are based on different vehicles and studies, and may not be
cumulative, therefore it is not possible to estimate an
overall emission increase associated with methanol/gasoline
blend usage. However, a relative sense of the magnitude of
the impact may be gained from an examination of the
individual impacts.

Table 6
Area of Concern: HC Possible Impact, gpm
Evap. increase: volatility 0.37
Evap. increase: intermittent use 0.08
Evap. increase: cannister degrades 0.47
Evap. increase: reactivity ?
Exhaust decrease -0.05
Exhaust increase: tampered up to .77

In comparison, the average in-use HC exhaust emission rate
for a 1984 California model is 0.29 gpm when it is new, and
1.14 gpm at its half life. The average emission level of
the California fleet is about 1.7 gpm, and California's
biennial I/M program will reduce this by 0.4 gpm HC. Thus,
it appears possible that the use of methanol blends could
significantly increase overall fleet HC emissions, and has
the potential to negate the benefits of the state's new
vehicle inspection program.

Conclusions

1. Based on an analysis of the Coordinating Research Council
(CRC) testing, use of methanol/gasoline blends will
result in a significant increase in evaporative emissions
even if fuel volatility, measured by RVP, FEVI, or EI, is

controlled to the same volatility as straight gasoline.
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Based on data presented by ARCO, FEVI may provide a
volatility control for evaporative emission increases
associated with use of certain blends of 50% methanol/50%
tertiary butanol in gasoline. More test data are needed
to resolve this apparent inconsistency with the results
of the CRC study.

The fuel mixture resulting from the intermittent use of
blends and straight gasoline will cause evaporative
emission increases. This will occur even if the blend is
volatility controlled such that use of the blend alone

. does not increase emissions compared to use of the

straight gasoline alone.

.. Use of methanol/gasoline blends may cause long term . .

deterioration of the vehicle evaporative control system.
More study using real life evaporative collection/purge
conditions is needed to quantify this possible effect.

Evaporative emissions resulting from use of methanol/
gasoline blends may be more conducive to smog formation.
More research into this possible effect is needed.

Use of methanol/gasoline blends will increase NOx exhaust
emissions. Decreases in HC and CO exhaust emissions may
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much smaller than the increase in evaporative emissions.

The lower HC and CO exhaust emissions associated with
methanol/gasoline blend usage may become large emission
increases if owners readjust and tamper with their
vehicles in order to correct poorer driveability that
occurs with use of some blends.

Additional research is needed to better quantify the air
quality impact of use of methanol/gasoline blends. Based
on the available data, use of blends will most likely
cause an increase in emissions of HC and NOx, and thus an
increase in photochemical smog.
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