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1. Background

Onec of the operating characteristics of diesel engines 1s their emission
of particulate matter, part of which can be seen as visible smoke while
the remainder i1s invisible. At temperatures above about 260°C (500°F),
1t 1s believed(]) that the particulate 1s principally made up of small
agglomerated chains (about 1 micron long) of very small spheres of cle-
mental carbon (soot). At temperatures below about 260°C, these chains
are frequently ccated with condensed material mostly in the form of high
molecular weight organic compounds, unburned hydrocarbons, some sulfur
dioxide, sulfates, and polynuclear aromatic hydrocarbons (PNA).

EPA has studied particulate emissions from diesel engines for the last
several years. The f{irst such interest was in studying the visible
smoke component of particulate whach was followed by PNA studies of
diesel exhaust. At about the same time as sulfate particulate emissions
from gasoline vehicles were beginning to be studied (1973), EPA started
measuring total particulate from heavy duty diesel engines. Since this
time, interest in diesel particulate emissions has greatly increcased,
which has in part been due to preliminary results indicating the potentially
carcinogenic nature of portions of the soluble organics from diesel
particulate. Also, the Clean Air Act As Amended August 1977 includes a
requiremcnt for a motor vehicle particulate standard effective with the
1981 model year(2)*, thereby greatly increasing 1nterest in particulate
emissions characterization.

2. Experimental Procedures

The fundamental objective in particulate sampling to date has been to
obtain a sample that 1s as close as possible to actual atmospheric
particulate. As such, the exhaust and attendant particulate 1s quenched
to temperatures of 52°C (125°F) or less at the sampling point. This 1s
consistent wath the currently accepted definition of mobile source
particulate being anything that is collected on a specified filtering
medium that 1s maintained at or below 52°C, excluding condensed water.
The sampling temperature of 52°C has been selected as an appropriate
sampling point temperature for research purposes.

The methods that have been used to meet the sampling objecctives for
heavy duty diescl engines have, 1in part, been adapted from technology
that was developed for light duty gasoline vehicle particulate sampling.
This involves the use of a dilution tunnel wherein engine cxhaust 1is
mixed with dilution air and a sample of the mixture 1s {iltered for
particulate emission ratc determination. The major adaptation for heavy
duty diesels has been the use of an exhaust flow splitter which 1is
necessatry bccausg the large volumes of erhaust flow (in some cngines, in
excess of 0.47 m /s or 1000 cfm) would require extremely large tunnel

#* Numbers in parenthesis represent References found in back of paper.
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flow capacity (7.0 m3/s or 15,000 cfm) to dilute the exhaust to 52°C.
Such large tumiel {lows would require extremely large blowers (with a
very high initial caprtal cquipment cost) and 1t would he difficult te
measure such large [lows accurately. Therefore, the rescarch work in
heavy duty diesel particulate has, to date, been done with an exhaust
splitter thus permitting lower, somewhat more easily measured tunncl
flows as well as permitting the usc of available CVS equipment.

In the exhaust splitter system, the englne-out exhaust 1s introduced into
a commercially-available muffler (of a type rnormally used with the

engine being tested), which contains two perforated tubes. One of these
tubes exits the muffler and leads to waste, and the other Lube goes to the
dilution tunnel. The tubes are identical in perforations and length but
are dificrent 1n outlet daameter. TFhe objective in building the splitter
1s to give exhaust components an equal probability of exiting by the
dilution tunnecl line or the waste line, [n the research performed to
datc, each engine is tested with a specifically tailored splitter so that
the resultant flow to the dalution tunnel 1s sufficient to obtain an
adequate sample yet not so much as to resullb in excess temperaturces at
the filter face. Some control is exerted over flow from the splitter to
the dilution tunnel by restricting the flow to waste. (3}

There are various types of filter media upon which diesel particulate
samples have been collected. With any filter, including glass fiber,
there exists the possibility of artifact formation from chemical recac-
tions occurring on the filter during collection. This could be a problem
if the collected material were to be analyzed chemically, but when
particulate mass 1s the principal measurement to be made, the normal
precedure has been to use 47 mm glass fiber filters due to their good
particulate collection efficiency and their relatively low tendency
toward filter plugging.

In the EPA work at Southwest Research Institute, particulate mass emis-
sion rates have also been computed from the 47 mm PTFE (polytetrafluoro-
ethylene, known as Teflon and made into {ilters with a trade name of
Fluoropore) filters. PIFE filters are used when sulfate emissions are to
be measured, because unlike glass fiber filters, the PTFLC filters have a
low, relatively constant background sulfate level. However, they clog
easily and therefore are not usually the filter of choice for particulate
mass emissions sampling. A third source of particulate emission data for
dicsels comes from 20.3 cm by 25.4 cm (B x 10 1n.) glass fiber filters
through which higher flow rates are pulled so that sufficient sample is
obtained for PNA and other organic compound analyses However, results
indicate that the particulate emissions results are partially a function
of the filtering medivm and filteraing system employed.(3) This 1s duc to
factors such as different filter retention characterastics and different
wall effects of various systems. Therefore, 1t 1s important to specify
what type of filter medium and system hava been used to obtain particulate
emission results. All data reported in this paper were derived from
samples collected on 47 mm glass fiber filters.
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A study was recently performed for EPA(4) wherein 54 filter media were
evaluated as to the appropriateness of thear use for collecting paiticu-
late matter 1n auteomobile erhaust. The parameters measured in the study
included aerosol collection efficiency, [low resistance, face velocity,
filter density, water and organic vapor sorption, manufacturing umi-
formity, fiber blow-off, filter loading and exposure Lo exhaust gascs.
The results of this study indicated that one of the optimum filter media
was the Teflon-on-fiber glass filter (Pallflex Products Corporation 1is
one manufacturer of filter media of this type). It 1s likely that EPA
will ba using filter media of this type in the future,

Duraing the course of EPA's heavy duty diesel particulate characterizatlion
work, the resultanl particulate emissions data has been reported ian
several units, including fuel specific (grams particulate per kilogram of
fuel, g/kg fuel) and work specific (grams particulate per kilowatt hour,
g/kw hr). 1t seems that each unit has both strong advantages as wcll as
certain disadvantages. The work specific units seem particularly well
suited for use in regulating particulate emissions. This was also the
conclusion reached when units were being considered for gaseous emissions
regulation. (5)

The work specific units have two disadvantages. The first is that, in

the steady state modal weighting procedure, the composite weighted emis-
sion number has a slight high bias in that the significant idle particulate
emissions are not offset by a finite power output. The other disadvantage
is that 1t is very daffacult to compute a meaningful overall emission
factor* {rom a work specific number.

These disadvantages are overcome by using fuecl specific units. The fuel
specific units take into full account the 1dle mode emissions as there is
fuel flow at idle. Also, these units are much more meaningful in computing
particulate emission factors as there is quite a bit of fuel usage data
available, both on a gross scale and individual vehicle scale. The two
units are very closcly related by the work specific fuel consumption
which is relatively constant over a wide range of engines. The major
disadvantage of using these units from a regulations point of view is
that they would tend to give a certain amount of advantage to less
efficient engines. At this tame it has not been decided which units EPA
will use for regulation of heavy duty particulate. It is possible that
EPA may regulate particulate emissions on the basis of work specific
units but may require reporting in both these units as well as fuel
specific units.

* The term "emission factor" is used to indicate an cmission rate
in terms of mass per distance traveled.
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The particulate data that has been gathered to date has becn based on
the 13 steady state operating modes of the Federal Test Procedure(h).
The method [or computation of composite emissions fiom this type of
modal data was stated by Bascom et al ..(5), but the derivacion of that
method was not. The deriavation which follows(7) was used for reducing
the modal data which 1s recported in this paper.

Notation:

i = mode number

W, = time-based weighting factor
= (tame);/E(twme),

F, = mode fuel rate, kg/hr

Py = mode power, kW

PL, = mode particulate rate, g/hr

DERIVATION 1 - Grams per hour units

Cvcle pollutant _ ’
exissions (g/hr)” ‘gh’ where

P . grams pollutant cycle
gh emcted during cvele/ time, hours, or

Pon = %t (feosucea in 2odq | / Ey(etme) .
Using the above notation,
Psh = riPc1 (cme)i/zi (time)i,
and substituting gives
Pgh = Iiptiwi'

DERIVATION 2 - Work specific units

Cycle pollutant -
erassions (g/kVW hr) ngh' vhere

. &rams pollutant work performed
gkh  emitted during cyecle/ duraing cycle, or

using the above notation

ngh - zi Pti(tme)i/EiPl(Lime)i.

Dividing the numerator and denominator
by total cycle time yields,

[i Ptj(r.ime:)ilii(imc)i

I‘gkh =
pri(Limc)i/Li(tlme)i

which, vpon supsitution, reduces to

= 7 ! !
ngh I Ptikifﬂipihl.
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DTRIVATICN 3 - Fuel specific units

Cvcle pollutant P

enissions {gfkg fuel) = gke? where

P . frams pollutant ke fuel consumed
gki errtted du-ing eycle/ over cycle, or

y
using the above notation

w I ime)
ngf LiPti(t1me,i/Fifi(time)i.

Dividing the numerator and deaominator

by total cycle tare yields,

Poks o TPt (time) /I (time),

LFi(time)i/Li(time)i
vhicn, upon substitution, reduces to

W, /E,F /W

Porg = TiPE W /T F V-

gkf

3. Results

The currently available data that EFA has developed regarding the partl-
culate emission rates frem heavy duty dicsel engines 1s presented in
Tables I and II. These data come from four EPA contractual projects at
Southwaest Research Institute, three of which are completed (8)(9)(10),
and one 15 underway(ll). An “Engine MNumber" 1s assigned to each test
engine for easy reference.

Engine numbers 1 (DDAD 6L-71T, two-stroke) and 5 (Cummins 855 TC, four-
stroke) were run 1n a program(9) that was designed to develop a methodelogy
for determining fuel effects on heavy duty diesel particulate cmassions.

As such, three diesel fuels were run i1n Lhe two engines. The three

fuels werc a DF#l, a DF#2, and a DF¥ "1 1/2" which was designed to have
characteristics between those of DFwl and DFJ2. Each of these fuels

then was doped witn a fuel additive and the engines run again. The DF#L
was run with Ethyl DII-2 at the field usage level of 0.10% by volume.

The DF#2 and DF#1 1/2 were doped with Lubrizel 8005 at the ficld usage
level of 0.23% by volume.

The EtLhyl DII-2 1s a pramary hexyl nitrate (organic) material intended
for use as an 1gnition accelerator or 'cetane improver''. Lubrizol 8005
is an organo-mectallic used as a smoke suppressanL, containing calcium
and a small amount of barium.

Engines number 2 (DDAD 6V-71, two-stroke) and 6 (Caterpillar 3208, four-
stroke) were rua :n a program{l0) vherewn several types of fuels have
been run to note the effect of the fuel oun the cmissions [rom the two
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engines. The fuels used were 1) No. 2 Diesel fuel (DF#2) emission tesl
fuel, 2) DF#2 which closely approximates a "national average" fuel,

3) DF#FL, 4) DF.2, "minimum" quality, which has a low cetane {about &42)
and 1s high in aromatics, and 5) D42, "premium” gualaty, which has a
high cetanc (about 52) and 1s hagh in paraffiius.

Engines 3 and 7 were run in a program(8) that characlerized the emis-
sions from these engines under two different configurations each. The
Detroit Diesel Allison Division (DDAD) 6V-71 cngine was operated with
both Low Sac Needle size 60 (LSN-6) fuel injectors and B-69F injectors.
The B-60E 1njectors are needle type with a constant end of injection
helix instead of a constant start of injection helix. The Cummins 855
TC four-stioke engine was operated 1u & 'current' configuration where
the engine used standard Static anjection taming and in a "low' emis-
sions configuration where wvariable injection timing was employed.
Engine mumber 4 (DDAD 8V-71Ta, two-streke) was run in the same progran
but i1n just one configuralion which represcnted the production engine.
Engines number 3 and 4 werp operated on commercially available DFF1 and
engine number 7 was run on a DF#2 with nominally 'national average"
charactellstics.

Table I

Table of Fuel Specifiec Particulate Enlssion
Rateg for Two-Stroke Heavy Dutv Diesel Engipes

Englne Test Test Farriculate Evissfons gfke Fuel
Number Engine Fuel Londirions Test Resuit s from Moan

1 6L-71T TF1 Normal 3.8 0.71
1 SL-71T DF1 Ignition azcelerator

additive used In fuel 3.7 0.78
1 6L-71T pr2 Normal 3.7 9.78
1 6L-71iT DF2 Smohe suppressaat used

in fuel 4.6% 0.11
1 8L-71T DF"1, 5"k Mormal 3.4 1.c0
1 BL-71T DF'1.5" &% Swole suppressan: used

in fuel 3.7 .78
z 6¢-71 OF2 Errsslons derzal 6.18 1.07
z 6y-71 DIZ Hat. Avg., \ortal 6.61 1.38
2 6v-71 or1 Jormal 5.69 9.71
2 6Y-71 DF2 Mzn. Myal hormal 5.89 0.86
2 6V-71 DE2 Prewisan Mormal 6.52 1.33
3 &vV-T1 uri L5 60 Injecters 4,42 0.23
3 6v-71 DF1 B 60L Irnjectors 5.75 0.75
4 8v-7114 D2 Noroasl 2,45 1.71

Averdge 4,74

Staadard Devaation (o) 1.34

* pata corvected [or Iy ector maliunction error via persenzl smotmunicatien
wirh authors,

k% A DF with properties betwecn DFEC and DF'1
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Table II

Table of Fuel Specific Particulate Erassion
Rates for Four-Stroke Heavy Duty Biescl Engines

Engine Test Test Particulate I'missions pfhp Fuel
Number Engine Fuel CondiLions lest Result 6's {rom Mean

5 855 TC nrl Normal 1.0 0.73
5 855 TC DFL Injection accelerator

aadative used in fuel 0.95 0,75
5 855 TC DF2 Normal 1.6 0.47
5 855 TC DF2 Smoke suppressant used

in fuel 2.0 0.29
5 B55 TC DF'"1.5"#* Normal 1.2 0.64
5 855 TC DF“L. 374 Suoke suppressant used ¥

in fuel 1.3 0.60
6 37208 DT2 Emassions  hKormal 3.11 0.20
6 3208 DF2 hat. Avg. Rormal 3.09 0.19
[ 3208 DFL Rormal 1.82 Q 36
[ 3208 D¥2 Min. Qual. WRoiral 3.36 0.31
6 3208 DF2 Premiunm Norwal 2.94 Q.12
7 825 IC DF2 "Fixed" Timing 1.44 0 54
7 855 TC DF2 "variable" Timing 2.09 0.25
8 ETAY(B) 673A DI2 Wormal 3.53 0.52
9 3208 (IGR)  DF2 Normal 10.1%6 3.30

All cngines

Average 2.54

Standard Deviation (o)  2.27

All engines, except f9
Average 2.10
Standard deviation({o) 0.9%6

2 The "all engines" mean and standard deviation

** A DF with properties between DF#2 and DFf1

Engines 8 (Mack ETAY(B) 6737, four-stroke) and 9 (Caterpiller 3208 EGR,*
four-stroke) vere tested 1n a program{ll) that 1s currenlly in progress.
Both engines were tested in production configurations with DF#2. Engine
number 9 1s noteworthy as 1t 1s the only test engine to have [EGR.

The data are presented in two groups, the four-stroke and two-stroke
engines. This 1s because the data devcloped Lo date indicate that the
two-stroke cngines Lend te emit almost twice the particulate as the
four-stroke engines {with the exception of the &4-stroke RGR engine,

which ematted almost 4 tawes Lhe particulace as the average non-EGR 4-
stroke englne). Since the objective 1s to establish a particulate
emission tate that 1s representative of actual conditions, all data in
cach of these two groups are averaged together with no special statistical
consideration given te the indavadual results. This 15 fell Lo be
jJustified as mosL test fuels and conditiens can be expected Lo be encountercd
in actuwal use. "Those tests run under somewhat non-actual use conditions

* Fxhaust Gas Reciiculation
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{(e.g. DF) or 1.5 1n a 4-stroke) yielded results that varied from the
mean by one standard deviation or less. lherefore, in general the
averaged results are considered to be representative of actual use.

AlL of (he data presented represent particulate emission rates computed
from 47 mm glass fiber filter analysis results. Also, all of the data
15 relatable to 13 mode data. However, all of the data mav not have
been computed from tests in which 13 discrete filters 'rere taken. Some
data come from 7 mode tests which used distributed weiphting factors
similar to 13 mode weighting factors to arrive at a composite parti-
culate emission rate.

In order to compute a meaningful heavy duty diesel particulate emission
factor, several iLypes of daia are reguired. These include 1) fuel
specific particulate emission rates for heavy duty diesel vehicles, 2)
heavy dutLy diesel average speed data, and 3) heavy duty dicsel fuel
usage data. AlJ of this data should be represcntative of actual use
conditions. Much, but uot all, of this data 1s currently available.

The fairst type of data required 1s the in-use fuel specific particulate
emission rate. The available data has been presented in Tables I and
II. However, this data 1s represcentative only of a few select number of
engines operated at steady state modes under laboratory conditions.
Therefore, the data 1s not necessarily representative of actual in-usc
particulate cmission rates.

EPA is currently initiating a program to study particulate emission
rates of heavy duty diesel engines operated over transient cycles. This
should significantly 1mprove the estimates of in-use particulate emis-
sions. It 1s expected that transient operation will yield migher parti-
culate emission rates.

For the purposes of this analysis, the data presented in Tables I and 1I
will be used with only one minor change. The four-stroke emission
factor that will be used will be the one excluding the EGR engine (2.10
g/kg Fuel). This 1s because the KGR engine represents only about 1 4%
of current eng.ines so0ld(12) and a much lower percent of the total heavy
duty diesel engine population. By eliminating the result from that
engine, the particulate emission factor becomes more representative of
results from steady state, laboratery tests of the general heavy duty
diesel population.

The second type of data required for a meanmingful heavv duty diesel

engine factor 1s average speeds for actual heavy duty diesel vehicle

usage. Data of this type was developed by the Coordinating Research

Council] CAPE-21 preoject wherein truchs and buses were instrumented and
operated in typical use i1n Los Angeles and New York City. Tour buses

were used for data accumulation 1n each city as well as 17 diesel trucks

in Los Angeles and 14 diesel trucks in New York City. ’'lhe data thus
obtained was reduced by an FPA contractor(13) and 1s presented in Table III.
These average speed data will be used for selecting the fuel economy

values used in computing the particulate emission factors. The data
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from Lhe two cities can be cansidered to represent extremes of urban
heavy duly vehicle usage, with usage in other cities falling soimewhelre
1n between these values.

Table I1T
Average Vehicle Speeds for Heavy Duty Diesel

Vehicles Under Various Types of Usage
Average Speed (km/hr)

Cicy Usage Type Diesel Truchks City Buses
Los Angeles Non-Frceway 25.6 26.8
Freeway 74.9 73.3
Combined 49.6 31.9
New Yoik Non-TFreeway 14.4 12.5
Freeway 43.6 34.5
Combined 20.7 12.7

The third typec of data required 1s fuel usage data for heavy duty diescl
vehicles. Such data comes {rom a study(l4) wnerein cmissions and fuel
consumption data were gathered from a wide variety of heavy duty vchicles
under several types of duty cycles tested on chassis dynamometers.
Among the vehicles tested were twelve diesel trucks (eight equipped with
4-stroke engines and four with 2-stroke engines) and two city buses,
both with 2-stroke engines (the typical bus engines). The duty cycles
over which the trucks were tested included eight steady state speeds (0,
5, 10, 15, 20, 30, 40 and 55 mph), four driving cycles (average speeds
of 5, 10, 15 and 20 mph) and three sinuscidal driving schedules (20 + 5,
30 + 5 and 40 + 2 mph). The buses were operated over duty cycles that
included seven steady states (0, 5, 10, 15, 20, 30 and 40 nph), four
dravang cycles (5, 10, 15 and 20 mph average speed) and two sinusoidal
draving schedules (20 + 5 and 30 + 5 mph). The data was obtained under
laboratory conditions and does not represent on-road fuel consumption
which could be higher. All of the velicles were tested with dynamometer
inertia weights corresponding to the vehaicle fully loaded, half loaded
and empty.

The fuel consumntions developed 1n this study are for a series of quite
uniformly spaced speed points vhereas the vehicle usage average speeds
(Table III) are at intermediate points. Therefore, simple linear inter-
polation vas used to determine the fuel censumption values for trucks
(and engines) and buses for the vehicle usage average speeds. Tne
results of these calculations arc preseanted in Table IV.

With the fuel consumption values thus determined, the particulate emis-—
sion f{actors can be computed from the following formula:

Part. Ermission

Factor (g/hm) = (particulate emissions){fuel conversicn){(fuel consumption)

= (g part./kg fuel)(0.851 kg fuel/litre fuel)(Jitre fuel/100 km)
(1/100)
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The results ol these calculations are presented in Table V. This table
should be consulted for specific emassion factor numbers as an overall
heavy dutv diesel partsiculate ewission factor number 1s less meaningful.
However, 1f a condensation must be made, 1t can be partially done on the
basis of vehicle sales(12). About 1.78 percent of the heavy dury vehacles
sold in 1975 were buses. Of the remaining 98.227 (trucks), 23.447 were
2-stioke (all of the Detroit Dresel engiues, the only manufactuver of 2-
stroke) for a weighting factor of 23.02%. The 4-stroke engines revre-
sent 76.56% of the truchs for a weighting factor of 75.20%. Using these
werghtiug factors on the half load, combined usage emission facters
yields a wveighted New York City usage emission factor of 1.31 g/km and a
Los Augeles usage cmission factor of 0.83 g/km. Therelore, the heavy

duty vehicle particulate emission factor for half loaded vchicles operating
in urban areas (combination of both freeway and non-frecway usec) 1s
between 0.84 and 1.31 g/km, depending on the average speced of use. This
figure assumes no engine malfunction, 1s based on steady state, labora-
Lory emission resulis and uses laboratory fuel consumption values.

It must be emphasized that the most accurate emission factor for heavy
duty vehicles 1s obtained by using Table V. This 1s especially important
wvhen the vehicle mix deviates from the mix used to compute the weighting
factors. Tor example, it 1s conceavable that, in a downtown area where
trucks are prohibited from the streets and the only heavy duty diesel
vehicles are buses, the emission factor would be between 1.84 and

2.66 g/km (half loaded buses, combined usage) which 1s significantly
higher than the above-mentioned composite emission factor.

Teble IV

Table of Fuel Consumpticn Values
Used 2n Coxputing Particulare Emission Factors

Average Fuel Consumption (£/100 km)*X

Vehlcles, New York City Les Angeles
Engines, Non- Non-
Loads Freeway Frecvay Combined Frecway Frecway Combined
Trucks (16.4)* (43.6) (2C.7) (25.6) (76.9)  (49.6)
2-Stroke
Empty Load 55.2 32.3 48.4 45.0 35.9 30.7
Ralf Load 60.3 28.4 53.72 52.4 42.1 6.1
Full Load 70.0 46.4 65.7 83.4 48.5 42.5
4-Stroke
Empty Load 52.8 33.0 46.0 42.9 32.4 30.7
Hlalf Load 60.9 37.6 564.8 51.7 37.5 34.9
Full Load 69.0 44.3 63.9 60.8 43.0 40.8
Buses 12.5% {34.3) (2.1 {(26.8) (33.3) (31..9
Empty Load 64.3 43.9 63.9 48.4 35.6 45.13
Half load 66.5 L4.6 65.% 47.6 41.6 45.5
Full Load 73.5 45.6 73.1 53.5 47.7 50.8

* Jurbers in parentheses represent average speed (kz/hr) at
the three usage conditions for the two citiag. These
numbers come Irom Table 111.

<% Based on data collected under laboratory conditions,
on-road fuel cousumptien mav be higher.
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Table V

Table of Heavv Duty Diescl
Vehicle Tarticulace Emission Factors

Pariticulate Ewzssion Tacrors (gfkm) %%

Vehicles, New York Ciiy Lsare Los Aun;eles Usage
Englines, Non- hon-
Loads Freeway Freeway Combined  Freeway Freeway Comrbined
Trucks (14.4)*  (43.6) (20.7) (25.6) (74.9) (49.6)
2-Stroke
Empty Load 2.2 1.3 2.0 4 1.8 1.5 1.2 ,
Half l.oad 2.4 1.6 2.2 7 2.1 1.7 1.5 /2 %
Full Load 2.8 1.9 2.7 2.6 2.0 1.7
4-Stroke
Empty Load 10 0.6 0.8 0.8 0.6 0.6
Halfl Load 1.1 0.7 1.0 0.9 0.7 0.6
Full Load 1.2 0.8 1.2 1.1 0.8 0.7
Buses {12.5) {34.5) 12.7) (26.8) {73.3) (31.9)
Empty Llecad 2.6 1.8 2.6 2.0 1.4 1.8 g
dalf Load 2.7 1.8 2.7 43 1.9 1.7 1.8 ¢
Full lLcad 3.0 2.0 3.0 2.2 1.9 2.1

* Kumbers in parentheses represent averzge speed (km/hr)
at the rhree usage conditions for the cities
These nunbers come [rom Table IIL.

*% Based on data collected under laboratory conditious,
on-road emission factors may differ.

There have been other studies of Diesel particulate emissions, but
results of such studies can't be compared directly with the emission
factors in Table V because those studies address particulate emissions
only in terms of mass per volume exhaust, mass per time, mass per fuel
used, or mass per work output, rather than mass per distance travecled.
However, a comparison of the fucl specific emission rates in Tables I
and TI with corresponding results from some other studies (3, 15, 16)
indicates that the range of engines and opcrating conditions used

in thas study 1s wide enough to be representative of other studies.

The emission of particulate from heavy duty diescl vehicles yields some
interesting figures from a national emission inventory point of view.
Such an inventory has been computed from fuel consumption figures(18)
shovn 1n Tahle VI. The truck emissiors verc computed assuming that 237
of the trucks are 2-stroke and the rcaduinder 4-<troke. All of the buses
are assumed to be 2-stroke. One of tne more important sources of urban
particulate emissions arc the local buses, which, according to the
computations, emit 3570 metric tons of particulate per year in urban
areas. To this urban particulate emission rate must be added the
component attributable to trucks and, to a lesser degiee, intercity
buses.
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lable VI
Jable of Miesel tucl Consumptaon and Particulate "rits,.ons
for Three ivprs oo dhghway llesvy Duty diesel Velwscles

1975 Fuel Particulate
Emission Consumption Lmissrons
Source (million barrels) (metraic tons/vear)
Trucks, diescl 216.28 79,850
Intercity bascs 4.29 2,750
Local buses, diesecl 8.69 5,570
TOTAL 229.26 88,170

Conclusions

Based on tests done for FPA by Southwest Research Institute, the
average particulate results {rom steady state laboratory tecsts for
2-stroke engines 1s 4.74 g/kg fuel and for 4-stroke engines 1s
2.64 g/kg fuel.

The emission factor range for urban areas which permit only local
buses is from 1.8 to 2.7 g/km (2.9 to 4.3 g/m1) of particulate.
This assumes all half load buses, combined usage (which 1s very
close to non-freeway usage), no engine malfunctions and on-road
fuel consumption equal to the laboratory fuel consumption, and 1s
based on steady state particulate test results.

Diesel trucks emit, on a nationwide scale, 80,000 metric tons of
particulate per year, 1lntercity buses emit 2,800 mctric tons
particulate/year and local buses emit 5,000 metric toms per year
for a total of 88,000 metric tons of particulate per year.

EPA is initirating a study of particulate emissions {and fuel economy)
under laboratory transient operating conditions. The transient cycle
will represent urban heavy duty vehicle use and wall therefore yield

results that more accurately reflect such use.
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