AP42 Section: 33 Gasoline and Diesel Industrial Engines

Title: Correpsondence and comments

1992

Note: This material is related to a section in AP42, Compilation of Air Pollutant Emission Factors, Volume I
Stationary Point and Area Sources. AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the file number, the AP42 chapter and then the section. The file name
"rel01_c01s02.pdf" would mean the file relates to AP42 chapter 1 section 2. The document may be out of
date and related to a previous version of the section. The document has been saved for archival and
historical purposes. The primary source should always be checked. If current related information is
available, it will be posted on the AP42 webpage with the current version of the section.



EPA
Text Box
Note: This material is related to a section in AP42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the file number, the AP42 chapter and then the section.  The file name "rel01_c01s02.pdf" would mean the file relates to AP42 chapter 1 section 2.  The document may be out of date and related to a previous version of the section.  The document has been saved for archival and historical purposes.  The primary source should always be checked.  If current related information is available, it will be posted on the AP42 webpage with the current version of the section.



E“Qine 401 North Michigan Avenug
Manufacturers Chicago, lilinois 60611-4267
Association 312/644-6610

TO: EMA Non-Road Emissions Group

FROM: Glenn Keller
DATE: April 23, 1992
RE: EMA Member Input to Revise AP-42 Emission Factors

Please give your priority attention to this request for emission factor data to assist EPA’s
contractor in the update of AP-42 emission factors.

They are requesting data on stationary and portable engine applicati.ong for spark ignited
engines from 20 to 250 HP and diesel, dual fuel and natural gas engines from 45 HP and

up.

The memo is self-explanatory. I thought it best if members submitted their data directly to

Acurex Environmental.

Attachment |
GK/gj

c¢¢: Michael Chan
Acurex Environmental
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Acurex

Environmental
w
CORPORATION April 22, 1992

Mzr. Glenn Keller, Executive Director
Engine Manufacturers Association
401 N. Michigan Avenue

Chicago, Illinois 60611

Dear Mr. Keller,

Acurex Environmental Corporauon is currently engaged in an update of Chapters 1
and 3 in the document Compila nssion I'actors (Al'-42’s Yolume I:
Stationary Point and Area Sources) fot the US EPA’S Ofﬁce of Air Quality Planning and
Standards (OAQPS). I am responsible for sections 3 and 4 of Chapter 3, entitled "Gasoline
and Diesel Industrial Engines" and "Stationary Large Bore Diesel and Dual Fuel Engines”
respectively. An emission factor is the quantity (mass) of pollutants emitted divided by a
unit of activity (e.g., g/bp-hr of NOx). The emission factors are used in making estimates
of areawide emissions, emission estimates for a specific facility, and evaluation of emissions
in relation to ambient air quality.

The primary emissions of interest are uncontrolled criteria pollutant emissions that
are already listed in AP-42 (I have enclosed a copy of the current sections 3.3 and 3.4 of
AP-42). EPA’s OAQPS would also like to include any available data on Speciated VOCs,
Air Toxics, Greenhouse Gases, Fugitive Emissions, and Particulate Sizing (PM,,) in this
current update. As I mentioned, the current emission factors in AP-42 are based on
uncontrolled data, but I would like to include a new table of emission factors that would be
based on controlled data.

The data needs to include as much detail as possible to enable the rating of the data
quality by EPA guidelines (I also enclosed a copy of the page on data quality rating).
Preferably, the data would include the actual source tests and data sheets.

Curzrently, the stationary internal combustion reciprocating cngincs are divided by fuel
used (gasoline, diesel, and dual fuel), rated power (20 to 250 hp for gasoline engines and
45 1o 600 hp for diesel engines) in section 3.3, and bore size (greater than 560 cubic inch
displacement per cylinder for diesel and dual fuel engines) for in section 3.4. It has been
suggested to me that the engines should be sorted by the rated power and fuel used to make
AP-42 easier to use. Therefore, I would like to be able to sort the data by fuel and
horsepower (I have a preference for data on engines greater than 600 hp due to the scarcity
of the data). I am open to any suggestions on improving the sections 3.3 and 3.4 in AP-42,

555 Clyde Avenus, P.O. Box 7044, Mountain View, CA 94030 (415) 861-6700 FAX: (415) 964-6523/5146
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I am aware of the confidentiality of the data to the individual engine manufacturers,
and if requested, I would reference the source of the data as from the Engine Mamufacturers
Associaton. The datu for each fated power range (maybe grouped by 100 hp increments
and fuel) will be averaged and weighted by the estimated market share before being
published in the revised AP-42. Therefore, I am also interested in what the estimated
existence or market share of stationary internal combustion reciprocating engines by rated
power and fuel in the Unites States.

Because this phase of the update needs to be completed and published by June 1,
1992 for compliance with the Clean Air Act, I nced to submit a draft of the revisions and
supporting calculations by May 15, 1992. This puts a severe time constraint on my efforts,
and any data that you can provide would be appreciated. If I can be of any assistance in
collecting the information, please call me at (415) 961-5700, extension 3700.

Sincerely,

LS

Michael J. Chan
Project Engineer
Acurex Environmental Corporation
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3.3 Gasoline and Diese] Industrial Engines

3.3.1 General — This engine category covers a wide variety of industrial spplications of both gasoline and diesel
internal combustion power plants, such as fork lift trucks, mobile refrigeration umits, generators, pumps, and
portable well-drilling cquipment. The rated power of these engines cowirs a raiher substantial range—from less than
IS5 kW to 186 kW (20 to 250 hp) for gasotine engines md from' 34 kW to 447 kW (45 to 600 hp) for diesel engines.

Understandably. substantal differences in both ammual usage (hours per year) and engine duty cycles also exist. bt
wxs noocnary, Uerefuie, (0 make reasunable amumplions conceming usage in order to formulate emission

factors.! ;

3.3+2 Emimions - Once restonsble usage and duty-cycles for this category were ssoertained, emission valves
from each of the test engines ] were aggregated (on the basis of natioawide engioc population statistict)to sive at
the factors presented in Table 3, 3=1.Becavse of their aggregate nature, data contained in this tsble must be
applied to a population of industrial engines rather than 10 a0 individual power plant :

The best method for caleulsting emissions is on the basls of “brake specific” emimion factors (g/kWh or
Ib/hphr). Emissions are calewisted by taking the product of the braks emizion factor, the wags in hours
(thst is, hours per year or hours per day), the power availsbie (rated power), snd the load factor (the power
actaally used divided by the power gvaflable).

Table J,3~1, EMISSION FACTORS FOR GASOLINE
AND DIESEL POWERED INDUSTRIAL EQUIPMENT
EWNSSION FACTOR RATING: C

. Englow crwgory®
Poliytant® Gasotine Diess!
Carbon monoxide
5700, 197.
128 0434
267. 400
199. 03
kg/10° Hiter &72 122
340 102
Exhaust hydrocarbons
191. 728
ae21 Q.160
808 150
668 1.12
188 4.489
132, b
Eveporsthe hydrocarbors ;
ofhr : o, -
twhr ’ 0337 -
' 383 -
ib/hr 0.064 -

1/75 | " : ' 3.3-1
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Riaf_etencea for Section 3.3

1. Hare, C, T. and K, J. Springer. mm&mwvmmm
MCMM
Southwest Ressarch Institute, San Antonaio, Texas.
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Table 3,3~1 (continued). EMISSION FACTORS FOR GASOUINE

ACUREX EMUTROMNMENTAL

™

AND DIESEL POWERED INDUSTRIAL EQUIPMENT

EMISSION FACTOR RATING: €

)

Eg@pecmmgwyb
Potiutant® Gasoline Diesel
Nitrogen oxides -
gfhr 148. 910,
fofnr 0.326 2.0%
9/kWh 682 18.8
w/hpter 8.16 14.0
kg/10® titer 122 56.2
wr1g? gal 102 469.
Aldehydes
a/mr 632 13.7
i/hr - 0014 0430
o/kWh 430 028
g'hphr ax2 021
kg/10° Fiter 0522 0.84
10/10* gat 436 7.04
Sulfur oxides
ghr 167 605
h/he 0017 0.133
okWh 3360 128
o/hphr 0268 0831
kg/10? fiter o836 374
n/10° gal 631 312
Particutate ,
otw ax 65.0
o oo 0.143
gkWh 0439 )
ghiphe 0327 1.00
kg/10* titer 0775 4,01
WP gaf 647 335
SReferencas T and 2.

A Swmanwed v it Wl e enghoes wesd su dearenive che resl in this

table cover & wide rengs of ows and power, The Ssted values da not,
however, necessarily apply 1 some very lerge stationary dieset sngites.

-

Freparod
Triznge Park, N.C,, under Contract No. ms'mos.omma. lOSp
2. Hare, C. T. Lettea wC.C.Md.thWWWMWWM

rates for farnm, construction, and industrial engtnes. San Antonjo, Tex. January 14, 1974.

303-2'
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Engines. Final Part $: Heavy-Duty - Farm, Constructi andldmuhléuhs.
Report, : n
rwmmwh:t“ewonw Retearch

1/75
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3.4 STATIONARY LARGE BORE DIESEL AND DUAL FUEL ENGIKES &
3.4,1 Gemeral

The primary domestic ure of large bore diesel engines, i.e., those

greater than 560 cubic inch displacement per cylinder (CID/CYL), is 1in oil

and gas exploration and production. These engines, in groups of three to

. five, supply mechanical power to operate drilling (rotary table), mud pump-

ing and hoisting equipment, and may also operate pumps or auxiliary power
genexators. Another frequent application of large bore diesels is elec~
tricity gemeration for both base and standby service. Smaller uses include
irrigation, hoisting and nuclear powver plant emergency cooling water pump
operation. :

Dual fuel engines were developed to obtain compression ignition
perfommmemnuyofumum, using a mintmum of 5 to 6 percent

diesel fuel to ignite the natural g§89. Doxl fuel large bore engines {gTeatar

than 560 CID/CYL) bave been used alwost exclusively for prime electric power

mmmbmsu;amw. dioxide emissions wili
m;ummmtofmwemmmuaud
end natural gas. :

meujormmafmm-Mmmm&
injection timing, amifold air temperature, engifie speed, engine losd amd

 sa%ient bumidity. In general, N0x enissioms decrease with increasing

ww.

Othum;mmltMmMatMmmtmﬁdmdmee
berause of .excensive fuel pansleies, capital cost, or maintensnce or apera-
ticnal problems. These techniques include axhaust gas recirculatfion (EGR),
coubustion chasber modificaticn, water injection and catalytic reduction.

8/82 : ' 3.4=1
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TABLE 3.4-1. EMISSION FACTORS FOR STATIONARY LARGE BORE DIESEL
ARD DUAL FUEL ENGINES2

EMISSION FACTOR RATING: C

- Mitrogen | Carben vocd Sulfur
- Sagtne typs | Particulate® | cutdes® | ssnemide | Nothawe | Wesmethens | dtextdet
Diesel
in/10° wph 2.4 F7 6.6 .07 Q.63 2.8
1.1 11 2.9 ¢.03 Q.29 1.3
1-5 15 3-9 QC“ 00‘ 1‘7
18/10% garf 50 $00 1% 1 13 60
g/l 6 60 (] 0.z 1.6 7.2
Pual fuel .
15/10% wph 7Y 18 5.9 &7 1.5 0.70
N ll ‘ 21’ 2-1 0-1 o&u
/v 7Y 11 3.6 2.9 0.9 0.43

Napressntative ncostrolled lavels for sach fusl, deternined by waighting dats from
- seversl menofacturers. VUeighting Wased en I of total bhocsepower sold by asch asto-
facturet during & five year period. ¥ = not svatlable.

Mutseion Pacter Ratdags 5. Apprsituntieu beced ou teet of & wniiyn bove disml.

|
|
|
e
|
E
|

'Be.ferencu for Section 3.4

i. swl Support And Euviromsental “I_-Egt Statement, Volume I:
Stationary Inte Combustion Eng s BE =78~125%a, U. S. -
Buvirommental Protection Agency, Rosearch Triangle Park, RC, July 1979.

2. Telephone communicaticn -betwesn Williss B. Lumason, Office Of Alr
Quality Plauning And Standards, U. 8. Buvirommental Protection Agency, .
Resesrch Trisngle Park, NC, and John H. Wasser, Office Of Research And
Development, U. S. Envirousantsl Protection Agency, Research Trisngle
Park, KC, July 1S, 1983. . ' LT

e . " K34
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Oubo RumaSity @a3ing  fom the “Talwicd Fotedinan for

%Eubw\‘% &&z Empam Pockory ot ‘?mwi\'-% AP¥Z Seckioms'
 on Swﬁfﬁ.b Brones (Tedinicad St Diuigon) £ Vs ECR/opaess
- oh%m‘iﬂ _%&a:ﬁ\m (Maredn by 1940

the

A-Whenteslsmpeﬂomedbyamdmethndologysudmwponedhmah
detail for adequste validation. These tests are not pecessarily EPA reference
method tests, although such reference methods are preferred and certainly to be
used as a guide.

B - When tests are performed by a geperally sound methodology, but they lack enough
detall for adequate validation.

C-Whmtmmbmdonnunustedormm&dmormlackma
significant amount of background data.

D-Whentesumbasedonagenmﬂyummpubbmdhodbutthemethod
may provide an order-of-magnitude value for the source.

The author uses the following criteria to evaluste source test reports for sound
methodology and adequate detail:

1. Source operation. mmhwmwmmopemtedhnu
documented in the report. The source was operating within typical parameters
during the test,

2. Sampling procedures. Bmmdnrumudmmmdardmthods,the
deviations are well docursented. Procedural alterations are often mzde in testing
an uncommon type of saurce. When this ocrurs, an evaluation is made of how
such alterpative procedures could influence the test results.

3. Sampling and process dqta. Many variations can occur without warning during
testing, sometimes without being poticed, Such variations can induce wide
deviation in sampling resnits. If a large spread between test vesults cannot be
explained by information contained in the test report, the data are suspect and are

given a lower rating.

4. Analysis and calcniations. The test reports contain original raw data sheets. The
mmumdmﬁmmdmmndmmspuﬂhdbymmto
establish equivalency. Thodiptho!mhwclthenlmhtimbdmmdhythe
mwmmmmoﬂﬂhyandmmmdmm,whichh
mmkbaadpnfa:tanm:huau&wofmlbandwmyhtenesotm
areas of the test report.

30

DI=Y. N - 1.
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Acurex
Environmental

CORPORATION April 22, 1992

Mr. Glenn Keller, Executive Director
Engine Manufacturers Association
401 N. Michigan Avenue

Chicago, Illinois 60611

Dear Mr. Keller,

Acurex Environmental Corporation is currently engaged in an update of Chapters 1
and 3 in the document Compilation of Air Pollutant Emission Factors (AP-42’s Volume I:
Stationary Point and Area Sources) for the US EPA’s Office of Air Quality Planning and
Standards (OAQPS). I am responsible for sections 3 and 4 of Chapter 3, entitled "Gasoline
and Diesel Industrial Engines" and "Stationary Large Bore Diesel and Dual Fuel Engines"
respectively. An emission factor is the quantity (mass) of pollutants emitted divided by a
unit of activity (e.g., g/hp-hr of NOy). The emission factors are used in making estimates
of areawide emissions, emission estimates for a specific facility, and evaluation of emissions
in relation to ambient air quality.

The primary emissions of interest are uncontrolled criteria pollutant emissions that
are already listed in AP-42 (I have enclosed a copy of the current sections 3.3 and 3.4 of
AP-42). EPA’s OAQPS would also like to include any available data on Speciated VOC’s,
Air Toxics, Greenhouse Gases, Fugitive Emissions, and Particulate Sizing (PM,,) in this
current update. As I mentioned, the current emission factors in AP-42 are based on
uncontrolled data, but I would like to include a new table of emission factors that would be
based on controlled data.

The data needs to include as much detail as possible to enable the rating of the data
quality by EPA guidelines (I also enclosed a copy of the page on data quality rating).
Preferably, the data would include the actual source tests and data sheets.

Currently, the stationary internal combustion reciprocating engines are divided by fuel
used (gasoline, diesel, and dual fuel), rated power (20 to 250 hp for gasoline engines and
45 to 600 hp for diesel engines) in section 3.3, and bore size (greater than 560 cubic inch
displacement per cylinder for diesel and dual fuel engines) for in section 3.4. It has been
suggested to me that the engines should be sorted by the rated power and fuel used to make
AP-42 easier to use. Therefore, I would like to be able to sort the data by fuel and
horsepower (I have a preference for data on engines greater than 600 hp due to the scarcity
of the data). I am open to any suggestions on improving the sections 3.3 and 3.4 in AP-42.

555 Clyde Avenue, P.O. Box 7044, Mountain View, CA 94039 (415) 961-5700 FAX: (415) 964-6523/5145
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I am aware of the confidentiality of the data to the individual engine manufacturers,
and if requested, I would reference the source of the data as from the Engine Manufacturers
Association. The data for each rated power range (maybe grouped by 100 hp increments
and fuel) will be averaged and weighted by the estimated market share before being
published in the revised AP-42. Therefore, I am also interested in what the estimated
existence or market share of stationary internal combustion reciprocating engines by rated
power and fuel in the Unites States.

Because this phase of the update needs to be completed and published by June 1,
1992 for compliance with the Clean Air Act, I need to submit a draft of the revisions and
supporting calculations by May 15, 1992. This puts a severe time constraint on my efforts,
and any data that you can provide would be appreciated. If I can be of any assistance in
collecting the information, please call me at (415) 961-5700, extension 3700.

Sincerely,

Michael J. Chan
Project Engineer
Acurex Environmental Corporation

(M
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Acurex
Environmental
CORPORATION April 27, 1992

Mr. Steve Hill

Bay Area Air Quality Management District
939 Ellis Street

San Francisco, CA 94109

Dear Mr. Hill,

This is a request for a date and time in which Carolyn Rushforth and myself can
come up to Bay Area AQMD to find some emissions data. Acurex Environmental
Corporation is currently engaged in an update of Chapters 1 and 3 in the document

Compilation of Air Pollutant Emission Factors (AP-42’s Volume I: Stationary Point and
Area Sources) for the US EPA’s Office of Air Quality Planning and Standards (OAQPS).

Chapters 1 and 3 of AP-42 deals with stationary external and internal combustion sources.

The primary emissions of interest are uncontrolled criteria pollutant emissions that
are currently listed in AP-42. EPA’s OAQPS would also like to include any available data
on Speciated VOC’s, Air Toxics, Greenhouse Gases, Fugitive Emissions, and Particulate
Sizing (PM,) in this current update. The current emission factors in AP-42 are based on
uncontrolled data, but a new table of emission factors that would be based on controlled
data is desirable:

The data needs to include as much detail as possible to enable the rating of the data
quality by EPA guidelines. Preferably, the data would also include the actual source test
data.

In regard to Chapter 1, any air toxics data for any sized oil, coal, and/or LPG fired

boilers is being requested.

555 Clyde Avenue, P.O. Box 7044, Mountain View, CA 94039 (415)961-5700 FAX: (415) 964-6523/5145
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In summary, the data that are being requested for a visit by Carolyn and myself is:
(1) any emissions data (Criteria, Speciated VOC’s, Air Toxics, Greenhouse Gases, Fugitive
Emissions, and Particulate Sizing (PM,g)) for all stationary internal combustion engines
running on gasoline, diesel, or dual fuels; and (2) any air toxics data for any sized
oil/coal/LPG fired boilers.

Because this phase of the update needs to be completed and published by June 1,
1992 for compliance with the Clean Air Act, I need to submit a draft of the revisions and
supporting calculations by May 15, 1992. This puts a severe time constraint on my efforts,
and any data that you can provide would be appreciated. Please call me at (415) 961-5700,

extension 3700, to confirm a date and time for our visit to Bay Area AQMD.

Sincerely,

AL

Michael J. Chan
Project Engineer
Acurex Environmental Corporation
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Acurex

Environmental
CORPORATION April 27, 1992
Mr. Steve Hill

Bay Area Air Quality Management District
939 Ellis Street
San Francisco, CA 94109

Dear Mr. Hill,

This is a request for a date and time in which Carolyn Rushforth and myself can
come up to Bay Area AQMD to find some emissions data. Acurex Environmental
Corporation is currently engaged in an update of Chapters 1 and 3 in the document

Compilation of Air Pollutant Emission Factors (AP-42’s Volume [: Stationary Point and

Area Sources) for the US EPA’s Office of Air Quality Planning and Standards (OAQPS).
Chapters 1 and 3 of AP-42 deals with stationary external and internal combustion sources.

The primary emissions of interest are uncontrolled criteria pollutant emissions that
are curreml.y listed in AP-42. EPA’s OAQPS would also like to include any available data
on Speciated VOC's, Air Toxics, Greenhouse Gases, Fugitive Emissions, and Particulate
Sizing (PM,,) in this current update. The current emission factors in AP-42 are based on
uncontrolled data, but a new table of emission factors that would be based on controlled
data is desirable.

The data nequ to include as much detail as possible to enable the rating of the data
quality by EPA guidelines. Preferably, the data would also include the actual source test
data.

In regard to Chapter 1, any air toxics data for any sized oil, coal, and/or LPG fired

boilers is being requested.

" . 555 Clyde Avenue, P.O. Box 7044, Mountain View, CA 84039 (415) 861-5700 FAX: (415_) 964-6523/5145
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In summary, the data that are being requested for a visit by Carolyn and myself is:
‘(1) any emissions data (Criteria, Speciated VOC’s, Air Toxics, Greenhouse Gases, Fugitive
Emissions, and Particﬁlate Sizing (PM,4)) for all stationary internal combustion engines
running on gasoline, diesel, or dual fuels; and (2) any air toxics data for any sized
oil/coal/LPG fired boilers.

Because this phase of the update needs to be completed and published by June 1,
1992 for compliance with the Clean Air Act, I need to submit a draft of the revisions and
suﬁporting calculations by May 15, 1992. This puts a severe time constraint on my efforts,
and any data that you can provide would be appreciated. Please call me at (415) 961-5700,

extension 3700, to confirm a date and time for our visit to Bay Area AQMD.

Sincerely,

HLSH

Michael J. Chan
Project Engineer
Acurex Environmental Corporation




Acurex
Environmental

CORPORATION : mApril 22, 1992

Mr. Clair Fancy

Buerau of Air Regulations

Department of Environmental Regulations
2600 Blairstone Road

Tallahassee, Florida 32399

Dear Mr. Fancy,

Acurex Environmental Corporation is currently engaged in an update of Chapters 1
and 3 in the document Compilation of Air Poll missi rs (AP-42’s Volume I
Stationary Point and Area Sources) for the US EPA’s Office of Air Quality Planning and
Standards (OAQPS). I am responsible for sections 3 and 4 of Chapter 3, entitled "Gasoline
and Diesel Industrial Engines" and "Stationary Large Bore Diesel and Dual Fuel Engines"
respectively. An emission factor is the quantity (mass) of pollutants emitted divided by a
unit of activity (e.g., g/hp-hr of NOy). The emission factors are used in making estimates
of areawide emissions, emission estimates for a specific facility, and evaluation of emissions
in relation to ambient air quality.

The primary emissions of interest are uncontrolled criteria pollutant emissions that
are already listed in AP-42 (I have enclosed a copy of the current sections 3.3 and 3.4 of
AP-42). EPA’s OAQPS would also like to include any available data on Speciated VOC’s,
Air Toxics, Greenhouse Gases, Fugitive Emissions, and Particulate Sizing (PM;;) in this
current update. As I mentioned, the current emission factors in AP-42 are based on
uncontrolled data, but I would like to include a new table of emission factors that would be
based on controlled data.

‘The data needs to include as much detail as possible to enable the rating of the data
quality by EPA guidelines (I also enclosed a copy of the page on data quality ratmg)
Preferably, the data would include the actual source tests and data sheets.

Currently, the stationary internal combustion reciprocating engines are divided by fuel
used {gasoline, diesel, and dual fuel), rated power {20 to 250 hp for gasoline engines and
45 to 600 hp for diesel engines) in section 3.3, and bore size (greater than 560 cubic inch
displacement per cylinder for diesel and dual fuel engines) for in section 3.4. It has been
suggested to me that the engines should be sorted by the rated power and fuel used to make
AP-42 easier to use. Therefore, I would like to be able to sort the data by fuel and
horsepower (I have a preference for data on engines greater than 600 hp due to the scarcity
of the data). I am open to any suggestions on improving the sections 3.3 and 3.4 in AP-42.

555 Clyde Avenue, P.O. Box 7044, Mountain View, CA 94039 (415) 961-5700 FAX: (415) 964-6523/5145
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I am also interested in the estimated existence or market share of stationary internal
combustion reciprocating engines by rated power and fuel in the Unites States. I would
appreciate any information on where I can find any sources for this type of information.

Because this phase of the update needs to be completed and published by June 1,
1992 for compliance with the Clean Air Act, I need to submit a draft of the revisions and
supporting calculations by May 15, 1992. This puts a severe time constraint on my efforts,
and any data that you can provide would be appreciated. If I can be of any assistance in
collecting the information, please call me at (415) 961-5700, extension 3700.

Sincerely,

2l 00

‘Michael J. Chan
Project Engineer
Acurex Environmental Corporation
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3.3 Gasoline and Diesel Industrial Engines

3.3.1 General — This engine category covers a wide variety of industrial applications of both gasoline and diesel
intemal combustion power plants, such as fork lift trucks, mobile sefrigeration units, generators, pumps, and
portable well-drilling equipment, The rated power of these engines covers a rather substantial range—from less than
15 kW to 186 kW (20 to 250 hp) for gasoline engines and from 34 kW 10 447 kW (45 to 600 hp) for diesel engines.
Understandably, substantial differences in both annual usage (hours per year) and engine duty cycles also exist. It
was ne(]:essary, therefore, to make reasonable assumptions concerning usage in order lo formulate emission
factors.

3.3.2 Emissions — Once reasonable usage and duty cycles for this category were ascertained, emission values
from each of the test engines ! were aggregated (on the basis of nationwide engine population statistics)to arrive at
the factors presented in Table 3, 3-1, Because of their aggregate nature, data contained in lh:s table must be
applied to a population of industrial cngms rather than to an individual power plant,

The best method for calculating emissions is on the basis of “brake specific™ emission factors (g/kWh or
Ib/hphr). Emissions are calculated by taking the product of the brake specilic emission factor, the usage in hours
(that is, hours per year or hours per day), the power available (rated power), and the load factor (the power
actually used divided by the power available).

Table 3,3-1. EMISSION FACTORS FOR GASOLINE
AND DIESEL POWERED INDUSTRIAL EQUIPMENT
EMISSION FACTOR RATING: C

Engine category®
Poltutant? Gasoline Diesel
Carbon monoxide
a/hr 5700, 197.
Ib/hr 12.6 0434
g/kWh 267. 4.06
g/hphr 199, 303
kg/10? liter 472. 12.2
b/10° gai 3940. 102.
Exhaust hydrocarbons
g/hr 191, 728
Ib/Mmr : 0.421 0.160
g/kWh : 895 1.50
g/hphr 6.68 1.12
kg/10? liter 15.8 4.49
Ib/10? gal 132. 375
Evaporative hydrocarbons '
glhr . 62_0 . -
* ib/hr 0.137 -
... Crankcase hydrocarbons L.
g/hr. 383 -
tb/hr 0.084 -
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Table 3.3~1 (continued). EMISSION FACTORS FOR GASOLINE
AND DIESEL POWERED INDUSTRIAL EQUIPMENT _
EMISSION FACTOR RATING: C -

Engine categoryb
Pollutant? Gasoline Diesel
Nitrogen oxides ‘
a/hr 148. 910,
Ib/hr 0.326 2.0
a'kWh 6.92 18.8
g/hphr 5.16 140
kg/10® liter 122 56.2
1h/10° gal 102. 469.
Aldehydes
a/hr 6.33 13.7
Ib/hr - 0,014 0.030
g/kWh 0.30 028
g/hphr 0.22 0.21
kg/10? liter .0522 0.84
1b/10° gal 4.36 7.04
Sulfur oxides
g/r 7.67 60.5
tb/hr . 0.017 0.133
o/kWh _ 0.359 125
g/hphr 0.268 0.931
kg/10° liter 0.636 3.74
1b/10° gal 5.31 312
Particulate _ ({ ™
ag/hr 8.33 65.0 ! o
tb/he 0.021 0.143 ‘ ~7
g/kWh . 0.439 1.34
g/hphr 0.327 1.00
kg/10? liter 0.775 4,01
I1b/10? gat ‘ 6.47 335

®References ¥ and 2.

bAs discussed in the text, the engines used to determine the results in this
Mhmrawidemngaofumu\dpomr.mmmdvalmdonqt.
however, necessarily apply to some very large stationary diesel engines.

References for Section 3.3

1. Hare, C. T. and K. J. Springer. Exhaust Emissions from Uncontrolled Vehicles and Related Equipment Using
internal Combustion Engines. Final Report. Part S: Heavy-Duty Farm, Construction, and Industsial Engines.
Southwest Research Institute. San Antonio, Texas. Prepared for Environmental Protection Agency, Research
Triangle Park, N.C., under Contract No. EHS 70-108. October 1973. 105 p. '

2. Hare, C. T. Letter to C. C. Masser of the Environmental Protection Agency’ conceming fuel-based emission
rates for farm, construction, and industrial engines. San Antonio, Tex. January 14, 1974."
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3.4 STATIONARY LARGE BORE DIESEL AND DUAI FUEL ENGINES <:ja£;;>
3.4.1 General

The primary domestic use of large bore diesel engines, i.e., those

* greater than 560 cubic inch displacement per cylinder (CID/CYL), is in oil

and gas exploration and production. These engines, in groups of three to
five, supply mechanical power to operate drilling (rotary table), mud pump-
ing and hoisting equipment, and may also operate pumps or auxiliary power
generators. Another frequent application of large bore diesels is elec~
tricity generation for both base and standby service. Smaller uses include
irrigation, hoisting and nuclear power plant emergency cooling water pump
operation.

Dual fuel engines were developed tc obtain compression ignition
performance and the economy of natural gas, using a minimum of 5 to 6 percent
diesel fuel to ignite the natural gas. Dual fuel large bore engines (greater
than 560 CID/CYL) have been used almost exclusively for prime electric power
generation.

3.4.2 Emissions and Controls.

The primary pollutant of concern from large bore diesel and dual fuel
engines is NOx, which readily forms in the high temperature, pressure and
excess air enviromment found in these engines. Lesser amounts of cafbon
monoxide and hydrocarbons are also emitted. Sulfur dioxide emissions will
usually be quite low because of the negligible sulfur content of diesel
fuels and natural gas.

- The major variables affecting NOx emissions from diesel engines are
injection timing, manifold air temperature, engine speed, engine load and
ambient humidity. 1In general, NOx emissions decrease with increasing
humidity.,

Because NOx is the primary pollutant from diesel and dual fuel engines,
control measures to date have been directed mainly at limiting NOy emis-
slons. The most effective NOx control technique for diesel engines is fuel
injection retard, achieving reductions (at eight degrees of retgrd) of up to
40 percent. Additional NOx reductions are possible with combined retard and
air/fuel ratio change. Both retarded fuel injection (8°) and air/fuel ratio
change of five percent are also effective in reducing NOy emissions from

. dual fuel engines, achieving nominal NOx reductions of about 40 percent and

maximum NOx reductions of up to 70 percent.

Other NOx control techniques exist but are not considered feasible
because of -excessive fuel penalties, capital cost, or maintenance or opera-
tional problems. These techniques include exhaust gas recirculation (EGR),
conbustion chamber modification, water injection and catalytic reduction.
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TABLE 3.4-1. EMISSION FACTORS FOR STATIONARY LARGE BORE DIESEL
AND DUAL FUEL ENGINES?2

EMISSION FACTOR RATING: C ' s

. Nitrogen Carbon vocd Sulfur
- Eegine type | ParticulateP | oxides® -| monoxide | Methane | Nonmethane | dioxide®
Diesel
1 . 16/103 bph 2.4 24 6.4 0.07 0.63 2.8
" -g/tph 11 11 2.9 0.03 0.29 1.3
g/kWh 1.5 15 3.9 ©.04 0.4 1.7
1b/103 ga1f 50 500 130 1 13 60
g/l 6 60 16 0.2 1.6 7.2
Dual fuel _
16/103 bph HA 18 5.9 4.7 1.5 0.70
g/hph NA ] 2.7 2.1 0.7 0.32
g/ HA 11 3.6 2.9 0.9 0.43

Sgepresentative uncontrolled levels for esch fuel, determined by weighting data from
several manufacturers. Weighting based on I of totsl horsepower sold by each mano
facturer during & five year period. HNA = not available.

ssiom Factor Rating: E. Approximation based on test of a medium bore diesel.
Eaissions are minisum expected for engine operating at 50 - 100X full rated load.

At 0% load, emissions would incresse to 30 g/l. Reference 2.

“Messured as W0y. Factors are for engines operated st rated load and speed.

VOC is 90X of total VOC from diesel engines but only 25I of total VOO
cuissions from dual fuel engives. Individusl chemical species within the non~ s
methane fraction are not identified. Molecular weight of gonmethane gas stream is
assuned to be that of methans. ' )

€Based on assumed sulfur content of 0.4 weight X for diesel fuel and 0.46 g/scm
(0.20 gr/scf) for pipelins quality vatural gas. Dual fuel 507 emissions based on i
5% 011/95Z gas mix. - Emissions should be adjusted for other fuel ratios. , S

factors calculated from the above factors, assuming heating values of 40 ! ( i
KI/1 (145,000 Btu/gal) for oil and 41 KI/sca (1100 Btu/scf) for natural gas, and ’
.an aversge fuel consumption of 9.9 MI/XWh (7000 Beu/bph). -

References for Section 3.4

l. Standards Support And Environmental Impact Statement, Volume I
Stationary Internal Combustion Engines, EPA-450/2-78-125a, U. S. -~
Environmental Protection Agency, Research Triangle Park, RC, July 1979.

2. Telephone coumunication between William H. Lamason, Office Of Air
Quality Planning And Standards, U. S. Environmental Protection Agency, .
Research Triangle Park, NC, and John H. Wasser, O0ffice Of Research And :
Development, U. S. Envirommental Protection Agency, Research Triangle
Park, NC, July 15, 1983. '

IR, .
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A-

When tests are performed by a sound methodology and are reported in enough
detail for adequate validation. These tests are not necessarily EPA reference
method tests, although such reference methods are preferred and certainly to be
used as a guide,

B - When tests are performed by a generally sound methodology, but they lack enough

C -

D

detail for adequate validation.

When tests are based on an untested or new methodology or are lacking a
significant amount of background data.

- When tests are based on a generally unacceptable method but the method

may provide an order-of-magnitude value for the source.

The author uses the following criteria to evaluate source test reports for sound

methodology and adequate detail:

l‘

3.

4.

Source operation. The manner in which the source was operated is weil
documented in the report. The source was operating within typical parameters
during the test.

Sampling procedures. If actual procedures deviated from standard methods, the
deviations are well documented. Procedural alterations are often made in testing
an uncommon type of source. When this occurs, an evaluation is made of how
such alternative procedures could influence the test results.

Sampling and process data. Many variations can occur without warning during
testing, sometimes without being noticed. Such variations can induce wide
deviation in sampling results. If a large spread between test results cannot be
explained by information contained in the test report, the data are suspect and are
given a lower rating.

Analysis and calculations. The test reports contain original raw data sheets. The
nomenclature and equations used are compared with those specified by EPA, to
establish equivalency. The depth of review of the calculations is dictated by the
reviewers’ confidence in the ability and conscientiousness of the tester, which in
turn is based on factors such as consistency of results and completeness of other
areas of the test report.
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