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Erratum for Combustion Engines EET Manual (Version 2.2 — 22
March 2002).

Page QOutline of alteration
9 Additional information about the use of direct measurement to determine emissions
from engines.
9 Table added demonstrating the use of CO/CO; ratio to determine CO emissions from
engines.

12 Corrected and inserted details of new tables added to manual.

17 Inserted details highlighting load factor should be used for emission estimates if
engine power is used to estimate emissions.

18 Equation 6 inserted to highlight using load factor when using fuel consumption to
determine emissions.

19 Table 7 provides additional transport emission factors based on diesel use.
19 Updated the CO emission factors in Table 8 to reflect lower levels emitted from LPG
passenger vehicles.

20 Table 10 provides additional vehicle emission factors based on petrol fuel use.

20 Altered calculation step (step 2) to reflect new data provided.

Erratum for Combustion Engines EET Manual (Version 2.1 — 6
September 2000).

Page QOutline of alteration

17 Table 6 — Emission factors for LPG engines based on LPG usage are added.

18 Table 9 — Load factor for forklifts has decreased from 0.5 to 0.2.

19 Equation 6 and text has been added to indicate the use of new emission factors from
Table 6.

Equation numbering after Equation 6 has altered.

30 Table 12 — Diesel SO, emission factors have increased from 4.92E-05S, and 1.66E-
01S; to 4.92E-03S; and 1.66E+01S, respectively.

Note:

1. The estimation techniques provided for LPG engines, Table 6, are the best we have
currently available. These may be altered if more current data becomes available.

2. The erratum above does not include changes to numbering in the manual and small
typographical changes. These smaller changes are indicated in the highlighted changes in
the marked version of the manual.

Combustion Engines il
Ver 2.2 - 14 Jun 2002



EMISSION ESTIMATION TECHNIQUES

FOR
COMBUSTION ENGINES
TABLE OF CONTENTS
DISCLAIMER  cececisueeecssneeesssnnecssneecssssesssssnsesssssessssssesssssssssssassssssssssssassssssssssssasssssns i
ERRATUM FOR COMBUSTION ENGINES EET MANUAL .cccceeesseeessnecssneessanecsanccnns ii
1 INTRODUCTION uueeeecssneecssseecsssseecssssescssssessssssesssssanssssssssssssassssssassssssssssssasss 1
2 PROCESSES AND EMISSIONS ..ccccissueecssneecssaneessssnesssssnesssssnecssssescsssssssssasessnne 2
2.1 Process DeSCrIPLIONS .....ccoceiercercssnnicssnicsssnecsssnisssssesssnesssssssssssosssssosssssssssssssssssssssseses 2
2.1.1 Petrol and Diesel Industrial ENgInes ..........ccccccerieeniiiiiiiniiiieieeeeceeeeeee e 3
2.1.2  Large Stationary Diesel and All Stationary Dual-Fuel Engines...........c.cccoceeneeee. 3
2.1.3 Heavy-Duty Natural Gas Fired Pipeline Compressor Engines and
TUIDINES ...ttt ettt ettt et e e eee 3
2.2 Emission Sources and Control Technologies..........ccccvericrivvnnrecscsnrrccsssnnnecsssnssecsans 4
2.2.1  EMISSIONS 10 AL .utieiiiieiiiieeeiiieeeiiieeeiteeeeteeeeieeesteeeseseeessseeessseeensseeesseesnsseessseesnnes 4
2.2.2  EmISSIONS t0 WALET ...cc.uiiiiiiiiiiiiieiieeeete ettt et 6
2.2.3  Emissions to Land.........cccciiiuiiioiiiiiiiiccce e 7
2.3 Determining if Emissions Need to be Estimated and Reported............ccccceeeeuneeee. 7
3 EMISSION ESTIMATION TECHNIQUES ..cceccvueeessrneecssaneecsssnessssssessssssncssssascssns 8
3.1 Direct Measurement ... cieecieessrecsensssecssessssecssnssssesssassssesssnssssssssassssssssassssassassssasssns 9
311 Sampling Data .....cc.oeiiiiiiiiiiiie e 10
3.1.2 Continuous Emission Monitoring System (CEMS) Data..........c.cccceevverreennnnne. 10
3.2 Mass BalanCe ...ceeieenseennenninensenninenniinsennniisniisaesseissssssissssssssssssssssssssssssesssss 10
3.3 Engineering CalCulations ........ccccveieccissnricssssnnnccsssnnncssssssssssssssssssssssssssssssssssssssssssss 10
3.3.1 Estimation of SO, Emitted from Fuel Analysis..........ccccoeeviriieiienciienieeiieene, 10
3.4 Estimating Emissions Using Emission FActors .........ccceeveecvvercsivnrcssercssercssencsnns 11
3.4.1 Emission Estimates for Combustion Engine Powered Vehicles ......................... 13
3.4.2 Road-transport VENICIES .........cccuieriieiiieiiieiiecie ettt e 14
3.4.3 Industrial VEehiCles ........ooouiiiiiiiiiiiiiie e 17
3.4.4 Estimating Industrial Vehicle Operating Hours Using Distance Travelled ........ 22
3.4.5 Emission Estimates from Stationary Combustion Engines ............cccccceeveveennennne. 25
3.4.6 Engine Power Method to Estimate Pollutant Emissions from Stationary
CombusStion ENGINES ........ceevuiiiiiieiiie ettt e 26
3.4.7 Estimating Stationary Engine Operating Time..........cccceecueniininneneenennienieneenn 28
3.4.8 Fuel Consumption Method to Estimate Pollutant Emissions from
Stationary Combustion ENGINES .........ccccevuieviiiiiiiiieiiieiiecie et eve e eneens 28
3.4.9 Estimating Stationary Engine Fuel Consumption...........cccccceeevvieniieencieesneeenne, 31
3.4.10 Control TechnolOZIES. .....c.eeuiriiiriiriiriiiieeeee ettt 38
4 EMISSION ESTIMATION TECHNIQUES: ACCEPTABLE RELIABILITY
AND UNCERTAINTY eccceceeeeesseasssssssosccsssssssssssssssssssssssssasssssssssssssses 42
4.1  Direct MeASUIEIMENL c....ceecrveeeessnrecsssrecssssesssnesssseessssssssssssssssssssssssssssssssssssssssssssssssssss 42
4.2 Mass Balance .....eeiniiiniinininninnnenneiniinnniinniiniiisiiniissiissississsssssssssssssssssses 42
4.3 Engineering CalCulations ........cueieeneenniennnensecnsnenssnnsssenssncsssessssssssssssnssssesssssssaees 42
4.4 Emission Factor Rating and ACCUIacCY. ......coeicervercssercssnicssnnicsssnssssnssssssssssassssnns 43
S  GLOSSARY OF TECHNICAL TERMS AND ABBREVIATIONS ....cccesueersneessneees 44
Combustion Engines il

Ver 2.2 - 14 Jun 2002



6 REFERENCES. . ceeuteetercereeecsrerecssssscssssssssssssssssssssssssssssssssssssssssssssasssssasssssansece 4O

APPENDIX 1 USEFUL UNIT CONVERSION FACTORS AND FUEL PHYSICAL
PROPERTIES RELATING TO COMBUSTION ENGINES..ccceecenceneees 47

APPENDIX 2 WORKSHEET TO DETERMINE EMISSIONS FROM VEHICLES...... 48
APPENDIX3 WORKSHEET TO ESTIMATE VEHICLE OPERATING HOURS....... 50

APPENDIX 4 CLASSIFICATION OF TYPICAL VEHICLES USED BY
AUSTRALIAN INDUSTRY ceveeeeveceseecssecoseecsseccssesssssssssssssssssssssssossssss 51

Combustion Engines iv
Ver 2.2 - 14 Jun 2002



EMISSION ESTIMATION TECHNIQUES

FOR
COMBUSTION ENGINES
L1ST OF FIGURES, TABLES AND EXAMPLES

Figure 1 Basic Combustion Engine Process..........cccoecueeriieiienieiiiienieeiecie e 2
Table 1 Typical analysis results for an LPG (propane) powered forklift using

10% excess air indicating that the CO/CO; ratio is used to determine

the CO emiSSION TACLOT .....cccuiiiiiiieciie ettt e e erae e 9
Table 2 Emission Factor Summary for Different Engines and Fuels..............c...c....... 12
Table 3 Emission factors for Road-Transport vehicles - Cars .......c..cccevvevienieeicnnene 15
Table 4 Emission Factors for Road-Transport Vehicles — Light Goods Vehicles

(LGV ) ettt ettt 16
Table 5 Emission Factors for Road-Transport Vehicles — Diesel Heavy Goods

Vehicles (HGV), Diesel Buses and Petrol Motorcycles. .........cccocvevveeciiennnnnne 16
Table 6 Emission Factors for Diesel Industrial Vehicle Exhaust Emissions

(based ON ENZINE POWET) ...veeerurieeriiieeiieeeitieeeseeeeriteeesareeeaaeestaeesbeeesseeessseeenns 18
Table 7 Emission Factors for Diesel Industrial Vehicle Exhaust Emissions

(Dased ON fUCT USE)...ccuviiiiiiieiiie ettt et et erae e 19
Table 8 Emission factors for Miscellaneous LPG Industrial Vehicle Exhaust

Emissions (based on engine power or fuel use) ........cccceevveeiiieniiiiienieeiene, 19
Table 9 Emission Factors for Petrol Industrial Vehicle Exhaust Emissions

(based ON ENZINEG POWET) ...ccvrerurierieeiiieiieeieertieeieeseteereesteeeseessreeseessseesseensns 20
Table 10 Emission Factors for Petrol Industrial Vehicle Exhaust Emissions

(Dased ON fUCT USE)...ceuviieiiieeiiie ettt e ee e e e e e e e eree e 20
Table 11 Emission factors for Petrol Industrial Vehicle Evaporative and

Crankcase EMISSIONS. ......cccuiiiiuiieiiiieiiieecieeeeiee et e sveeesiveeeiaeeetaeesveeeeeveeens 21
Table 12 Load Factors for Various “Miscellaneous” Industrial Vehicles ..................... 21
Table 13 Emission Factors (kg/lkWh & kg/m”) for Stationary Uncontrolled

Petrol and Diesel Engines (Less than 450kW)........cccooeviiiiiiniiiiniiniicieee 32
Table 14 Emission Factors (kg/m’) for Components of VOCs and PAHs from

Uncontrolled Diesel Engines (Less Than 450kW).......ccccoevveviiivieniienieinenn. 32
Table 15 Emission Factors (kg/kWh & kg/m?) for Large (Greater Than 450kW)

Diesel and Dual-Fuel ENgines..........ccccvevciiiiiiiiiiiiiecieeccee e 33
Table 16 Emission Factors (kg/m’) of some VOCs components for Large

(Greater than 450kW) Diesel ENgines .........cccceevieiiieiiiiinieeiienieeieeiee 33
Table 17 Emission Factors (kg/lkWh & kg/m?) for Uncontrolled Gas Turbine

Natural Gas ENGINES........ccccvieriiiiiiiiieeiieiieeieee et 34
Table 18 Emission Factors (kg/m3) for Uncontrolled 2-Stroke Lean-Burn

Natural Gas ENINES......cc.ceeiiiiiiiieiiieeiie ettt 34
Table 19 Emission Factors (kg/m3) for Uncontrolled 4-Stroke Natural Gas

ENZINES ..ottt et e e et e et e e e e e e enrae e 35
Table 20 Emission Factors (kg/m3) for Uncontrolled 4-Stroke Rich-Burn

Natural Gas ENGINES........cocuiiiiiiiiieiiieiieie et 36
Combustion Engines v

Ver 2.2 - 14 Jun 2002



Table 21 Emission Factors (kg/kWh & kg/m”) for Controlled Natural Gas

Engine Units: Combustion Modification on 2-Stroke Lean Burn

Engine - Increased Air/Fuel Ratio with Inter-cooling ............cccevceerieenienieenieenne. 37
Table 22 Emission Factors (kg/lkWh & kg/m?) for Controlled Natural Gas

Engine Units: Clean Burn and Pre-combustion Chamber on 2—Stroke

Lean Burn ENGINe......ccc.ooiiiiiiiiiiiie ettt 37
Table 23 Emission Factors (kg/kWh & kg/m”) for Controlled Natural Gas

Engine Units: Selective Catalytic Reduction on 4-Stroke Lean Burn

ENZINC. ..ttt st 38
Table 24 Emission Factors (kg/lkWh & kg/m?®) for Controlled Natural Gas

Engine Units: Non-Selective Catalytic Reduction on 4-Stroke Rich

BUIn ENZINE....couiiiiiiiiiie ettt e 38
Table 25 Diesel Engine Emission Control Technologies...........ccccocveveenieiieniienennennnne 40
Table 26 NOx Reduction and Fuel Consumption Penalties for Large Stationary

Diesel and Dual-Fuel ENgines..........ccccveviiiiiiiiiiniieecieeccee e 41
Table 27 Glossary of Technical Terms and Abbreviations used in this Manual ........... 44
Table 28 Useful Conversion Factors in Relation to Determining Emissions from

Combustion ENGINES ......c..cocueviiiiiiiiiiiiiiientceeceeeeest e 47
Table 29 Fuel Physical Properties Useful in Determining Emissions from

Combustion ENINES .......ccceecviiiiiiiiieiieeiieieeie et 47
Table 30 Classification of various road-transport and industrial vehicles..................... 51
Example 1 - Using Fuel Analysis Data to Determine SO, Emission.........c.ccccceevverienieniennens 11
Example 2 - Calculating Petrol and Diesel Engine Vehicle Emissions.........c.cccceecveveenicnnnen. 23
Example 3 - Estimating Emissions from a Utility with a Diesel Engine ..........cccccocevvenennen. 25
Example 4 - Calculating Stationary Engine Emissions - Engine Power Technique............... 27

Example 5 - Estimating Stationary Engine Emissions Using the Fuel Input Technique........ 30

Combustion Engines vi
Ver 2.2 - 14 Jun 2002



1 Introduction

The purpose of Emission Estimation Technique (EET) Manuals is to assist Australian
manufacturing, industrial and service facilities to report emissions of listed substances to the
National Pollutant Inventory (NPI). This Manual describes the procedures and recommended
approaches for estimating emissions from combustion engines.

The activities covered in this Manual apply to facilities using:

e Petrol and diesel industrial engines;

e Petrol, diesel and LPG light vehicles, commercial vehicles and trucks;
e Large stationary diesel and dual-fuel engines;

e Heavy-duty natural gas fired pipeline compressor engines and turbines
EET MANUAL.: Combustion Engines

This Manual was drafted by the NPI Unit of the Queensland Department of Environment and
Heritage on behalf of the Commonwealth Government. It has been developed through a
process of national consultation involving State and Territory environmental authorities and

key industry stakeholders.
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2 Processes and Emissions

The following section presents a brief description of combustion engines and identifies likely
emission sources.

2.1 Process Descriptions

The engine categories addressed by this manual cover a wide variety of applications including
petrol, diesel, LPG, dual-fuel and natural gas combustion engines. A dual-fuel engine uses
both diesel and natural gas for fuel. Various other fuels are also accounted for. Combustion
engines are used in a wide variety of equipment, for example: aerial lifts, forklifts, mobile
refrigeration units, generators, irrigation pumps, industrial sweepers/scrubbers, material
handling equipment (e.g. conveyors) and portable well-drilling equipment. In determining
pollutant emissions it is the characteristics of the engine more than the equipment the engine
drives that is important. Figure 1 illustrates the basic combustion engine process.

Often the term internal combustion is used. This simply refers to the fuel burning within the
engine in contrast to external combustion (such as in a steam engine), where the combustion
process is separate from the moving piston. In this manual the term combustion engine 1s used
to mean internal combustion engine.

Emissions from refuelling,
evaporation, crank case and
exhaust. Fuel and Air mixed within

~__ 4 cylinder and combusted.

(—

Fuel or Fuel/Air mixture
added depending on process.

~ Piston moves up and down
within cylinder and rotates

Exhaust from engine camshaft.

comprised of; VOCs,
CO, NO,, Particulates
(PM,,), SO, and various
organic components.

Rotating camshaft attached
to various equipment
e.g. vehicles and compressors.

Figure 1 Basic Combustion Engine Process
Source: Queensland Department of Environment and Heritage 1998
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2.1.1 Petrol and Diesd Industrial Engines

The three primary fuels for combustion engines are petrol, diesd (dso cdled fud il No. 2) and
naturd gas. Petrol is used primarily for vehicles and smdl portable engines. Diesd is the most
versatile fuel and is used in combusgtion engines of dl Sizes. The rated power of these enginesiswide,
up to 200 kW (270 hp) and over 1000 kW (1340 hp) for petrol and diesdl engines respectively.
Subgtantial differences in engine duty cycles exidt, and it may be necessary when undertaking
emissons estimations to make reasonable assumptions, as outlined in this manud, concerning fuel

usage.

Combustion engines may be used to power vehicles of various types, such engines are covered in
Section 3.4.1 to 3.4.4. Stationary engines are those that do not power vehicles but are used for
some other operation and are covered in Sections 3.4.5 to 3.4.9. Stationary engines may be
portable, for example, a compressor mounted on atruck or trailer.

2.1.2 Large Stationary Diesdl and All Stationary Dual-Fuel Engines

A mgor use of large (greater than 450 kW) gationary diesel enginesin Audrdiaisin the ail and gas
industry. These engines, grouped in clugters of three to five individud engines, supply mechanicd

power to operate drilling (rotary table), mud pumping and hoisting equipment, and may aso be used
to operate pumps or auxiliary power generators. Other frequent gpplications of large stationary
diesdl engines include dectricity generation for isolated outback communities and stand-by services
in hospitds and other facilities. Other usesinclude irrigation and cooling water pump operation.

Dua-fuel engines were developed to obtain maximum compression ignition performance and reduce
naturd gas usage, usng a minimum of 5-6% diesd to ignite the natural gas. Large dud-fud engines
are used dmogt exclusively for eectric power generation.

Edimating emissons from gationary engines is covered in Sections 3.4.5 to 3.4.9 and use of two
different methods is utilised. The first method based on engine power and operating hours is covered
in Section 3.4.6. The second method based on engine fue consumption is covered in Section 3.4.8.
Emission factors used to estimate stationary combustion engine emissons are in Table 13 to Table
16 for non-naturd gas, Table 17 to Table 24 for liquid fud engines and for heavy-duty natura gas
engines and turbines as outlined in Table 2.

2.1.3 Heavy-Duty Natural GasFired Pipeline Compressor Enginesand Turbines

Naturd gas fired combustion engines are used in the natural gas industry at pipeline compressor and
dorage dations. The engines and gas turbines are used to drive compressors. At pipdine
compressor stations engines or turbines are used to help transport natural gas to the next station. At
dorage facilities it is used to inject the naturd gas into high-pressure underground cavities caled
naturd gas storage fields. Although they can operate a a fairly congtant load, pipeline engines or
turbines must be adle to operate under varying pipeline requirements. These diesd engines range
from 600 to 3 750 kW (800 to 5 000 hp) and gas turbines range from 750 to 11 200 kW (1 000 to
15 000 hp).

Heavy-duty natura gas fired pipeine compressor engines and turbines are a class of Sationary
engine and the engine power technique, Section 3.4.6, or fud consumption technique, Section 3.4.8,
can be used to estimate emissons. The emisson factors for this category of engines are in Table 17
to Table 24.

Combustion Engines 3
Ver 2.2 - 14 Jun 2002



2.2 Emission Sources and Control Technologies

Emissions from combustion engines are released to the environment via various routes. These
can be summarised as emissions to air, water and land, and are detailed in the Sections 2.2.1
to 2.2.3, respectively.

2.2.1 Emissions to Air
Pollutant emissions to air may be categorised as fugitive and point source emissions as
described below:

e Fugitive Emissions - These are emissions that are not released through a vent or stack.
Examples of fugitive emissions include volatilisation of vapour from vats or fuel tanks,
open vessels, spills and materials handling. Emissions emanating from ridgeline roof-
vents, louvres, open doors of a building, as well as equipment leaks and leaks from valves
and flanges, are also examples of fugitive emissions. Emission Factors are the EETs
usually used for determining fugitive emissions of pollutants.

e Point Source Emissions - These emissions flow into a vent or stack and are emitted
through a single point source into the atmosphere. An example is the exhaust system of
combustion engine powered equipment.

Most of the pollutants from combustion engines are emitted through the exhaust. Some
volatile organic compounds (VOCs) escape from the crankcase as a result of blow-by (gases
vented from the oil pan after they have escaped from the cylinder past the piston rings and
from the fuel tank and carburettor due to evaporation). Nearly all the VOCs from diesel
combustion engines enter the atmosphere from the exhaust. Crankcase blow-by is minor
because VOCs are not present during compression of the fuel-air mixture and evaporative
losses are insignificant in diesel engines due to the low volatility of diesel fuels. In general,
evaporative losses are also negligible in engines using gaseous fuels, as these engines receive
their fuel continuously from a pipe rather than from a fuel storage tank using a fuel pump.

The primary NPI pollutants emitted from combustion engines are: Total VOCs, carbon
monoxide (CO), oxides of nitrogen (NOy), particulate matter less than 10um in aerodynamic
diameter (PM)y), and SO,. PM; includes both visible (smoke) and non-visible emissions.
Other pollutants are also emitted in trace amounts as products of incomplete combustion. Ash
and metallic additives in the fuel contribute to the particulate content of the exhaust.

The primary pollutant of concern from diesel and dual-fuel engines is NOy, which forms
readily due to high temperatures and pressure in combination with high fuel nitrogen content
and excess air in the cylinder. In some cases lesser amounts of CO and organic compounds
are emitted. The sulfur compounds, emitted mainly as SO,, are directly related to fuel sulfur
content. The SO, emissions will usually be low because of negligible sulfur content of diesel
fuels and natural gas. The following paragraphs provide details on the mechanics of the
various pollutant pathways from combustion engines. These pollutants, except VOCs as
described above, are released via the combustion engine exhaust system.

Carbon Monoxide (CO)

CO 1is a colourless, odourless, relatively inert gas formed as an intermediate combustion
product. It appears in the exhaust when the reaction of CO to CO, cannot proceed to
completion. This situation occurs from lack of available oxygen near some fuel molecules
during combustion, low gas temperature or short residence time in the cylinder. The oxidation
rate of CO is limited by reaction kinetics and consequently can be accelerated to a limited
extent only, by improvements in air and fuel mixing during combustion.

Combustion Engines 4
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Oxides of Nitrogen (NO,)

NOy formation occurs from three fundamentally different reactions and is released from the
exhaust system. The principal source in combustion engines is thermal NOy from the thermal
dissociation and subsequent reaction of nitrogen (N3) and oxygen (O,) molecules from the
combustion air. Most thermal NOy is formed in high-temperature regions in the cylinder or
combustor where combustion air has mixed sufficiently with the fuel to produce the peak
temperature at the fuel/air interface. A component of thermal NOy, prompt NOy, is formed
from early reactions of nitrogen intermediaries and hydrocarbon radicals from the fuel.
Prompt NOy forms within the flame and is usually negligible compared with other thermal
NO, formed.

The formation of fuel NOy occurs from the evolution and reaction with oxygen of fuel-bound
nitrogen compounds. Natural gas has negligible chemically bound nitrogen in the fuel, and
essentially all NOy formed is thermal NOy. The formation of prompt NOy can make up a
significant part of total NOy only under highly controlled situations where thermal NOy is
suppressed; this is more prevalent with rich burn engines. The rates of these reactions are
highly dependent on the fuel/air stoichiometric ratio, combustion temperature and residence
time at combustion temperature.

The maximum thermal NOy production occurs with a slightly lean fuel/air mixture ratio
because of the excess availability of oxygen for reaction; control of fuel/air stoichiometry is
critical in achieving thermal NOy reductions.

Pre-mixing in lean burn engines is effective in suppressing NOy relative to rich burn engines.
The thermal NOy generation decreases rapidly as the temperature drops below the adiabatic
temperature. Therefore, maximum reduction of thermal NOy generation is achieved by control
of both the combustion temperature and the stoichiometry.

The combustion in conventional design combustion engines is by diffusion flames
characterised by regions of near stoichiometric fuel/air mixtures where temperatures are high
and most NOy is formed. Since the localised NOy forming regions are at much higher
temperatures than the adiabatic flame temperature for the overall mixture, the rate of NOy
formation is dependent on the fuel/air mixing process. The mixing determines the prevalence
of the high temperature regions, as well as the peak temperature attained. Adiabatic flame
temperature or adiabatic temperature is the temperature achieved by a combustion process
where no heat enters or leaves the system and is the maximum temperature that can be
achieved for the given reactants (Reference 9, p. F-69 and http://www.commkey.net/
braeunig/space/comb.htm).

Particulate Matter 10 microns or less (PM )

The amount of PM; generated from combustion engines and released via the exhaust system
varies considerably. Liquid particulate matter is generally categorised as white smoke and
appears during a cold start, idling or low load operation and occurs when the temperature
within the quench layer is not high enough to promote ignition. Blue smoke is prevalent when
there are oil leaks present and the oil undergoes partial combustion in the cylinders. Black
smoke, called soot, is the most prevalent constituent of PMj, and is essentially carbon
particles formed from oxygen deficiency in the cylinder.

PM,y emissions from combustion engines are non-detectable with conventional protocols
unless the engines are operated in sooting conditions; however, PM can arise from carryover
of non-combustible trace constituents in the gas or from engine lubrication oil.
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Sulfur Dioxide (SO»)

Sulfur dioxide emissions are directly related to the fuel sulfur level and are released from the
exhaust system. Essentially all sulfur present is oxidised to form SO,. Sulfuric acid can also
arise because of the production of sulfur trioxide and its subsequent reaction with water.
Sulfuric acid reacts with basic substances to produce sulfates, which are fine particles that
contribute to PM,( emissions. Sulfur oxide emissions also contribute to engine corrosion.

Organic Carbon (VOCs and PAHs)

The pollutants commonly classified as hydrocarbons are composed of a wide variety of
organic compounds that are emitted into the atmosphere mainly from the exhaust system
when some of the fuel is unburned or partially burned during combustion. NPI-listed
substances include Total VOCs and polycyclic aromatic hydrocarbons (PAHs). Most
unburned hydrocarbon emissions result from fuel droplets that were transported or injected
into the quench layer during combustion. This is the region immediately adjacent to the
combustion chamber surfaces where heat transfer through the cylinder walls causes the
temperature of the mixture to be too low for combustion.

Partially burned hydrocarbons can occur because of poor air and fuel mixing before or during
combustion and incorrect air/fuel ratios in the cylinder during combustion due to poor
adjustment of the engine fuel system. Other reasons are excessively large fuel droplets in
diesel engines and low cylinder temperature due to excessive cooling through the cylinder
walls or early cooling of the gases by expansion of the combustion volume caused by piston
motion before combustion is completed.

In natural gas combustion some VOCs are carried over as unreacted constituents of the
natural gas or the pyrolysis products of the heavier hydrocarbon constituents.

Emission Control Technologies

Air emission control technologies, such as electrostatic precipitators, fabric filters
(baghouses) and wet scrubbers are commonly installed to reduce the particulate concentration
in process off-gases. Where such emission abatement equipment is installed and emission
factors from uncontrolled sources have been used in emission estimation, the collection
efficiency of the abatement equipment needs to be accounted for. Guidance on applying
emission reduction efficiency to emission factor equations is provided in Section 3.4.6.

With regard to emission controls for PMj (i.e., the various filters described above), in the
absence of measured data or knowledge of the emission reduction efficiency for a particular
piece of equipment, an estimate is assumed. In this case an emission reduction efficiency of
90% should be used in the emission factor equations, Equation 8 and Equation 9, to calculate
the mass of pollutant emissions. This default should be used only if no other available
emission reduction efficiency estimation is available.

2.2.2 Emissions to Water

From combustion engine use there is the possibility of spills and fugitive leaks into water
bodies or stormwater drains. Since significant environmental hazards may be posed by
emitting toxic substances to water, most facilities emitting NPI-listed substances from point
sources to waterways are required by their relevant State or Territory environment agency to
closely monitor and measure these emissions and take precautions to ensure leakages are
isolated from waterways.

If no monitoring data exists, emissions to water can be calculated based on a mass balance or
using emission factors.
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2.2.3 Emissions to Land

Emissions of substances to land include emissions of solid waste materials, slurries and
sediments. Spills and leaks can occur during storage and distribution of fuel as well as during
use in combustion engines. Emissions to land may contain NPI-listed substances. These
emission sources can be broadly categorised as:

e surface impoundment of liquids and slurries _

e unintentional leaks and spills

Probable causes of emissions to land from facilities using engines are fuel leaks or liquid fuel
spills. Other fugitive emissions can occur from oil leaks and maintenance activities.

2.3 Determining if Emissions Need to be Estimated and Reported

Whether or not emissions need to be estimated and reported as part of the NPI is dependent
on various thresholds for a substance being exceeded. For the substances emitted from
combustion engines the threshold is Category 2a or 2b and for some substances contained in
fuel Category 1 or la. Further details for determining if a facility exceeds the various
thresholds for reporting pollutant emissions are in the NPI Guide that is part of this industry
handbook.

Category 2a contains a group of substances that are usually common products of combustion
or other thermal processes. As with Category 2a, Category 2b contains substances that are
common products of combustion or other thermal processes and additionally contains a range
of trace metals that are emitted when some fuels such as coal are consumed.

The Category 2a and 2b thresholds are related to the amount of fuel or waste your facility
burns. In the case of the 2b threshold, the amount of energy used and the maximum potential
power consumption is also considered. If your facility exceeds the 2a or 2b threshold you
must report emissions of all the 2a and 2b substances respectively as outlined in the NP/
Guide.
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3 Emission Estimation Techniques

Estimates of emissions of NPI-listed substances to air, water and land should be reported for
each substance that triggers a threshold. The reporting list and detailed information on
thresholds are contained in the NPI Guide that is part of this Industry Handbook.

In general, there are four types of emission estimation technique (EET), detailed in the NP/
Guide, which may be used to estimate facility emissions:

e sampling or direct measurement;

e mass balance; _
o fuel analysis or other engineering calculations; and

e cmission factors.

Select the EET (or combination of EETs) that is most appropriate for your purposes. For
example, you might choose to use a mass balance to best estimate fugitive losses from pumps
and vents, direct measurement for stack and pipe emissions, and emission factors when
estimating losses from storage tanks and stockpiles.

If you estimate your pollution emission by using any of these EETs, your data will be
displayed on the NPI database as being of ‘acceptable reliability’. Similarly, if your relevant
environmental authority has approved the use of alternative EETs not outlined in this
Handbook your data will also be displayed as being of ‘acceptable reliability’.

This Manual seeks to provide the most effective EETs for the NPI substances relevant to this
industry. However, the absence in this Manual of an EET for a substance does not necessarily
mean that pollutant emission is not reported to the NPI. The obligation to report on all
relevant emissions remains if emission reporting thresholds are exceeded.

You are able to use alternative emission estimation techniques that are not outlined in
this document. You must, however, obtain the consent of your relevant environmental
authority. For example, if your company has developed site-specific emission factors you
may use them if approved by your relevant environmental authority.

In general, direct measurement is the most accurate method for characterising emissions.
Where available, it should be used in preference to other EETs in this Manual. However, in
many situations related to combustion engines the data required to complete pollutant
emission estimates by direct measurement is not available and other EETs will need to be
used. Additional direct measurement is not required under the NPI Measure. Direct
monitoring may be undertaken as an element of other EETs that could be utilised to obtain
estimates of pollutant emissions.

You should note that the EETs presented in this Manual relate principally to average process
emissions. Emissions resulting from non-routine events are rarely discussed in the literature,
and there is a general lack of EETs for such events. However, it is important to recognise that
emissions resulting from significant operating excursions and/or accidental situations such
as spills also need to be estimated. Emissions to land, air and water from spills must be
estimated and added to process emissions when calculating total emissions for reporting
purposes. The emission resulting from a spill is the net emission, i.e., the quantity of the NPI
reportable substance spilled, less the quantity recovered or consumed during clean-up
operations.
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3.1 Direct Measurement

You may wish to use direct measurement in order to report to the NPI, particularly if you
already do so in order to meet other regulatory requirements. The NPI does not require you to
undertake additional sampling and direct measurement to fulfil reporting requirements. For
sampling data to be adequate and able to be used for NPI reporting purposes it would need to
be collected over a significant period of time and be representative of operations for the whole
year.

Direct measurement can be used to estimate emissions from combustion engines using
exhaust samples from the engines used at the facility or similar engines under conditions
equivalent to those at the facility. Appropriate sampling methods must be used and the
calculations to estimate emissions must be correct. In particular the fuel to air ratio and the
amount of air that is entrained with the exhaust prior to measurement of its composition must
be accounted for.

It is not possible simply to analyse the exhaust emissions, obtain the concentration of NPI
substances in exhaust and determine emissions of those substances. It is necessary to relate
the concentration of substances in exhaust to fuel use and the overall exhaust emissions or to
the total gas flow from the exhaust. The concentration of a substance alone cannot be used to
determine emissions of that substance.

For example, CO emissions from a forklift, can be estimated using a direct-measurement
technique by determining the CO/CO; ratio in the exhaust for different operating conditions
and relating this to the carbon content of the fuel to determine the CO emissions per kilogram
or litre of fuel. CO emissions can then be determined from the forklift’s fuel use. Table 1
indicates the CO/CO; ratios that lead to specific CO emission factors for LPG engines.

If you need assistance to apply direct-measurement techniques to determine emissions of NPI
substances contact a consultant specialising in the area.

Table 1 Typical analysis results for an LPG (propane) powered forklift using 10%
excess air indicating that the CO/CQ; ratio is used to determine the CO
emission factor

Concentration ppm CO COEF CO/CO; ratio
(wet basis)3 (kg/kg fuel) (vol/vol)
1.00E+02 1.80E-03 9.42E-04
5.00E+02 8.99E-03 4.73E-03
1.00E+03 1.80E-02 9.51E-03
2.00E+03 3.60E-02 1.92E-02
5.00E+03 9.01E-02 4.95E-02
1.00E+04 1.81E-01 1.04E-01
1.50E+04 2.72E-01 1.66E-01
2.00E+04 3.63E-01 2.35E-01
4.00E+04 7.33E-01 6.24E-01
[Notes:
1. Scientific notation is used; e.g. 7.38E-02 represents 7.38 x 107 or 0.0738.
2. EF — emission factor.
3. The concentration of CO in the exhaust (column 1 above) depends on the
amount of excess air included in the exhaust and is not a direct indication of
the emission levels of CO from the forklift tested.
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3.1.1 Sampling Data

Stack sampling test reports often provide emissions data in terms of kg/h or g/m’ (dry
standard). Annual emissions for NPI reporting can be calculated from this data. Stack tests for
NPI reporting should be performed under representative operating conditions. This may
require determinations for different process conditions and determining the contribution that
each process condition makes to the overall pollutant emission. You should be aware that
some tests undertaken as a State or Territory license condition may require that the test be
taken under maximum emissions rating, where emissions are likely to be higher than when
operating under normal operating conditions.

3.1.2 Continuous Emission Monitoring System (CEMS) Data

A CEMS provides a continuous record of emissions over time, usually by reporting pollutant
concentration. Once the pollutant concentration is known, emission rates are obtained by
multiplying the pollutant concentration by the volumetric gas or liquid flow rate of stream
containing that pollutant.

It is important to note that prior to using CEMS to estimate emissions, you should develop a
protocol for collecting and averaging the data in order that the estimate satisfies your relevant
environmental authority’s requirement for NPI emissions estimations.

3.2 Mass Balance

A mass balance identifies the quantity of substance going in and out of an entire facility,
process or piece of equipment. Emissions can be calculated as the difference between input
and output of each listed substance. Accumulation, depletion and chemical reactions of the
substance within the equipment should be accounted for in your calculation.

This is a very useful technique for certain classes of pollutant on the NPI, but is often a
difficult technique to apply in the case of combustion engines.

3.3 Engineering Calculations

An engineering calculation is an estimation method based on physical/chemical properties
(e.g. vapour pressure) of the substance and mathematical relationships (e.g. ideal gas law).
The main combustion engine NPI pollutant for which this is a useful technique is SO,. The
amount of SO, emitted may be predicted based on the amount of sulfur in the fuel. The
technique for completing the estimation of SO, from combustion is outlined in Section 3.3.1
and Example 1 below.

3.3.1 Estimation of SO, Emitted from Fuel Analysis

Fuel analysis is an example of a physical property used in an engineering calculation; it can
be used to predict SO,, based on application of the mass conservation relationship. The
method relies on knowing or estimating the amount of fuel used. Other pollutants where this
technique may be useful to estimate pollutant emission levels are metals such as lead.

The basic equation used in fuel analysis emission calculations is the following:

Eipyi = Qr* (Cy/100) * (MW,/EWy) * OpHrs Equation 1

where:

Eipyi = emission of pollutant i, kg/yr

Qr = fuel use, kg/h

Cr = amount of substance within fuel that leads to pollutant release, wt% of

fuel

MW, = molecular weight of pollutant emitted, g/mole
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EWy = elemental weight of substance in fuel, g/mole
OpHrs = operating hours of engine, h/yr

For instance, SO, emissions from combustion are calculated from the fuel sulfur levels
available from fuel suppliers. This approach assumes complete conversion of sulfur to SO,.
Therefore, for every kilogram of sulfur (EW; = 32 g/mole) combusted, two kilograms of SO,
(MW, = 64 g/mol) are emitted. An application of this EET is shown in Example 1.

Example 1 - Using Fuel Analysis Data to Determine SO, Emission

This example estimates annual engine SO, emission based on fuel sulfur level and annual
usage using Equation 1 to determine Ego; for the year. The following data is available

Qs = 20900 kg/h
Cr = 0.117 wt% S
MW, = 64 g/mole
EW = 32 g/mole
OpHrs = 1 500 h/yr
Esox = Qr * (Ce/100) * (MW,/EWy * OpHrs

20900 * (0.117/100) * (64/32) * 1500
73 359 kg/yr

If the annual fuel usage is in litres (L) the mass of fuel, Qy, can be determined using the fuel
density, which along with the fuel sulfur level, C, is available from the fuel supplier. Some
details regarding fuel properties are in Appendix 1.

3.4 Estimating Emissions Using Emission Factors

Emission factors may be used to estimate pollutant emissions to the environment. In this
Manual emission factors relate the quantity of pollutant emitted from an engine to its power
or fuel consumption and, in the case of road-transport vehicles, the distance travelled. When
an emission factor related to engine power is used, the annual engine operating hours are
required. Different emission factors have different units. Emission factors based on engine
power are expressed as kg of pollutant per kWh, factors based on fuel usage are kg of
pollutant per m’> of fuel and factors based on distance travelled are kg of pollutant per km
travelled in the reporting year. For combustion engines examined in this Manual the fuel is
either liquid or gas. The emission factors provided are from US, European and Australian
sources.

Equation 2 shows the general equation for the use of an emission factor to estimate annual
pollutant release and is included here as it is common to all NPI manuals using emission
factor techniques. Equation 2 is NOT directly used in this Manual to estimate pollutants.
Equation 3, 4, 5, 7 and 8 show the use of emission factors to estimate the pollutants emitted
for combustion engines in different situations.

Ewpyi = A * OpHrs * EF; * [1 - (ER /100)] Equation 2
where :
Epyi = emission of pollutant 1, kg/yr
A = activity rate, t/h
OpHrs = operating hours, h/yr
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EF; = emission factor of pollutant i, kg/t
ER; = emission reduction efficiency for pollutant i, %

Industry-developed emission factors from specific process measurements may be used to
estimate emissions at other sites. Should a company use several processes of similar operation
and size, and emissions are measured from one such source, an emission factor could be
developed and applied to similar sources. However, it is required to have newly developed
emission factors reviewed and approved by State or Territory environment agencies prior to
their use for NPI estimations.

In this Manual, combustion engines are classified as either combustion engines powering
vehicles or combustion engines that are stationary. This Manual provides EETs for vehicles
powered by combustion engines that are used on-site. Pollutant emissions from vehicles while
used off-site are determined by the relevant State or Territory environment agencies. On-site
refers to within the facility boundary. Combustion engine EETs for vehicles are outlined in
Section 3.4.1. Stationary engines are those that do not propel a vehicle directly; they include
power units for compressors, generators and pumps. Stationary engines may be mounted on
or towed by vehicles. Stationary combustion engine EETs using emission factors are outlined
in Sections 3.4.5 to 3.4.9.

A summary of where emission factors for different engines and conditions are located within
this manual is in Table 2.

Table 2 Emission Factor Summary for Different Engines and Fuels
Engine/Fuel Table Pollutants Units
Cars — Petrol, Diesel and LPG Table | Benzene, 1,3 Butadiene, CO, NO, PM1, SO,, | kg/km
3 VOCs
Light Goods Vehicles — Petrol, | Table | Benzene, 1,3 Butadiene, CO, NO, PM1o, SO,, | kg/km
< Diesel and LPG 4 VOCs
g| Heavy Goods Vehicles, Buses | Table | Benzene, 1,3 Butadiene, CO, NO, PM1, SO,, | kg/km
| and Motorcycles 5 VOCs
Diesel Table | CO, Formaldehyde, NOx, PM1, SO2, VOCs kg/kWh
6
Diesel (based on fuel use) Table | CO, Formaldehyde, NOx, PM,, SO,, VOCs kg/litre
7
é LPG Table | CO, Formaldehyde, NOx, PM1g, SO2, VOCs kg/kWh
= 8 &
[}
> kg/kg
g LPG
§ Petrol — engine Table | CO, Formaldehyde, NOx, PM1g, SO2, VOCs kg/kWh
E 9
Petrol (based on fuel use) Ta;l())le CO, Formaldehyde, NOx, PM1, SO2, VOCs kg/litre
Petrol — Evaporative and | Table | VOCs kg/h
Crankcase 11
Load Factors Table
12
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Engine/Fuel Table Pollutants Units
Petrol and Diesel (<450kW) — Table | CO, NGOy, PM 4, SO,, VOCs kg/kWh
uncontrolled 13 kg/nt
% Diesel (<450kW) — uncontrolled Table | Acetaldehyde, Benzene, 1,3-Butadiene, kg/nt
T 14 Formaldehyde, Total PAHs, Toluene, Xylenes
S| Diesdl (>450kW) Table | CO, NO,, PMy, SO, VOCs kg/kwh
O]
35 15 kg/n?
Diesel (>450kW) Table | Acetaldehyde, Benzene, Formaldehyde, kg/nt
16 Toluene, Xylenes
Diesel and Natural Gas- Dual Fuel Table | CO, NO,, PM 44, SO,, VOCs kg/nt
(>450 kW) 15

Uncontrolled Engines

Gas Turbines Table | Benzene, CO, Ethylbenzene, NO,, VOCs, | kg/kWh
17 | Toluene, Xylenes kg/nt
2-Stroke Lean Burn Table | Acetaldehyde, Benzene, 1,3-Butadiene, kg/nt

18 Chloroform, CO (<90% Load), CO (90-105%
Load), 1,2-Dichloroethane, Ethylbenzene,
Formaldehyde, n-Hexane, Methanol, NOx
(<90% Load), NOx (90-105% L oad), PAHS,
Phenol, PM 44, SO,, Styrene, Toluene, Vinyl
Chloride, VOCs, Xylene

4-Stroke Lean Burn Table | Acetaldehyde, Benzene, Biphenyl, 1,3 kg/nt
19 Butadiene, Chloroethane, Chloroform, CO
(<90% Load), CO (90-105% L oad), 1,2
Dichloroethane, Ethylbenzene, Formaldehyde,
Methanol, NOx (<90% L oad), NOx (90-105%
Load), PAHs, PM 4, SO,, Styrene, Toluene,

Stationary Engines

(% Vinyl Chloride, VOCs, Xylene,
g 4-Stroke Rich Burn Table | Acetaldehyde, Benzene, 1,3-Butadiene, kg/kwh
5 20 | Chloroform, CO (<90% L oad), CO (90-105% kg/nt

Load), 1,2-Dichloroethane, Ethylbenzene,
Formaldehyde, Methanol, NOx (<90% L oad),
NOx (90-105% L oad), PAHSs, PM 3o, SO,,
Styrene, Toluene, Vinyl Chloride, VOCs,

Xylene,
Controlled Engines

2-Stroke Lean Burn(Increased | Table | CO, NO,, PM 44, VOCs kg/kwh
Air/Fuel Ratio with 21 kg/n?
Intercooling)

2-Stroke Lean Burn (Clean Table | CO, NO,, VOCs kg/kwh
Burn) 2 kg/nt
2-Stroke Lean Burn (Pre- Table | Ammonia, CO, NO,, VOCs kg/kwh
Combustion Chamber) 23 kg/nt

4-Stroke Lean Burn (Selective Table | Acetaldehyde, Ammonia, Benzene, 1,3-| kg/kWh
Catalytic Reduction) 24 Butadiene, CO, Formadehyde, NOx, PAHSs, | kg/n?
PM 1, VOCs, Toluene, Xylenes

3.4.1 Emisson Estimatesfor Combustion Engine Powered Vehicles

This section provides EETs and detals the data inputs required for estimating emissons from
combustion engine powered vehicles. Under the NP, occupiers of facilities are required to report
emissons from vehicles used on-Ste irrespective of whether they are registered. An example of on
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is used both on-site and off-site, only the on-site emissions are estimated and reported to the
NPI by the facility.

The EETs for vehicles provide methods for estimating emissions of CO, NOx, PMy, SO,
VOCs and other NPI reportable pollutants. The parameters required to estimate the pollutant
emissions depend on the type of vehicle and how it is used. For the purpose of estimating
emissions for the NPI, vehicles have been classified as either “road-transport vehicles” or
“industrial vehicles”. Road-transport vehicles include cars, light and heavy goods vehicles,
buses and motorcycles used on either sealed roads or on well-formed unsealed roads.
Emissions are estimated for these based on the distance travelled.

Industrial vehicles include heavy earth moving and construction equipment and a range of
miscellaneous vehicles such as forklifts and mobile airport equipment. Industrial vehicles also
include road-transport vehicles, such as cars and goods vehicles, when used on rough terrain,
steep grades or poorly graded tracks. Emissions for industrial vehicles can be estimated using
two different techniques. The first technique is based in engine power (Equation 4) and
requires the following three factors to be known:

e the engine power in kW;
e the number of hours the engine was operated; and
o the load factor (the average engine power in use divided by the rated engine power).

The second technique is based on fuel use (Equation 6) and requires the following two factors
to be know:

o the fuel use in litres (or kg for LPG vehicles); and
o the load factor (the average engine power in use divided by the rated engine power).

In some cases a vehicle, such as a light goods vehicle, may operate in both road-transport and
industrial vehicle modes. If the vehicle is used predominantly in one mode then estimate
emissions using the emission factors for this mode. If vehicle use is more evenly split
between the two modes then both sets of conditions should be considered in estimating
emissions.

For purposes of the NPI, common vehicles used in Australian industry such as the Toyota
Landcruiser and Nissan Patrol are classed as Light Goods Vehicles (LGV). Small four-wheel
drive vehicles are classed as cars. Further details on vehicle classification are in Appendix 4.

A number of industrial vehicles are classified under “miscellaneous”. These include forklifts,
airport vehicles for transporting baggage and airport vehicles (equipment tugs) for towing
aeroplanes and other heavy equipment. Stationary engines at airports such as air start units,
cargo loaders and ground power units are not covered in this section. For these, use the
various stationary engine emission factors from Table 13 to Table 24 depending on the
characteristics of the engine.

Large shovels used mainly in open-cut mining facilities to load haul trucks are classed as
stationary engines as they do not move large distances and the main use of the engine within
the shovel is to operate the shovel itself.

3.4.2 Road-transport vehicles
For road-transport vehicle pollutant emission estimations the vehicle type and distance
travelled by the vehicle are required inputs to estimate pollutant emissions.

Eipyi = Ly * EF; Equation 3
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where:

Eiyi = emission of pollutant i for a specific type of engine, kg/yr

Ly = distance travelled in reporting year, km/yr

EF; = emission factor for pollutant i, for given engine and fuel type, kg/km
i = pollutant type

The distance, Ly, a vehicle travels during the reporting year is determined from the vehicle
odometer reading at the end of the reporting period less the odometer reading at the start of
the reporting period. This data can be attained from vehicle log-books or maintenance
records.

Table 3 contains the emission factors for cars, a category of road-transport vehicles, with
petrol, diesel and LPG engines. The emission factors are all in terms of kg/km. As previously
stated, only the on-site component of vehicle usage need be considered.

Table 3 Emission factors for Road-Transport vehicles - Cars

Pollutant Petrol (kg/km) Diesel (kg/km) LPG’(kg/km)
Benzene 3.78E-05 1.12E-06 neg.’
1,3 Butadiene 1.07E-05 3.02E-06 neg.’
CO 5.55E-03 3.52E-04 6.16E-03
NOy 9.02E-04 3.43E-04 6.00E-04
PM, 1.80E-05 6.19E-05 neg.’
SO, 4.05E-05 3.63E-05 neg.’
VOCs 6.76E-04 5.87E-05 7.22E-04
Notes
1. Source: Reference 11 for petrol and diesel emission factors.
2. Assume an even distribution between rural and urban driving conditions.
3. Assume no freeway conditions included and one cold-start every 30km.
4. 1999 data from Reference 11 is used.
5. Based on emissions for petrol and LPG passenger vehicles. Source Reference 12 Table 5.20.
6. Source: Reference 13.
7. When these vehicles are used on rough terrain, on steep grades or on poorly graded

tracks, use the emission factors for miscellaneous industrial vehicles.

8. Scientific notation is used; e.g. 7.38E-02 represents 7.38 x 10~ or 0.0738.

Table 4 contains emission factors for the Light Goods Vehicle category of road-transport
vehicles.
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Table 4

Emission Factors for Road-Transport Vehicles — Light Goods Vehicles

(LGV)
Pollutant Petrol’ (kg/km) Diesel’ (kg/km) LPG’ (kg/km)
Benzene 5.17E-05 4.19E-06 neg.’
1,3 Butadiene 1.78E-05 5.31E-06 neg.’
CO 1.18E-02 7.78E-04 1.32E-02
NOy 1.50E-03 6.36E-04 9.95E-04
PM, 3.10E-05 1.93E-04 neg.’
SO, 5.58E-05 6.70E-05 neg.’
VOCs 1.16E-03 2.08E-04 1.24E-03
Notes
1. Source: Reference 11 for petrol and diesel emission factors.
2. Assume an even distribution between rural and urban driving conditions.
3. Assume no freeway conditions included and one cold-start every 30km.
4. 1999 data from Reference 11 is used.
5. Based on emissions for petrol and LPG passenger vehicles. Source Reference 12 Table 5.20.
6. Source: Reference 13.
7. LGV is Light Goods Vehicle — includes large 4 wheel drive vehicles such as the Toyota
Landcruiser and Nissan Patrol see appendix 4 for more details.
8. When these vehicles are used on rough terrain, on steep grades or on poorly graded
tracks, use the emission factors for miscellaneous industrial vehicles.
9. Scientific notation is used; e.g. 7.38E-02 represents 7.38 x 10~ or 0.0738.

Table 5 contains emission factors for the Heavy Goods Vehicle (HGV), bus and motorcycle
categories of road-transport vehicles.

Table 5 Emission Factors for Road-Transport Vehicles — Diesel Heavy Goods
Vehicles (HGV), Diesel Buses and Petrol Motorcycles.
Pollutant Rigid HGV® Articulated Buses Motorcycles

(kg/km) HGV’ (kg/km) (kg/km) (kg/km)

Benzene 4.11E-05 2.95E-05 3.62E-05 3.79E-05

1,3 Butadiene 1.26E-05 1.94E-05 1.31E-05 1.48E-05

(¢[0) 2.51E-03 2.32E-03 5.06E-03 1.90E-02

NOx 6.38E-03 1.19E-02 1.00E-02 1.20E-04

PMo 4.94E-04 5.06E-04 5.69E-04 8.70E-05

SO, 1.72E-04 3.56E-04 2.65E-04 2.40E-05

VOCs 2.05E-03 1.47E-03 1.81E-03 5.01E-03

Notes

1. Source: Reference 11 for petrol and diesel emission factors.

2. Assume an even distribution between rural and urban driving conditions.

3. Assume no freeway conditions included and one cold-start every 30km.

4. 1999 data from Reference 11 is used.

5. HGV is Heavy Goods Vehicle.

6. When these vehicles are used on rough terrain, on steep grades or on poorly graded

tracks, use the emission factors for miscellaneous industrial vehicles.
Scientific notation is used; e.g. 7.38E-02 represents 7.38 x 10~ or 0.0738.
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3.4.3 Industrial Vehicles
To estimate emissions from industrial vehicles the following data is required:

emission factors;

engine power or fuel use;

load factor; and

if the engine power basis is used the hours of use in the reporting year.

Equation 4 estimates emissions for individual industrial vehicles based on engine power using
the emission factors in Table 6, Table 8 and Table 9 and the load factors in Table 12.

Ewpyi = P * OpHrs * LF * EF; Equation 4
where:
Eiyi = emission of pollutant i for a specific type of engine, kg/yr
P = average rated engine power, kW
OpHrs = vehicle operating hours, h/yr
LF = load factor utilised in facility operations for equipment type (see Table 12)
EF;, = emission factor for pollutant i, for given engine and fuel type, kg/kWh
1 = pollutant type

The engine power (P) is an engine specification provided by the engine manufacturer. A
common unit for engine power, especially for engines from the US, is horsepower (hp). The
conversion factor of 1 hp = 0.7456 kW is used to convert hp to kW. Other useful conversion
factors are in Appendix 1 and further conversion factors can be obtained from many sources,
e.g. Reference 8.

The best method of obtaining vehicle-operating hours (OpHrs) is to use a logbook to log the
hours of operation at the end of every day or shift. A less accurate alternative is an estimate
based on distance travelled as outlined in 3.4.2. Another less accurate method is based on
estimated hours over a period of time and extrapolating this to estimate the operating hours
for the reporting year.

The load factor (LF) term is used to allow for the variation in operation that is typical of
vehicles. For example, since it is impossible to drive a car continuously at full engine power a
LF of 0.25 is used for cars and utilities used in rough terrain. If the vehicle for which you are
estimating the pollutant emissions is not specifically in Table 12, use the LF for equipment
that is similar or use the default LF of 0.5.

For petrol powered industrial vehicles VOCs emissions occur from exhaust and also from
evaporation and the crankcase. The evaporative and crankcase VOCs emissions are dependent

only on the hours of operation as in Equation 5. Emission factors (in kg/h) for Equation 5 are
in Table 11.

Eipyi = OpHrs * EF; Equation 5
where:
Ewy, = emission of pollutant i for a specific type of engine, kg/yr
OpHrs = vehicle operating hours, h/yr
EF; = emission factor for pollutant i, for given engine and fuel type, kg/h
1 = pollutant type
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Equation 6 estimates emissions for individual industrial vehicles based on fuel consumption
using the emission factors from Table 7, Table 8 and Table 10 and the load factors in Table
12

Eipyi = F * LF * EF; Equation 6
where:
Eiyi = emission of pollutant i for a specific type of engine, kg/yr
F = vehicle fuel use, kg or litres per year
LF = load factor utilised in facility operations for equipment type (see Table 12)
EF; = emission factor for pollutant i, for given engine and fuel type, kg/litre or kg
(kg for LPG in Table 8 and litres for liquid fuels in Table 7 and Table 10)

1 = pollutant type

The total VOCs emissions are obtained from summing exhaust VOCs emissions derived from
Equation 4 or Equation 6 and evaporative and crankcase emissions derived from Equation 5.

Table 6 Emission Factors for Diesel Industrial Vehicle Exhaust Emissions (based
on engine power)
Pollutant Track-type Wheeled Wheeled Scraper Motor
tractor tractor dozer grader

(kg/kWh) (kg/kWh) (kg/kWh) (kg/kWh) (kg/kWh)

CO 2.88E-03 9.84E-03 4.70E-03 3.28E-03 2.06E-03

Formaldehyde 2.28E-04 3.78E-04 2.15E-04 3.75E-04 1.62E-04

NOy 1.05E-02 1.60E-02 1.09E-02 1.00E-02 9.57E-03

PM 9.28E-04 1.70E-03 5.51E-04 1.06E-03 8.38E-04

SO, 1.14E-03 1.14E-03 1.16E-03 1.21E-03 1.17E-03

VOCs 1.01E-03 2.36E-03 5.00E-04 7.40E-04 4.80E-04

Pollutant Wheeled Track-type | Off-Highway Roller Miscellaneous
loader loader truck (kg/kWh)

(kg/kWh) (kg/kWh) (kg/kWh) (kg/kWh)

CcO 3.63E-03 3.03E-03 4.70E-03 8.08E-03 6.16E-03

Formaldehyde 2.64E-04 1.34E-04 2.95E-04 2.63E-04 2.72E-04

NO, 1.18E-02 1.25E-02 1.09E-02 1.75E-02 1.48E-02

PM;y 1.08E-03 8.78E-04 6.73E-04 1.04E-03 1.21E-03

SO, 1.15E-03 1.14E-03 1.19E-03 1.34E-03 1.25E-03

VOCs 1.59E-03 1.49E-03 5.00E-04 1.30E-03 1.35E-03

Notes

1. Source: Reference 10, Table 1I-7.1.

2. Scientific notation is used; e.g. 7.38E-02 represents 7.38 x 10~ or 0.0738.
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Table 7 Emission Factors for Diesel Industrial Vehicle Exhaust Emissions (based
on fuel use)
Pollutant Track-type Wheeled Wheeled Scraper Motor
tractor tractor dozer grader

(kg/litre) (kg/ litre) (kg/ litre) (kg/ litre) (kg/ litre)
CO 9.40E-03 3.22E-02 1.47E-02 1.02E-02 6.55E-03
Formaldehyde 7.45E-04 1.23E-03 6.90E-04 1.16E-03 5.17E-04
NOy 3.42E-02 5.24E-02 3.43E-02 3.10E-02 3.04E-02
PMy, 3.03E-03 5.57E-03 1.77E-03 3.27E-03 2.66E-03
SO, 3.73E-03 3.73E-03 3.74E-03 3.74E-03 3.73E-03
VOCs 3.31E-03 7.74E-03 1.58E-03 2.28E-03 1.53E-03

Pollutant Wheeled Track-type | Off-Highway Roller Miscellaneous
loader loader truck

(kg/ litre) (kg/ litre) (kg/ litre) (kg/ litre) (kg/ litre)
CO 1.18E-02 9.93E-03 1.47E-02 2.26E-02 1.84E-02
Formaldehyde 8.59E-04 4.39E-04 9028E-04 7.31E-04 8.13E-04
NO, 3.85E-02 4.08E-02 3.43E-02 4.85E-02 4.41E-02
PM,, 3.51E-03 2.88E-03 2.12E-03 2.90E-03 3.61E-03
SO, 3.74E-03 3.74E-03 3.74E-03 3.73E-03 3.73E-03
VOCs 5.17E-03 4.85E-03 1.58E-03 3.60E-03 4.04E-03
Notes

1. Source: Reference 10, Table 11-7.1.
2. Scientific notation is used; e.g. 7.38E-02 represents 7.38 x 10~ or 0.0738.

Table 8 Emission factors for Miscellaneous LPG Industrial Vehicle Exhaust
Emissions (based on engine power or fuel use)

Pollutant LPG (kg/kWh) Miscellaneous’ LPG (kg/kg LPG) Miscellaneous™*
CO 8.62E-02° 3.00E-01°
Formaldehyde neg.’ neg.’

NO, 4.31E-03 1.50E-02

PM,o neg.3 neg.3

SO, neg.’ neg.’

VOCs 9.29E-03 3.27E-02

Notes

1. Source: Reference 10, Table I1-7.1.

2. Based on emissions for petrol and LPG passenger cars. Source: Reference 12 Table 5.20.
3. Source: Reference 13.

4. Assumes fuel consumption is the same as for petrol on a mass basis.

5. Based on the average CO/CO, ratio from passenger vehicle CO emission tests.

Source: Reference 15.
Scientific notation is used; e.g. 7.38E-02 represents 7.38 x 10~ or 0.0738.
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Table 9 Emission Factors for Petrol Industrial Vehicle Exhaust Emissions (based
on engine power)

Pollutant Wheeled Motor Wheeled Roller Miscellaneous
tractor grader loader (kg/kWh) (kg/kWh)
(kg/kWh) (kg/kWh) (kg/kWh)
CcO 1.90E-01 2.51E-01 2.19E-01 2.71E-01 2.66E-01
Formaldehyde 3.41E-04 3.86E-04 2.98E-04 3.43E-04 2.98E-04
NOy 8.54E-03 6.57E-03 7.27E-03 7.08E-03 6.48E-03
PMyy 4.84E-04 4.40E-04 4.21E-04 5.27E-04 4.06E-04
SO, 3.04E-04 3.41E-04 3.19E-04 3.73E-04 3.54E-04
VOCs 7.16E-03 8.48E-03 7.46E-03 1.24E-02 8.70E-03
Notes
1. Source: Reference 10, Table 11-7.2.
2. Scientific notation is used; e.g. 7.38E-02 represents 7.38 x 10~ or 0.0738.

Table 10 Emission Factors for Petrol Industrial Vehicle Exhaust Emissions (based
on fuel use)
Pollutant Wheeled Motor Wheeled Roller Miscellaneous
tractor grader loader

(kg/litre) (kg/ litre) (kg/ litre) (kg/ litre) (kg/ litre)
CO 3.89E-01 4.69E-01 4.35E-01 4.60E-01 4.75E-01
Formaldehyde 6.97E-04 7.21E-04 5.93E-04 5.82E-04 5.32E-04
NO4 1.75E-02 1.22E-02 1.45E-02 1.20E-02 1.15E-02
PMy, 9.91E-04 8.22E-04 8.39E-04 8.95E-04 7.26E-04
SO, 6.23E-04 6.36E-04 6.36E-04 6.33E-04 6.33E-04
VOCs 1.46E-02 1.58E-02 1.49E-02 2.11E-02 1.56E-02
Notes
1. Source: Reference 10, Table 11-7.2.
2. Scientific notation is used; e.g. 7.38E-02 represents 7.38 x 10~ or 0.0738.
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Table 11 Emission factors for Petrol Industrial Vehicle Evaporative and Crankcase

Emissions
Pollutant Wheeled Motor Wheeled Roller Miscellaneous

tractor grader loader (kg/h) (kg/h)
(kg/h) (kg/h) (kg/h)

Evaporative 3.09E-02 3.00E-02 2.97E-02 2.82E-02 2.54E-02

VOCs

Crankcase VOCs 3.26E-02 3.71E-02 4.82E-02 5.55E-02 5.07E-02

Notes

1. Source: Reference 10, Table 11-7.2.

2. Scientific notation is used; e.g. 7.38E-02 represents 7.38 x 10~ or 0.0738.

Table 12 Load Factors for Various “Miscellaneous” Industrial Vehicles
Industrial vehicle type Load factor

Car’ 0.25
Bus' 0.25
Utility' 0.25
LGV’ 0.25
HGV! 0.25
Forklift 0.20
Airport equipment tug 0.80
Airport baggage tugs 0.55
Track-type tractor 0.55
Wheeled tractor 0.55
Wheeled dozer 0.55
Scraper 0.50
Motor grader 0.50
Wheeled loader 0.50
Track-type loader 0.50
Off-highway truck 0.50
Roller 0.50
Note:

1. Used on rough terrain, steep grades or poorly graded tracks

Steps for Estimating Vehicle Emissions
The five steps to estimate the quantity of pollutants emitted from combustion engine powered
vehicles are given below and also outlined in the worksheet in Appendix 2:

Step 1
Determine if vehicle is used under road-transport or industrial vehicle conditions.

The conditions under which a vehicle is used are those under which it is used the greatest
length of time during the reporting year. Occasionally both conditions have to be accounted
for.

Step 2
Determine vehicle engine power (P) in kW, or fuel use (F) in litres or kg per year and load
factor (LF).

The engine power can be obtained from the owner’s/operating manual or manufacturer. If the
power is known in horsepower it can be converted to kW using 1hp = 0.7456 kW. Other
conversion factors are provided in Appendix 1.
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The load factor is obtained from Table 12. If the vehicle is mainly used under road-transport -
conditions then step 2 is not required.

Step 3
Determine operation hours for the reporting year (OpHrs) for estimates based on engine
power.

Vehicle operating hours may be available from vehicle logbooks or plant log sheets. An
estimation of operating hours can be obtained from the kilometres travelled for a certain
number of operating hours for a period of typical vehicle usage using 3.4.4 and the
worksheet in Appendix 3.

If the vehicle is mainly used under road-transport conditions or using the fuel use technique
for industrial vehicles, then step 3 is not required.

Step 4
Determine road-transport vehicle distance travelled (Ly).

The distance a vehicle travels during the reporting year, Ly, can be determined from the
vehicle odometer reading at the end of the reporting period less the odometer reading at the
start of the reporting period. This data can be attained from vehicle log-books or maintenance
records.

If the vehicle is mainly used under industrial-transport conditions then step 4 is not required.

Step 5
Select the appropriate emission factor (EF;) values for vehicles and calculate emissions.
Ensure that evaporative and crankcase emissions from Table 11 are included if appropriate.

The emission factor values depend on the type of engine and the mode of vehicle use. The
emission factors for industrial vehicles are based on hours of engine operation and emission
factors for road-transport vehicles use are based on distance travelled. For vehicles that have
significant usage in both modes an estimate of the most prevalent mode is used to determine
emissions. See Example 3 for an example of this technique.

For petrol industrial vehicles ensure that the evaporative and crankcase VOCs emissions are
included as part of the total VOCs emissions from the vehicle. The VOCs emissions from
evaporation and crankcase sources depends only on the hours of operation and not the engine
power and load factor as for the other industrial vehicle emissions.

Calculate emissions using appropriate equations.

3.4.4 Estimating Industrial Vehicle Operating Hours Using Distance Travelled

To determine industrial vehicle emissions using engine power emission factors in this
Manual, the vehicle operating hours are required. As already outlined, this can be obtained
from various sources such as plant or vehicle logs. Alternatively, the operating hours can be
estimated from Equation 7 using a typical period of operation to estimate the operating hours
for the reporting year. The information required is the distance the vehicle travels in the
reporting year, and for a typical period for which the operating hours are recorded accurately,
e.g. four weeks.

L Equation 7
OpHrs =OpHrs,, * ( %Pj
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where:

OpHrs = operating hours for vehicle reporitn year, h.yr

OpHrs, = operating hours for vehicle for typical period of operation of at
least 4 weeks, h/period

Ly = distance travelled in reporting year, km/yr

Lp = distance travelled for typical period of operation, km/period

Appendix 3 contains a worksheet to complete this calculation and outlines the steps involved.

Example 2 illustrates the application of Equation 3 using aload factor from Table 12 and
emission factors from Table 9 and Table 11. All datainputs are described.

Example 2 - Calculating Petrol and Diesel Engine Vehicle Emissions
For this example, emissions are estimated for an wheeled tractor (industrial vehicle) with a 78
hp petrol engine used for 1 021 hours during the reporting year.

Step 1
Determineif vehicle is used under road-transport or industrial vehicle conditions.

The tractor is used under industrial conditions.

Step 2

Determine vehicle engine power (P) in kW, or fuel use (F) in litres of kg per year and load
factor (LF).

i) The engine power isgiven as 78 hp. 78hp = 78hp* O74hikw = 58kwW
Y

i) From Table 12 the load factor for atractor is 0.55.

Step 3

Determine operation hours for the reporting year (OpHrs) for estimates based on engine
power.

The operating hours of the vehicle for the reporting year are stated as 1021 hours under
industrial vehicle conditions.

Step 4
Determine road-transport vehicle distance travelled (Ly).
The tractor is not aroad-transport vehicle so this step is not required.

Step 5
Select the appropriate EF values for vehicles and calculate emissions.

As the vehicle is a petrol industrial vehicle Table 9 engine emission factors and
evaporative/crankcase emission factors from Table 11 are used. From the vehicle type
emission factors are read from the left column of Table 9 and are below. The reportable
emissions arein the right column in step 5 below.
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Example 2 - Calculating Petrol and Diesel Engine Vehicle Emissions (cont.)

Emission are calculated below using Equation 4.

Pollutant Power Operating Emission Load Emissions
Hours Factor Factor

[ (kW)  (htyr) (kg/kWh) = (kalyr)

P * OpHrs * EF, * LF = By

CO 58 * 1021 * 1.90E-01* 0.55 = 6.19e+03
Formaldehyde 58 * 1021 * 341E-04* 0.55 = 111E+01
NOx 58 * 1021 * 854E-03* 0.55 = 2.78E+02
PM 1o 58 * 1021 * 484E-04* 0.55 = 158E+01
SO; 58 * 1021 * 3.04E-04* 0.55 = 9.90E+00
VOCs - engine 58 * 1021 * 7.16E-03* 0.55 = 2.33E+02

VOCs - evaporative 1021 * 3.09E-02 = 3.15E+01

VOCs - crankcase 1021 * 3.26E-02 = 3.33E+01

VOCs - total 298E+02 = 2.98E+02

Note: VOCsisthe sum of engine, crankcase and evaporative emissions.

Example 3 shows typical usage of acommon utility/light truck used as a road-transport
vehicle and industrial vehicle during the NPI reporting year.
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Example 3 - Estimating Emissions from a Utility with a Diesel Engine

An on-site diesel utility/light truck with a 100 kW engine completed 10,000 km in the NPI
reporting year, of which 25% was under industrial vehicle conditions on steep poorly graded
terrain and 75% under road-transport conditions. An example of this type of vehicle is a
Toyota Landcruiser or Nissan Patrol.

Step 1
Determine if vehicle is used under road-transport or industrial vehicle conditions.

The vehicle is used under mostly road-transport conditions so road-transport emission factors
and techniques will be used to estimate the vehicle’s pollutant emissions.

Step 2

Determine vehicle engine power (P) in kW and load factor (LF) if used under industrial
vehicle conditions.

As the vehicle is designated road-transport usage this step is not required.
Step 3

Determine industrial vehicle operation hours for the reporting year.

As the vehicle is designated road-transport usage this step is not required.
Step 4

Determine road-transport distance travelled (Ly).

The vehicle travels 10,000 km in the reporting year.

Step 5

Select the appropriate EF values for vehicles and calculate emissions. The emission factors
are those for a diesel Light Goods Vehicle (LGV) from the second column of emission factors
from Table 4.

Emissions for the vehicle from Equation 3 are:

Distance  Emission =  Emissions
Factor (diesel LGV)

i (km) (kg/km) = (kglyr)

Ly* EF = Ekpy,i
Benzene 10,000 * 4.19E-06 = 4.19E-02
1,3 Butadiene 10,000 * 5.31E-06 = 5.31E-02
(6[0) 10,000 * 7.78E-04 = 7.78E+00
NOx 10,000 * 6.36E-04 = 6.36E+00
PMo 10,000 * 1.93E-04 = 1.93E+00
SO, 10,000 * 6.70E-05 = 6.70E-01
VOCs 10,000 * 2.08E-04 = 2.08E+00

3.4.5 Emission Estimates from Stationary Combustion Engines

Estimating emissions of CO, NOy, PMy, SO, and VOCs and other NPI substances from
stationary combustion engines can be undertaken using emission factors based either on the
engine power and operating hours or on the quantity of fuel input for the reporting year. For
some specific engine categories, for pollutants other than CO, NOy, PM;y, SO, and VOCs,
emissions have to be estimated with the fuel-input technique.
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The emission factors for stationary engines are in Table 13 to Table 24. A wide variety of
engines is covered in these tables; the criteria used to differentiate the engines are usually fuel
type and engine size. For a wide range of stationary combustion engine powered equipment,
such as compressors and pumps, the pollutants emitted can be estimated using Table 13 to
Table 16 if the engine power and fuel consumption is known. The term uncontrolled diesel
engine refers to an engine with no pollution abatement equipment. Various types of pollution
abatement equipment are described in Table 25 and their fitment can be determined by
examining either the owner’s manual for the engine or the engine’s records.

The emission factors for natural gas powered engines are covered in Table 17 to Table 24.
Large natural gas engines are used for electricity production and in the natural gas industry to
compress and transport natural gas. The emission factors for natural gas engines of various
types using different types of emission control techniques are in Table 21 to Table 24.

The term reciprocating engine is another term for internal combustion engine. In some circles
reciprocating engines refer specifically to lightweight and efficient engines used for propeller
driven aircraft. The term prime mover refers to the stationary engine that is the main supplier
of force or power for a given situation; it should not be confused with the common term used
in Australia where a prime mover is a large truck.

For stationary engines there is no load factor (LF) term used. Stationary engines undergo
relatively little variation in power output and are usually chosen and operated in the most
fuel-efficient mode at close to maximum engine output.

3.4.6 Engine Power Method to Estimate Pollutant Emissions from Stationary
Combustion Engines

Emission factors are chosen from Table 13, Table 15, Table 17 and Table 21 to Table 24
based on engine power, fuel type and pollution control equipment fitted and, for natural gas
engines, the type of engine. The technique used is similar to that described in 3.4.1 for
combustion engine powered industrial vehicles, except that the second step is different:
instead of LF, the emission reduction efficiency of any pollution control equipment is
determined. Total pollutant emissions from a stationary combustion engine can be estimated
by applying Equation 8.

Eipyi = P * OpHrs * EF; * (1 - ER/100) Equation 8
where:
Eipyi = total emission of pollutant i from the stationary combustion engine for
the NPI reporting year, kg/yr
P = engine power capacity rating, kW
OpHrs = operating hours of engine during the NPI reporting year, h/yr
EF; = emission factor for pollutant i, kg/kWh
ER = emission reduction efficiency, wt%
1 = pollutant

Be aware that emission reduction efficiency (ER) is not the same for all pollutants emitted
from a combustion engine. Typically emission reduction focuses on NOy emissions (see Table
26) and in some cases particulate matter (PM;y).

Engine operating hours (OpHrs) is a critical aspect of estimating the pollutant emissions using
this technique. The best method of obtaining engine operating hours is to use a logbook to log
the hours of operation at the end of every day or shift. This can also be a useful tool for
engine maintenance programs. A less accurate method is based on estimated hours over a
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period of time and extrapolating this to estimate the operating hours for the reporting year.
The least accurate operating hours estimate is from a table of typical operating hours for that
engine type.

The five steps to estimate the quantity of pollutants emitted from stationary combustion
engines are as follows:

Step 1

Determine the power of the stationary combustion engine in kW.

This can be obtained from the owner’s operating manual or manufacturer. If the power is
known in horsepower in can be converted to kW using lhp =0.7456 kW. Other useful
conversion factors are in Appendix 1.

Step 2
Determine the ER factors for various pollutants from the engine.

This is obtained from the engine manufacturer or pollution control equipment manufacturer or
the relevant operating manual. If no emission reduction equipment is fitted to the engine the
value of ER is zero. The ER for the engine may be different for the different pollutants
emitted. As outlined in Section 2.2.1 and Table 26 respectively the ER often refers to PMg
and NOy determinations only.

Step 3
Obtain or estimate engine operating hours for the reporting year.

Engine operating hours may be available from machine/engine logbooks or plant log sheets.
If they are not logged there are various less accurate techniques of estimating the operating
hours described in this manual in the current section (3.4.6).

Step 4
Select the appropriate EF values.

This will depend on the type of engine and can be obtained from the appropriate table
between Table 13 and Table 24. Determining which table to use requires the following
information: engine power (from Step 1 above, in kW), fuel-type and type of engine.

Step 5

Calculate emissions using Equation 8.

Example 4 - Calculating Stationary Engine Emissions - Engine Power Technique

This example illustrates the steps for estimating pollutant emissions from a 250 kW diesel
engine used for 3650 hours during the reporting year. The engine is fitted with a pollution
control device with an emission reduction efficiency of 90 wt% for PM;¢ and 20 wt% for
NOx.

Step 1

Determine the engine power in kW.

The engine power is 250 kW
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Example 4 - Calculating Stationary Engine Emissions - Engine Power Technique (cont.)

Step 2
Determine the ER factors for various pollutants from the engine.

It is stated the ER factor is 90 wt% for PM;o and 20 wt% for NOx.

Step 3
Obtain or estimate the engine operating hours for the reporting year.

3650 h, for the reporting year examined.

Step 4
Select the appropriate EF values from between Table 13 and Table 24.

For a diesel engine of less than 450 kW Table 13 is used to obtain the emission factors. The
third data column is used.

Step 5
Calculate pollutant emissions using Equation 8.

Pollutant Engine Operating Emission  Fraction Emissions
(1) Power Hours Factor Released

(kW)  (hr/yr) (kg/kWh) (kg/yr)

P * OpHrs * EF* 1 -ER/100 = Eipy,i
CO 250 * 3650 * 4.06E-03 * 1.0 = 3.70E+03
NOx 250 * 3650 * 1.88E-02 * 0.8 = 1.37E+04
PMi, 250 * 3650 * 1.34E-03* 0.1 = 1.22E+02
SO, 250 * 3650 * 1.25E-03* 1.0 = 1.14E+03
VOCs 250 * 3650 * 1.37E-03 * 1.0 = 1.25E+03

3.4.7 Estimating Stationary Engine Operating Time
If stationary engine operating time is unknown there are several methods of estimating it
based on typical periods of engine operation.

If the annual fuel consumption for an engine is known the operating hours can be estimated
by determining the fuel consumption rate for a typical period of operation and extrapolating
that to a year of operation.

If engine usage is regular the annual operating hours can be estimated from logging the
operating hours for a typical period, for example one-month, and extrapolating that to a year
of operation.

If the fuel consumed for the reporting period is known then where applicable the fuel
consumption method of estimating emissions (see Section 3.4.8) is best used.

3.4.8 Fuel Consumption Method to Estimate Pollutant Emissions from Stationary
Combustion Engines

This technique is different from the two techniques described so far, as it relies on the fuel

used rather than the engine power to determine the emission levels. The information required

and steps involved to complete the estimate are different. Emissions are estimated by

multiplying the quantity of fuel burned (m’) by the emission factor for each specific pollutant.
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Total pollutant emissions from a stationary combustion engine can be estimated by applying
Equation 9.

Ewpyi = F * EF; * (1 - ER/100) Equation 9
where:
Ewpyi = total emission of pollutant i from engine, kg/yr
F = fuel used by engine for the NPI reporting year, m’
EF; = emission factor for pollutant i, kg/m’ fuel
ER = emission reduction efficiency, wt%
1 = pollutant

Be aware that emission reduction efficiency (ER) is not the same for all pollutants emitted
from a combustion engine. Typically emission reduction focuses on NOy emissions (see Table
26) and in some cases particulate matter (PM;).

The five steps to estimate the quantity of pollutants emitted from stationary combustion
engines from the volume of fuel used are detailed below:

Step 1
Determine the fuel used during the NPI reporting year.

This can be obtained from plant records, equipment records or fuel delivery records. If the
fuel used is known in litres (L) it can be converted to m’ using 1 m®=1000 L. Other
conversion factors are in Appendix 1.

If the fuel consumption is known by weight the fuel density can be used to convert the
consumption to volume. Fuel density information can be obtained from the fuel supplier;
some typical values are listed in Table 29 in Appendix 1. Equation 10 can be used to convert
fuel weight to fuel volume.

F = FW / Density Equation 10
where:
F = fuel volume used by engine for the NPI reporting year,
w3
FW = fuel weight used by engine for the NPI reporting year,
kg
Density = fuel density, kg/m’

If the fuel usage is not known for a particular engine it can be estimated from the engines
operating hours and typical fuel consumption for that engine as shown in Equation 11.

Step 2

Determine the ER factors for various pollutants from the engine.

This is obtained from the engine manufacturer, the pollution control equipment manufacturer
or the operating manual. If no emission reduction equipment is fitted to the engine the value
of ER is zero. The ER may be different for the different pollutants to be reported. As outlined

in Section 2.2.1 and Table 26 respectively the ER often refers to PM;; and NOy
determinations only.

Step 3
Determine if engine power is greater than or less than 450 kW and the type of fuel.
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The type of fuel used will be diesel, petrol or one of the other fuels listed in the various tables
outlining the emission factors for different stationary engines, Table 13 to Table 22. The
engine power is used to determine which emission factor table to use to look up emission
factors, not to estimate pollutant emissions directly.

Step 4

Select the appropriate EF values.

These are obtained from between Table 13 and Table 24, depending on the information
gathered in Step 3 above.

Step 5

Calculate emissions using Equation 9.

Example 5 illustrates the application of Equation 6 using the emission factors from Table 13.
Other data required is detailed below.

Example 5 - Estimating Stationary Engine Emissions Using the Fuel Input Technique
Emissions are estimated using Equation 9 for a diesel engine of 400 kW that used 300 m’ of
fuel during the reporting year. The engine is fitted with a pollution control device with an
emission reduction efficiency of 90 wt% for PM;y and 80 wt% for NOy.

Step 1
Determine the fuel quantity used in the reporting year.

The fuel used in the NPI reporting year was 300 m’.

Step 2
Determine the ER factors for various pollutants from the engine.

It is stated the ER factor is 90 wt% for PM;, and 80 wt% for NO.

Step 3
Determine if engine power is greater than or less than 450 kW and the type of fuel.

The engine is a 400kW diesel engine - less than 450 kW.

Step 4
Select the appropriate EF values.

From the engine specifications in Step 3 above the EF values are determined from the second
last column in Table 13.
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Example 5 - Estimating Stationary Engine Emissions Using the Fuel Input Technique
(cont.)

Step 5
Calculate emissions using Equation 9
Pollutant Fuel Usage Emission Factor Fraction Released Emissions
() (kg/m) (kg/yr)
F * EF[ * (l—ERi/l 00) = Ekpy,i
CcO 300 * 1.S6E+01 * 1.0 = 4.68E+03
NOx 300 * 725E+01 * 0.2 = 4.35E+03
PMio 300 * 5.10E+00 * 0.1 = 1.53E+02
SO, 300 * 4.77E+00 * 1.0 = 1.43E+03
VOCs 300 * 530E+00 * 1.0 = 1.59E+03

3.4.9 Estimating Stationary Engine Fuel Consumption
If the fuel consumed by a stationary engine is unknown the amount of fuel used can be
estimated using Equation 11.

FoF, * (OpHrsY OpHrSPj Equation 11
where:
F = fuel used for reporting year, m*/yr
Fp = fuel used for typical period of engine operation, m’
OpHrsy =  engine operating hours for reporting year, h/yr
OpHrsp =  time of typical period of engine operation, h

If all the stationary combustion engines at an operation are in the same category based on
their size, type and emission reduction equipment then the fuel consumption method for
estimating the emissions from stationary combustion engines can be used based on the total
amount of fuel used for the site. This means the appropriate emission factors are obtained
from the same column of the same table for all engines on the site.

Air pollution control methods for combustion engines include steam injection, water
injection, and selective catalytic reduction for NOy control. Table 25 and Table 26 provide
further detail of the emission reduction equipment and emission control technologies
available for combustion engines.

Table 13 to Table 16 provide emission factors for small (less than 450 kW) and large (greater
than or equal to 450 kW) stationary diesel engines. The emission factors for small engines, for
example small diesel water pumps, are in Table 13 and Table 14. The emission factors for
large engines, for example large air compressors or draglines, are in Table 15 and Table 16.
Table 13 and Table 15 contain the emission factors for the main pollutants; VOCs, CO, NO,,
PMj, and SO,. Table 14 and Table 16 contain the emission factors for other important
notifiable pollutants; Benzene, Toluene, Xylenes, Acetaldehyde and Formaldehyde. Table 15
also includes the emission factors for natural gas and diesel dual fuel engines, which are
typically used in the natural gas industry.

Combustion Engines 31
Ver 2.2 - 14 Jun 2002



Table 13 Emission Factors (kg/kWh & kg/m’) for Stationary Uncontrolled Petrol
and Diesel Engines (Less than 450kW)
Pollutant Petrol Diesel Emission
Emission Factor Based on: Emission Factor Based on: Factor
Power Output Fuel Input Power Output Fuel Input Rating4
(kg/kWh) (kg/m®)’ (kg/kWh) (kg/m®)’
CO 2.67E-01 9.27E+02 4.06E-03 1.56E+01 D
NOy 6.69E-03 2.41E+01 1.88E-02 7.25E+01 D
PM,, 4.38E-04 1.48E+00 1.34E-03 5.10E+00 D
SO, 3.59E-04 1.24E+00 1.25E-03 4.77E+00 D
VOCs’® 1.18E-02 4.01E+01 1.37E-03 5.30E+00 E
VOCs consist of:
Crankcase 2.64E-03 9.14E+00 2.40E-05 1.47E-01 E
Evaporative 3.60E-04 1.19E+00 neg. neg. E
Exhaust 8.17E-03 2.78E+01 1.34E-03 5.15E+00 D
Refuelling 5.88E-04 1.99E+00 neg. neg. E
Notes:

1. Source: Reference 5, Table 3.3-1.
2. When necessary in the source data (reference above) Fuel Input EF was converted to Power
Output EF using an average fuel consumption of 7,000 BTU/hp-hr, which is equivalent to

S.

6.

9896 kJ/kWh.

In the source data the organic compounds are provided as Total Organic Compounds (TOC). To
convert TOC to VOCs the following relationship was used to determine the VOCs:

VOCs =TOC/1.1167.

Relates to the certainty of using the EF to determine pollutant levels. An Emission Factor Rating
(EFR) rating of A indicates excellent certainty and E poor certainty. The EFR does NOT have to
be reported as part of NPI requirements. See Section 4.4 for more detail.

To determine the EF based on volume of fuel used. For petrol and diesel in this Table the values
of 34.36 and 38.21 MJ/L respectively were used to obtain this value (Reference 7, page 51).
Scientific notation is used; e.g. 7.38E-02 represents 7.38 x 10~ or 0.0738.

Table 14

Emission Factors (kg/m3) for Components of VOCs and PAHs from
Uncontrolled Diesel Engines (Less Than 450kW)

Pollutant Emission Factor Based on Fuel Input (kg/m3)

Acetaldehyde
Benzene
1,3-Butadiene
Formaldehyde
Total PAHs*
Toluene

Xylenes

1.26E-02
1.53E-02
< 6.43E-04
1.94E-02
2.76E-03
6.72E-03

4.69E-03

3.
4,

Notes:
1.
2.

Source: Reference 5, Table 3.3-2.

To determine the EF based on volume of fuel used. For diesel in this table the value of
38.21 MJ/L was used (Reference 7, page 51).

PAHs = polycyclic aromatic hydrocarbons.

Scientific notation is used; e.g. 7.38E-02 represents 7.38 x 10~ or 0.0738.
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Table 15 Emission Factors (kg/kWh & kg/m3) for Large (Greater Than 450kW)
Diesel and Dual-Fuel Engines
Pollutant Fuel — Diesel Fuel - Dual-Fuel®
Emission Emission Emission Emission Emission Emission
Factor Factor Factor Factor Factor Factor
Based on Based on Rating’ Based on Based on Rating’
Power Fuel Input Power Fuel Input
Output (kg/m®) Output (kg/m®)
(kg/kWh) (kg/kWh)
CcO 3.34E-03 1.40E+01 C 4.56E-03 2.03E-02 D
NO,
Uncontrolled® 1.46E-02 5.26E+01 B 1.09E-02 4.72E-02 D
Controlled 7.90E-03 3.12E+01 B ND ND NA
PM,, 4. 26E-04 1.64E+00 B ND ND NA
SO, 4.92E-03S; | 1.66E+01S; B 2.47E-04S; | 8.74E-04S; B
+ +
5.82E-03S, | 1.56E-02S,
VOCs’ 3.84E-04 1.32E+00 C 8.03E-04 3.49E-03 D
Notes:

1. Source: Reference 6, Table 3.4-1.

2. Dual-fuel refers to 5 wt% diesel and 95 wt% natural gas.

3. An EFR of A indicates excellent certainty and E poor certainty. The EFR does NOT have to be
reported as part of NPI requirements. See 4.4 for more detail.

4. ND - No data; NA - Not applicable.

5. S, and S, signify the fuel sulfur content (wt%) in the diesel and natural gas respectively. They are
multiplied by the coefficient given to obtain the SO, EF. For example if sulfur content is 1.5%, then
S=1.5.

6. Energy content of natural gas and diesel is 38.9 MJ/sm’ and 38.2 MJ/L respectively.

7. Natural gas is measured in Standard m’ (sm3).

8. Unless otherwise stated the engines are controlled.

9. The Non-methane TOC component from the original reference.

10. Scientific notation is used; e.g. 7.38E-02 represents 7.38 x 10~ or 0.0738.

Emission Factors (kg/m3) of some VOCs components for Large (Greater
than 450kW) Diesel Engines
Pollutant Emission Factor Based on
Fuel Input (kg/m")
4.14E-04
1.28E-02
1.30E-03
4.62E-03
3.22E-03

Table 16

Emission Factor Rating’

Acetaldehyde

Benzene

Formaldehyde

Toluene

Xylenes

Notes:

1. Source: Reference 6, Table 3.4-3.

2. Certainty of EF where an EFR of A indicates excellent certainty and E poor certainty. The EFR
does NOT have to be reported as part of NPI requirements. See 4.4 for more detail.

3. Energy content of diesel fuel is 38.2 MJ/L.

4. Scientific notation is used; e.g. 7.38E-02 represents 7.38 x 10 or 0.0738.

esliesiiesliesNes|

Table 17 to Table 24 provides emission factors for natural gas combustion engines used
mainly in the natural gas supply industry or where natural gas is the most plentiful supply of
fuel. An example of this would be compressors in natural gas pipelines or hospital electricity
generators. The engines specified are specific in terms of the number of being 2 or 4 stroke,
whether they are lean or rich-burn and the type of emission control equipment utilised. To
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determine the specifications of the engine you are determining the emissions for refer to the
engine manufacturer's specifications.

Table 17 Emission Factors (kg/kWh & kg/m3) for Uncontrolled Gas Turbine
Natural Gas Engines

Pollutant Emission Factor Based on Emission Factor Based on
Power Output (kg/kWh) Fuel Input (kg/m’)

Benzene 2.20E-06 ND

CcO 1.11E-03 2.85E-03
Ethylbenzene 1.10E-06 ND

NO, 1.74E-03 5.69E-03

Toluene 2.20E-06 ND

VOCs® 1.34E-05 3.35E-05

Xylenes 3.30E-06 ND

Notes:

1. Source: Reference 4, Table 3.2-1.

2. VOCs is the Total Non-Methane Organic Components.

3. Energy content of natural gas is 38.9 MJ/sm”.

4. m’ of natural gas refers to sm® @ 1 atm pressure and 15°C.

5. ND - No data.

6. Scientific notation is used; e.g. 7.38E-02 represents 7.38 x 10~ or 0.0738.

Emission factors in Table 18 to Table 20 are more recent values incorporating a much wider
range of NPI substances. When determining emissions for controlled engines select the table
with the emission factors for the appropriate engine type and control strategy and determine
the pollutant emissions for the pollutants. For additional pollutants use the uncontrolled
emission factors for the appropriate engine. For example for a 2-stroke lean burn engine with
increased air/fuel ratio with inter-cooling use Table 21 for the emission factors for CO, PM,,
NOy, and VOCs and the other pollutant emissions are estimated from the emission factors in
Table 18. If you believe you have more appropriate emission estimation techniques or
emission factors contact your State or Territory jurisdiction to attain their advice as to
whether they can be used for NPI reporting.

Table 18 Emission Factors (kg/m3) for Uncontrolled 2-Stroke Lean-Burn Natural
Gas Engines

Pollutant Emission Factor Based on Emission Factor Rating’
Fuel Input (kg/m®)

Acetaldehyde 1.30E-04 A
Benzene 3.25E-05 A
1,3-Butadiene 1.37E-05 D
Chloroform 7.88E-07 C
CO (<90% Load) 5.91E-03 A
CO (90-105% Load) 6.46E-03 A
1,2-Dichloroethane 7.06E-07 D
Ethylbenzene 1.81E-06 B
Formaldehyde 9.24E-04 A
n-Hexane 7.45E-06 C
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Pollutant Emission Factor Based on Emission Factor Rating

Fuel Input (kg/m®)
Methanol 4.15E-05 A
NOy (<90% Load) 3.25E-02 A
NOx (90-105% Load) 5.31E-02 A
PAHs 2.24E-06 D
Phenol 7.05E-07 C
PM;o 6.43E-04 C
SO, 9.84E-06 A
Styrene 9.17E-07 A
Toluene 1.61E-05 A
Vinyl Chloride 4.13E-07 C
VOCs 2.01E-03 C
Xylene 4.49E-06 A
Notes:

1. Source: Reference 14, Table 3.2-1.

2. Relates to the certainty of using the EF to determine pollutant levels. An Emission Factor Rating

(EFR) rating of A indicates excellent certainty and E poor certainty. The EFR does NOT have to be
reported as part of NPI requirements. See Section 4.4 for more detail.

3. Energy content of natural gas is 38.9 MJ/sm’.

>

m’ of natural gas refers to sm® @ 1 atm pressure and 15°C.

5. Scientific notation is used; e.g. 7.38E-02 represents 7.38 x 10~ or 0.0738.

Table 19 Emission Factors (kg/m3) for Uncontrolled 4-Stroke Natural Gas Engines
Pollutant Emission Factor Based on Emission Factor Rating’
Fuel Input (kg/m®)
Acetaldehyde 1.40E-04 A
Benzene 7.37E-06 A
Biphenyl 3.55E-06 D
1,3-Butadiene 4.47E-06 D
Chloroethane 3.13E-08 D
Chloroform <4.77E-07 E
CO (<90% Load) 9.32E-03 B
CO (90-105% Load) 5.31E-03 C
1,2-Dichloroethane <4.50E-07 E
Ethylbenzene 6.65E-07 B
Formaldehyde <8.84E-04 A
n-Hexane 1.86E-05 C
Methanol 4.19E-05 B
NOx (<90% Load) 1.42E-02 B
NOy (90-105% Load) 6.83E-02 B
PAHs 4.50E-07 D
Phenol 4.02E-07 C
PMo 1.29E-06 D
SO, 9.84E-06 A
Styrene 3.95E-07 E
Toluene 6.83E-06 B
Vinyl Chloride 2.49E-07 C
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Pollutant

Emission Factor Based on

Emission Factor Rating

Fuel Input (kg/m®)
VOCs 1.98E-03 C
Xylene 3.08E-06 B
Notes:

1.

Source: Reference 14, Table 3.2-2.

2. Relates to the certainty of using the EF to determine pollutant levels. An Emission Factor Rating
(EFR) rating of A indicates excellent certainty and E poor certainty. The EFR does NOT have to be
reported as part of NPI requirements. See Section 4.4 for more detail.

3. Energy content of natural gas is 38.9 MJ/sm’.,

4. m’ of natural gas refers to sm® @ 1 atm pressure and 15°C.

5. Scientific notation is used; e.g. 7.38E-02 represents 7.38 x 10~ or 0.0738.

Table 20 Emission Factors (kg/m3) for Uncontrolled 4-Stroke Rich-Burn Natural

Gas Engines
Pollutant Emission Factor Based on Emission Factor Rating
Fuel Input (kg/m®)

Acetaldehyde 4.67E-05 C

Benzene 2.64E-05 B

1,3-Butadiene 1.11E-05 D

Chloroform <2.29E-07 E

CO (<90% Load) 5.88E-02 C

CO (90-105% Load) 6.23E-02 A

1,2-Dichloroethane <1.89E-07 E

Ethylbenzene <4.15E-07 E

Formaldehyde 3.43E-04 A

Methanol 5.12E-05 D

NOx (<90% Load) 3.80E-02 C

NOx (90-105% Load) 3.70E-02 A

PAHs 2.36E-06 D

PM;o 1.59E-04 E

SO, 9.84E-06 A

Styrene 1.99E-07 E

Toluene 9.34E-06 A

Vinyl Chloride 1.20E-07 E

VOCs 4.96E-04 C

Xylene 3.26E-06 A

Notes:

1. Source: Reference 14, Table 3.2-3.

2. Relates to the certainty of using the EF to determine pollutant levels. An Emission Factor Rating

(EFR) rating of A indicates excellent certainty and E poor certainty. The EFR does NOT have to be
reported as part of NPI requirements. See Section 4.4 for more detail.

3. Energy content of natural gas is 38.9 MJ/sm’.

>

m’ of natural gas refers to sm> @ 1 atm pressure and 15°C.

5. Scientific notation is used; e.g. 7.38E-02 represents 7.38 x 10~ or 0.0738.
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Table 21 Emission Factors (kg/kWh & kg/m3) for Controlled Natural Gas Engine
Units: Combustion Modification on 2-Stroke Lean Burn Engine -
Increased Air/Fuel Ratio with Inter-cooling
Pollutant | Emission Factor Based on Power Output | Emission Factor Based on Fuel Input
(kg/kWh) (kg/m?)
CO 2.01E-03 7.70E-03
NO, 6.69E-03 2.51E-02
PM, 2.41E-04 9.21E-04
VOCs® 7.90E-03 3.01E-02
Notes:

1.

Source: Reference 4, Table 3.2-2

2. Certainty of EF is from the EFR. An EFR of A indicates excellent certainty and E poor
certainty. The EFR for this data is E. The EFR does NOT have to be reported as part of NPI
requirements. See 4.4 for more detail.

3. VOC:s is the Total Non-Methane Organic Compounds (TNMOC).

4. Energy content of natural gas is 38.9 MJ/m’.

5. Neg. = negligible levels present.

6. Scientific notation is used; e.g. 7.38E-02 represents 7.38 x 10~ or 0.0738.

Table 22 Emission Factors (kg/kWh & kg/m3) for Controlled Natural Gas Engine
Units: Clean Burn and Pre-combustion Chamber on 2—Stroke Lean Burn
Engine
Pollutant Clean Burn Pre-combustion Chamber

Emission Factor Emission Factor Emission Factor Emission Factor

Based on Based on Based on Based on
Power Output Fuel Input Power Output Fuel Input

(kg/kWh) (kg/m’) (kg/kWh) (kg/m’)

CcO 1.48E-03 5.02E-03 3.22E-03 1.12E-02

NOy 3.08E-03 1.39E-02 3.89E-03 1.42E-02

VOCs® 1.61E-04 2.51E-03 1.18E-03 4.19E-03

Notes:

1. Source: Reference 4, Table 3.2-5.

2. VOCs is the Total Non-Methane Organic Compounds (TNMOC).

3. Energy content of natural gas is 38.9 MJ/m’.

4. neg. = negligible levels present.

5. Scientific notation is used; e.g. 7.38E-02 represents 7.38 x 10 or 0.0738.
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Table 23 Emission Factors (kg/kWh & kg/m’) for Controlled Natural Gas Engine
Units: Selective Catalytic Reduction on 4-Stroke Lean Burn Engine
Pollutant Emission Factor Based on Emission Factor Based on
Power Output (kg/kWh) Fuel Input (kg/m")
Ammonia 5.95E-04 9.1E-02
CO 1.48E-03 6.19E-03
NOy 4.83E-03 2.01E-02
VOCs’ 6.60E-06 3.15E-05
Notes:

1. Source: Reference 4, Table 3.2-4

VOCs are the C; to Cj6 components.

Energy content of natural gas is 38.9 MJ/m’.

neg. = negligible levels present.

The outlet emission factors (2 right hand columns) should be used when calculating the

emissions released from this table in this manual.

6. If pollution abatement equipment is fitted and operating correctly the EFs from the pollution
abatement equipment outlet should be used for estimating engine pollutant emissions.

7. ND - No data.

8. Scientific notation is used; e.g. 7.38E-02 represents 7.38 x 10~ or 0.0738.

Table 24

vk

Emission Factors (kg/kWh & kg/m3) for Controlled Natural Gas Engine
Units: Non-Selective Catalytic Reduction on 4-Stroke Rich Burn Engine

Pollutant Emission Factor Based on Emission Factor Based on
Power Output (kg/kWh) Fuel Input (kg/m3)

Acetaldehyde ND <8.04E-08
Ammonia 1.10E-03 3.18E-03
Benzene ND 1.84E-06
1,3-Butadiene ND ND
CO 1.34E-02 4.02E-02
Formaldehyde ND <1.21E-07
NO, 3.35E-03 9.71E-03
PAHs® ND ND
PM,, 4.02E-06 1.17E-05
VOCs? 2.40E-04 7.05E-04
Toluene ND 3.85E-07
Xylenes ND <6.70E-07
Notes:

1. Source: Reference 4, Table 3.2-3.

2. VOCs =TOC/1.1167.

3. ND - No data.

4. Energy content of natural gas is 38.9 MJ/m’.

5. neg. = negligible levels present.

6. PAHs = polycyclic aromatic hydrocarbons.

7. The outlet emission factors (2 right hand columns) should be used when calculating the
emissions released from this table in this manual.

8. If pollution abatement equipment is fitted and operating correctly the EFs from the pollution
abatement equipment outlet should be used for estimating engine pollutant emissions.

9. Scientific notation is used; e.g. 7.38E-02 represents 7.38 x 107 or 0.0738.

3.4.10 Control Technologies

Table 25 summarises whether the various diesel emission reduction technologies, some of
which may also be applicable to petrol engines, will generally increase or decrease the
pollutant emissions. These technologies are categorised according to:

e fuel modifications
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e engine modifications
e after-exhaust treatment

Current data is insufficient to quantify the results of these modifications, but Table 25
provides details of the resultant trends with regard to pollutants emission.

For large combustion engines (>450kW), control measures to date have been directed towards
reducing NOy emissions, since NOy is the primary pollutant from diesel and dual-fuel
engines. Table 26 shows the NOy reduction and fuel consumption penalties for diesel and
dual-fuelled engines based on some of the available control techniques. All of these control
techniques rely on engine modifications except Selective Catalytic Reduction (SCR), which is
a post-combustion control technique. The pollutant emission decreases shown have been
demonstrated, but the effectiveness of each technique can vary considerably.

Other NOy emission control techniques not listed in Table 26 are also used. These techniques
include internal/external exhaust gas recirculation, combustion chamber modification,
manifold air-cooling and turbo-charging.

The brake-specific fuel consumption (BSFC) of an engine is the engine's fuel consumption
related to energy in the fuel rather than to the mass or volume of the fuel. This term is used as
the energy content of fuels can vary significantly, even among fuels of the same type such as
diesel. This is more the case in Europe and the US where there are much wider sources of fuel
feedstock and fuel refineries. The value often used in the literature from which much of the
data was derived (References 4 to 6) is 9 896 kJ/kWh (7 000 BTU/hp-h).

If a fuel has a significantly different energy content from that used to determine the emission
factor on a volume-of-fuel-used basis, the emission factor should be changed. The fuel energy
content assumed when determining the emission factor on a volume-of-fuel-used basis is
stated in all cases for stationary combustion engines, Table 13 to Table 24. To convert to
emission factors based on the quantity of fuel to a value relevant to the same type of fuel, but
with different energy content, knowledge of the fuel’s energy content is required as shown in
Equation 12. The energy content values used in Equation 12 (H; and H,) need to have the
same units.

EF, = EF, *(H %{ ) Equation 12
2
where:
EF, = new EF for fuel with different heat content
EF, = old EF for fuel with initial heat content
H, = fuel heat content of new fuel - see fuel specifications from supplier,
MJ/L
H, = fuel heat content of original fuel - see table where EF, is obtained,
MIJ/L or MJ/m’ for natural gas
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Table 25 Diesel Engine Emission Control Technologies

Technology Affected Parameter
Increase Decrease
Fuel Modifications
Sulfur content increase PM,,, wear
Aromatic content increase PM,(,NO,
Cetane number PM,(,NO,
10% and 90% boiling point PM;,
Fuel additives PM;(,NO,
Water/Fuel emulsions NO,
Engine Modifications
Injection timing retard PM,,, BSFC power, NOy
Fuel injection pressure PM;(,NO,
Injection rate control PM,(,NO,
Rapid spill nozzles PM;,
Electronic timing and metering PM,(,NO,
Injection nozzle geometry PM;
Combustion chamber modifications PM,,NO,
Turbocharging PM,,, power NO,
Charge cooling NO,
Exhaust gas recirculation PM,, power NO,
Oil consumption control PM,,, wear
Exhaust After-Treatment
Particulate traps PMio
Selective catalytic reduction NO,
Oxidation catalysts PM,,, CO, VOCs
Notes:
1. Source: Reference 5, Table 3.3-3.

Table 26 shows the impact of various NOy reduction techniques on the fuel consumption of
diesel and diesel/natural gas engines. It is common for pollutant emission reduction
equipment to decrease engine performance and this has to be considered before deciding to
implement any emission reduction strategies.
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Table 26 NOy Reduction and Fuel Consumption Penalties for Large Stationary
Diesel and Dual-Fuel Engines

Control Approach Diesel Dual-Fuel
NO, NOy
Reduction | ABSFC’ | Reduction | A BSFC’

(%) (%) (%) (%)
Derate 10%

ND ND <20 4
20% <20 4 ND ND
30% 5-23 1-5 1-33 1-7
Retard
2° <20 4 <20 3
40 <40 4 <40 1
8° 28 - 45 2-8 50-73 3-5
Air to Fuel 3%

ND ND <20 0
+10% 7-8 3 25-40 1-3
Water Injection 50% 25-35 2-4 ND ND
(H,0/fuel ratio)
Selective Catalytic 80 -95 0 80 -95 0
Reduction
Notes
1. Source: Reference 6, Table 3.4-5.
2. The reductions shown are typical and will vary depending on the engine and duty cycle.
3. ABSFC = change in brake-specific fuel consumption.
4. ND =no data.
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4 Emission Estimation Techniques: Acceptable Reliability and
Uncertainty

This section is intended to give an overview of some of the errors associated with the EETs
outlined in this Manual. The NPI encourages the use of the most accurate EET possible. This
section briefly evaluates the accuracy of available EETs.

Several techniques are available for calculating pollutant emission from combustion engines.
The technique chosen will depend on available data and resources. The EET used will affect
the degree of accuracy attained for the pollutant emission estimate. In general, site-specific
data representative of normal operations is more accurate than industry-averaged data (such
as the emission factors in 3.4 in this Manual).

4.1 Direct Measurement

The use of stack and/or workplace health and safety sampling data is likely to be a more
accurate method of estimating pollutant emissions from combustion engines than other EETs
in this manual. Collection and analysis of samples from sample points can be very expensive
and complicated where a variety of NPI-listed substances are emitted and most of these
emissions are fugitive in nature. Additionally, sampling data from one specific process may
not be representative of the entire manufacturing operation and may provide only one
example of the operation’s pollutant emissions.

For data to be representative the sampling used for NPI reporting needs to be collected over a
significant period and to cover all pollutant emission situations.

In the case of CEMS, instrument calibration drift can be a problem and uncaptured data can
create incomplete data sets that make estimates of pollutant emission prone to large errors.
However, it may be misleading to assert that a snapshot, such as stack sampling, can better
predict long-term pollutant emission than CEMS. It is the responsibility of the facility
operator to properly calibrate and maintain monitoring equipment and to ensure the pollutant
emission data is representative of pollutant emissions from the facility.

4.2 Mass Balance

Calculating pollutant emissions from combustion engines using a mass balance is not
straightforward. Many facilities have a detailed knowledge of the fuel types and quantities
used but do not have a good measure of the emissions released from their combustion
engines. Because chemical reactions that take place within combustion engines change the
nature of the fuel used, the quantity and concentration of products released from combustion
engines must be measured. For example, pollutant emissions from combustion engines are
typically less than 2 wt% of fuel consumption; an error of only + 5 wt% in determining the
concentration or flow of any of the outputs can make pollutant emission estimates of low
accuracy.

4.3 Engineering Calculations

Theoretical and complex equations or models based on the chemical and physical steps of
combustion within the combustion engine can be used to estimate pollutant emission levels.
However, the theoretical equations and models are often not developed to the stage where
pollutant emission levels of acceptable accuracy can be estimated. Additionally, theoretical
and complex equations or models require more detailed inputs than the use of emission
factors, but may provide an emission estimate based on facility-specific conditions. Use of
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theoretical equations and models to estimate emissions from combustion engines is more
complex and time-consuming than the use of emission factors based on simple engine
characteristics such as power or fuel consumption and may not provide a better estimate of
pollutant emissions.

4.4 Emission Factor Rating and Accuracy.

Most emission factors have an associated Emission Factor Rating (EFR) code. This EFR
rating system is common to EETs for all industries and sectors and hence all Industry
Handbooks, and is based on rating systems developed by the United States Environmental
Protection Agency (USEPA) and the European Environment Agency (EEA). Consequently,
the ratings may not be directly relevant to Australian industry. Sources for all emission
factors cited in this Manual can be found in the reference section. The EFR will not form part
of the public NPI database.

When using emission factors, you should be aware of the associated EFR code and what that
rating implies. A rating of A indicates the greatest degree of certainty and E the lowest. The
less certainty, the more likely that a given emission factor for a specific source or category
may not be representative of the source type. These ratings notwithstanding, the main
criterion affecting the uncertainty of an emission factor remains the degree of similarity
between the equipment or process selected in applying the factor and the equipment or
process from which the emission factor was derived.

The EFR system is as follows:

A - Excellent

B - Above Average
C - Average

D - Below Average
E - Poor

U - Unrated

In addition to the EFR code, the accuracy of emission factors is thoroughly dependent on the
degree of similarity between the reference source and the emission source being estimated.
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5 Glossary of Technical Terms and Abbreviations

Table 27 Glossary of Technical Terms and Abbreviations used in this Manual

Term Definition

Adiabatic Flame temperature from combustion of fuels under adiabatic conditions

flame (when there is no energy into or out of the combustion system), i.e. the heat

temperature released from combustion goes to heat the combustion products only. Also
referred to as adiabatic temperature

BSFC Brake-specific fuel consumption

BHP Brake horsepower — power from the engine excluding losses caused by the
gearbox, differential, water pump and other auxiliaries. This is the value
used in this manual when engine power is referred to.
(note: In this manual the emission factors are often in terms of kg/kW. To
convert to kW use the factor 1hp = 0.7456kW)

CEMS Continuous emission monitoring systems

CNG Compressed natural gas

CO Carbon monoxide - a gaseous pollutant released from combustion

Den Fuel density, kg/m’

EEA European Environment Agency

EET Emission estimation technique

EF Emission factor

EF; Emission factor for pollutant i in terms of engine power, kg/kWh

EF, New EF for fuel with different heat content

EF, Old EF for fuel with initial heat content

EFR Emission Factor Rating

EFs Emission factors

Ekpy.i Emission of pollutant i per year, kg/yr

F Fuel volume used in NPI reporting year, m’

FW Fuel weight used in NPI reporting year, kg

H, Fuel heat content of new fuel - see fuel specifications from supplier, MJ/L

H, Fuel heat content of original fuel - see table from which EF is obtained,
MJ/L

HGV Heavy Goods Vehicle

hp Horsepower: unit of measuring engine power. Check conversion tables in
Appendix 1 for further conversion factors

1 Pollutant component whose emission level is being determined

hr Hour

kW Kilowatt: unit of measuring engine power. This is the unit for engine power
mostly used in this manual. Check conversion tables in Appendix 1 for
further conversion factors

L Litre

LF Engine load factor: the average engine power output divided by the rated
engine power

LGV Light Goods Vehicle

LPG Liquid petroleum gas - usually propane and/or butane

NA Not applicable

Combustion Engines
Ver 2.2 - 14 Jun 2002

44




Table 24

Glossary of Technical Terms and Abbreviations used in this Manual

(cont.)

Term Definition

ND No data

sm’ Standard cubic metres of gas, i.e. at 15°C and 1 atm pressure

NOy Nitrogen oxides released during combustion processes

NPI National Pollutant Inventory

OEM Original equipment manufacturer

OpHrs Annual operating hours for the engine whose emissions are being estimated,
h/yr

PAHs Polycyclic aromatic hydrocarbons: group of light aromatic gaseous
pollutants released from combustion.

PM; Particulate matter equal to or less than 10um in aerodynamic diameter

Prime mover

The stationary engine which is the main supplier of force or power for a
given situation

QDE & A Queensland Department of Environment and Heritage

Scientific Scientific notation is used for much of the data in this manual; e.g. 7.38E-02
notation represents 7.38 x 107 or 0.0738

SCR Selective catalytic reduction

SO, Sulfur dioxide: a gaseous pollutant released from combustion

TNMOC Total Non-Methane Organic Compounds

TOC Total organic compounds

USEPA United States Environmental Protection Agency

VOCs Total volatile organic compounds

yr Year
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Appendix 1 Useful Unit Conversion Factors and Fuel Physical
Properties Relating to Combustion Engines

As in most fields of engineering, when examining combustion engines and their emissions,
there is a range of measurement units with which physical quantities are measured.

To assist in converting units a summary of various engineering unit conversion constants is
provided. There are many more comprehensive sources of conversion data, for example
Reference 8.

The conversion constants below are grouped as follows:

e Power
e  Weight
e Volume
e Length

e Other Units

Table 28 Useful Conversion Factors in Relation to Determining Emissions from
Combustion Engines
To Convert From To Multiply By
Power
hp — horsepower kW - kilowatts 7.456E-01
Weight
kg — kilograms Ib - pounds 2.205E+00
Volume
UK gallon m’ - cubic metres 4.546E-03
US gallon m’ - cubic metres 3.785E-03
L — litres m’ - cubic metres 1.00E-03
Length
m — metres km - kilometres 1.000E-03
mile km - kilometres 1.609E+00
Other Units
MMBTU BTU 1.000E+06
1b/hp-h kg/kWh 6.080E-01
BTU J 1.054E+03
Table 29 Fuel Physical Properties Useful in Determining Emissions from
Combustion Engines
Fuel Description and Properties
Diesel Also called automotive distillate. Density = 8.361E+02 kg/m’
Heating value = 38.21 MJ/L (Source: Reference 7, page 51)
Petrol Also called motor spirit. Density = 7.391E+02 kg/m’
Heating value = 34.36 MJ/L (Source: Reference 7, page 51)
Natural Gas Also called natural gas (Queensland). Density = 6.963E-01 kg/sm’
Heating value = 38.9 MJ/sm’ (Source: Reference 7, page 51)
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Appendix 2 Worksheet to Determine Emissions from Vehicles

Step 1 Determine if vehicle is used under road-transport or industrial Road- A
conditions. Transport
Circle driving conditions here. Industrial
(depending under which conditions the vehicle is most used)
Step 2 Determine vehicle engine power (P) in kW or fuel use (F) in
litres (kg for LPG) and load factor (LF) if used under industrial
conditions.
Engine power (kW) of fuel use (litres or kg for LPG) B
Load Factor C
(for cars and utilities the LF is 0.25)
Step 3 Determine vehicle operating hours for the reporting year. D
(industrial vehicles and road-transport vehicles used under
industrial vehicle conditions only)
Step 4 Determine road-transport distance travelled (Ly).
Distance travelled (km) F
Step 5 Select the appropriate EF values for vehicles and calculate G
emissions. Use Table 3 to Table 11 as required. Include
crankcase and evaporative EFs from Table 11 if required.
For industrial vehicles (based on engine power)
Industrial Industrial Emissions (kg/yr)
Pollutants Power OpHrs LF EF; Eipy,i
B D C G H =B*D*C*G
CO
Formaldehyde
NOx
PM,o
SO,
VOCs
For industrial vehicles (based on fuel use)
Industrial Emissions (kg/yr)
Pollutants Fuel Use LF EF; Expy.i
B C G H =B*C*G
CO
Formaldehyde
NOx
PM;,
SO,
VOCs

Continued next page.
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For road-transport vehicles (based on distance travelled)
Distance (km) Road-Transport (kg/km)
EF;
F G
Benzene

Emission (kg/yr)
Ekpy,i
H=F*G

1,3 Butadiene

CO

NOy

PMg

SO,

VOCs
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Appendix 3 Worksheet to Estimate Vehicle Operating Hours

Use 3.4.4 to estimate the vehicle operating hours (OpHrs) for the year.

This can be used in step 2 of calculating industrial or road-transport vehicle emissions. See
Appendix 2 for worksheet to calculate vehicle emissions.

Step 1

Step 2

Step 3

Step 4

Step 5

OpHrs = OpHrs,, * L%
P

Choose period of typical operation of at least 4 weeks to obtain
typical operating data for the vehicle.

Log and determine the operating hours (OpHrs,, for the period
of typical operation.

Determine the distance travelled by the vehicle for the entire
NPI reporting year. Taking the odometer reading at the start and
finish of the NPI reporting year will achieve this.

Determine the distance travelled for the period of typical
operation. Taking the odometer reading at the start and finish of
the period of typical operation will achieve this.

Calculate the NPI reporting year operating hours (OpHrs) using
Equation 7.

OpHrs =OpHrs,, * L%

—A*B/ =
OpHrs=A %: D

P

Equation 7

Equation 7

This can be used in step 2 of calculating industrial vehicle emissions. See Appendix 2 for
worksheet to calculate vehicle emissions.
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Appendix 4 Classification of typical vehicles used by Australian

Industry
Table 30 Classification of various road-transport and industrial vehicles
Road-Transport Vehicles
Classification Description
Cars Small 4 wheel drive (4WD) vehicles such as Suzuki

and Daihatsu
2 wheel drive (2WD) utilities less than tonne
Other 2WD passenger cars

LGV — Light Goods
Vehicle

Large 4WD vehicles such as Toyota Landcruisers and
Nissan Patrols

Non-articulated trucks less than 4 tonnes nett
Mini-buses for between 8 and 20 passengers

HGV — Heavy Goods
Vehicles

Non-articulated trucks of 4 tonnes net or more

Buses Buses carrying 20 passengers or more
Industrial Vehicles
Classification Description or examples

Track type tractor Bulldozer with blade for pushing and scraping
Wheeled tractor Tractor for towing equipment
Wheeled dozer Tractor with blade for pushing and scraping
Scraper Wheel tractor-scrapers
Motor grader Road grader
Wheeled loader Wheel loaders with bucket to load trucks etc.
Track type loader Track loaders with bucket to load trucks etc.
Off-highway truck Haul trucks used at mines
Roller Steam roller
Miscellaneous Forklift

Aircraft tug

Equipment tug
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