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Foreword—This Document has also changed to comply with the new SAE Technical Standards Board format.

In the past, several major disruptions have occurred in the normal distribution of petroleum derived fuels at the
consumer level. With the realization that stable consumer supplies of petroleum fuels might not be assured in the
future, efforts were increased to investigate the utilization of nonpetroleum derived fuels for automotive engines.

Up until this time, the generally accepted automotive fuels were petroleum-derived gasoline for S| (Spark Ignition)
engines, and petroleum-derived diesel fuel for Cl (Compression Ignition) engines. Fuels other than these have
generally been considered "alternative fuels." A review of the literature will show that various investigators have
considered alcohols, vegetable oils, gaseous fuels, hydrogen, shale oil, and coal products, among others as
"alternative fuels" in various engines. As time passes, the label of "alternative” tends to become less meaningful
as some fuels drop by the wayside while others move into the realm of practicality. In Brazil, production vehicles
are designed to operate on ethanol, and in this case, it could be argued that ethanol is no longer an "alternative
fuel." Because of this changing climate, the case could be made that there are no "alternative fuels"—just "new
fuels” or "different fuels." However, because the term "alternative fuels" appears rather entrenched in the technical
literature, it can only be suggested that one be aware of the changing climate and use an expanded definition of
fuels when dealing with research in automotive engines.

These different fuels may present a variety of problems concerning testingm and evaluating the performance of an
engine when compared to the baseline performance with the conventional fuel for that engine. These problems
include identifying common terms, determining the fuel properties, determining the health and safety factors
associated with use of the fuel, testing the engine, and calculating and reporting the results. Further, if the
experimental results are to be compared to the results of others in the field, the variety of techniques that may have
been used to obtain and report the data may preclude a legitimate comparison. This variety of reporting
techniques may be further confused by different assumptions that may have been made in analyzing the data (not
the least of which is—"What is meant by 'fuel' when determining fuel rates?"”). In addition, important
nonproprietary information relating to the fuel or energy accounting data may be lacking, leading to difficulties in
interpreting the results of others.

1. Health and safety issues when using these alternative fuels in the transportation sector may not be well understood. When using, storing, or
transporting such fuels, the investigator should be aware of all potential safety issues. A primary source of safety related information would
be the manufacturer of the fuel or fuel additive.
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The purpose of this SAE Information Report is to provide guidance for those newly entering the field of alternative
fuels as well as those currently involved with testing and reporting engine results with both conventional and
alternative fuels. Itis hoped that use of this document with its suggested guidelines will allow more convenient and
complete comparisons of results between investigations involving different fuels.

1. Scope—The guidelines in this SAE Information Report are directed at laboratory engine dynamometer test
procedures with alternative fuels, and they are applicable to four-stroke and two-stroke cycle spark ignition (Sl)
and diesel (Cl) engines (naturally aspirated or pressure charged, with or without charge air cooling). A brief
overview of investigations with some alternative fuels can be found in SAE J1297. Other SAE documents
covering vehicle, engine, or component testing may be affected by use of alternative fuels. Some of the
documents that may be affected can be found in Appendix A. Guidelines are provided for the engine power
test code (SAE J1349) in Appendix D. The principles of these guidelines may apply to other procedures and
codes, but the effects have not been investigated.

The report is organized into four technical sections, each dealing with an important aspect of testing or
reporting of results when using alternative fuels. The first (Section 3) deals with such issues as what is a "fuel”
in the context of engine operation. The next (Section 4) is concerned with identifying fuel properties. The third

tachnical caction (Section B) covers the testinag consideratione and calenlatione for altarnative fitele The final
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technical section (Section 6) provides some guidelines for reporting the results so that sufficient information is
given in a form that allows convenient comparison of the results from different investigations.

2. References

2.1 Applicable Publications—The following publications form a part of this specification to the extent specified
herein. The latest issue of SAE publications shall apply.

2.1.1 SAE PusLIcATIONS—Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

SAE TSB 003—Rules for SAE Use of Sl (Metric Units)

SAE J30—Fuel and Oil Hoses

SAE J35—Diesel Smoke Measurement Procedure

SAE J177—Measurement of Carbon Dioxide, Carbon Monoxide, and Oxides of Nitrogen in Diesel Exhaust

SAE J215—Continuous Hydrocarbon Analysis of Diesel Emissions

SAE J245 (CANCELLED)—Engine-Rating Code—Spark Ignition

SAE J254—Instrumentation and Techniques for Exhaust Gas Emissions Measurement

SAE J255—Diesel Engine Smoke Measurement

SAE J312—Automotive Gasolines

SAE J313—Diesel Fuels

SAE J607—Small Spark Ignition Engine Test Code

SAE J816 (CANCELLED)—Engine Test Code—Spark Ignition and Diesel

SAE J905—Fuel Filter Test Methods

SAE J1003—Diesel Engine Emission Measurement Procedure

SAE J1082—Fuel Economy Measurement—Road Test Procedure

SAE J1088—Test Procedure for the Measurement of Exhaust Emissions from Small Utility Engines

SAE J1094—Constant Volume Sampler System for Exhaust Emissions Measurement

SAE J1130—Determination of Emission from Gas Turbine Powered Light Duty Surface Vehicles

SAE J1228—Marine Engine Rating Code

SAE J1243—Diesel Emission Production Audit Test Procedure

SAE J1256—Fuel Economy Measurement—Road Test Procedure—Cold Start and Warm-Up Fuel
Economy

SAE J1297—Alternative Automotive Fuels

SAE J1312—Procedure for Mapping Engine Performance—Diesel and Spark Ignition Engines

SAE J1349—Engine Power Test Code—Spark Ignition and Diesel
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SAE J1350—Selection and Application Guidelines for Diesel, Gasoline, and Propane Fired Liquid Cooled
Engine Pre-Heaters

SAE J1376—Fuel Economy Measurement Test (Engineering Type) for Trucks and Buses

SAE J1498—Heating Values of Fuels

SAE J1829—Stoichiometric Air/Fuel Ratios of Automotive Fuels

2.1.2 ASTM PuBLIcATIONS—Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.

ASTM D 2/P 176

ASTM D 56—Test Method for Flash Point by Tag Closed Tester

ASTM D 93—Test Method for Flash Point by Pensky-Martens Closed Tester

ASTM D 129/IP 61—Test Method for Sulfur in Petroleum Products (General Bomb Method)

ASTM D 240—Test Method for Heat of Combustion of Liquid Hydrocarbon Fuels by Bomb Calorimeter

ASTM D 323—Test Method for Vapor Pressure of Petroleum Products (Reid Method)

ASTM D 439—Specification for Automotive Gasoline

ASTM D 445—Kinematic Viscosity of Transparent and Opaque Liquids (and the Calculation of Dynamic

Viscosity), Method of Test for

ASTM D 613—Test Method for Ignition Quality of Diesel Fuels by the Cetane Method

ASTM D 909—Test Method for Knock Characteristics of Aviation Gasolines by the Supercharge Method

ASTM D 976—Methods for Calculated Cetane Index of Distillate Fuels

ASTM D 1018—Test Method for Hydrogen in Petroleum Fractions

ASTM D 1072—Test Method for Total Sulfur in Fuel Gases

ASTM D 1266/IP 107—Test Method for Sulfur in Petroleum Products (Lamp Method)

ASTM D 1298—Test Method for Relative Density (Specific Gravity) or APl Gravity of Crude Petroleum and
Liquid Petroleum Products by Hydrometer Method

ASTM D 1405—Method for Estimation of Net Heat of Combustion of Aviation Fuels
AQTRM N 142N__Tact Mathnd far Nancihs and Ralativia Nancihvy (Qnacifir Rravibv) Aaf \icrniie Matariale hy
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Bingham Pyconometer

ASTM D 1552—Test Method for Sulfur in Petroleum Products (High-Temperature Method)

ASTM D 1685—Test Method for Traces of Thiophene in Benzene by Spectrophotometry

ASTM D 1826—Test Method for Calorific Value of Gases in Natural Gas Range by Continuous Recording
Calorimeter

ASTM D 2015—Test Method for Gross Calorific Value of Solid Fuel by the Adiabatic Bomb Calorimeter

ASTM D 2382—Test Method for Heat of Combustion of Hydrocarbon Fuels by Bomb Calorimeter (High
Precision Method)

ASTM D 2385—Test Method for Hydrogen Sulfide in Mercaptan Sulfur in Natural Gas (Cadmium Sulfate
lodometric Titration Method)

ASTM D 2420—Test Method for Hydrogen Sulfide in Liquified Petroleum (LP) Gases (Lead Acetate
Method)

ASTM D 2421—Standard Method for Interconversion of Analysis of C5 and Lighter Hydrocarbons to Gas-
Volume, Liquid-Volume, or Weight Basis

ASTM D 2504—Test Method for Noncondensible Gases in C5 and Lighter Hydrocarbon Products by Gas
Chromatography

ASTM D 2551—Test Method for Vapor Pressure of Petroleum Products

ASTM D 2622—Test Method for Sulfur in Petroleum Products (X-Ray Spectrographic Method)

ASTM D 2623—Test Method for Knock Characteristics of Liquified Petroleum (LP) Gas by the Motor (LP)
Method

ASTM D 2699—Test Method for Knock Characteristics of Motor Fuels by the Research Method

ASTM D 2700—Test Method for Knock Characteristics of Motor and Aviation Fuels by the Motor Method

ASTM D 2725—Test Method for Hydrogen Sulfide in Natural Gas (Methylene Blue Method)

ASTM D 2747—Test Method for Trace Quantities of Total Sulfur in Volatile Organic Liquids (Oxy-Hydrogen
Combustion Method)

ASTM D 2784—Test Method for Sulfur in Liquified Petroleum Gases (Oxy-Hydrogen Burner or Lamp)
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ASTM D 2785—Test Method for Trace Quantities of Total Sulfur (Wickbold and Beckman Combustion
Apparatus)

ASTM D 2885—Test Method for Research and Motor Method Octane Ratings Using On-Line Analyzers

ASTM D 2886—Test Method for Knock Characteristics of Motor Fuels by the Distribution Octane Number
(DON) Method

ASTM D 3031—Test Method for Total Sulfur in Natural Gas by Hydrogenation

ASTM D 3120—Test Method for Trace Quantities of Sulfur in Light Liquid Petroleum Hydrocarbons by
Oxidative Microcoulometry

ASTM D 3227/IP 342—Test Method for Mercaptan Sulfur in Gasoline, Kerosene, Aviation Turbine and

Distillate Fuels (Potentiometric Method)

ASTM D 3228—Test Method for Total Nitrogen in Lubricating Oils by Modified Kjeldahl Method

ASTM D 3230—Test Method for Salts in Crude Qil (Electrometric Method)

ASTM D 3235—Test Method for Solvent Extractables in Petroleum Wax

ASTM D 3246—Test Method for Sulfur in Petroleum Gas by Oxidative Microcoulometry

ASTM D 3286—Test Method for Gross Calorific Value of Coal and Coke by the Isothermal-Jacket Bomb
Calorimeter

ASTM D 3343—Method for Estimation of Hydrogen Content of Aviation Fuels

ASTM D 3431—Test Method for Trace Nitrogen in Liquid Petroleum Hydrocarbon (Microcoulometric
Method)

ASTM D 3505—Test Method for Density or Relative of Pure Liquid Chemicals

ASTM D 3588—Method for Calculating Calorific Value and Specific Gravity (Relative Density) of Gaseous
Fuels

ASTM D 3701/IP338—Test Method for Hydrogen Content of Aviation Turbine Fuels by Low Resolution

Nuclear Magnetic Resonance Spectrometry

ASTM D 3703—Test Method for Peroxide Number of Aviation Turbine Fuels

ASTM D 4045—Test Method for Sulfur in Petroleum Products by Hydrogenolysis and Rateometric
Colorimetry

ASTM D 4046—Test Method for Alkyl Nitrate in Diesel Fuels by Spectrophotometry

ASTM D 4052—Test Method for Density and Relative Density of Liquids by Digital Density Meter

ASTM D 4084—Method for Analysis of Hydrogen Sulfide in Gaseous Fuels (Lead Acetate Reaction Rate
Method)

ASTM D 4175—Standard Terminology Relating to Petroleum, Petroleum Products, and Lubricants

ASTM D 4292—Vibrated Bulk Density of Calcined Petroleum Coke, Test Method for

ASTM D 4294—Test Method for Sulfur in Petroleum Products by Non-Dispersive X-Ray Fluorescence
Spectrometry

ASTM D 4529—Test Method for Estimation of Net Heat of Combustion of Aviation Fuels

ASTM E 147—Specification for Apparatus for Microdetermination of Nitrogen by Kjeldahl Method

ASTM E 148—Specification for Apparatus for Microdetermination of Nitrogen by Dumas Method

ASTM E 191—Specification for Apparatus for Microdetermination of Carbon and Hydrogen in Organic and

Organo-Metallic Compounds

ASTM E 258—Test Method for Total Nitrogen in Organic Materials by Modified Kjeldahl Method

ASTM E 379—Specification for Apparatus for Direct Microdetermination of Oxygen in Organic Compounds

ASTM E 711—Test Method for Gross Calorific Value of Refuse Derived Fuel (RDF-3) by the Bomb

Calorimeter

2.1.3 FEDERAL PuBLICATIONS—Available from The Superintendent of Documents. U.S. Government Printing Office,
Washington, DC 20402.

Title 27 of the U.S. Code of Federal Regulations Part 21
Title 27 of the U.S. Code of Federal Regulations Part 19, Subpart B

Title 29 of the U.S. Code of Federal Regulations Part 1910.1200
Title 40 of the U.S. Code of Federal Regulations Part 86
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214 OTHER PUBLICATIONS

The Handbook of Chemistry and Physics

U.S. Standard Atmosphere, 1976

1983 IUPAC Atomic Weights

U.S. Federal and State of California Emission Regulations for Heavy-Duty Vehicles
40 CFR 86.345

U.S. Clean Air Act

1977 Clean Air Act Amendments

U.S. EPA Report No. EPA460/3-83-009

40 CFR 86, Subparts B, D, E, F, G, K, N, and P

3. Common Terms—Terms commonly used to report engine performance and test conditions are listed as
follows. Included in this list are a few terms that have been adopted by ASTM through ASTM's broad
consensus procedures. These terms are identified as ASTM terms, and are repeated here for two reasons.
One is simply for convenience. The other is to highlight the limitations within the ASTM terms, and to counsel
against the misuse of ASTM terms.

Most ASTM Test Methods explicitly state the class or range of substances for which the procedures and terms
are valid. Departures from these procedures create a risk that both the procedure and the term may be
invalidated. For example, ASTM limits the term "Cetane Number" to the performance of diesel fuel during a
standardized engine test. To evaluate vegetable oil with this standardized test, and to discuss the performance
of the vegetable oil with the term "Cetane Number" would be inappropriate. The preferred use of terminology
would be to discuss the performance characteristic (for example, ignition delay) of the vegetable oil when
tested by a Modified Cetane Number Test Method.

Once again, these terms are listed only for the expressed purpose of establishing consistency in reporting
engine performance or describing testing parameters and conditions relating to that performance. Use of the
term descriptions listed here outside of that context is inappropriate.

3.1 Alcohol—a class of organic compounds characterized by the presence of a hydroxyl group attached to an
alkyl hydrocarbon structure.

3.2 Cetane Number—A measure of the ignition performance of a diesel fuel obtained by comparing it to reference
fuels in a standardized engine test (1984) (ASTM term, see ASTM D 4175).

3.3 Colloidal Suspension (Colloid)—A suspension of finely divided particles approximately 5 to 10 000
angstroms (0.5 nmto 1 um) in size that are dispersed in a continuous medium (for example, a gaseous, liquid,
or solid substance), that do not settle or settle very slowly, and are not readily filtered.

3.4 Denaturants—Any material authorized under Title 27 of the U.S. Code of Federal Regulations Part 21 for
addition to spirits in the production of denatured spirits (from Title 27 U.S. Code or Federal Regulations Part 19,
Subpart B). These materials are agents used to make ethanol unfit for human consumption without impairing
its usefulness for a specific intended purpose. Denaturants vary depending on the end-use of the alcohol.

3.5 Emission Test Fuel—Gasoline or diesel fuels with controlled properties used for engine and emission testing.
The specifications for U.S. Emission Test Fuel can be found in Title 40 of the U.S. Code of Federal Regulations
Part 86. There are separate requirements for Light-Duty gasoline and diesel vehicles, and for Heavy-Duty
gasoline and diesel engines.

3.6 Emulsion—A fluid formed by the suspension of a very finely divided immiscible liquid in the continuous phase
of another liquid.

3.7 Ethanol or Ethyl Alcohol—An alcohol of formula C,H5sOH.
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3.8 Equivalence Ratio—A ratio of the actual fuel-air ratio (f/a) divided by the chemically correct (stoichiometric)
fuel-air ratio (f/a)s. This ratio is equivalent to the stoichiometric air-fuel ratio (a/f)g divided by the actual air-fuel

ratio (a/f). The Greek letter "phi" or symbol "¢" is commonly used to designate the equivalence ratio.
Equivalence ratio is the preferred method to describe mixture strength.

(fra) _(a/f,

(f/a), (a/f
3.9 Excess Air Ratio—A ratio of the air supplied to the air required for stoichiometric combustion. Referred to by
the Greek letter "lambda” or symbol "L.", the excess air ratio is equivalent to the inverse of the equivalence ratio.
Excess air ratio is not a preferred method to describe mixture strength.

(Eq. 1)

¢ = phi=

Air(actual) _ 1
Air(stoich) phi

3.10 Flammability Limits—The limits of volume percentage composition of mixtures of fuel and air, within which
flame propagation takes place when the mixture is ignited. The lower limit of flammability corresponds to the
minimum amount of combustible fuel and the upper limit to the maximum amount of combustible fuel capable
of conferring flammability on the mixture. Flammability limits are dependent on pressure, temperature, ignition
energy, and combustor design, and are usually given at standard atmospheric conditions.

A = lambda = (Eq. 2)

3.11 Flash Point—The lowest temperature at which vapors arising from a combustible substance will ignite
momentarily (that is, flash) on application of an ignition source under specified conditions. ASTM has several
Test Methods for determining the flash point of various substances. The conditions and statement of the term
"Flash Point" vary slightly between Test Methods.

3.12 Fuel—Any solid, liquid, or gaseous substance which contains chemical energy that is released during the
combustion process in an engine for the purpose of producing mechanical work is defined as fuel. Any other
substance, combustible or noncombustible (for example, water), which is mixed with or added to the base
combustible substance to modify the combustion process or to control emissions, or is inherently presentin the
base substance should be included as fuel in the calculation of fuel and energy consumption. For the energy
consumption calculations prescribed in this document, fuel scavengers, corrosion inhibitors, lubricating oil,
etc., which when combined, change the heating value by less than 0.25%, need not be considered as fuel.
Recirculated exhaust products are not considered fuel.

3.13 Heating Value—The energy liberated when a unit mass of fuel is completely oxidized and the temperature of
the reactants is equal to the products. For the lower (or net) heating value, the water produced is assumed to
be in a gaseous phase; while for the higher (or gross) heating value, the water is assumed to be in the liquid
phase. For a more detailed discussion of heating value, refer to 4.2.2.

3.14 Kerogen—The substantially organic material in oil shale, consisting primarily of carbon and hydrogen with
quantities of sulfur, nitrogen, and oxygen, which upon pyrolysis will yield gas and raw shale oil.

3.15 Manufacturer's Designated Fuel (MDF)—The fuel or fuels specified by the engine manufacturer for ordinary
engine operation. All other fuels are considered alternative fuels unless redesignated by the engine
manufacturer for a particular engine or class of engines.

3.16 Material Safety Data Sheet (MSDS)—\Written or printed material concerning a hazardous chemical which is
prepared in accordance with paragraph (g) of Title 29 of the U.S. Code of Federal Regulations, Part
1910.1200.

3.17 Methanol or Methyl Alcohol—An alcohol of formula CH;OH.

3.18 Octane Number—(for spark ignition engine fuels)—Any one of several numerical indicators of resistance to

knock obtained by comparison with reference fuels in standardized engine or vehicle tests (1986) (ASTM Term,
see ASTM D 4175).
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3.19 Oil Shale—A sedimentary rock containing a relatively high (5 to 30%) content of kerogen from which shale oil
can be produced by heating.

3.20 Oxygenate—An oxygen-containing organic compound, which may be used as a fuel or fuel supplement; for
example, various alcohols and ethers (1984) (ASTM Term, see ASTM D 4175).

3.21 Oxygenated Fuel—A class of fuels with chemically bound oxygen (for example, oxygenates) such as
alcohols, vegetable oils, esters, or ethers.

3.22 Phase—A portion of a physical system (solid, liquid, or gas) that is homogeneous throughout, has definable
boundaries, and can be separated physically from the other phases. The act of separating different phases is
commonly termed "phase separation.”

3.23 Proof—The ethyl alcohol content of a liquid at 15.56 °C (60 °F), stated as twice the percent of ethyl alcohol by
volume (from Title 27 U.S. Code of Federal Regulations Part 19, Subpart B).

3.24 Slurry—A mixture of a pulverized solid and a liquid carrier that behaves as a liquid.

3.25 Specific Energy Consumption (SEC)—The ratio of the rate of fuel energy supplied divided by the rate of
work done by the engine, (kJ/s)/kW, which is also the inverse of thermal efficiency. The values to be used for
fuel energy units are lower or net heating values. SEC can be reported as either Brake or Indicated
consumption.

3.26 Stoichiometric Fuel-Air Ratio—The ratio of the mass of fuel to the mass of air of a stoichiometric mixture of
fuel and air. The inverse is the stoichiometric air-fuel ratio.

3.27 Stoichiometric Mixture—The chemically correct mixture of fuel (fuel as defined in this report) and air or
oxidizer that will enable complete oxidation of the combustible components of the fuel with no excess oxygen.

3.28 Surfactant—A surface active agent which can enhance emulsification, dispersion, or demulsification by
modifying the liquid surface tension.

3.29 Thermal Efficiency—The ratio of the rate of work done by an engine divided by the rate of fuel energy
supplied, kW/(kJ/s). The inverse of thermal efficiency is Specific Energy Consumption. The values to be used
for fuel energy units are lower or net heating values. Thermal efficiency can be reported as either Brake
Thermal Efficiency (BTE or nb) or Indicated Thermal Efficiency (ITE or ni).

3.30 Vapor Pressure—The pressure exerted when a solid or liquid substance is in equilibrium with its own vapor.
The vapor pressure is a function of the substance and of the temperature. ASTM has several Test Methods
that determine the vapor pressure under specified conditions for a number of substances (See 4.2.3.3).

3.31 Vegetable Oil—Any oil from plant origin as distinguished from animal (origin) oil, including the fixed oils of
plants (for instance, glyceryl esters of various fatty acids) which are also known as glycerides, specifically
triacylglycerols.

3.32 Volatility—The tendency of a substance to evaporate readily at ordinary temperatures and pressures. An
indirect quantification of this quality can usually be determined through various ASTM Test Methods which

measure the distillation curve, the flammability or flash point, the vapor/liquid ratio, and the vapor pressure of
the substance (See 4.2.3.4).
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4. Fuel Composition and Properties

41 Background—Because limits for the composition and physical properties have generally been established for
commercial automotive fuels, they have not been of great concern during engine testing, unless specific tests
were directed toward particular fuel properties. With the increased interest in and use of alternative fuels, more
concern must now be directed towards a broader scope of fuel properties.

Therefore, before proceeding to test an engine, one should first investigate the chemical composition and
physical properties of the fuel to be used. This step is necessary for physical compatibility with the facility and
the engine. The elemental composition is also needed to determine the stoichiometric fuel-air ratio of the fuel
for proper engine adjustments, as well as for performance comparisons and reporting of results. In addition to
the fuel composition, other properties of the fuel such as heating value, volatility, viscosity, and density (among
others) are necessary to properly compare and report engine performance.

4.2 Determining Fuel Properties

421 ELEMENTAL AND CHEMICAL COMPOSITION—It is necessary to know the composition of any fuel in terms of
mass percent C, H, O, N, S, and any other elements which could react during combustion if the
stoichiometric fuel-air ratio and equivalence ratio are to be calculated. The exact values of the elemental
mass percentages should be determined and reported for the particular fuel used. Note also that the
contributions to the elemental mass percentage from fuel additives should be included if they affect the
energy content by more than 0.25%. In addition, a determination of the quantity of additives and trace
compounds or elements in the fuel (such as corrosion inhibitors, chloride levels, iodine number, peroxide
number, etc.) may be necessary in order to select corrosion-resistant components for the fuel system.

Carbon, hydrogen, and oxygen content can be determined analytically by a variety of micro-combustion
techniques. In addition, Appendix B lists a number of ASTM Test Methods for analysis of nonhydrocarbon
constituents. There are also a number of nonstandardized micro-analytical techniques for nitrogen and
sulfur. Researchers are advised to consult their laboratory for the details of precision errors and bias errors
when applied to the particular fuel used. Researchers should also note that many times, ASTM Test
Methods are valid only for a specific class or range of substances (for example, petroleum products). Use of
such procedures for other substances (for example, nonpetroleum products) requires a careful examination
of the procedure by the researcher, and an analysis of the errors that could occur by such a modified
procedure. The method of modification (if any) and error analysis used should be reported.

422 HEATING VALUES OF FUELs—The heating value or heat of combustion is a measure of the energy available
from the complete oxidation of a fuel. Because the fraction of the heat of combustion that is converted to
useful work is a measure of the thermal efficiency of an engine, a knowledge of the heat of combustion of
any fuel used is essential when quantifying the performance of an automotive engine.

4.2.2.1 The measurement, calculation, reporting, and use of heating values of fuels is covered in detail in the SAE
Handbook under SAE J1498. For the purpose of performing engine tests using alternative fuels, the
following interpretations and concepts from SAE J1498 are emphasized here:

42211 Only the lower or net heating value should be used for all energy input calculations.

4221.2 Since heats of combustion are not always additive when compounds are mixed, calorimetric

measurements are recommended when dealing with alternative fuels or mixtures of alternatives with
traditional petroleum fuels.
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