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Commission Directive 2005/78/EC of 14 November 2005 implementing Directive
2005/55/EC of the European Parliament and of the Council on the approximation
of the laws of the Member States relating to the measures to be taken against the
emission of gaseous and particulate pollutants from compression-ignition engines
for use in vehicles, and the emission of gaseous pollutants from positive ignition
engines fuelled with natural gas or liquefied petroleum gas for use in vehicles and

amending Annexes I, II, III, IV and VI thereto (Text with EEA relevance) (repealed)

COMMISSION DIRECTIVE 2005/78/EC
of 14 November 2005

implementing Directive 2005/55/EC of the European Parliament and of the
Council on the approximation of the laws of the Member States relating to the
measures to be taken against the emission of gaseous and particulate pollutants
from compression-ignition engines for use in vehicles, and the emission of gaseous
pollutants from positive ignition engines fuelled with natural gas or liquefied
petroleum gas for use in vehicles and amending Annexes I, 11, III, IV and VI thereto

(Text with EEA relevance) (repealed)

THE COMMISSION OF THE EUROPEAN COMMUNITIES,
Having regard to the Treaty establishing the European Community,

Having regard to Council Directive 70/156/EEC of 6 February 1970 on the approximation of the
laws of the Member States relating to the type-approval of motor vehicles and their trailers®,
and in particular second indent of Article 13(2) thereof,

Having regard to Directive 2005/55/EC of the European Parliament and of the Council of
28 September 2005 on the approximation of the laws of the Member States relating to
the measures to be taken against the emission of gaseous and particulate pollutants from
compression-ignition engines for use in vehicles, and the emission of gaseous pollutants from
positive ignition engines fuelled with natural gas or liquefied petroleum gas for use in vehicles®,
and in particular Article 7 thereof,

Whereas:

(D) Directive 2005/55/EC is one of the separate directives under the type-approval
procedure laid down by Directive 70/156/EEC.

2) Directive 2005/55/EC requires new heavy-duty engines and engines of new heavy-
duty vehicles to comply with new technical requirements covering on-board diagnostic
systems, durability and conformity of in-service vehicles which are properly maintained
and used, from 1 October 2005. The technical provisions necessary to implement
Articles 3 and 4 of that Directive should be adopted.

3) In order to ensure compliance with Article 5 of Directive 2005/55/EC, it is appropriate
to introduce requirements encouraging the proper use, as intended by the manufacturer,
of new heavy-duty vehicles equipped with engines having an exhaust after-treatment
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system requiring the use of a consumable reagent to achieve the intended reduction of
regulated pollutants. Measures should be introduced to ensure that the driver of such a
vehicle is informed in good time if any on-vehicle supply of a consumable reagent is
about to run out or if the reagent dosing activity does not take place. If the driver ignores
such warnings, the engine performance should be modified until the driver replenishes
the supply of the consumable reagent required for the efficient operation of the exhaust
after-treatment system.

Where engines within the scope of Directive 2005/55/EC require the use of a
consumable reagent in order to achieve the emission limits for which those engines were
granted type-approval, the Member States should take appropriate steps to ensure that
such reagents are available on a geographically balanced basis. Member States should
be able to take appropriate steps to encourage the use of such reagents.

It is appropriate to introduce requirements that will enable the Member States to monitor
and ensure, at the time of the periodic technical inspection, that heavy-duty vehicles
equipped with exhaust after-treatment systems requiring the use of a consumable
reagent have been properly operated during the period preceding the inspection.

Member States should be able to prohibit the use of any heavy-duty vehicle equipped
with an exhaust after-treatment system that requires the use of a consumable reagent
in order to achieve the emission limits for which such vehicles were granted a type-
approval if the exhaust after-treatment system does not actually consume the required
reagent or if the vehicle does not carry the required reagent.

Manufacturers of heavy-duty vehicles equipped with exhaust after-treatment systems
requiring the use of a consumable reagent should inform their customers how such
vehicles should properly be operated.

The requirements of Directive 2005/55/EC relating to the use of defeat strategies should
be adapted to take account of technical progress. Requirements for multi-setting engines
and for devices that can limit engine torque under certain operating conditions should
also be specified.

Annexes III and IV to Directive 98/70/EC of the European Parliament and of the
Council of 13 October 1998 relating to the quality of petrol and diesel fuel and amending
Council Directive 93/12/EEC® require petrol and diesel motor fuels for sale throughout
the Community to have a maximum sulphur content of 50 mg/kg (parts per million,
ppm), from 1 January 2005. Motor fuels with a sulphur content of 10 mg/kg or less
are increasingly available throughout the Community and Directive 98/70/EC requires
such fuels to be available from 1 January 2009. The reference fuels used for the type-
approval testing of engines against the emission limits specified in row B1, row B2 and
row C of the tables in Annex I to Directive 2005/55/EC should therefore be redefined in
order to better reflect, where applicable, the sulphur content of the diesel fuels that are
available on the market from 1 January 2005 and that are used by engines with advanced
emission control systems. It is also appropriate to redefine the liquefied petroleum gas
(LPG) reference fuel to reflect progress in the market since 1 January 2005.
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(10)  Technical adaptations to the sampling and measurement procedures are necessary
to enable the reliable and repeatable measurement of particulate mass emissions
for compression-ignition engines that are granted a type-approval according to the
particulate limits specified either in row Bl, row B2 or row C of the tables in
section 6.2.1 of Annex I to Directive 2005/55/EC and for gas engines that are granted
a type-approval according to the emission limits specified in row C of table 2 in
section 6.2.1 of that Annex.

(11)  Since the provisions concerning the implementation of Articles 3 and 4 of Directive
2005/55/EC are adopted at the same time as those adapting that Directive to technical
progress, both types of measures have been included in the same act.

(12)  In view of the rapid technological progress in this area, this Directive will be reviewed
by 31 December 2006, if necessary.

(13)  Directive 2005/55/EC should therefore be amended accordingly.

(14)  The measures provided for in this Directive are in accordance with the opinion of
the Committee for Adaptation to Technical Progress established by Article 13(1) of
Directive 70/156/EEC,

HAS ADOPTED THIS DIRECTIVE:
Article 1

Annexes I, II, III, IV and VI to Directive 2005/55/EC are amended in accordance with
Annex I to this Directive.

Article 2

Measures for the implementation of Articles 3 and 4 of Directive 2005/55/EC are laid
down in Annexes II to V to this Directive.

Article 3

1 Member States shall adopt and publish, by 8 November 2006 at the latest, the laws,
regulations and administrative provisions necessary to comply with this Directive. They shall
forthwith communicate to the Commission the text of those provisions and a correlation table
between those provisions and this Directive.

They shall apply those provisions from 9 November 2006.

When Member States adopt those provisions, they shall contain a reference to this
Directive or be accompanied by such a reference on the occasion of their official
publication. Member States shall determine how such reference is to be made.

2 Member States shall communicate to the Commission the text of the main provisions
of national law which they adopt in the field covered by this Directive.

Article 4

This Directive shall enter into force on the twentieth day following that of its publication
in the Official Journal of the European Union.
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Article 5
This Directive is addressed to the Member States.

Done at Brussels, 14 November 2005.

For the Commission
Ginter VERHEUGEN

Vice-President
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(1

ANNEX I

AMENDMENTS TO ANNEXES I, II, IIT, IV AND VI TO DIRECTIVE 2005/55/EC
Directive 2005/55/EC is amended as follows:

Annex I is amended as follows:

(a)

(b)

Section 1 is replaced by the following:
L. SCOPE

This Directive applies to the control of gaseous and particulate pollutants,
useful life of emission control devices, conformity of in-service vehicles/
engines and on-board diagnostic (OBD) systems of all motor vehicles
equipped with compression-ignition engines and to the gaseous pollutants,
useful life, conformity of in-service vehicles/engines and on-board
diagnostic (OBD) systems of all motor vehicles equipped with positive-
ignition engines fuelled with natural gas or LPG, and to compression-
ignition and positive-ignition engines as specified in Article 1 with the
exception of compression-ignition engines of those vehicles of category Ny,
N, and M, and of positive-ignition engines fuelled with natural gas or LPG
of those vehicles of category N, for which type-approval has been granted

under Council Directive 70/220/EEC®.
In section 2, the title and sections 2.1 to 2.32.1 are replaced by the following:
2. DEFINITIONS

2.1. For the purposes of this Directive, the following definitions shall
apply:

“approval of an engine (engine family)” means the approval of an engine
type (engine family) with regard to the level of the emission of gaseous and
particulate pollutants;

“auxiliary emission control strategy (AECS)” means an emission control
strategy that becomes active or that modifies the base emission control
strategy for a specific purpose or purposes and in response to a specific set of
ambient and/or operating conditions, e.g. vehicle speed, engine speed, gear
used, intake temperature, or intake pressure;

“base emission control strategy (BECS)”” means an emission control strategy
that is active throughout the speed and load operating range of the engine
unless an AECS is activated. Examples for BECS are, but are not limited to:
— engine timing map,

— EGR map,

— SCR catalyst reagent dosing map;

“combined deNOy-particulate filter” means an exhaust aftertreatment
system designed to concurrently reduce emissions of oxides of nitrogen
(NOy) and particulate pollutants (PT);

“continuous regeneration” means the regeneration process of an exhaust
aftertreatment system that occurs either permanently or at least once per ETC
test. Such a regeneration process will not require a special test procedure;
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“control area” means the area between the engine speeds A and C and
between 25 to 100 per cent load;

“declared maximum power (Py,,¢)” means the maximum power in EC kW
(net power) as declared by the manufacturer in his application for type-
approval;

“defeat strategy” means:

— an AECS that reduces the effectiveness of the emission control
relative to the BECS under conditions that may reasonably be
expected to be encountered in normal vehicle operation and use,

or

— a BECS that discriminates between operation on a standardised
type-approval test and other operations and provides a lesser level
of emission control under conditions not substantially included in
the applicable type-approval test procedures,

“deNOy system” means an exhaust aftertreatment system designed to reduce
emissions of oxides of nitrogen (NOy) (e.g. there are presently passive and
active lean NOy catalysts, NOy adsorbers and Selective Catalytic Reduction
(SCR) systems);

“delay time” means the time between the change of the component to be
measured at the reference point and a system response of 10 % of the final
reading (¢0). For the gaseous components, this is basically the transport time
of the measured component from the sampling probe to the detector. For the
delay time, the sampling probe is defined as the reference point;

“diesel engine” means an engine which works on the compression-ignition
principle;

“ELR test” means a test cycle consisting of a sequence of load steps at
constant engine speeds to be applied in accordance with section 6.2 of this
Annex;

“ESC test” means a test cycle consisting of 13 steady state modes to be
applied in accordance with section 6.2 of this Annex;

“ETC test” means a test cycle consisting of 1 800 second-by-second transient
modes to be applied in accordance with section 6.2 of this Annex;

“element of design” means in respect of a vehicle or engine,

— any control system, including computer software, electronic
control systems and computer logic,

— any control system calibrations,
— the result of systems interaction,

or
— any hardware items,

“emissions-related defect” means a deficiency or deviation from normal
production tolerances in design, materials or workmanship in a device,
system or assembly that affects any parameter, specification or component
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belonging to the emission control system. A missing component may be
considered to be an “emissions-related defect”;

“emission control strategy (ECS)” means an element or set of elements
of design that is incorporated into the overall design of an engine system
or vehicle for the purposes of controlling exhaust emissions that includes
one BECS and one set of AECS;

“emission control system” means the exhaust aftertreatment system, the
electronic management controller(s) of the engine system and any emission-
related component of the engine system in the exhaust which supplies
an input to or receives an output from this(these) controller(s), and when
applicable the communication interface (hardware and messages) between
the engine system electronic control unit(s) (EECU) and any other power
train or vehicle control unit with respect to emissions management;

“engine-aftertreatment system family” means, for testing over a service
accumulation schedule to establish deterioration factors according to
Annex II to Commission Directive 2005/78/EC implementing Directive
2005/55/EC of the European Parliament and of the Council on the
approximation of the laws of the Member States relating to the measures
to be taken against the emission of gaseous and particulate pollutants
from compression-ignition engines for use in vehicles, and the emission of
gaseous pollutants from positive ignition engines fuelled with natural gas or
liquefied petroleum gas for use in vehicles and amending Annexes I, 11, III,

IV and VI thereto® and for checking the conformity of in-service vehicles/
engines according to Annex III to Directive 2005/78/EC, a manufacturer’s
grouping of engines that comply with the definition of engine family but
which are further grouped into engines utilising a similar exhaust after-
treatment system,;

“engine system” means the engine, the emission control system and the
communication interface (hardware and messages) between the engine
system electronic control unit(s) (EECU) and any other powertrain or vehicle
control unit;

“engine family” means a manufacturers grouping of engine systems which,
through their design as defined in Annex II, Appendix 2 to this Directive,
have similar exhaust emission characteristics; all members of the family
must comply with the applicable emission limit values;

“engine operating speed range” means the engine speed range, most
frequently used during engine field operation, which lies between the low
and high speeds, as set out in Annex III to this Directive;

“engine speeds A, B and C” means the test speeds within the engine
operating speed range to be used for the ESC test and the ELR test, as set
out in Annex III, Appendix 1 to this Directive;

“engine setting” means a specific engine/vehicle configuration that includes
the emission control strategy (ECS), one single engine performance rating
(the type-approved full-load curve) and, if used, one set of torque limiters;

“engine type” means a category of engines which do not differ in such
essential respects as engine characteristics as defined in Annex II to this
Directive;
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“exhaust aftertreatment system” means a catalyst (oxidation or 3-way),
particulate filter, deNOy system, combined deNOy particulate filter or any
other emission-reducing device that is installed downstream of the engine.
This definition excludes exhaust gas recirculation, which, where fitted, is
considered an integral part of the engine system;

“gas engine” means a positive-ignition engine which is fuelled with natural
gas (NGQ) or liquefied petroleum gas (LPG);

“gaseous pollutants” means carbon monoxide, hydrocarbons (assuming a
ratio of CH, g5 for diesel, CH; 5,5 for LPG and CH; 93 for NG (NMHC) and
an assumed molecule CH30y s for ethanol-fuelled diesel engines), methane
(assuming a ratio of CH4 for NG) and oxides of nitrogen, the last-named
being expressed in nitrogen dioxide (NO,) equivalent;

“high speed (ny;)” means the highest engine speed where 70 % of the
declared maximum power occurs;

“low speed (n},)” means the lowest engine speed where 50 % of the declared
maximum power Occurs;

“major functional failure”® means a permanent or temporary malfunction of

any exhaust aftertreatment system that is expected to result in an immediate
or delayed increase of the gaseous or particulate emissions of the engine
system and which cannot be properly estimated by the OBD system;

“malfunction” means:

— any deterioration or failure, including electrical failures, of the
emission control system, that would result in emissions exceeding
the OBD threshold limits or, when applicable, in failing to reach
the range of functional performance of the exhaust aftertreatment
system where the emission of any regulated pollutant would
exceed the OBD threshold limits,

— any case where the OBD system is not able to fulfil the monitoring
requirements of this Directive.

A manufacturer may nevertheless consider a deterioration or failure that
would result in emissions not exceeding the OBD threshold limits as a
malfunction;

“malfunction indicator (MI)” means a visual indicator that clearly informs
the driver of the vehicle in the event of a malfunction in the sense of this
Directive;

“multi-setting engine” means an engine containing more than one engine
setting;

“NG gas range” means one of the H or L range as defined in European
Standard EN 437, dated November 1993;

“net power” means the power in EC kW obtained on the test bench at the
end of the crankshaft, or its equivalent, measured in accordance with the EC
method of measuring power as set out in Commission Directive 80/1269/

EEC?;
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“OBD” means an on-board diagnostic system for emission control, which
has the capability of detecting the occurrence of a malfunction and of
identifying the likely area of malfunction by means of fault codes stored in
computer memory,

“OBD-engine family” means, for type-approval of the OBD system
according to the requirements of Annex IV to Directive 2005/78/EC, a
manufacturer's grouping of engine systems having common OBD system
design parameters according to section 8 of this Annex;

“opacimeter” means an instrument designed to measure the opacity of smoke
particles by means of the light extinction principle;

“parent engine” means an engine selected from an engine family in such a
way that its emissions characteristics will be representative for that engine
family;

“particulate aftertreatment device” means an exhaust aftertreatment system
designed to reduce emissions of particulate pollutants (PT) through a
mechanical, acrodynamic, diffusional or inertial separation;

“particulate pollutants” means any material collected on a specified filter
medium after diluting the exhaust with clean filtered air so that the
temperature does not exceed 325 K (52 °C);

“per cent load” means the fraction of the maximum available torque at an
engine speed;

“periodic regeneration” means the regeneration process of an emission
control device that occurs periodically in less than 100 hours of normal
engine operation. During cycles where regeneration occurs, emission
standards can be exceeded.

“permanent emission default mode” means an AECS activated in the case of
a malfunction of the ECS detected by the OBD system that results in the MI
being activated and that does not require an input from the failed component
or system;

“power take-off unit” means an engine-driven output device for the purposes
of powering auxiliary, vehicle mounted, equipment;

“reagent” means any medium that is stored on-board the vehicle in a tank
and provided to the exhaust aftertreatment system (if required) upon request
of the emission control system;

“recalibration” means a fine tuning of an NG engine in order to provide the
same performance (power, fuel consumption) in a different range of natural

gas;

“reference speed (n.r)” means the 100 per cent speed value to be used
for denormalising the relative speed values of the ETC test, as set out in
Annex III, Appendix 2 to this Directive;

“response time” means the difference in time between a rapid change of the
component to be measured at the reference point and the appropriate change
in the response of the measuring system whereby the change of the measured
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component is at least 60 % FS and takes place in less than 0,1 second. The
system response time (Z9o) consists of the delay time to the system and of the
rise time of the system (see also ISO 16183);

“rise time” means the time between the 10 % and 90 % response of the final
reading (99 — #19). This is the instrument response after the component to be
measured has reached the instrument. For the rise time, the sampling probe
is defined as the reference point;

“self adaptability” means any engine device allowing the air/fuel ratio to be
kept constant;

“smoke” means particles suspended in the exhaust stream of a diesel engine
which absorb, reflect, or refract light;

“test cycle” means a sequence of test points each with a defined speed and
torque to be followed by the engine under steady state (ESC test) or transient
operating conditions (ETC, ELR test);

“torque limiter” means a device that temporarily limits the maximum torque
of the engine;

“transformation time” means the time between the change of the component
to be measured at the sampling probe and a system response of 50 % of the
final reading (#s0). The transformation time is used for the signal alignment
of different measurement instruments;

“useful life” means, for vehicles and engines that are type-approved to either
row B1, row B2 or row C of the table given in section 6.2.1 of this Annex, the
relevant period of distance and/or time that is defined in Article 3 (durability
of emission control systems) of this Directive over which compliance with
the relevant gaseous, particulate and smoke emission limits has to be assured
as part of the type-approval;

“Wobbe Index (lower WI; or upper Wu)” means the ratio of the
corresponding calorific value of a gas per unit volume and the square root
of its relative density under the same reference conditions:

W = H i X \/Pyie/ P

“A-shift factor (S;)” means an expression that describes the required
flexibility of the engine management system regarding a change of the
excess-air ratio A if the engine is fuelled with a gas composition different
from pure methane (see Annex VII for the calculation of S).

2.2. Symbols, abbreviations and international standards

2.2.1.  Symbols for test parameters

Symbol Unit Term

Ap m2 Cross sectional area of
the isokinetic sampling
probe
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A, m? Cross sectional area of
the exhaust pipe

c ppm/vol. % Concentration

Cq — Discharge coefficient
of SSV-CVS

C1 — Carbon 1 equivalent
hydrocarbon

d m Diameter

Dy m3/s Intercept of PDP
calibration function

D — Dilution factor

D — Bessel function
constant

E — Bessel function
constant

Eg — Ethane efficiency

Ev — Methane efficiency

E; g/kWh Interpolated NOy
emission of the control
point

f /s Frequency

Jfa — Laboratory
atmospheric factor

fe g1 Bessel filter cut-off
frequency

F — Stoichiometric factor

H MJ/m3 Calorific value

H, g/kg Absolute humidity of
the intake air

Hy g/kg Absolute humidity of
the dilution air

i — Subscript denoting
an individual mode
or instantaneous
measurement

— Bessel constant

k m! Light absorption
coefficient

ke Fuel specific factor for
dry to wet correction
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Humidity correction
factor for NO, for
diesel engines

Humidity correction
factor for NOy for gas
engines

Ky

CFV calibration
function

kW,a

Dry to wet correction
factor for the intake air

kw.q

Dry to wet correction
factor for the dilution
air

kW7e

Dry to wet correction
factor for the diluted
exhaust gas

kW,r

Dry to wet correction
factor for the raw
exhaust gas

%

Percent torque related
to the maximum torque
for the test engine

Effective optical path
length

g/mol

Molecular mass of the
intake air

g/mol

Molecular mass of the
exhaust

kg

Mass of the dilution
air sample passed
through the particulate
sampling filters

kg

Total diluted exhaust
mass over the cycle

Medf

Mass of equivalent
diluted exhaust over
the cycle

Mew

Total exhaust mass
over the cycle

myg

mg

Particulate sample
mass collected
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meq mg Particulate sample
mass of the dilution air
collected

Mgas ghorg Gaseous emissions
mass flow (rate)

Mse kg Sample mass over the
cycle

Msep kg Mass of the diluted
exhaust sample passed
through the particulate
sampling filters

Mget kg Mass of the double
diluted exhaust sample
passed through the
particulate sampling
filters

Mesd kg Mass of secondary
dilution air

N % Opacity

Np — Total revolutions of
PDP over the cycle

Np;j — Revolutions of PDP
during a time interval

n min! Engine speed

np, g1 PDP speed

N min ! High engine speed

nyo min™! Low engine speed

Nyer min™! Reference engine
speed for ETC test

Pa kPa Saturation vapour
pressure of the engine
intake air

Db kPa Total atmospheric
pressure

P4 kPa Saturation vapour
pressure of the dilution
air

Dp kPa Absolute pressure

Dr kPa Water vapour pressure

after cooling bath
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Ps kPa Dry atmospheric
pressure

D1 kPa Pressure depression at
pump inlet

P(a) kW Power absorbed by
auxiliaries to be fitted
for test

P(b) kw Power absorbed
by auxiliaries to be
removed for test

P(n) kW Net power non-
corrected

P(m) kW Power measured on
test bed

Gmaw kg/h or kg/s Intake air mass flow
rate on wet basis

Gmad kg/h or kg/s Intake air mass flow
rate on dry basis

Gmdw kg/h or kg/s Dilution air mass flow
rate on wet basis

Gmdew kg/h or kg/s Diluted exhaust gas
mass flow rate on wet
basis

Gmdew,i kg/s Instantaneous CVS
flow rate mass on wet
basis

Grmedf kg/h or kg/s Equivalent diluted
exhaust gas mass flow
rate on wet basis

Gmew kg/h or kg/s Exhaust gas mass flow
rate on wet basis

Gmf kg/h or kg/s Fuel mass flow rate

Imp kg/h or kg/s Particulate sample
mass flow rate

qvs dm3/min Sample flow rate into
analyser bench

G cm/min Tracer gas flow rate

Q — Bessel constant

Os m’/s PDP/CFV-CVS
volume flow rate

Ossv m/s SSV-CVS volume flow

rate
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Ia — Ratio of cross sectional
areas of isokinetic
probe and exhaust pipe

rd — Dilution ratio

b — Diameter ratio of SSV-
CVS

Fp — Pressure ratio of SSV-
CVS

T — Sample ratio

R — FID response factor

P kg/m’ density

kW Dynamometer setting
i m! Instantaneous smoke
value

Sa. — A-shift factor

T K Absolute temperature

T, K Absolute temperature
of the intake air

t ] Measuring time

te ] Electrical response
time

tr S Filter response time for
Bessel function

ty ] Physical response time

At ] Time interval between
successive smoke data
(= 1/sampling rate)

JAVA S Time interval for
instantaneous CVS
flow

T % Smoke transmittance

u — Ratio between
densities of gas
component and exhaust
gas

Vo m/rev PDP gas volume
pumped per revolution

Vs 1 System volume of
analyser bench

W — Wobbe index
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(©)

(d)

Wact kWh Actual cycle work of
ETC

Wit kWh Reference cycle work
of ETC

Wr — Weighting factor

WFg — Effective weighting
factor

Xo m3/rev Calibration function of
PDP volume flow rate

Y; m! 1 s Bessel averaged

smoke value

Former sections 2.32.2

respectively.

and 2.32.3 become sections 2.2.2 and 2.2.3

The following sections 2.2.4 and 2.2.5 are added:

2.2.4.  Symbols for the fuel composition

WALF hydrogen content of fuel, % mass
WRBET carbon content of fuel, % mass
WGAM sulphur content of fuel, % mass
WDEL nitrogen content of fuel, % mass
WEPS oxygen content of fuel, % mass

o molar hydrogen ratio (H/C)