
 

Page 1 of 1 

BWG-P-09-12 
 

Review of documentation for Low Carbon Emission bus 
testing and accreditation 

  
This paper is provided for background to a presentation to be made to the BWG on the day 
which will review the appropriateness of the current documentation for testing and 
accreditation of low carbon buses. 

 
The Department for Transport have adopted the definition of a low carbon bus 
developed by the LowCVP in 2005.  In support of this definition the Bus 
Working Group developed documentation for the testing and accreditation of 
low carbon buses.  This was done for the Low Carbon Bus programme which 
was abandoned in 2006.  The documentation foresaw the need for testing and 
accreditation for four types of powertrain; 
 

1. Buses powered by conventional powertrain 
2. Buses powered by charge sustaining hybrid powertrain 
3. Buses powered by charge depleting hybrid powertrain 
4. Buses powered by pure electric powertrain 

 
The detailed test procedures were only documented for the second of these 
groups, charge sustaining hybrids, which was seen as the most likely type to 
be developed of the four. 
 
LowCVP needs to ensure these documents are suitable for use in support of 
the testing and accreditation of low carbon emission buses for use by bus 
manufacturers in seeking accreditation as part of the audit trail for issuing bus 
operators with a low carbon emission bus certificate in order to claim the 
supplementary BSOG rate for low carbon emission buses. 
 
Issues to be addressed 
 

 Documentation was developed for the Low Carbon Bus programme 
 Documentation was only developed in full for charge sustaining hybrids 

 
Attached are copies of the three papers approved by the BWG in 2005 and 
are provided for information only as back ground to a presentation by 
Millbrook on what is involved in ensuring the documentation is fit for purpose 
for testing and accreditation for the BSOG low carbon emission bus 
supplement. 



Certification process for buses meeting 
the Low Carbon Emission Bus incentive

July 2009



Current situation
• DfT Guidance document for the bus manufacturers

– Refers to ‘accreditation and test procedures available from LCVP’
• Vehicle Accreditation Requirements

– Overview document to point LCEB manufacturers towards detailed test procedures
• Detailed test procedures are identified as Annex A1 to A4

– A1 - Conventional Powertrain ✖
– A2 - Charge Sustaining Hybrid Powertrain ✔
– A3 - Charge Depleting Hybrid Powertrain ✖
– A4 - Pure Electric Powertrain ✖



Proposed work
• An initial review of Vehicle Accreditation Requirements overview document

– To ensure correlation to DfT’s new document
• Review of Annex A2 to update details for accuracy

– Reference to Low Carbon Emission Buses (LCEB), rather than the Low Carbon Bus 
Programme

• Development of Annex A1, A3 and A4
– Estimate of 3 days required to do this
– A1 – relatively straightforward as no electrical references
– A3 – similar to A2 – but uses Reg 101 (plug-in hybrid technologies)

• 1 test fully charged, 1 test fully discharged – warm-up procedures need to be very clear
– A4 – Range and energy consumption

• Details from Reg 101
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Accreditation of Low Carbon Buses 
 
Following the definition of the emissions performance of Low Carbon Buses 
based on a Well-to-wheel CO2 figure vs. passenger capacity, a standard for 
the testing and accreditation of Low Carbon Buses have been developed.   
 
The standard is a structured document and includes an overview document 
with attached annexes and appendices 
 
The overview document provides an explanation of the process by which Low 
Carbon Buses can be accredited and includes  
 

 Definition of a low carbon bus 
 CO2 target  
 Explanation of well-to-wheel CO2 calculations 
 Test requirements 
 Test cycle definition 
 Qualification requirements 

 
The test requirements are provided as detailed annexes as follows 
 

Annex A1 Test procedure for buses powered by conventional 
powertrain 

Annex A2 Test procedures for buses powered by charge sustaining 
hybrid powertrain 

Annex A3 Test procedures for buses powered by charge depleting 
hybrid powertrain 

Annex A4 Test procedures for buses powered by pure electric 
powertrain 

 
The development of these procedures builds on experience gained by The 
Energy Saving Trust in the testing of hybrid-electric and pure electric heavy-duty 
vehicles, and heavy-duty vehicles powered by conventional powertrain.   
 
Procedures 1 to 3 have their origins in the procedure outlined in SAE J2711 – 
“Recommended Practice For Measuring Fuel Economy and Emissions of Hybrid-
Electric and Conventional Heavy-Duty Vehicles”. 
 
Procedure 4 is based on UNECE Regulation 101 – ”Uniform provisions 
concerning the approval of passenger cars powered by a hybrid electric 
power train with regard to the measurement of the emission of carbon dioxide 
and fuel consumption and/or the measurement of electric energy consumption 
and electric range, and of categories M1 and N1 vehicles powered by an 
electric power train only with regard to the measurement of electric energy 
consumption and electric range” 
 
and - BS EN 1986-1 – “The measurement of energy consumption and range 
of pure electric heavy-duty vehicles”  
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The content of both procedures is adapted to ensure suitability for the testing 
of heavy-duty vehicles and specifies the use of the Millbrook London 
Transport Bus Test cycle (MLTB) 
 
Each procedure has associated appendices as follows: 
 
Appendix 1: London Transport Bus Test cycle 
Appendix 2: Examples of Well-to-Wheel calculations 
Appendix 3:  Passenger capacity vs. Greenhouse Gas Emissions (CO2 

equivalence) 
Appendix 4:  Essential characteristics of the vehicle  
Appendix 5:  Test report and approval 
   
The test and accreditation sub-group of the Low Carbon Bus Working Group 
reviewed these documents on 15 February 2005, and following 
recommendations for amendments, two documents are presented for review 
and final acceptance by the working group.  These are: 
 

 Guidelines for the Accreditation of Low Carbon Buses    
 Annex A2 - Test procedures for buses powered by charge sustaining 

hybrid powertrain and appendices 1 - 5 as described above. 
 
Annex A2 is the most complex of all the procedures and is therefore 
presented as the model for the others. 
 
A method for determining the road load performance of Low Carbon Buses 
was also produced as an appendix.  The sub-group felt that, whilst this 
procedure followed conventional practice as included within the procedures 
for emissions homologation of passenger cars, a simplified approach could be 
adopted for buses.  This will involve the production of standard inertia and 
chassis dynamometer settings.  It is proposed that this will be based on data 
from the body of data available from testing over the MLTB. 
 
Whilst the standard is intended to include details of how manufacturers and 
operators can apply for Low Carbon Bus accreditation, the sub-group was 
unable to progress a number of items.  These are: 
 

 Definition of an application form for accreditation as a Low Carbon Bus 
 Definition of any financial aid or grant structure 

 
It is assumed that these issues will be addressed as the Low Carbon Bus 
programme is defined. 
 
 
Steve Bell 
 
28 February 2005 
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Introduction 
 
"The Low Carbon Bus Programme" is the name given to a government funded programme run by 
the Low Carbon Vehicle Partnership (LCVP) which offers grants to companies to assist them with 
the cost of purchasing Low carbon Buses (as defined by LCVP) or converting existing vehicles to 
reduce carbon emissions.  
 
This document sets out the requirements and conditions for manufacturers and converters of Low 
Carbon Buses, that wish to apply for Low Carbon Bus "Vehicle Approval" i.e. for approval of a 
Vehicle Type under the Low Carbon Bus programme.  A Vehicle Type is defined by its make, 
model and variant and by its powertrain and fuel system.  A Low Carbon Bus Application Form, 
supplied with these guidelines, should be completed for each Vehicle Type for which approval is 
sought.   
 
To obtain Vehicle Approval a Low Carbon Bus must meet legislative and safety requirements, its 
emissions over a given test cycle must meet LCVP requirements, and details of the powertrain and 
fuel system fitted to the vehicle and of how the equipment is installed must be provided.   
 
Additional information as detailed in this and its associated documents must be made available to 
LCVP 
 
Approved vehicles and details of which companies are approved to supply them will be listed on 
the Low Carbon Bus Register at [website address if appropriate] 
  
Completed application forms should be returned to: 
 
The Low Carbon Vehicle Partnership  
17, Queen Anne’s Gate 
London,  
SW1H 9BU 
 
 

3 of 11 



LCB_ACCREDITATION_GUIDELINES_V2_DRAFT_150205 

Scope 
 
This document sets out the requirements and conditions that must be met by providers of Low 
Carbon Vehicle technologies that wish to apply for approval for a Low Carbon Bus.   
 
 
Definition of a Low Carbon Bus 
 
The specific definition of a Low Carbon Bus is as follows:  
 
“A Low Carbon Bus produces at least 30% fewer Greenhouse Gas Emissions than a current Euro 
3 equivalent diesel bus of the same total passenger capacity.   The Greenhouse Gas (GHG) 
emissions will be expressed in grams of carbon dioxide equivalent measured over a standard test, 
and will cover “Well-to-Wheel” (WTW) performance, thereby taking into account both the 
production of the fuel and its consumption on board”. 
 
The principal Greenhouse Gases (GHG) of interest are Carbon Dioxide (CO2) Methane (CH4) and 
Nitrous Oxide (N2O).  The relative “global warming potentials” for these 3 gases are 1:21:310 
respectively.  
   
 
Low Carbon Technologies 
 
The probable means of producing a Low Carbon Bus is by one of the following, either individually 
or in combination: 
 
a) Use of a rechargeable energy storage system (RESS) to augment the primary power produced 

by an internal combustion engine e.g. diesel-electric hybrid.  This may be either charge 
sustaining or charge depleting. 

 
b) Electric drive vehicles using a sustainable source of electricity.  
 
c) Use of fuels that are inherently low in greenhouse gases e.g. Rapeseed Methyl Ester (RME) 
 
d) Use of fuel cells using sustainable sources of Hydrogen.  
 
 
Eligible Vehicles 
 
These guidelines apply to OEM vehicles, OEM approved and warranted conversions, and after-
market conversions.   
 
All road-licensed buses complying with Directive 2001/85/EC Classes I and II (from 22 passenger 
capacity and upwards) may apply for Low Carbon Bus approval.   

 

Low Carbon Bus Emissions Requirements 
 
The LCVP Bus Working Group has defined the target to be met to achieve Low Carbon Bus 
status. This is shown in Appendix 2.  Target fulfilment must include an objective test of vehicle 
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performance. The test will be carried out on a whole vehicle chassis dynamometer to determine 
“Tank-to-Wheel” (TTW) emissions and energy consumption. The gas values of methane and 
nitrous oxide, if measured, will be converted to carbon dioxide equivalent by applying the 
weightings given earlier.  
 
The whole vehicle emissions results will be used to calculate the GHG emissions performance of 
the vehicle on a WTW basis appropriate to the fuel as used in the approval test and as used in 
service.   
 
“Well-to-Tank” (WTT) emissions and energy consumption will be determined using an appropriate 
analysis such as those carried out by CONCAWE or by L-B-Systemtechnik GmbH or similar body, 
subject to approval by the Fuels Working Group of LCVP. The results are expressed in grams of 
carbon dioxide equivalent per MJ of fuel delivered.  Knowing the fuel consumption of a vehicle in 
MJ/km, the WTT GHG figure can be expressed in g/km. 
 
WTW emissions and energy consumption will be determined from the sum of TTW and WTT 
performance with greenhouse gas emissions expressed as grams of carbon dioxide equivalent per 
kilometre and energy consumption expressed as MJ per kilometre.  Both measures will be 
assessed against passenger carrying capacity.   
 
In order to be accredited as a “Low Carbon Bus”, vehicles must have GHG emissions either on the 
target line, or below that determined for their passenger carrying capacity.  The target line will be 
used to accredit the bus in “worse case” condition i.e. at the minimum payload corresponding to its 
CO2 equivalent emissions performance.  Buses found to have CO2 equivalent emissions higher 
than that corresponding to its passenger capacity will not be afforded Low Carbon Bus status. 
 
To qualify as a Low Carbon Bus, the vehicle must be certified as a PCV and have a Certificate of 
Fitness. The whole vehicle emissions when tested on an appropriate chassis dynamometer to 
LCVP Low Carbon Bus test requirements must be reported. 
 
Low Carbon Vehicle status will be conferred on all vehicles similar to those presented for test, as 
long as the vehicles use similar fuels and energy management strategies 
 
Whole vehicle testing 
 
The test cycle used will be the Millbrook London Transport Buses (MLTB) cycle based on Route 
159 in London.  This is described in Appendix 1. In the case of vehicles fitted with internal 
combustion prime movers, both GHG and air quality emissions (HC, CO, NOx and PM) will be 
determined over the cycle by use of a full-flow constant volume sampling (CVS) system and 
appropriate analysis equipment.  Fuel consumption will be derived from carbon dioxide and other 
carbon containing emissions by the carbon-balance method.  In the case of vehicles fitted with 
catalysed particulate traps, Selective Catalytic Reduction (SCR) systems, or those powered by 
lean-burn natural gas engines NOx speciation will be carried out by use of Fourier Transfer Infra-
red Spectroscopy (FTIR) 
 
The Low Carbon Bus Target Line is shown in Appendix 2.  Green House Gas emissions are 
defined against total passenger capacity by the following linear relationship: 
 

CO2 (WTW) = 7.25 × total number of passengers + 480 
 
The mass of a passenger is defined as 68 kg. 
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The mass of the vehicle in running order will be determined by weighing each bus prior to test.  
 
The mass of the vehicle in running order is defined in Directive 97/27/EC as: 
 
The mass of an unladen vehicle with bodywork, and with coupling device in the case of a 
towing vehicle, in running order, or the mass of the chassis with cab if the manufacturer 
does not fit the bodywork and/or coupling device ( including coolant, oils, 90% of fuel, 
100% of other liquids except used waters, tools, spare wheel, driver (75kg), and, for buses 
and coaches, the mass of the crew member (75 kg) if there is a crew seat in the vehicle).   
   
For the purposes of these guidelines the mass of a bus in running order is defined as: 
 
The mass of the unladen vehicle with bodywork, in running order, ( including coolant, oils, 
90% of fuel, 100% of other liquids except used waters, tools, spare wheel [if carried] and 
driver (75kg), and the mass of the crew member (75 kg) if there is a crew seat in the 
vehicle).   
 
Total passenger capacity will be calculated by subtracting the measured “mass in running order” 
from the manufacturer’s declared plated gross vehicle weight (GVW) and dividing by 68.  Any 
differences between the calculated passenger capacity and that declared by the bus 
manufacturer/supplier will be discussed between the technical service carrying out the test and the 
manufacturer. 
   
The specific test requirements for vehicles will be dependent on the type of powertrain technology 
employed and is described below 
 
 
Test Requirements 
 
Vehicles fitted with conventional powertrain drivelines  
 
The test requirements are described in Annex A1 – Determination of Energy Consumption and 
Pollutant Emissions from Low Carbon Buses fitted with Conventional Powertrains. 
 
The test is required, in essence, to be repeated 3 times and an average of the three valid tests 
presented for accreditation.  For the tests to be valid the CO2 emissions must be within 5% across 
all three tests. 
 
Annex A1 includes associated appendices as follows: 
 
Appendix 1: MLTB Drive cycle 
Appendix 2: Well-to-Wheel calculations 
Appendix 3: Passenger capacity vs. Greenhouse Gas Emissions (CO2 equivalence) 
Appendix 4: Essential characteristics of the vehicle powered by an internal combustion engine 

only and information concerning the conduct of the test 
Appendix 5: Test report and Approval 
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Vehicles fitted with charge sustaining hybrid powertrain incorporating a rechargeable 
energy storage system (RESS)  
 
The test requirements are described in Annex A2 – Determination of Energy Consumption and 
Pollutant Emissions from Low Carbon Buses fitted with Charge Sustaining Hybrid Powertrains. 
 
For vehicles fitted with hybrid powertrains the state of charge of the RESS may be different at the 
end of the test cycle to that at the start of the test cycle.  This must be considered when 
determining pollutant emission levels and energy use. If the Net Energy Change (NEC) of the 
RESS is less than 1% of total energy used over the cycle, then the emissions and energy 
consumption test results can be used without correction.  If the NEC is greater than 1% a method 
of correction for change in state of charge (SOC) of the RESS during the test must be employed.   
 
Appropriate data i.e. RESS SOC, energy inflow/outflow shall be provided from the vehicle’s energy 
management system on a second-by-second basis during the test.  This is analysed to provide a 
correction for emissions and fuel consumption at an equivalent zero change of SOC.  This requires 
a minimum of three valid tests to be presented.  For a test to be valid, the NEC over the drive cycle 
must be less than 5% of total energy used over the cycle.  Tests with NEC of greater than 5% will 
be considered invalid. 
 
Annex A2 includes associated appendices as follows: 
 
Appendix 1: MLTB Drive cycle 
Appendix 2: Well-to-Wheel calculations 
Appendix 3: Passenger capacity vs. Greenhouse Gas Emissions (CO2 equivalence) 
Appendix 4: Essential characteristics of the vehicle powered by a charge sustaining hybrid 

powertrain and information concerning the conduct of the test 
Appendix 5: Test report and Approval 
 
 
Vehicles fitted with charge depleting hybrid powertrain incorporating a rechargeable energy 
storage system (RESS) 
 
The test requirements are described in Annex A3 – Determination of Energy Consumption and 
Pollutant Emissions from Low Carbon Buses fitted with Charge Depleting Hybrid Powertrains. 

Tailpipe mass emissions from charge-depleting hybrid vehicles are likely to be less than those of 
charge-sustaining hybrid vehicles because charge-depleting hybrid vehicles draw down the stored 
energy of the RESS, which means less energy is provided by the prime mover.  Therefore, to 
provide a true accounting of the emissions and fuel economy of the vehicle, emissions and energy 
associated with consumed electricity generation for the RESS must be accounted for.  

After conducting a test run, the energy required (kilowatt-hours) to recharge the RESS to the SOC 
at the beginning of the test run must be measured at the wall meter upstream from the vehicle 
charger.  The energy consumed is then divided by the total distance traveled by the vehicle over 
the test run as noted by the dynamometer or the target cycle distance, whichever is lower.   The 
resulting energy input (kilowatt-hours per kilometre) is then assigned a CO2 generation value 
determined from the generation mix appropriate to the supply.  This generation value will be added 
to the CO2 results determined directly from the vehicle test. 
 
The test is required, in essence, to be repeated 3 times and an average of the three valid tests 
presented for accreditation.  For the tests to be valid the total CO2 emissions must be within 5% 
across all three tests. 
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Annex A3 includes associated appendices as follows: 
 
Appendix 1: MLTB Drive cycle 
Appendix 2: Well-to-Wheel calculations 
Appendix 3: Passenger capacity vs. Greenhouse Gas Emissions (CO2 equivalence) 
Appendix 4: Essential characteristics of the vehicle powered by a charge depleting hybrid 

powertrain and information concerning the conduct of the test 
Appendix 5: Test report and Approval 
 
 
Vehicles fitted with pure electric drivelines 
 
The test requirements are described in Annex A4 – Determination of Energy Performance of Low 
Carbon Buses fitted with Pure Electric Drivelines.  
 
Starting from a known RESS SOC (normally 100% of standard operating SOC), the vehicle is 
driven over two complete drive cycles.  After conducting a test run, the energy required (kilowatt-
hours) to recharge the RESS to the SOC at the beginning of the test run must be measured at the 
wall meter upstream from the vehicle charger.  The energy consumed is then divided by the total 
distance travelled by the vehicle over the test run as noted by the dynamometer or the target cycle 
distance, whichever is lower.   The resulting energy input (kilowatt-hours per kilometre) is then 
assigned a CO2 generation value determined from the generation mix appropriate to the supply.   
 
Annex A4 includes associated appendices as follows: 
 
Appendix 1: MLTB Drive cycle 
Appendix 2: Well-to-Wheel calculations 
Appendix 3: Passenger capacity vs. Greenhouse Gas Emissions (CO2 equivalence) 
Appendix 4: Essential characteristics of the vehicle powered by a pure electric powertrain and 

information concerning the conduct of the test 
Appendix 5: Test report and Approval 
 
  
Additional/optional drive cycles 
 
Whilst the MLTB test cycle is considered as a suitable test for the purposes of “benchmarking” and 
Low Carbon Accreditation, future vehicles and their drivelines may be designed around specific 
operating cycles.   It is known that choice of drive cycle can have a significant effect on both the 
emissions and the fuel efficiency of hybrid vehicles and therefore the option of testing to alternative 
drive cycles may be considered as an additional, optional phase of the test.   This issue will be 
discussed with the Low Carbon technology provider and the test cycle will be defined prior to any 
test work. 
 

Eligible Test Centres 
 
Performance and emissions testing of Low Carbon Buses must be carried out by a vehicle testing 
agency that is acceptable to the Type Approval Authority of an EU Member State.  
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Test Fuel  

Composition 
 
Emissions tests for vehicles running on conventional diesel will use commercial low-sulphur, ultra-
low sulphur or sulphur-free diesel complying with BS EN590 2000. 
 
Emissions tests for vehicles running on natural gas must use “Reference Fuel G25” as defined in 
Annex IX of Directive 98/69/EC. 
 
Emissions tests for vehicles running on LPG must use “Reference Fuel B” as defined in Annex IX 
of Directive 98/69/EC. 
 
For vehicles running on bio-diesel or other “alternative fuels”, the fuel specification and 
composition will be declared prior to the test.  In order to determine Well-to-Tank GHG emissions, 
the fuel pathway must be known and the appropriate GHG value agreed for the method of 
extraction/production.      
 
Fuel sampling 
 
A sample of the test fuel will be obtained from the vehicle immediately prior to testing on the 
chassis dynamometer 
 

Accreditation   

Information contained within Appendices 4 and 5 of the test procedure appropriate the type of 
powertrain employed will be presented for accreditation.  
 

Right of Suspension and/or Termination 
 
LCVP reserves the right to suspend for such period as it thinks fit, or terminate, the Vehicle 
Approval status of any product (and having done so, to remove the product in question from the 
Low Carbon Bus Register) by sending notice in writing to the relevant Company at any time if any 
of the information provided by or on behalf of the Company in support of its application for Vehicle 
Approval status is found to be inaccurate or untrue 
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Appendix 1 – MILLBROOK LONDON TRANSPORT BUS (MLTB) DRIVE-CYCLE 
 
This test cycle was specifically developed for use with buses and was derived from data logged from a bus in service 
within inner London. 
The drive cycle consists of two phases, a medium speed ‘Outer London’ phase simulating a journey from Brixton 
Station to Trafalgar Square and a low speed ‘Inner London’ phase simulating a journey from Trafalgar Square to the 
end of Oxford Street. 
 
The cycle is composed of two phases: 
 
(1) Outer London Phase, nominal distance 6.45 km, 1,380 seconds in duration 
(2) Inner London Phase, nominal distance 2.47 km, 901 seconds duration 
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Test cell ambient temperature for duration of test = 18C  2C 
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Appendix 2 -  Low Carbon Bus CO2 emissions target line 
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Annex A2:  Test Procedure for Measuring Fuel Economy and 
Emissions of Low Carbon Buses powered by Charge 
Sustaining Hybrid Powertrain 
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1. Scope 
This document provides an accurate and reproducible procedure for simulating the 
operation of buses powered by charge sustaining hybrid-electric powertrain on 
dynamometers for the purpose of measuring emissions and fuel economy.   
 
This procedure defines a hybrid vehicle as having both a rechargeable energy storage 
system (RESS) capable of releasing and capturing energy and an energy-generating 
device that converts consumable fuels into propulsion energy.  RESS specifically 
included in the test procedure are batteries, capacitors and flywheels, although other 
RESS can be evaluated utilizing the guidelines provided in the document.  Further, the 
procedure provides a detailed description of state of charge (SOC) correction for 
charge-sustaining HEVs.  It should be noted that most buses addressed in this 
recommended practice would be powered by engines that are certified separately for 
emissions.  The engine certification procedure appears in Regulation 77/88/EC. 
 
This test procedure does not make specific provisions or recommendations for testing of 
bus emissions with air conditioning deployed because the complexity of such tests is 
significant. It is recognized that a future procedure that addresses air conditioning and 
other potentially large auxiliary loads is needed.  
 
Testing shall not require defeating or otherwise forcing a vehicle’s control system to 
perform differently from the way in which it would perform in use (potential exceptions 
include antilock brakes, traction control and other systems that may affect dynamometer 
testing).  
 
The procedure requires the calculation of Well-to-Wheel (WTW) Greenhouse Gas 
(GHG) Emissions to determine if the vehicle qualifies as a Low Carbon Bus.  
 
The vehicle shall be operated over the Millbrook London Transport Bus (MLTB) drive 
cycle  representing intermediate-speed bus operation in London.  Details of this cycle 
can be found in Appendix 1 of this document. 
 
Regulated emissions (HC, CO, NOx and PM) and carbon dioxide shall be sampled over 
the entire cycle and the results presented as gms/km. 
 
For buses powered by lean-burn engines and those equipped with catalysed particulate 
traps, the concentration of Nitrous Oxide (N2O) shall be determined using Fourier 
Transfer Infra-Red spectroscopy (FTIR) techniques. 
 
For vehicles powered by engines fuelled with compressed natural gas (CNG), the 
concentration of methane (CH4) shall be determined by separate analysis.       
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2. Definitions and Terminology 
BATTERY -- A device that stores chemical energy and releases electrical energy. 
 
BATTERY C/3 CURRENT RATE -- The constant current (Ampere-hours) at which the battery 
can be discharged from its rated Ampere-hour capacity in three hours to its 
manufacturer’s recommended minimum.  Battery manufacturers typically provide ratings 
from C/1 to C/6.  These ratings have no direct impact on this recommended practice. 
 
BATTERY DEPTH OF DISCHARGE (DOD) -- The percentage of rated capacity to which a 
cell/battery is discharged.  State of charge (SOC) % + DOD% = 100%. 
 
BATTERY RATED AMPERE-HOUR CAPACITY -- The manufacturer-rated capacity of a battery 
in Ampere-hours obtained from a battery discharged at the manufacturer’s 
recommended discharge rate (C/1 - C/6) such that a specified minimum cut-off terminal 
voltage is reached. 
 
BATTERY STATE OF CHARGE (SOC) – Based on the actual measured energy content of a 
battery and expressed as a percentage of the battery’s maximum rated Ampere hour 
(Ah) capacity. 
 
CAPACITOR -- A device that stores energy electrostatically and releases electrical energy. 
 
CAPACITOR STATE OF CHARGE (SOC) – Based on the actual measured energy content of 
a capacitor and expressed as a percentage of the capacitor’s maximum rated voltage 
squared (V2). 
 
CHARGE-SUSTAINING HEV -- The charge-sustaining HEV derives all of its energy from on 
board fuel under normal usage.  Over a short period of time charge-sustaining hybrid-
electric vehicles may be either charge depleting or charge increasing.  The definition 
means that that in the long term (24 hours) a RESS charge is sustained.  The procedure 
includes provisions for calculating SOC corrections in the short term that reflect 
emissions from the vehicle as if it was charge sustaining in the short term. 
 
CONSUMABLE FUEL -- Any solid, liquid, or gaseous material that releases energy and is 
depleted as a result.   
 
ELECTROMECHANICAL FLYWHEEL -- A device that stores rotational kinetic energy and can 
release that kinetic energy to an electric motor-generator system, thereby producing 
electrical energy. 
 
ELECTROMECHANICAL FLYWHEEL STATE OF CHARGE (SOC) – Based on the actual 
measured energy content of an electromechanical flywheel and expressed as a 
percentage of the flywheel’s maximum-rated revolutions per minute squared (rpm2). 
 
HYBRID-ELECTRIC VEHICLE (HEV) -- A road vehicle that can draw propulsion energy from 
both of the following on-vehicle sources of stored energy: 1) one consumable fuel and 2) 
one RESS that is recharged by an on-board electric generating system and/or an off-
board charging system or power supply. 
 
NET ENERGY CHANGE (NEC) -- The net change in energy level of an RESS expressed in 
Joules (watt-seconds) 
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PRIME MOVER – Power unit which provides the primary source of mechanical energy 
used to move the vehicle 
 
PROPULSION ENERGY -- Energy that is derived from the vehicle’s consumable fuel and/or 
rechargeable energy storage system to drive the wheels.  If an energy source is 
supplying energy only to vehicle accessories (e.g., a 12-volt battery on a conventional 
vehicle), it is not acting as a source of propulsion energy. 
 
PROPULSION SYSTEM -- A system that, when started, provides propulsion for the vehicle 
in an amount proportional to what the driver commands.  
 
REGENERATIVE BRAKING -- Deceleration of the vehicle caused by operating an electric 
motor-generator system, thereby returning energy to the vehicle propulsion system and 
providing charge to the RESS or to operate on-board auxiliaries. 
 
RECHARGEABLE ENERGY STORAGE SYSTEM (RESS) -- A component or system of 
components that stores energy and for which its supply of energy is rechargeable by an 
electric motor-generator system, an off-vehicle electric energy source, or both.  
Examples of RESS for HEVs include batteries, capacitors, and electromechanical 
flywheels. 
 
STATE OF CHARGE – see “Battery state of charge” 
 
TOTAL FUEL ENERGY -- The total energy content of the fuel in MJ consumed during a test 
as determined by carbon balance or other acceptable method and calculated based on 
the lower heating value of the fuel. 
 

3. State of Charge – Charge-Sustaining Hybrid Vehicles 
When a conventional vehicle completes a chassis test, the energy provided by the 
combustion engine is equal to the total energy necessary to complete the cycle, and this 
value is consistent from test run to test run.  There is no energy storage on board the 
vehicle other than consumable fuel, and no need for state of charge (SOC) correction.   
 
However, in a Hybrid Electric Vehicle (HEV), for example, a significant amount of motive 
energy is stored on board the vehicle within the RESS, and the vehicle may remove or 
add energy to this energy reservoir during a relatively short period of time.  In order to 
compare the emission results of an HEV to a conventional vehicle, the data from the 
HEV must be corrected so that the net change in RESS energy is essentially zero (i.e., 
all of the energy and emissions are essentially provided by the Prime Mover). 
 
This procedure allows for some level of tolerance between the initial SOC and final SOC 
to avoid correcting data that is already effectively at a net zero change in energy level.  
A determination of 1% or less net change in stored energy when compared to total 
cycle energy expended is within tolerance levels and does not require SOC correction 
calculations in determining fuel economy and emissions.  If the percent change in net 
energy change (NEC) is greater than 1% but less than 5%, this procedure allows for 
correction of emissions and fuel economy calculations to account for the change in 
energy storage if a clear relationship between NEC and emissions and fuel economy 
can be established.  This procedure is outlined below in Sect. 3.4.  If the vehicle has a 
NEC greater than 5%, the collected data may not be reliably corrected and the test 
should be considered invalid.   
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3.1 SOC Terminology 
The SOC of a battery, capacitor and electromechanical flywheel is defined in section 3.  
The following terms are used to distinguish the two different values of SOC in the test 
procedure. 
 

SOCinitial : SOC at the beginning of the test run (Ah, V2 or rpm2) 
SOCfinal : SOC at the end of the test run (Ah, V2 or rpm2) 
SOCdelta Delta ampere-hours measured during a test 

 

NEC calculations are presented in Joules (watt-seconds). 

3.2 Net Energy Change (NEC) 
Provision must be made for recording the RESS SOC at the start and stop of each test 
run, although in practice this is not always achievable.  It is therefore essential that 
second by second logging of energy flows in and out of the RESS be carried out for the 
duration of each test run.  For each different test cycle a minimum of three test runs 
must be performed to provide sufficient data for a SOC correction, if needed.  It is also 
desirable that at least one test run have a net positive and another a net negative NEC 
value so that net SOC calculations are based on interpolation and not extrapolation.  
Since different types of RESS store energy differently, each type of RESS will use 
different equations to define NEC.  The following section gives the NEC calculations for 
batteries, capacitors and electro-mechanical flywheels. 
 

BATTERIES 

Equations 1(a) and 1(b) calculate the NEC for batteries. 
 

NEC = [SOCfinal – SOCinitial] * Vsystem * K1 (Equation 1a) 
   
where:  
 SOC =  Battery SOC at the beginning and end of the test run, in 

Ampere-hours (Ah). (Note: If the SOCfinal and SOCinitial 
values are in amp-seconds, the conversion factor is not 
used.) 

 Vsystem =  Battery’s DC nominal system voltage as specified by the 
manufacturer, in volts (V) 

 K1 =   Conversion factor = 3600 (seconds/hour) (not used if 
SOCfinal and SOCinitial values are in seconds) 

 
or, 
 
 NEC = [SOCdelta] * Vsystem * K1      (Equation 1b) 
 
where:  
 SOCdelta = Delta ampere-hours during a test  
 Vsystem =  Battery’s DC nominal system voltage as specified by the 

manufacturer, in volts (V) 
 K1 =   Conversion factor = 3600 (seconds/hour) (not used if 

SOCfinal and SOCinitial values are in seconds) 
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ilograms (kg) 

 

ions and fuel economy values for that test run do not 

CAPACITORS 

Equation 2 calculates NEC for capacitors. 
 

NEC = (C/2) * [SOCfinal – SOCinitial] (Equation 2) 
 
where:  
  
 SOC =  The capacitor SOC at the beginning and end of the test 

run, in (V)2 
 C =   Rated capacitance of the capacitor as specified by the 

manufacturer, in Farads  (F) 

ELECTROMECHANICAL FLYWHEELS 

Equation 3 calculates NEC for electromechanical flywheels. 
 
 NEC = (1/2) * I * [SOCfinal – SOCinitial] * K2   (Equation 3) 
 
where:  
 SOC =  Flywheel state-of-charge at the beginning and end of 

the test run, in (rpm)2 
 I =   Rated moment of inertia of the flywheel system, in 

kilogram-meter2 (kg/m2) 
K2 =   Conversion factor = 42/3600 (rad2/sec2/rpm2) 
 

3.3 Determining NEC Variance 

TOTAL CYCLE ENERGY 

This procedure uses total cycle energy to determine NEC tolerances, as opposed to 
total fuel energy, which can vary from test run to test run.  To remain consistent with the 
calculations for NEC, either the total cycle energy must be reported in watt-seconds or 
the NEC must be converted to kWh. 
 

Total Cycle Energy = Total Fuel Energy – NEC   (Equation 4) 
 

Total fuel energy is the energy value of the fuel consumed by the APU during the test 
and is calculated as shown in equation 5. 
   

Total Fuel Energy = NHVfuel * mfuel (Equation 5) 
 

where 
 NHVfuel = Net heating value in Joules per kilogram (J/kg) 

 mfuel =   Total mass of fuel consumed over test, in 
k
 

3.4 Determination Procedure 
To determine if a test run has an acceptable NEC that does not require SOC correction, 
divide NEC by total cycle energy.  If the absolute value of the calculation yields a 
number less than or equal to 1%, as shown in equation 6, the NEC variance is within 
tolerance levels and the emiss
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eed to be corrected for SOC. 

 
(Equation 6) 

 
epleting, may have to be tested under the charge-depleting vehicle recommendations. 

(Equation 7) 

 

sions at a NEC of zero (i.e., 
the data is corrected to reflect a net zero change in SOC).   

riations in net energy 
change and calculates CO  emissions on a Well-to-Wheel basis. 

the predicted 
nd actual values of the linear regression, is equal to or greater than 0.80. 

4. Test Preparations 

 Test Site  

ncountered by the test vehicle shall be maintained 
roughout the test at 18C  2C 

est conditions specified in 70/220/EEC and 77/88/EEC shall apply, where appropriate.   

h voltage, or any other necessary safety 

n

 
 
 

If the absolute value of the calculation yields a number greater 1%, but less than or 
equal to 5%, as shown in equation 7, emissions and fuel economy values from the test 
run need to be corrected for SOC as described below.  Test runs with NEC variance 
greater than 5% are considered invalid or, if the vehicle is consistently charge

NEC

d
 
 
 
 

3.5 SOC Correction Procedure 
In order to compute a state of charge correction for each emissions species and for fuel 
economy, the emission and fuel economy values for each run must be plotted against 
the NEC for each run.  A linear interpolation (in some cases extrapolation may be 
allowed) is performed to establish the fuel economy or emis

3.6 SOC Correction Example 
A worked example from a test on a diesel electric series hybrid bus is provided in 
Appendix 2.  This shows the correction factor applied due to va

2

ACCURACY COMBINED WITH SOC CORRECTION  

On a hybrid vehicle, NEC values approaching 5% of the total cycle energy can result in 
emission data that can vary significantly from data with a NEC of effectively zero. This is 
because the vehicle was propelled by energy that is not accounted for.  The only way to 
determine acceptable variance is to correct the data first using the SOC correction 
procedure.  Because using the SOC correction procedure effectively turns multiple test 
values into a single value, the coefficient of determination, R2, of the linear best fit is 
used to determine whether the collected data is valid.  For the purposes of this test 
procedure the data is considered acceptable if the R2, which compares 
a
 

4.1
   
The ambient temperature levels e
th
 
Ambient temperatures must be recorded at the beginning and end of the test period. 
T
 
Adequate test site capabilities for safe venting and cooling of batteries, containment of 
flywheels, protection from exposure to hig

 
total cycle energy * 100%    < 1% 

NEC 
total cycle energy * 100%    < 5%   1%  < 
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recaution shall be provided during testing. 

itched off for all key off 
well periods.  Fans for brake cooling can be utilized at all times. 

 

.2 Pre-Test Data Collection 

rate method of calculation; as a result, an odometer on the vehicle is not 
quired. 

t 
nalysis.  Fuel properties to be determined and reported should include as a minimum: 

sion ignition fuels:  the heating value, sulfur content and 

l gas:   the methane content, non-methane organic content and inert 

 for  liquid spark ignition fuels:  heating value and octane number  

.3 Operation of the vehicle 

hicle in an unconventional 
mode, must be properly documented for later reproduction.   

 testing, the vehicle shall be stabilized to a distance.. 
greed with the manufacturer.  

s (e.g., hub caps) may be removed where necessary for 
afety on the dynamometer. 

d 
b 

hall be determined prior to test by the technical service 
arrying out the test. 

ed tyres shall be used and shall be the same 
d in service.   

 set at the 
eginning of the test to manufacturer’s recommended presseure.   

nts -- The vehicle lubricants normally specified by the manufacturer shall be 
sed. 

p
 
A fixed-speed-cooling fan shall direct cooling air to the vehicle to maintain the engine 
operating temperature as specified by the manufacturer during testing.  These fans shall 
only be operating when the vehicle is in operation and shall be sw
d

4
 
Prior to testing, detailed characteristics of the vehicle should be recorded.  These 
requirements are specified in Appendix 1 of this Annex.  The chassis test laboratory will 
be used to measure actual cycle distance during a test, as it is generally considered a 
more accu
re
 
If fuel properties are not known, a fuel sample should be gathered for subsequen
a
 
 for liquid compres

aromatic density 
 for natura

content; 

 
4
 
Deviation from the basic procedure, such as testing the ve

4.4 Condition of the Vehicle 
Vehicle Stabilization -- Prior to
a
 
Vehicle Appendages -- Vehicles shall be tested with normal appendages (mirrors, 
bumpers, etc.).  Certain item
s
 
Vehicle Test Weight -- Buses shall be tested at curb weight plus driver weight an
one half  total passenger load using a weight of 68 kg per passenger.  The cur
weight of the vehicle s
c
 
Tyres -- Manufacturer’s recommend
size as would be use
   
Tyre Pressure -- For dynamometer testing, tyre pressures should be
b
 
Lubrica
u
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f shift patterns that may reasonably be 
xpected to be followed by vehicles in use.   

e first test and should not be 
tilized between testing events during the key off period 

ehicle Preparation & Preconditioning --  Preconditioning, at a minimum, should include: 

test cycle 
opriate key off dwell period (see Appendix1)  

 Initial SOC setting  

vehicle 
harging is only allowed for the battery conditioning of charge-sustaining HEVs.  

e should be repeated.  Data from 
tests with a faulty RESS shall be considered invalid. 

tual vehicle speed to allow the driver to operate the vehicle on the prescribed 
ycle. 

 

Gear Shifting – The vehicle shall be driven with appropriate accelerator pedal movement 
to achieve the time versus speed relationship prescribed by the driving cycle.  Both 
smoothing of speed variations and excessive acceleration pedal perturbations are to be 
avoided and may cause invalidation of the test run.  In the case of test vehicles 
equipped with manual transmissions, the transmission shall be shifted in accordance 
with procedures that are representative o
e
 
Air Suspension – All vehicles with air suspensions shall be aired up from an external 
source prior to testing. After the vehicle has reached sufficient air pressure to achieve 
proper suspension levelling and service brake operation, external air shall be 
disconnected from the vehicle and shall not be reconnected during actual emission 
testing.  External air should only be utilized prior to th
u
 
V
 
 The vehicle should be preconditioned using a complete run of the 

followed by the appr

4.5 Conditioning of Rechargeable Energy Storage System 
Off-Vehicle Charging – The RESS  is not required to be fully charged at the start of 
tests. Tests may be carried out on the vehicles with the SOC between the normal 
maximum and minimum operating SOC as defined by the manufacturer.  Off-
c
 
RESS Failure -- In the event that the RESS is damaged or has an energy storage 
capability below the manufacturer’s specified rating, the RESS shall be repaired or 
replaced and stabilized, and then the test procedur

4.6 Dynamometer Specifications 

The evaluation of the emissions and fuel economy from a low carbon bus powered by 
hybrid powertrain should be performed using a laboratory that incorporates a chassis 
dynamometer, a full-scale dilution tunnel, and laboratory-grade exhaust gas analyzers 
as described in 70/220/EEC (Light-duty vehicles) and 88/77/EC (Heavy-duty engines).  
The chassis dynamometer should be capable of simulating the transient inertial load, 
aerodynamic drag and rolling resistance associated with normal operations of the 
vehicle.  The transient inertial load should be simulated using appropriately sized 
flywheels and/or electronically controlled power absorbers.  The aerodynamic drag and 
rolling resistance may be implemented by power absorbers with an appropriate 
computer control system.  The drag and rolling resistance should be established as a 
function of vehicle speed.  The actual vehicle weight for the on-road coast down should 
be the same as the anticipated vehicle testing weight as simulated on the dynamometer.  
The vehicle should be mounted on the chassis dynamometer so that it can be driven 
through a test cycle.  The driver should be provided with a visual display of the desired 
and ac
c
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4.7 Dynamometer Calibrations 
The dynamometer laboratory should provide its calibration procedures as recommended 
by the manufacturer. 

4.8 Inertial Load 
Inertial load needs to be simulated correctly from a complete stop (e.g., total energy 
used to accelerate the vehicle plus road and aerodynamic losses should equal 
theoretical calculations and actual coastdowns).  For HEVs this may be determined by 
measuring the power delivered to the dynamometer at the drive motors. 
 
4.9 Road Load 
Road load and wind losses should be simulated by an energy device such as a power 
absorber.  Road load should be verified by comparison to previously tested vehicles 
having similar characteristics or by coastdown analysis on the track. 

4.10 Dynamometer Load Coefficient Determination 
The dynamometer coefficients that simulate road-load forces shall be determined as 
specified in Directive 70/220/EEC, with the following provisions: 
 

a) Vehicles equipped with regenerative braking systems that are actuated only 
by the brake pedal shall require no special actions for coastdown testing on 
both the test track and dynamometer. 

 
b) Vehicles equipped with regenerative braking systems that are activated at 

least in part when the brake pedal is not depressed shall have regenerative 
braking disabled during the deceleration portion of coastdown testing on both 
the test track and dynamometer, preferably through temporary software 
changes in the vehicle’s control system.  Mechanical changes to the vehicle to 
deactivate regenerative braking (such as completely removing the drive shaft) 
are discouraged.  However, if this practice becomes necessary as a last 
resort, every safety precaution shall be taken during vehicle operation, and 
the same mechanical modifications shall occur on both the test track and 
dynamometer.  Methods to accelerate a vehicle without a drive shaft on both 
the test track and the dynamometer shall be determined by the manufacturer.  
However, pushing the vehicle with another vehicle is not an option. 

 
c) The vehicles shall be weighted to the correct dynamometer test weight when 

the on road coastdowns are performed. 

4.11 Dynamometer Settings  

The dynamometer’s power absorption and inertia simulation shall be set as specified in 
70/220/EEC.  It is preferable to insure that the dynamometer system provides the 
appropriate retarding force at all speeds, rather than simply satisfying a coastdown time 
between two specified speeds.   The remaining operating conditions of the vehicle 
should be set to the same operating mode during coastdowns on road and on the 
dynamometer (e.g., air conditioning off, etc). 
 

4.12 Test Instrumentation 
Equipment referenced in 70/220/EEC and 88/77/EC (including exhaust emissions 
sampling and analytical systems) is required for emissions measurements, where 
appropriate.  All instrumentation shall be traceable. to national standards.   
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The following instruments are likely to be required for determination of change of SOC 
on an as-needed usage. 
 
 DC wideband Ampere-hour meter:  Any Ampere-hour meter using an integration 

technique shall have an integration frequency of up to 1hz seconds so that abrupt 
changes of current can be accommodated without introducing significant 
integration errors. 

 An instrument to measure a capacitor’s voltage 
 An instrument to measure an electromechanical flywheel’s rotational speed 
 AC Watt-hour meter to measure AC Recharge Energy 
 A voltmeter and ammeter for as-needed usage 
 

5. Test Procedure 

5.1 Vehicle Propulsion System Starting and Restarting 
The vehicle’s propulsion system – specifically, the unit that provides the primary motive 
energy, e.g., the internal combustion engine -- shall be started according to the 
manufacturer’s recommended starting procedures in the owner’s manual.  Only 
equipment necessary to the primary propulsion of the vehicle during normal service 
shall be operated. The air conditioner and other auxiliary on-board equipment not 
generally used during normal service shall be disabled during testing. 
 

5.2 Dynamometer Driving Procedure  
The emission test sequence starts with a “hot” vehicle that can be utilized to warm the 
dynamometer to operating temperature and allow for vehicle rolling loss calibration.   
 

5.3 Dynamometer Warm-up   
Because many dynamometers require that the vehicle be partially supported to 
accurately reflect rolling losses, the test vehicle is used to warm the dynamometer and 
operated to allow for proper laboratory and vehicle loss calibrations.  Unrecoverable 
rolling and aerodynamic losses should be determined using a suitable coast down or 
several steady state speed tests.   

5.4 Practice and Warm Up Runs 
The test vehicle will be operated through a preliminary run of the desired test cycle.  
During this preliminary cycle, the driver will become familiar with the vehicle operation, 
and the suitability of the selected operating range of gas analyzers will be verified.  
Additional preliminary runs will be made, if necessary, to assure that the vehicle, driver, 
and laboratory instrumentation are performing satisfactorily.  Once the vehicle has 
reached operating temperature the vehicle shall be returned to the “key off” condition in 
anticipation of the subsequent emission test cycle. 

5.5 Emission Tests 
The emission test cycle shall consider all emission data from the moment the vehicle is 
started, excluding the actual start event.  The vehicle shall be started and warmed to 
operating temperature utilizing the same test cycle that will be used for emission 
characterization.  Once the vehicle is at operating temperature the vehicle shall be 
turned off and will be restarted within 30 minutes.  The test cycle shall begin and 
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emission measurements will be taken.  At the end of the test cycle the vehicle shall be 
returned to the “key off” condition.  Analysis will be carried out between test cycles  
 
The number of tests runs performed must be sufficient to provide a minimum of three 
test runs with valid results i.e NEC < 5% total cycle energy used.  If the test sequence 
lapses in timing, another preliminary warm up run must be performed, after which the 
schedule can be resumed.  Valid data gained prior to the breaking of the schedule may 
be preserved and reported.  It is important to adhere to the time schedule and soak 
periods because engines and aftertreatment devices are sensitive to operating 
temperature.   

5.6 Test Termination 
The test shall terminate at the conclusion of the test run.  However, sufficient idle time 
should be included at the end of a run, such that the analyzers are not missing 
emissions that are still in the sampling train.   
 
5.7 Air Conditioning 
Emissions from air conditioning systems is outside of the scope of this procedure.  Air 
conditioning and conventional heating systems will therefore be switched off for the 
duration of the test 

5.8 Data Recording 
The emissions from the vehicle exhaust will be ducted to a full-scale dilution tunnel 
where the gaseous emissions of carbon monoxide, oxides of nitrogen (both nitric oxide 
and nitrogen dioxide) and carbon dioxide will be analysed as an integrated bag sample.  
Emissions of hydrocarbons shall be measured on a continuous basis at a frequency of 5 
Hz or greater.  It is recommended that emissions of carbon monoxide, oxides of nitrogen 
and carbon dioxide are also measured on a continuous basis, and that these levels be 
compared to the integrated bag measurements for carbon monoxide and carbon dioxide 
as a quality assurance check.  Particulate matter will be measured gravimetrically using 
fluorocarbon-coated glass fiber filters by weighing the filters before and after testing.  
Filters will be conditioned to temperature and humidity conditions as specified by 
88/77/EEC  
 
For each constituent, a background sample using the same sampling train as used 
during the actual testing must be measured before and after the emission test, and the 
background correction must be performed as specified by 70/220/EEC.  For a 
compressed natural gas-fueled vehicle, and in cases where methane and non-methane 
hydrocarbons are species of interest, the integrated methane and non-methane content 
of hydrocarbons will also be measured, using gas chromatography analysis of 
integrated bag samples for each run.  In cases where some specialty fuels are 
examined by the test procedure, it may prove necessary to sample for additional 
species, including alcohols, aldehydes, ketones, or organic toxics if it suspected that for 
these fuels the levels of these additional species might be significantly higher than is 
normally found for diesel fuel.  It is recommended that the tunnel inlet be filtered for PM 
with a HEPA filter to aid in lowering the detection limits.   
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Fuel consumed shall typically be determined by carbon balance from the analytical 
analyzers, and the actual distance traveled by the dynamometer roll surface shall 
determine the actual distance travelled during the driving cycles.  Alternative methods 
for fuel consumption, such as direct mass measurement of the fuel tank, shall be 
considered if they are sufficiently accurate.  This would require that the mass 
measurement system have an accuracy of greater than 1% of the fuel amount 
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consumed during the test cycle.  This method would be required for vehicles consuming 
hydrogen fuel.  Mass measurement is preferred to volumetric measurement. 
. 

5.9 State of Charge 
SOC of the vehicle shall be measured continuously (at a rate of 1Hz or greater) and 
recorded throughout the entire test.  Recorded data must then be time integrated 
against the emission measurement data at the beginning and end to coincide with the 
emission measurement portion of the chassis test.  Provided the SOC is measured, time 
sequenced and integrated according to the procedures listed earlier in this document, 
only the actual beginning and ending SOC values are necessary in the final test report.  
Alternatively the SOC of the RESS may be recorded at the beginning and end of the 
test.  It is recommended that both Ah and system voltage be recorded during the test as 
outlined in the method for determining NEC. 

6. Test Validation  
The value of the mass emission rates for each species will be averaged.  There will be a 
minimum of three valid runs for each type of drive cycle.  The coefficient of variance will 
be determined for each species.  If the coefficient of variance is poor, additional runs 
should be performed until acceptable repeatability of emissions values are obtained. For 
hybrid vehicles the SOC correction is conducted first, and the R2 of the linear best fit 
must be greater than 0.8.  If a hybrid vehicle has three valid runs with less than the 1% 
NEC delta, then the data can be treated the same as a conventional vehicle.  Under 
these circumstances, the R2 of the best fit would be poor since all data points are 
essentially on the same axis (0% SOC correction).  However, there still exists the 
possibility of laboratory related failures that need quality assurance, such as the loss of 
a sampling pump or analyzer drift that may result in three 0% SOC runs with emission 
differences of greater than 5%.  Any obvious error in the data should be identified and 
removed from the dataset; however, a minimum of three successful runs should be used 
in reporting the data. 
 
At the end of each run, the total distance travelled by the vehicle over the test run will be 
noted from the dynamometer distance measurements.  Adherence of the driver to the 
test cycle target speeds will be noted, and a regression will be performed to compare 
actual speeds with target speeds on a second-by-second basis. Target speed (x) and 
actual speed (y) should be charted in 1Hz increments and a trend line inserted with a 
zero intercept.  If the resulting trend line has a slope that varies from unity by more than 
10% or an R2 of less than 0.8 the test run should be considered an invalid 
representation of that test cycle.  The lower of the actual distance travelled or the target 
cycle distance should be used for the test cycle distance value. 
 
If at any point during the test, vehicle propulsion is not possible or the driver is warned 
by the vehicle to discontinue driving because the RESS energy supply is too low, the 
test is considered invalid.  The RESS should be recharged and the testing procedure 
restarted from the beginning of the interrupted test run. 
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7. Reporting  
The final test report shall include all measured parameters including vehicle 
configuration, vehicle statistics, test cycle, measured parameters and calculated test 
results.  See Appendix 5. 
 
The following information will be included in the report: 
 
Exhaust Emissions and Fuel Economy - The exhaust emissions and fuel 
economy of the vehicle shall be measured during each test phase in which such 
measurements are required. The measurements shall be reported in grams per 
kilometre and litres per 100 kilometre, respectively. Total fuel energy shall be 
reported in MJ. 
 
Actual Distance Travelled - The actual distance that the dynamometer roll surface 
traveled shall be measured during each test phase in which such measurements are 
required. 
 
SOC Difference and NEC -  The state of charge difference of the RESS shall be 
measured during the test and reported along with the RESS NEC. 
 
Tank-to Wheel emissions - Values for TTW emissions will be presented for CO, 
HC, NOx, PM, CO2, N2O (if appropriate) and CH4 (if appropriate) 
 
Well-to-Tank GHG emissions - Values for WTT GHG emissions will be presented 
as appropriate to the fuel in-use 
 
Well-to-Wheel GHG emissions - Values for WTW GHG emissions will be presented 
as appropriate to the fuel in-use 
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Appendix 1:  Route 159 Drive Cycle 
 
MILLBROOK LONDON TRANSPORT BUS (MLTB) DRIVE-CYCLE 
 
This test cycle was specifically developed for use with buses and was derived from data logged from a 
bus in service within inner London. 
The drive cycle consists of two phases, a medium speed ‘Outer London’ phase simulating a journey 
from Brixton Station to Trafalgar Square and a low speed ‘Inner London’ phase simulating a journey 
from Trafalgar Square to the end of Oxford Street. 
 
The cycle is composed of two phases: 
 
(1) Outer London Phase, nominal distance 6.45 km, 1,380 seconds in duration 
(2) Inner London Phase, nominal distance 2.47 km, 901 seconds duration 
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General information 
The overall length of the test is 2,281 seconds and the nominal distance covered is 8.92 km.  
Test cell ambient temperature for duration of test = 18C  2C 
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Appendix 2 : Well-to-Wheel calculations 

Worked Examples from a test on a charge sustaining hybrid single 
deck bus 

 
Base Vehicle Data: 36 seated passengers, 17 standees, total 53 Passengers.  
 

Using the bag mass emissions generated from the tests carried out and using the current 
data supplied from the data logging system, it was possible to derive the NEC corrections 
required from the chassis dynamometer tests in order to interpolate the level of CO2 emitted 
from the test vehicle at zero energy change. 
 
NEC = [SOCdelta ] * Vsystem 

 

SOC = state of charge 
 

V = nominal system voltage volts 
 
From the recorded fuel consumption figures it was possible to calculate the fuel energy 
consumed across each test 

 
 
 
 
 
 
 
 
It was then possible to derive the NEC variance across each test and determine suitability of 
the test for interpolation  
 

 
 
 
 
 
 
 
 
The procedure requires that test results can be used without correction if the NEC is less 
than 1% of total energy used over the drive cycle.  If the NEC is between 1 and 5% of total 
cycle energy,  the test results can be corrected by using a linear interpolation method. 
 
Test runs 2006121, 2006123 and 2006125 were used for interpolation  
 
The chassis dynamometer results were are shown in the table below 

 
Test No. CO2 
2006121 668.8 
2006123 706.0 
2006125 659.8 

Test number Fuel consumption Fuel used over cycle Net heating energy Total fuel energy
litres/100km litres MJ/litre MJ

2006121 25.22 2.2916153 35.67485429 81.75304193
2006123 26.62 2.4005916 35.67485429 85.64075555
2006124 25.7 2.304519 35.67485429 82.21337954
2006125 24.86 2.2217382 35.67485429 79.26018656
2006126 24.5 2.19422 35.67485429 78.27847879

Test number NEC - Kw NEC - Mega joules Total cycle energy NEC variance %
(M watt-seconds)

2006121 -0.785397017 -1.791490596 83.54453252 -2.144354085
2006123 1.721049031 3.925712839 81.71504271 4.804149528
2006124 3.057532524 6.974231687 75.23914786 9.269418761
2006125 -1.670999941 -3.811550866 83.07173743 -4.588264292
2006126 -0.17428314 -0.397539843 78.67601863 -0.505287189
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By plotting the test data and interpolating the data points it is possible to determine the CO2 
levels from the vehicle at zero NEC 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CO2 Interpolation

y = 5.0689x + 681.17

R2 = 0.9976
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The bus was found to have a CO2 output when  corrected for zero NEC of 681.17 g/km. 
 
This would result in a WTW (well to wheel) CO2 level of 779.93 g/km. 
 
WTW CO2 target for a bus with a total passenger capacity of 53 passengers is 864.3 g/km 
 
Overall Well-to-Wheel is 779.9 g/km. Low Carbon Status OK 
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Appendix 3: Passenger Capacity vs. Greenhouse Gas Emissions 
(CO2 equivalent) 
 
 

Target  GHG emissions in g/km by max passenger capacity 
        

Pass g/km Pass g/km Pass g/km 
22 639.5 61 922.3 100 1205.0 
23 646.8 62 929.5 101 1212.3 
24 654.0 63 936.8 102 1219.5 
25 661.3 64 944.0 103 1226.8 
26 668.5 65 951.3 104 1234.0 
27 675.8 66 958.5 105 1241.3 
28 683.0 67 965.8 106 1248.5 
29 690.3 68 973.0 107 1255.8 
30 697.5 69 980.3 108 1263.0 
31 704.8 70 987.5 109 1270.3 
32 712.0 71 994.8 110 1277.5 
33 719.3 72 1002.0 111 1284.8 
34 726.5 73 1009.3 112 1292.0 
35 733.8 74 1016.5 113 1299.3 
36 741.0 75 1023.8 114 1306.5 
37 748.3 76 1031.0 115 1313.8 
38 755.5 77 1038.3 116 1321.0 
39 762.8 78 1045.5 117 1328.3 
40 770.0 79 1052.8 118 1335.5 
41 777.3 80 1060.0 119 1342.8 
42 784.5 81 1067.3 120 1350.0 
43 791.8 82 1074.5 121 1357.3 
44 799.0 83 1081.8 122 1364.5 
45 806.3 84 1089.0 123 1371.8 
46 813.5 85 1096.3 124 1379.0 
47 820.8 86 1103.5 125 1386.3 
48 828.0 87 1110.8 126 1393.5 
49 835.3 88 1118.0 127 1400.8 
50 842.5 89 1125.3 128 1408.0 
51 849.8 90 1132.5 129 1415.3 
52 857.0 91 1139.8 130 1422.5 
53 864.3 92 1147.0 131 1429.8 
54 871.5 93 1154.3 132 1437.0 
55 878.8 94 1161.5 133 1444.3 
56 886.0 95 1168.8 134 1451.5 
57 893.3 96 1176.0 135 1458.8 
58 900.5 97 1183.3 136 1466.0 
59 907.8 98 1190.5 137 1473.3 
60 915.0 99 1197.8 138 1480.5 
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Appendix 4: Essential Characteristics of the Vehicle powered by a 
Charge Sustaining Hybrid Electric Power Train 
 
The following information, when applicable, shall be supplied. 
 
If there are drawings, they shall be to an appropriate scale and show sufficient detail.  They 
shall be presented in A4 format or folded to that format.  In the case of microprocessor 
controlled functions, appropriate operating information shall be supplied.  
 
1. GENERAL 
1.1. Make (name of manufacturer):...............................................................  
1.2. Type and commercial description (mention any variants): .....................  
1.3. Means of identification of type, if marked on the vehicle: .......................  
1.3.1. Location of that mark:  
1.4. Name and address of manufacturer:......................................................  
1.5. Name and address of manufacturer’s authorized representative  
  where appropriate:  
 
2. GENERAL CONSTRUCTION CHARACTERISTICS OF THE VEHICLE 
2.1. Photographs and/or drawings of a representative vehicle:.....................  
2.2. Powered axles (number, position, interconnection): ..............................  
 
3. MASSES (kilograms) (refer to drawing where applicable) 
3.1. Mass of the vehicle with bodywork in running order (including coolant, 

oils, fuel, tools, spare wheel and driver): ................................................  
3.2. Technically permissible maximum laden mass as stated by the 

manufacturer:  
 
4. DESCRIPTION OF POWER TRAIN AND POWER TRAIN COMPONENTS 
4.1. Description of the hybrid electric vehicle 
4.1.1. Category of Hybrid Electric vehicle: Off Vehicle Charging/Not Off Vehicle 

charging  1/ 
4.1.2. Operating mode switch  : with/without  1/ 
4.1.2.1. Selectable modes: 
4.1.2.1.1. Pure electric  : yes/no  1/ 
4.1.2.1.2. Pure fuel consuming  : yes/no  1/ 
4.1.2.1.3. Hybrid modes : yes/no  1/ (if yes, short description) 
4.1.3. General description of Hybrid Electric power train 
4.1.3.1. Drawing of the hybrid power train system layout (engine/ motor/ 

transmission combination  1/):..........................................................................  
4.1.3.2. Description of the general hybrid power train working principle: .....................  
4.1.4. Vehicle electric range: ................................................................................ km 
4.1.5. Manufacturer’s recommendation for preconditioning: .....................................  
 
4.2. Internal combustion engine 
4.2.1. Engine manufacturer:  
4.2.2. Manufacturer’s engine code (as marked on the engine, or other means of 

identification):  
4.2.2.1. Working principle: positive-ignition/compression-ignition, four-stroke/two-

stroke  1/ 
4.2.2.2. Number, arrangement and firing order of cylinders: ...............................  
4.2.2.3. Engine capacity:  3/ ........cm3 
4.2.2.4. Maximum net power: …………. kW at ………………. min-1 
4.2.3. Fuel: petrol / unleaded petrol / diesel oil / LPG / NG  1/ 
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4.2.4. Cooling system: liquid/air  1/ 
4.2.5. Intake system: 
4.2.5.1. Pressure charger: yes/no  1/ 
4.2.5.1.1. Make(s):............................................................................................................  
4.2.5.1.2. Type(s): ............................................................................................................  
4.2.5.1.3. Description of the system (maximum charge pressure: …….. kPa, waste-

gate) 
4.2.5.2. Inter-cooler: yes/no  1/ 
4.2.5.3. Description and drawings of inlet pipes and their accessories (plenum 

chamber, heating device, additional air intakes, etc.):......................................  
4.2.5.3.1. Intake manifold description (drawings and/or photographs):............................  
4.2.5.3.2. Air filter, drawings: …………………………. , or 
4.2.5.3.2.1. Make(s):............................................................................................................  
4.2.5.3.2.2. Type(s): ............................................................................................................  
4.2.5.3.3. Intake silencer, drawings: …………………… , or 
4.2.5.3.3.1. Make(s):............................................................................................................  
4.2.5.3.3.2. Type(s): ............................................................................................................  
4.2.6. Exhaust system 
4.2.6.1. Description and drawings of the exhaust system: ............................................  
4.2.7. Lubricant used: 
4.2.7.1. Make:................................................................................................................  
4.2.7.2. Type:.................................................................................................................  
 
4.3. Measures taken against air pollution: 
4.3.1. Device for recycling crankcase gases (description and drawings): ..................  
4.3.1.2. Additional pollution control devices (if any, and if not covered by another 

heading: 
4.3.1.2.1. Catalytic converter: yes/no 1/ 
4.3.1.2.1.1. Number of catalytic converters and elements: .................................................  
4.3.1.2.1.2. Dimensions and shape of the catalytic converter(s) (volume,...):.....................  
4.3.1.2.1.3. Type of catalytic action: ....................................................................................  
4.3.1.2.1.4. Total charge of precious metal: ........................................................................  
4.3.1.2.1.5. Relative concentration: .....................................................................................  
4.3.1.2.1.6. Substrate (structure and material): ...................................................................  
4.3.1.2.1.7. Cell density: ......................................................................................................  
4.3.1.2.1.8. Type of casing for catalytic converter(s):..........................................................  
4.3.1.2.1.9. Positioning of the catalytic converter(s) (place and reference distances in the 

exhaust system): ..............................................................................................  
4.3.1.2.1.10. Regeneration systems/method of exhaust after-treatment systems, 

description: 
4.3.1.2.1.10.1. The number of MLTB operating cycles, or equivalent engine test bench 

cycles, between two cycles where regenerative phases occur under the 
conditions equivalent to MLTB test. .................................................................   

4.3.1.2.1.10.2.  Description of method employed to determine the number of cycles between 
two cycles where regenerative phases occur:..................................................  

4.3.1.2.1.10.3.  Parameters to determine the level of loading required before regeneration 
occurs (i.e. temperature, pressure etc.):...........................................................  

4.3.1.2.1.10.4.  Description of method used to load system during the test: ............................  
4.3.1.2.1.11.     Oxygen sensor: yes/no 1/ 
4.3.1.2.1.11.1   Type: ................................................................................................................  
4.3.1.2.1.11.2.  Location of oxygen sensor: ...............................................................................  
4.3.1.2.1.11.3   Control range of oxygen sensor: ......................................................................  
4.3.1.2.2. Air injection: yes/no 1/ 
4.3.1.2.2.1. Type (pulse air, air pump,...): ...........................................................................  
4.3.1.2.3. Exhaust gas recirculation (EGR): yes/no 1/ 
4.3.1.2.3.1. Characteristics (flow,...): ...................................................................................  
4.3.1.2.4. Evaporative emission control system: yes/no 1/  
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 Drawing of the evaporative control system: .....................................................  
 Drawing of the carbon canister: .......................................................................  
 Drawing of the fuel tank with indication of capacity and material: ...................  
4.3.1.2.5. Particulate trap: yes/no 1/ 
4.3.1.2.5.1. Dimensions and shape of the particulate trap (capacity):.................................  
4.3.1.2.5.2. Type of particulate trap and design: .................................................................  
4.3.1.2.5.3. Location of the particulate trap (reference distances in the exhaust system):..  
4.3.1.2.5.4. Regeneration system/method. Description and drawing: .................................  
4.3.1.2.5.4.1. The number of MLTB operating cycles, or equivalent engine test bench 

cycle, between two cycles where regeneration phases occur under the 
conditions equivalent to MLTB test:..................................................................  

4.3.1.2.5.4.2. Description of method employed to determine the number of cycles between 
two cycles where regenerative phases occur:..................................................  

4.3.1.2.5.4.3. Parameters to determine the level of loading required before regeneration 
occurs (i.e. temperature, pressure, etc.):..........................................................  

4.3.1.2.5.4.4. Description of method used to load system during the test:.............................  

4.4. TRACTION BATTERY / ENERGY STORAGE DEVICE 

4.4.1. Description of the energy storage device: (battery, capacitor, 
 flywheel/generator…) 
4.4.1.1. Make: ...............................................................................................................  
4.4.1.2. Type: ................................................................................................................  
4.4.1.3. Identification number: ......................................................................................  
4.4.1.4. Kind of electrochemical couple: .......................................................................  
4.4.1.5. Energy: .......... (for battery: voltage and capacity Ah in 2 h, for capacitor: J,...) 
4.4.1.6. Charger: on board/ external/ without  1/ 
 
4.5. Electric machines (describe each type of electric machine separately) 
4.5.1. Make: ...............................................................................................................  
4.5.2. Type: ................................................................................................................  
4.5.3. Primary use: traction motor / generator  1/ 
4.5.3.1. When used as traction motor: monomotor/ multimotors  1/ (number): .............  
4.5.4. Maximum power: ........................................................................................ kW 
4.5.5. Working principle: 
4.5.5.1. Direct current/ alternating current /number of phases  1/: ................................  
4.5.5.2. separate excitation / series / compound  1/ 
4.5.5.3. synchronous / asynchronous  1/ 
 
4.6. Power train control unit 
4.6.1. Make: ...............................................................................................................  
4.6.2. Type: ................................................................................................................  
4.6.3. Identification number: ......................................................................................  
4.6.4 Software release level: ....................................................................................  
 
4.7. Power controller 
4.7.1. Make: ...............................................................................................................  
4.7.2. Type: ................................................................................................................  
4.7.3. Identification number: ......................................................................................  
4.7.4 Software release level: ....................................................................................  
 

4.8. Transmission 
4.8.1. Clutch (type): ....................................................................................................  
4.8.1.1. Maximum torque conversion: ...........................................................................  
4.8.2. Gearbox: 
4.8.2.1. Type:.................................................................................................................  
4.8.2.2. Location relative to the engine:.........................................................................  
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4.8.2.3. Method of control:.............................................................................................  
 
4.8.3. Gear ratios 

 Gearbox 
ratios 

Final drive ratios Total ratios 

Maximum for CVT (*)       
1       
2       
3       
4, 5, others       
Minimum for CVT (*)       
Reverse       

 (*) CVT - Continuously variable transmission 
 

5. SUSPENSION 
5.1. Tyres and wheels 
5.1.1. Tyre/wheel combination(s) (for tyres indicate size designation, minimum 

load-capacity index, minimum speed category symbol; for wheels, indicate 
rim size(s) and off-set(s): 

5.1.1.1. Axles 
5.1.1.1.1. Axle 1:...............................................................................................................  
5.1.1.1.2. Axle 2:...............................................................................................................  
5.1.1.1.3. Axle 3:...............................................................................................................  
5.1.1.1.4. Axle 4: etc.........................................................................................................  
 
5.1.2. Upper and lower limit of rolling circumference: 
5.1.2.1. Axles 
5.1.2.1.1. Axle 1:...............................................................................................................  
5.1.2.1.2. Axle 2:...............................................................................................................  
5.1.2.1.3. Axle 3:...............................................................................................................  
5.1.2.1.4. Axle 4: etc.........................................................................................................  
 
5.1.3. Tyre pressure(s) as recommended by the manufacturer: ......................... kPa 
 

6. BODYWORK 

6.1. Seats: 
6.1.1. Number of seats: 
 
7. INERTIA MASS 
7.1. Equivalent inertia mass of complete front axle: ................................................  
7.2. Equivalent inertia mass of complete rear axle:.................................................  
 

_____________ 
 
 
1/ Strike out what does not apply. 
2/ This value must be rounded to the nearest tenth of a millimetre. 
3/ This value must be calculated with π = 3.1416 and rounded to the nearest cm3. 
4/ Specify the tolerance. 
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Appendix 5:  Test Report and Approval 
 
[Vehicle description and serial number] was submitted for accreditation as a Low 
Carbon Bus on [date/month/year] by [supplier name and address] 
 
The vehicle was tested to Low Carbon Bus test protocol Annex A2: Test Procedure 
for Measuring Fuel Economy and Emissions of Low Carbon Buses powered by 
Charge Sustaining Hybrid Powertrains at [technical service carrying out test]  
 
The bus was inspected by [name of inspector] of [name of accreditation organization]  
 
The Essential Characteristics of the Vehicle are recorded in Appendix 4 of this 
document. 
 
The test was witnessed by [name of inspector] of [name of accreditation 
organization]  
 
Emissions results 
 

Test  
Number 

CO 
(g/km) 

HC 
(g/km) 

NOx 
(g/km) 

PM 
(g/km) 

CO2 

(g/km) 
CH4* 
(g/km) 

N2O* 
(g/km) 

        
        

        

        
        

 
(*) as appropriate 
 
Fuel energy consumed over tests 

 

Test 
Number 

Fuel consumption 
litres/100km 

Fuel used over cycle 
 litres 

Net heating energy 
MJ/litre 

Total fuel 
energy MJ 

     
     
     

     

     

Net Energy Change over tests 

 

Test 
Number 

NEC - kW NEC – Mega joules 
(M watt-seconds) 

Total cycle energy NEC 
variance % 
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Interpolated emissions results at zero SOC (graphical representation to be 
attached)  
 
 

CO 
(g/km) 

HC 
(g/km) 

NOx 
(g/km) 

PM 
(g/km) 

CO2 

(g/km) 
CH4* 
(g/km) 

N2O* 
(g/km) 

Energy 
consumption (MJ) 

        

 
 
 
Total Tank-to-Wheel GHG – CO2 equivalence 
 

 
CO2 

(g/km) 
CH4 

(g/km ×21) 
N2O 

(g/km ×310) 
Total TTW GHG (g/km) 

 
    

 
 
 
 

 
 
Well-to- Wheel calculations 
 
 
Total Tank-to-Wheel GHG (g/km)  

 
Energy consumption (MJ)  

 
Fuel type  

 
Fuel Well-to-Tank pathway value (g/MJ)  

Fuel Well-to-Tank GHG total over test (g) 
 

 

Fuel Well-to-Tank GHG (g/km) 
 

 

Total Well-to-Wheel GHG  (g/km) 
 

 

Target WTW for [passenger capacity of 
bus] (g/km) 

 

Approved as Low Carbon Bus 
 

Yes/No 

 
 
Approval 
 
Low Carbon Vehicle Partnership approves the following vehicle(s) as a Low Carbon 
Bus for [number of passengers] and above 
 
Manufacturer 
Vehicle Type 
 
Limitations 
 
All vehicle characteristics to be as defined in Appendix 4 of this document 
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