	A.
	STATEMENT OF TECHNICAL RATIONALE AND JUSTIFICATION

	A.1.
	Introduction
The industry producing two-, three and four-wheeled light motor vehicles is a global one, with companies selling their products in many different countries. The Contracting Parties to the 1998 Agreement have all determined that work should be undertaken to address emissions from two-wheeled light motor vehicles as a way to help improve air quality internationally.
This GTR covers three main environmental verification test type to verify and validate the environmental performance of a wide range of light motor vehicle types with two-wheels. 
The aim of this Global Technical Regulation (GTR) is to provide measures to strengthen the world-harmonisation of light motor vehicle approval and certification legislation, in order to improve the cost effectiveness of environmental performance testing, remove trade barriers, reduce the overall complexity of global legislation, remove potential areas of conflict or opposing requirements and improve the air quality.
The first step in this process in 2004 was to establish the certification procedure for motorcycle exhaust emissions in a harmonised UN GTR No 2. The GTR No 2 Revision 1 extends the scope to all two-wheeled vehicles, updates the testing methodology for technical progress and sets out requirements to measure the energy efficiency of different types of propulsion units fitted to two-wheeled light motor vehicles. The test procedures were developed so that they would be:
1. representative of world-wide on-road vehicle operation;
1. able to provide an internationally harmonised set of environmental tests to ensure efficient and practicable controls of on-road emissions over the normal life of a vehicle;
1. corresponding to state-of-the-art testing, sampling and measurement technology in the area of environmental performance testing of light motor vehicles;
1. applicable in practice to existing and foreseeable future exhaust emissions abatement technologies;
1. applicable in practice to existing and foreseeable future powertrain technologies;
1. capable of providing a reliable ranking of exhaust emission levels from different engine types;
1. inclusive of adequate test cycle-bypass prevention provisions.
The technical and economic feasibility of the measures contained within this GTR have been considered and are discussed further in Section A.5.

	
	This GTR covers three test types related to tailpipe emissions:
1. Test Type I: Tailpipe emissions after cold start
To monitor the gaseous pollutant emissions a vehicle produces when in general use, test type I defines a test procedure to take a vehicle from cold and performing a chassis dynamometer driving cycle which has been designed as far as is practicable, to represent driving of that vehicle type, while taking into consideration the requirements of test repeatability and reproducibility.
1. Test Type II: Tailpipe emissions at idle (PI engine) and free acceleration test (CI engine)
To test the idle and high idle emissions referred to in road worthiness testing, test type II defines a test procedure at two idle engine speeds for vehicles equipped with PI engines to measure the emissions of CO and HC and a test procedure at free acceleration for vehicles equipped with CI engines to measure opacity as a simplified verification method to verify particulate matter emissions for CI vehicles.
1. Test Type VII: Energy efficiency, i.e. CO2 emissions and fuel consumption
To provide information required by consumers to judge the energy efficiency and running costs and practicality of a vehicle, test type VII measures for publication and inclusion in vehicle literature, the energy efficiency with respect to CO2 emissions and fuel consumption.

	
	The base GTR No 2 builds on the work of the WMTC Informal Working Group (IWG), its deliberations and conclusions, provided in the group's Technical Report (ECE/TRANS/180/Add.2/Appendix 1)[footnoteRef:1] which produced its last amendment on the base GTR in 2011. Amendment 4 to UN GTR No. 2 is based on the work of the Informal Working Group on Environmental and Propulsion unit Performance Requirements of light motor vehicles (EPPR), from now on referred to as L-EPPR informal working group, which held its first meeting during the 65th GRPE in January 2013 sponsored by the European Commission (EC).  [1: 	http://www.unece.org/fileadmin/DAM/trans/main/wp29/wp29wgs/wp29gen/wp29registry/ECE-TRANS-180a2app1e.pdf] 


	A.2.
	Procedural background

	
	The original work on the base GTR No. 2 started in May 2000 with the establishment of the WMTC Informal Working Group. At the UNECE working party on pollution and energy (GRPE) 45th session in January 2003, a formal proposal by Germany for the establishment of a GTR was approved for presentation to the Executive Committee for the 1998 Agreement (AC.3). At its session on 13 November 2003, the proposal from Germany was also approved as a GTR project by AC.3.
The base GTR No. 2 was approved by AC.3 in June 2005. Amendment 1 to the base GTR No. 2 was approved by AC.3 in November 2007. The draft text of Amendment 2 to GTR No. 2 on the introduction of performance requirements (limit values for pollutant emissions for vehicles fitted with gasoline engines) was approved by GRPE in January 2011, subject to final decisions concerning the format of the text by AC.3.
At its April 2006 meeting held in Pune (India), the informal working group WMTC/FEG agreed to prepare new test cycle proposals and a new vehicle classification for draft amendments to the GTR in order to suit low-powered vehicles, such as commonly used in India and China.
A small WMTC Task Force, coordinated by the International Motorcycle Manufacturers Association (IMMA), was set up to prepare a proposal on the test cycle(s) and any new classification that might be necessary to achieve this objective. The Task Force was attended by India, Italy, Japan, Germany, the EC and IMMA. Task Force meetings were held in August and October 2006.
At its November 2006 meeting held in Ann Arbor (United States of America), WMTC/FEG agreed to a modified version of one of the WMTC Task Force proposals and forwarded it to WMTC Informal Group in January 2007 where it was approved for submission to GRPE.
The intention of setting up the group was put forward by the EU and announced during the 63rd and 64th meetings of the GRPE in January and June 2012 and in the 157th session of the WP.29 in June 2012.
With the mandate (informal document: WP.29-158-15) accepted at the 158th session of the WP.29 (13-16th November 2012) to establish the environmental and propulsion unit performance requirements for light motor vehicles (L-EPPR) informal working group under the GRPE. At the GRPE 79th session in 2019, a formal proposal drafted by the L-EPPR informal working group for Amendment 4 of this GTR was tabled for adoption by the Executive Committee for the 1998 Agreement (AC.3).
On-going developments of test types and procedures and global discussion on harmonisation have resulted in the technical requirements contained within this GTR. The final text of the GTR is presented below, in Part B of this document.

	A.3.
	Existing regulations, directives and international voluntary standards

	A.3.1.
	Technical references in the original development of this GTR No 2 and related UN GTRs in the area of environmental performance requirements
For the original development of this GTR No 2 and related UN GTRs in the area of environmental performance requirements,, the following regulations contained relevant applications of exhaust emissions requirements for light motor vehicles which were available for technical reference:
1. UN Regulation No. 40, 01 series of amendments:
Uniform provisions concerning the approval of motorcycles equipped with a positive-ignition engine with regard to the emission of gaseous pollutants by the engine
1. EU:
Regulation (EU) No 168/2013[footnoteRef:2] was adopted in the course of 2013 as well as the delegated act on environmental and propulsion unit performance requirements Regulation (EU) No 134/2014 (REPPR)[footnoteRef:3] in the beginning of 2014 setting out technical provisions and environmental performance test procedures. Both regulations has been amended by Regulation (EU) 2019/129 and by Regulations (EU) 2016/1824 and 2018/295 respectively. [2:  	Regulation (EU) No 168/2013 of the European Parliament and of the Council of 15 January 2013
on the approval and market surveillance of two- or three-wheel vehicles and quadricycles (OJ L60, 2.3.2013, p. 52)]  [3:  	Commission Delegated Regulation (EU) No 134/2014 of 16 December 2013 supplementing Regulation (EU) No 168/2013 of the European Parliament and of the Council with regard to environmental and propulsion unit performance requirements and amending Annex V thereof (OJ L53, 21.2.2014, p. 1)] 

1. Indian Regulation:
MoSRT&H/ CMVR/ TAP-115/116, Central Motor Vehicle Rule No. 115 and AIS 137 Part 1
1. Japanese Regulation:
· Road vehicle Act, Article 41 "Systems and Devices of Motor Vehicles";
· Safety Regulations for Road Vehicles, Article 31 "Emission Control Devices";
1. United States of America Regulations:
· US-FTP Subpart F, Emission Regulations for 1978 and Later New Motorcycles
· ISO standards:
· ISO 11486 (Motorcycles - Chassis dynamometer setting method);
· ISO 6460 (gas sampling and fuel consumption);
· ISO 4106 (Motorcycles -- Engine test code -- Net power);
Most of these regulations had been in existence for many years and the methods of measurement varied significantly. The technical experts were familiar with these requirements and discussed them in their working sessions. The L-EPPR Informal Working Group therefore considered that to be able to determine a light motor vehicle’s real impact on the environment, in terms of its exhaust pollutant emissions and energy efficiency, the test procedure and consequently the GTR No 2 needs to represent modern, real-world vehicle operation.

	A.3.2.
	Technical references in developing this Amendment 4 to UN GTR No. 2

For the development of Amendment 4 to UN GTR No. 2, the following legislation and technical standards contained relevant applications of requirements for light motor vehicles or transferable provisions for passenger cars:
Test type I:
1. UN (1998 agreement, light-duty and heavy-duty vehicles): WLTP (UN GTR 15), UN S.R.1;
1. UN (1958 agreement, light motor vehicles): UN Regulation 40, UN Regulation 47 and UN R.E.3;
1. UN (1958 agreement, M/N-category vehicles): UN Regulation 83;
1. EU: Regulation (EU) No 168/2013;
1. Regulation (EU) No 134/2014 (REPPR) (EU delegated act on Environmental and Propulsion unit Performance supplementing Regulation (EU) No 168/2013).
Test type II:
1. UN (1958 agreement, light motor vehicles): UN Regulation 40, UN Regulation 47;
1. UN (1958 agreement, light-duty vehicles): UN Regulation 83;
1. EU: Regulation (EU) No 168/2013;
1. CITA (International Motor Vehicle Inspection Committee)
Test type VII:
1. UN (1958 agreement, light-duty vehicles): UN Regulation 101, UN Regulation 83;
1. EU: Regulation (EU) No 168/2013 and Regulation (EU) No 134/2014 (REPPR).

	A.3.3.
	Methodology for deriving harmonised test procedures for this amendment of UN GTR 2
The European Commission launched an L-EPPR study in January 2012 with the objective to develop proposals to revise and update GTR No 2 for technical progress and to develop proposals for harmonised EPPR legislation not yet covered at the international level for two-and three-wheeled light motor vehicles, e.g. crankcase and evaporative emission test requirements, energy efficiency, durability of pollution control devices, on-board diagnostic requirements, propulsion unit performance requirements, etc. The output of this comprehensive study was submitted for the assessment and approval of the L-EPPR group.
The methodology used in this study to develop the test procedures contained within the GTR involved an iterative process of review. The process was initially based on an assessment of existing literature and new evidence, which was gathered from a wide range of pertinent stakeholders, to provide more insight with regards to the future requirements of the GTR.
The first phase comprised a stocktake of appropriate literature, international legislation and proposals. The aim was to ensure that all current and proposed test types and the specific requirements of different regions were captured.
The second phase of the evidence gathering consisted of a stakeholder consultation. An important part of this was a questionnaire, which asked stakeholders to provide information and at times their views on current practices in different regions and the way forward. 
The third phase, involved the derivation of the test types contained within the UN GTR, and consisted of a technical evaluation of the information collected in phases one and two. Specifically, each test type was assessed and the following aspects considered:
1. common international practices (existing harmonised practices);
1. significant differences with respect to testing methods and procedures;
1. the global technical feasibility;
1. the likely cost and economic impact;
1. the likely acceptability for all Contracting Parties;
1. the effectiveness of each proposal at improving vehicle emission performance;
1. the suitability of the testing procedures with regard to current and future powertrains and technologies.
The order of the aspects presented above does not represent any ranking, the priority was dependent on each of the specific areas analysed during the development of the GTR. Where multiple options were left after the assessment of the factors listed above, further iterative evaluation was undertaken by the Informal Working Group.
The fourth and final stage of the study involved a review of the proposed harmonised test procedures by the EC, and following further discussion this feedback was incorporated and a final set of iterations undertaken, which form the technical content of the EC’s proposals to revise and supplement UN GTR No 2 and which were made available as working documents to be discussed and agreed by the L-EPPR informal working group.
The outcome of this work was, among others, the development of a new proposal to amend UN GTR No 2 based on the consolidation of existing global legislation and up-to-date technical provisions.

	A.4.
	Discussion of the issues addressed by the GTR
Amendment 4 to UN GTR No. 2 brings together the tailpipe pollutant and CO2 emissions related test types I, II and VII. This latter mentioned test type VII verifies the energy efficiency of the light motor vehicle in terms of setting out a test procedure required to determine the CO2 emissions and fuel consumption of vehicles equipped with a combustion engine.
The process used to develop this UN GTR was based on reaching consensus in order to allow this UN GTR to fulfil the requirements of different regions of the world.  
The durability requirements (test type V) were outside the scope of the informal group's mandate within the development of the Amendment 4 to UN GTR No. 2. However, Contracting Parties were expressly permitted within this section to specify durability requirements and/or useful life provisions in their national or regional legislation in relation to the emission limits set out in this UN GTR. A dedicated GTR will introduce a harmonised test procedure for the durability of pollution control devices of light motor vehicles (test type V) and will refers to Amendment 4 to UN GTR No. 2 to verify the tailpipe emissions during and after completion of distance accumulation.
In the development of Amendment 4 to UN GTR No. 2, specific technical issues were raised, discussed, and resolved, which are examined in the Technical Report. The IWG after long discussions took the decision that the basic text to work with was the Regulation (EU) 168/2013, recently amended by Regulation (EU) 2019/129 (Euro 5 emission test provisions/technical requirements) and Regulation (EU) 134/2014, as amended by Regulations (EU) 2016/1824 and 2018/295.
In what follows a summary of the main resolutions agreed by the IWG are indicated.

	A.4.1.
	Purpose.
This Regulation provides a worldwide-harmonized measurement method for the determination of the levels of gaseous and particulate pollutant emissions at the tailpipe, the emissions of carbon dioxide and the energy efficiency in terms of fuel consumption of two-wheeled motor vehicles that are representative for real world vehicle operation.
No fuel consumption analysis has been performed by the IWG.

	A.4.2.
	Applicability.
The Informal Working Group followed the agreed terms of reference and prepared Amendment 4 to UN GTR No. 2 for all two-wheeled vehicles under the 1998 Agreement. The IWG will, in due time prepare an equivalent UN Regulation for light motor vehicles in its scope under the 1958 Agreement.

	A.4.3.
	Fuels considered.
[bookmark: _GoBack]Only petrol and diesel were considered. India proposed to add alternate fuel to the scope of this UN GTR in order to support their national plans to fully implement any GTR developed under the UNECE umbrella. Nonetheless many Contracting Parties were of the opinion that alternate fuel is not used for 2-wheelers in large scale, adding alternate fuels to the scope of this GTR will increase the work load considering the timeline for formulation of GTR. However, addition of alternate fuel shall be taken up in further revision within the scope of this GTR.

	A.4.4.
	Definitions.
The definitions used in this GTR are taken from the draft common definitions incorporated in S.R.1 as well as from the work of the UN VPSD group operating under GRPE with the goal to harmonise high level powertrain definitions and from other international and regional legislation, as listed in Section A.3.

	A.4.5.
	[bookmark: _Toc4620963][bookmark: _Toc4677557]Vehicle category.
Only two-wheeled vehicles, are considered in the scope. Twinned wheel vehicles considered as 2-wheelers are also in the scope, however BEV, HEV and H2 are not in scope at the moment. Priority was given for two wheeled vehicles, although some of the CPs, like India, have regional cycle. Hence it was decided to address three wheeled vehicles at a later stage. In the same line, both India and Japan were having concerns for implementing Class 0 vehicle in domestic regulation due to different max speed. Hence it was decided to leave the details of class 0 vehicles as Contracting Party option.

	A.4.6.
	Performance Requirements
Due to the disparity of level of stringencies present in different regions of the world, it was decided to define performance requirements at two levels: Principal performance requirements (or the most stringent ones for two-wheeled motorcycles) equivalent to the emission limits of Regulation (EU) 168/2013 (i.e. EUR 5 levels) and Alternative performance requirements (or less stringent) and corresponding to performances already in application in some Contracting Parties. This approach encourages the CPs to point towards the most stringent performance is short time without jeopardising their present regulatory framework.

	A.4.7.
	Particle Number (PN) Limit.
Although the topic was discussed by the IWG, considering that the base text is Regulation (EU) 2019/129 (Euro 5 emission test provisions/technical requirements), PN was finally not considered. However, some figures in the text (e.g. figures in paragraph 3.4.3 - exhaust gas measurement system) relates to PN measurements. Such additional features were left for information only (e.g. when imported from standards already encompassing them) but they should be used in the future, after inclusion of PN in the UN GTR.

	A.4.8.
	[bookmark: _Toc4677561]Reference fuel.
The principal performance requirements of this UN GTR are based on the use of the reference fuel. The use of this standardised reference fuel for determining compliance with the Principal emission limits (norms) is considered as an ideal condition for ensuring the reproducibility of regulatory emission testing, and Contracting Parties are encouraged to use such fuel in their compliance testing. However, the alternative performance requirements are applicable with the corresponding reference fuels (see points A.4.7.1. and A.4.7.2.)

	A.4.8.1.
	For the Principal norms and for Type I test, the reference fuel shall be either E0 or E5 for gasoline vehicles. For alternate norms, regional reference fuels available in contracting parties can be used for Type I test. This decision was taken because according to the data presented by Japan (EPPR-21-Japan proposal GTR2 B2 (E0 Fuel)_171011.pptx[footnoteRef:4]), E0 and E5 can be considered equivalent for the tailpipe emissions, even if it is not the case for the power determination. [4:  https://wiki.unece.org/download/attachments/51972522/EPPR-21-08%20Japan%20proposal%20GTR2%20B2%20%28E0%20Fuel%29_171011.pptx?api=v2
] 


	A.4.8.2.
	For Alternate norms, regional reference fuels available with contracting parties can be used for Type I test (Alt A = India BS IV, Alt B = Euro 4
Alt C = Euro 3)

	A.4.9.
	Temperature conversion.
After deliberation in EPPR-IWG and exchange with GRPE Chair and IWG during 75th GRPE session, it was finally agreed that, wherever temperature conversion is required from degrees C to K, the following conversion factor shall be used:
0oC= 273.15 K

	A.4.10.
	Use of Super-charger (definition).
Following an exchange via email between the EPPR Sec. and the WLTP Coordinator, it was agreed not to use only the term “Supercharger” but to define “Forced Induction System”, as umbrella definition, adding the relevant sub-definitions for "Super-charger" and “Turbocharger”

	A.4.11.
	Open/Closed system.
In the EPPR-22 IWG meeting India raised concerns that an open system might create further dilution of the exhaust flow. IMMA provided data showing that the leakage effect is small enough to be able to be considered negligible in an open system. Therefore, in order to minimise the risk to create extra dilution and reach consensus, the IWG agreed to leave both open (CFV Type CVS system) and closed system in UN GTR2, with indication that it is up to the Approval Authority to whether accept or not the open type CVS system for the test, based on data and demonstration by the manufacturer that the leakage can be considered negligible.

	A.4.12.
	Extraordinary Characteristics.
It was agreed to keep the note on Extraordinary Characteristics, because in the EU Regulation is applicable for special vehicles.

	A.4.13.
	Test room humidity.
A long and difficult discussion took place on whether it was the need to define the humidity range within which a test can be considered valid. It is known the importance of considering the humidity of either the air in the test cell or the intake air of the engine for the correct calculation of the final NOx emission factors. UN Regulation 83 indicates that the humidity in the test cell has to be within 5.5 ≤ Ha ≤ 12.2 (g H2O/kg dry air) for the test to be considered valid. IMMA argued that this imposed on some manufacturer an excess burden as in many regions that range of humidity was not easily achievable without having a conditioned test cell with the corresponding cost. It was noted that the correction factors originated from empirical data of the seventies, on engines without any after-treatment system. The regression analysis included empirical data from 2.85 to 17.2 g H2O/kg dry air. It should thus be investigated whether these correction factors were still valid nowadays for engines having after-treatment technology. Finally, an agreement by the Contracting Parties was reached by not declaring a test void if performed outside the above range but it requests to apply appropriate correction factors. Further investigation on the validity of the correction factors is encourage by the CP in order to extend this humidity range also for 2-wheelers. The final test in the UN GTR 2 reflects these agreements by the following text: “The absolute humidity (Ha) of either the air in the test cell or the intake air of the engine shall be measured, recorded and correction factors for NOx shall be applied.”

	A.4.14.
	HC applicable correction factors.
The IWG decided not to add any HC correction factors to the formula for calculating the corrected concentration of Hydrocarbon in the type II idle test, since ISO has not defined any applicable formula about this matter and no CPs could find HC factors, despite all the efforts made.

	A.4.15.
	CO2 tolerance (Test type VII, energy efficiency).
On the topic of how large the difference between the CO2 declared by the manufacturer and that measured by the technical service could be in order to keep the one declared by the manufacturer (+4%) discrepancy appeared. While the European Commission proposed to keep the values given in the European Regulation; i.e. +4%, because it is not a tolerance in the measurements, but a given excess for the declaration, India was of the opinion that the difference needs to be based on real data, reflecting values from specific vehicle categories largely used in India (Class 1, 2 and 3). India would have preferred policy aligned with real-world data. The final consensus was to retain the values given in the European regulation (i.e. 4%)

	A.4.16.
	Reference mass, mref.
The IWG revised the different equations where either mref (reference mass of the vehicle) and mk (unladen mass of the vehicle) appears. It was decided to use mref rather than mk + 75 kg when appropriate-

	A.5.
	Regulatory impact and economic effectiveness

	A.5.1.
	Anticipated benefits
Increasingly two-wheeled light motor vehicles are being prepared for the world market. To the extent that manufacturers are preparing substantially different models in order to meet different emission regulations and methods of measuring CO2 emission and fuel consumption, testing costs and other production values are increased. It would be more economically efficient to have manufacturers using a similar test procedure worldwide wherever possible to prove satisfactory environmental performance before placing a product on the market. It is anticipated that the test procedures in this GTR will provide a common test programme for manufacturers to use in countries worldwide and thus reduce the amount of resources utilised to test light motor vehicles. These savings will accrue not only to the manufacturers, but more importantly, to the consumers and the authorities as well. However, developing a test programme just to address the economic question does not completely address the mandate given when work on this GTR was first started. The test programme also improves the state of testing light motor vehicles, reflects better how light motor vehicles are used today and covers recent and near-future powertrain technologies, fuels and emission abatement technologies.

	A.5.2.
	Potential cost effectiveness
At the time of writing this amendment to this UN GTR 2, the data is not available to undertake a full impact assessment of the test types contained within. This is in part because not all limit values have been set out and it is undecided to what level the proposed upgrade of test procedures will be accepted by Contracting Parties. Specific cost effectiveness values can be quite different, depending on the national or regional environmental needs and market situation. While there are no calculated values here, the belief of the technical group is that there are clear and significant benefits comparing to justifiable, anticipated cost increases associated with this GTR. Finally, this UN GTR provides the Contracting Parties applying the test procedures with the capability to test according to a dynamic, real-world emission laboratory test-cycle which much better reflects the actual environmental performance of light motor vehicles including pollutant emissions and energy efficiency measurement results. This in turn will allow for narrowing down the gap between claimed and actual, real-world environmental performance experienced by citizens.



