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Trend Of Real World Emissions Regulation

Leslie Hill
HORIBA, Ltd.

1. Introduction

One of the hottest topics in the field of vehicle / engine exhaust emissions at the present time is that of “Real World” emissions measurement
and the legislation that requires it. Whilst this topic is considered to be new, its roots actually go back more than fifteen years and so its
introduction has actually been quite gradual. However, now that the necessary portable emissions measurement technology, test procedures
and the various result calculations / reporting have been confirmed, the applications and uses for “real world emissions” in legislation are
expanding rapidly. This review looks at the development of Real World Emissions Regulations and looks forward to future potential uses.

2. On-Road Emissions Measurement for Heavy Duty Diesel Vehicles: 1998 Consent Decree: EPA versus Heavy Duty Truck Engine
Manufacturers

As a result of legal action [1] between the USA Environmental Protection Agency (EPA) and several HD engine manufacturers related to their
real world NOx emissions being considerably above the statutory levels measured when their engines were tested in a laboratory, the EPA
mandated that further tests, additional to the FTP transient cycle, were required for certification. The first was a Supplemental Emissions Test
(SET) which is a series of measurements made at steady engine speed and load settings selected by EPA, designed to simulate truck
operation on a freeway. The second was a Not-To-Exceed (NTE) test, designed as a “Field Test”, to confirm that the emissions of the vehicle
operating within the NTE specified control area of engine speed and load (figure 1) and under real road / driving conditions, does not exceed
the applicable FTP limits, after the allowance of a tolerance factor.
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Figure1 NTE Zone (data from [2])

The “in use” measurement of NOy, NMHC, CO, CO, for on-road trucks and buses was started in 2007 and the measurement of PM mass
followed in 2011. It is expected that the measurement of the same exhaust components will be legislated for vehicles in the Non-Road Mobile
Machinery (NRMM) category in 2017 with testing to commence a year or two years later.

USA legislation initiated the movement towards confirming the “in service” emissions using vehicles operated on the road. Real world
emissions measurement was quickly taken up by emissions legislators in Europe as part of the drive to reduce atmospheric pollution,
especially NO,, due to heavy duty trucks and buses.
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3. Europe: In Service Conformity for Heavy Duty On-Road Vehicles and Non-Road Mohile Machinery

The EU Commission DG-ENTR (now known as DG-GROWTH) initiated the discussion on “In Service Canformity” of HD on-road trucks and
buses following the USA in 2003. The working group formed was comprised of the EU Commission, personnel from the EU Joint Research
Centre (JRC - the EU Commission’s In-House Science Service) and representatives from Technical Authorities, ACEA (Association Europeans
des Constructeurs d’Automobiles) and the Portable Emission Measurement System (PEMS) manufacturers.

The legislative requirement for In Service Conformity was defined in EU Directives issued in 2005 and 2007 [4] with the purpose of applying
PEMS to HD vehicles “in order to better control in-use emissions including Off-Cycle Emissions and to facilitate the in service conformity
process”.

A PEMS Pilot Programme organised by JRC quickly confirmed that the USA NTE process could not be generally applied for European road
conditions. Under the NTE rules, the engine had to be within the NTE zone shown in figure 1 for a period not less than 30 seconds in order for a
emissions measurement to be valid.

JRC showed several examples of heavy duty vehicle on-road tests that confirmed that the NTE criteria would result in road tests for which
very little of the data would be valid (figure 2).

As an alternative to the USA NTE, the JRC developed the Moving Average Window method that is more appropriate for European roads and
traffic (figure 3).

Figure 2 An example of heavy duty vehicle on-road test [3]
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Figure 3  Work based method (data from [4])
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For the Moving Average Window method defined in the Commission Regulation (EU) 582/2011, all of the exhaust mass emissions are used
but averaged over windows of work equivalent to that generated over the WHTC cycle that is specified for the EURO VI type approval test.
Emissions measurements recorded before the engine coolant has reached 70 deg C or before it has been operating for 20 minutes (whichever
is first) are not used in the Moving Average Windows. In order to be used in the final calculation, each window must be valid in terms of the

minimum work rate and the reported emissions are limited to the 90" percentile value.

In a more recent EU Directive (64/2012), the EU Commission required that HD vehicles must meet the specified emissions limits when
tested using PEMS in order to be type approved, as opposed to demonstrating that the vehicles conform in service after type approval as
originally defined in the Commission Regulation (EU) No 582/2011. This applied to all newly homologated EURO VI engines from 2014
onwards for THC, CO, NOx and CO,, NMHC and CH, are required for engines operating on methane fuel.

As part of the Commission Regulation (EU) 582/2011, the legislation specified that any additional requirements with respect to off-cycle
in-use vehicle testing shall be introduced after the assessment of the PEMS procedures set out in Annex Il. The assessment shall be finalised
by 31 December 2014".

As part of this assessment [5], the EU Commission has proposed a number of possible changes to the calculations and reporting of the
exhaust emissions data, primarily to increase the amount of valid data generated by the on-road test and also to more closely define the criteria
for an acceptable road trip. Discussions on these proposals continue with the Industry.

Finally, JRC has completed its specifications for the equipment to be used for the measurement of PM mass from on-road heavy duty
vehicles and the applicable test procedures and calculations [6]. These are being finally discussed in 2015 and will be introduced in due

course, probably from 2016.

Following the introduction of the PEMS method for In Service Conformity for on-road heavy duty vehicles, its application for the engines used
for NRMM vehicles was piloted, primarily for agricultural and construction uses.

The basic use of the PEMS and the required components remains the same. The main issues are largely practical given the more restricted
space available in many of the NRMM vehicles. In addition, the operating conditions of some NRMM vehicles is more difficult than on-road in

terms of vibration, shock, dust and possible exposure to water.

The main difference to the on-road vehicles is related to the criteria surrounding the Moving Average Windows in order to avoid the issues
associated with extended idling of the engine during the PEMS test which can adversely affect the calculation of the brake specific emissions.
JRC has made proposals on how these extended idle periods can be excluded from the final result calculations and reports.

Currently, it is expected that the application of PEMS for some NRMM categories for gaseous components (THC or NMHC, NOy, CO, CO,)
will occur in 2016 and for PM mass in 2018 [7]

4. Europe: Real Driving Emissions For Light Duty Vehicles (RDE-LDV)
It has been known for several years that the continuing reduction in the exhaust emissions from vehicles driven by EURO legislation has not
resulted in the expected reduction in the atmospheric levels of NO,, as shown in the European map of NO, nonattainment (Figure 4).

n
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Figure 4  Annual mean concentration of NO, in 2010 [8]
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Consequently, the difference observed in the exhaust emissions from the HD on-road engines during type approval (on the engine
dynamometer) and vehicles using the same type of engine when tested on the road, initiated a program to test light duty vehicles (LDVs) under
the same comparative conditions [9].

The JRC located in Ispra (Italy) performed on-road testing on a variety of LDVs over a variety of test routes as well as in their own chassis
dynamometer emissions test laboratory.
The PEMS systems used were identical to those used for the HDV program and measured THC, CO, CO, and NOx emissions.
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Figure 5 Average NOx emissions on the PEMS test routes and during NEDC testing in the laboratory [9]

The results from the JRC program (figure 5) showed that whilst the exhaust emissions from all the gasoline vehicles when tested on the road
matched their measured emissions in the laboratory, the emissions from all of the diesel vehicles emitted between two and four times the mass
emissions of NOy that was emitted in the laboratory. This difference was thought to be caused either by the lower ambient temperature during
the on-road testing (the laboratory test is performed at 20 - 30 deg C) or due to the actual real world driving cycles (as opposed to the New

European Drive Cycle — NEDC applied in the laboratory test).

As a result of the above program, the EU Commission started a new working group entitled RDE-LDV. The purpose of which was to develop
a supplementary test method for LDVs, in addition to the current Type Approval test, with the aim to ensure that the exhaust emissions in the
real world would match those emitted in the test chassis dynamometer laboratory.

Two RDE-LDV test methods were proposed initially:

- An additional test in an environmental chassis dynamometer test cell where the ambient temperature could be varied outside of the
standard 20 — 30 deg C that is applicable for the current Type Approval test. The speed v time drive cycle to be applied would be created
from a standalone program called the Random Cycle generator, whose database contained the European road trips logged as the EU
contribution to the new World Light Duty Vehicle Test Procedure (WLTP). In this way, a real world road test would be simulated.

- The use of a PEMS to install in the LDV to allow its emissions to be measured on the road under real driving conditions.

After a period of discussion, it was concluded that the RDE-LDV test procedure would be based on the use of a PEMS. The Random Cycle
method was retained as a back up in case that a PEMS instrument for Particle Number (PN) could not be developed as a practical device. TNO
(the Netherlands Organisation for Applied Scientific Research) was commissioned to finalise the Random Cycle generator program, which they

delivered to the working group in September 2014.

Having confirmed the PEMS as the default method of measuring the real driving emissions of LDVs, the working group activities then
focussed on the details of its application. This was mainly in two areas, the calculation / reporting of the measured data and the boundary

conditions / procedure for the on-road test.
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Calculation / Reporting Of Measured Data

Two methods were proposed for the calculation and reporting of the measured data, both of which would allow the ability to “normalise” the
driving style of the vehicle i.e. the exhaust emissions are neither influenced by a driver who is too aggressive or too gentle, which could be
detrimental to either the vehicle manufacturer or the environment respectively.

- The Moving Average Window method: as applied to HD on-road and off-road vehicles, with the relevant modifications for LDVs and their
method of certification.

- Power Binning or the Standardised Wheel Power Frequency Distribution (SPF) method: this method was originally developed by the
Technical University of Graz (Institute for Internal Combustion Engine and Thermodynamics) and known as CLEAR (CLassification of
Emissions from Automobiles in Real driving).

The conclusion from the RDE-LDV working group, having consulted with EU Technical Authorities and Member States, was that the Moving
Average Window method would be the default method but both methods would be applicable during the monitoring phase of the RDE-LDV
introduction and a final decision would be made by 2020, some time after the proposed introduction of the RDE test with mandatory NTE limits.

RDE Test Procedure / Boundary Conditions

As a result of protracted negotiations of the working group, it was decided that some of the boundary conditions would have two levels:
Moderate and Extended with potentially different limits for NTE. For example, the moderate conditions for the test temperature would be from 0
to 30 deg C with extended conditions being from — 7 to 35 deg C. Similarly, for altitude, the moderate conditions would be up to 700m with the
extended conditions being up to 1300m. Similarly again, the vehicle loading factor would have moderate and extended ranges.

Exhaust emissions from the vehicle cold start will be measured and logged but not used in the calculations and reports until the cooling water
reaches 70 deg C or the engine has been operating for 5 minutes.

Another key factor is the design of the road trip. Experience gained during the use of the PEMS for HD vehicle testing has shown the effect of
the road trip structure on the exhaust emissions. So it is not just necessary to detail the vehicle speed ranges and relative proportions for the
urban, rural or motorway segments of the journey, but also the order of the segments is also to be specified : urban then rural then motorway in
that specific order.

The necessary legislation to mandate the measurement of the real driving emissions for light duty vehicles was being processed through the
EU at the time of writing this review. No vote was taken during the Commission TCMV (Technical Committee - Motor Vehicles) meeting on the
24™ March 2015 but the draft RDE-LDV legislation was passed in the subsequent meeting on May 19" 2015.

From the proposed legislation, the reporting of RDE NOx and CO emissions will be required for all new EURO 6 homologations from January
2016 for monitoring and reporting purposes only. Measurement of NOx, CO and PN with NTE limits would be applied from September 2017 at
the earliest, assuming that a viable method/procedure for a PN-PEMS can be completed by the end of 2015 as planned. It is anticipated that
the quantification of the NTE limits could be applied in two stages.

Future Applications and Use Of PEMS

In principle, the USA has already specified “Field Testing” by means of PEMS for all applications of the internal combustion engine that use
the CFR Part 1065 for certification. These not only include those heavy duty on-road trucks/buses and non-road mobile machinery but also
small on-road/off-road engines, locomotives and engines for marine use. The timing of the introduction of PEMS testing for some of these
categories is still to be confirmed.

Only light duty vehicles in the USA are specifically not included for “field testing”.

As detailed in the review, Europe will apply PEMS for real driving emissions for LD vehicles as well as for heavy duty vehicles for on-road
and off-road applications.

In future, the EU Commission has indicated that PEMS testing will be evaluated for other applications of internal combustion engines such
an inland marine vessels, small utility engines and possibly even light-aircraft and helicopters.
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Definitions /Abbreviations
EPA
USA Environmental Protection Agency

SET
Supplemental Emissions Test

NTE
Not-To-Exceed

NRMM

Non-Road Mobile Machinery
JRC

EU Joint Research Centre

ACEA
Association Europeans des Constructeurs d’Automobiles

PEMS
Portable Emission Measurement System

RDE-LDV
Real Driving Emissions For Light Duty Vehicles

WLTP
World Light Duty Vehicle Test Procedure

PN
Particle Number
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On-board Measurement by Sensor-based Portable Emission Measurement System

LA e

Toshiro YAMAMOTO

RBREREHAEN

National Traffic Safety and Environment Laboratory
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DEMNEHBEASTERY , SNIFATR LIS ICERNFHBREERETH THEARKENRLLIL, B15, RABOATHABRE—FGFEARA
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5 SEMS ZfL = NO, #EHH B SR A iZ DR &t

NO, BEH 3 (g/ke) 2k D NO, HEHH ESHE DA EREILT="", £, NO HEHE (g/test) BRU CO, BEHHE (g/test) ZE T BIZIX, NOEES
KU CO, BEICRIBHIEARREZRETILENH D, ATBICHLT, BEHFEARREE, EF—BEXEARREHOBIEE, HALIERA
WS E(CAN) & A/F ZRVV-EHEICKYIREBLTLS, K 12 (X, CD RERICHEITS, FEE—NETHORBEETAREEMEIC, BAZRE
(CAN) EHEBHIC, LRRDZ DDA A THERSLVEH L EZ IOV IHERETHS. AREY, WTFROE—FETIZENTY, Eb—EXBEHES
AREBFOAEEERARSE (CAN) & A/F ZRAVCEBRELYLNS, MEDOEIXFRELTLNDIEAD N D, Chlf, EF—ERXBFEATRRE
SOEREHICETIAETRECETHELRREEALSND,

RIZ, EF—EXPHARREFIZEDBIEE, HAVIFTRARTE (CAN)E A/F ZAVE-EBIHARREEHEZANT, FEE—FETED
NO, HFHZE (g/ke) Z TN TN EH L THEL, BEHHARREDAEREDOZEEER LIz, ChoD NO HEE (g/kg) &, TAEZTNDIU DU
EEBR—RDNO, BEH B (¢/kWh) EDBEE, R13IRT . BN I, I, VLU VOTOYMIEIFT5NO, HEH K (g/ke) [, RIFDRITTRT A%
T NO,BE, CO, BERLURBHHIRREBEZTNENEIBL, ZTAOEEIZLT NO, HHZ (g/test) BKU CO, HHE (g/test) FHHL, SBIZ
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EEFAVTEETHILICKYAIERENERINT, A—OE—FEFTTII, I, NELUVVOLWTIhOTAVRBR—BL TSI ENAH
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6 SHROERM
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REZHSNITEHILE, BOTHEERTHLD, —H, XRXOEBNMTHLIEEVEOHHIMFIOBE NS, L-LBEMALERELAH>THLNE
EZ5 HAROEMILHHINIEEYMENREEFINET I LI TREEFNEHATEIEZ AL, ELOEMDFENACREZENES
THN, NMEYRXRFLFTHERZDSSICEZOND, 5%, SEMS ZEBATAHEAR UYL, TPV PHEARZRLEEEDOHEAZET, T1—
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7 &0
ILAZF7RANO, oY, TUAABLVE—ERXE T RAFESTEHA S 1=51:8125 (SEMS: Sensor-based Portable Emission Measurement
System) Z#&EEL, CO SEMS ZEHEHH ARG RIFELTAWVWT, T—ELEEENSHHEINS NO, HLU CO, ZRIET HAHELHIEEDE
S, SOICEBETED NO HEEEFTE T AHEZITOVTHN LIz, LTI, ZREEFLHTET,
(1) AERBEICLDREMESH DU EREERE PEMS TORIEBLEDLLEIZEKY, SEMS DRIFEBED EHESIIHEER PEMS ERAFTHAHLERLL .,
(2) CO, Tkg HT=YD NO, HFHi & (g) INO, BEHZR (g/kg) 1% NO, HEHH EDFFHEIEIEL T 5HLE, EEEHICNELLS CO,REZ NO, UM 0,iR
EMSEHTE NO, LU Y EHEARRETF DA TNO B EROE N THELERLT=,
(3) NO, HEHIZ (L, R HEH A RMEBDAEREDFEEZITIKWFIERERL, SLITTVDUHEEER—RD NO, B2 (g/kWh) EDREIZHBH T
BEOEREBERAROLNDIEMS, NO, HH EFFHED A GIEIRTHS_EERL.
(4) PEMS BREREDZEAIZIL, PEMS EHOT-HDEMMITAOHBRHOBEAEERAORENEET HH, SEMS [FHEEHFETEEE 12—
[C&5RBHMBRENAIGETHAOIEND, CNODFRELBRTETHAREMLIHEIIEE R,

BIEED1—I/LAEO SEMS [, HHHAREREEOHEZH CERNFERABEETORBEEFMENEESIUFRICHLERIDLDEEZLN
B, KABHIMATFOERICENMNELTIBZITLENEENTH D,
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