United Nations E CErranswe.206RPE20112

\‘{V’@ Economic and Social Council  oist: cenera
(s /4

\\ 25 March 2011
=<
Original: English

English and French only

Economic Commission for Europe

Inland Transport Committee
World Forum for Harmonization of Vehicle Regulations

Working Party on Pollution and Energy

Sixty-second session

Geneva, 7-10 June 2011

Item 8(b) of the provisional agenda

Gaseous and Hydrogen Fuelled Vehicles —Hydrogen
and Fuel Cell Vehicles — Subgroup Environment

Report summarizing the findings and recommendatins in
the different areas addressed by the informal groun
Hydrogen Fuel Cell Vehicles — Sub Group Environmenin
support of the harmonization process

Submitted by the Chair of the informal group on Hydrogen Fuel Cell
Vehicles — Subgroup Environment:

The text reproduced below was prepared by the nmdbrworking group on
Hydrogen Fuel Cell Vehicles — Subgroup Environm@iECV-SGE) summarizing the
outcome of discussions and recommendations availabihe different regions in support
of the harmonization process. This document is dase Informal document No. GRPE-
61-03 distributed at the sixty-first session of iMerking Party on Pollution and Energy
(GRPE) (ECE/TRANS/WP.29/GRPE/61, paras. 38 and BB¢ Working Party on Noise
(GRB) considered this report at its February 2044s®n and noted no reservations were
experessed on this document.

* In accordance with the programme of work of theral Transport Committee for 2010-2014
(ECE/TRANS/208, para. 106 and ECE/TRANS/2010/8gpmme activity 02.4), the World Forum
will develop, harmonize and update Regulationsridepto enhance the performance of vehicles. The
present document is submitted in conformity withtttnandate.

GE.11- Please recycle@



ECE/TRANS/WP.29/GRPE/2011/13

Report summarizing the findings and recommendatins in
the different areas addressed by the informal groupn
Hydrogen Fuel Cell Vehicles — Sub Group Environmenin
support of the harmonization process

Contents
Chapter Page
Lo INEFOAUCTION L.t ettt 6
| IR S Tolo ] o[ 2RO PUPRPPRNY 6
11 PR \V =1 { g oo (o] [oTe VA U =Y =Y o H PR PPRRR 7
IV.  Aspects addressed by the Sub Group Environment.............cccccceviiiiiinnecenns 8
V.  Fuel consumption, external electrical consumptind maximum speed/engine
POWET MEASUIEIMENT. ...eeiiiiiiiieiiie e e e et e e e e e eeeeeeeeeeas 9
AL INETOAUCTION ... e e e e 9
B.  FUEl CONSUMPLION......uuiiiiiiiiiiiiiiieee e 11
1. Explanation and specification of the iSSU€.........cccovveeeiiiii . 11
2. Measurement of Huel consumption 11
2.1. Determination of mass change ..., 11
2.2. Flow rate measuremMent ............ueieeeeemririeriirieee et e e nnnee e 11
2.3. Method based on emission measurement...........ccccoecvvveeeeeenniennn. 12
3. Application and SCOPE ......ocvvviiiiiieiiiie e 13
3.1, VehiCle CategOri€s .....coeiviiieeee ettt a e 13
3.2. PropulSion SYSIEMS ........cuiiiiiiiceeaccsiteeiie e esrieee e serae e e aanes 14
4, DefiNItIONS......uiiiiiieiiiiie e 14
5.  Overview on existing Regulations and stanslard..................cccveeeenn. 14
5.1. Fuel Cell systems: stack and COMPONENLS ceee.veeveeeevviiiiiiiieeeieeeeeeeen. 14
5.2. Pure Fuel Cell vehiCles...........oooeeeereiiiiiiicie e 15
5.3. MisSINg StaNUardS................. o eeeeeiieeeie e e e e aeeeaaaaaaaaaae s 15
5.4. Hybrid Fuel Cell VENICIES........covieeeeeiiiei e 16
5.5. ICE- B hybrid VENICIES .........ouviiiiiiiiiiiii e 16
6. Overview of the state Of art..........ceeeveevreiiiii i 16
7.  Ongoing finalized research..........oo oo 16
8.  Further research needed.............cocceveiiiiiiiniiec e 16
9. Assessment of the harmonization.......ceccee.eeeeeiiiiiie e 16
C. External electrical CONSUMPLION.........cuveiiiiiiiiiie e 16
1. Explanation and specification of the iSSU€.........ccoovveveeiiii . 16



ECE/TRANS/WP.29/GRPE/2011/13

2. Application and SCOPE .........eeeeeeiiiiiieee it 17
2.1. Vehicle Categories ......cooeiii e 17
2.2. PropulSion SYSEMS ......ccceiiiiiircmeeieeee et ie e saeieeees 17
3. Overview on existing Regulations and stanslard...............ccccccuvennns 17
3.1. Fuel Cell hybrid VENICIES...........comm e e e 17
D. Maximum speed measurement — Engine power me@emt ....................... 17
1. Explanation and specification of the iSsue...........ccccccovviiivieiiennininnnn. 17
2. Application and SCOPE .....cceeeeeiee et ee e 17
2.1. Vehicle Categoris .......cuuuviiii e 17
2.2. PropulSion SYStEMS ......oeeiiiiiiiis e eeeeeees 18
3. Overview on existing Regulations and stanslard..............ccc.ccecvveeee. 18
o 700 O Y o o (1 1= o o 1 SR 18
E. Reference doCUMENLS........c.couiiiiiiemecmmrece et 18
VI.  Hydrogen (H) reference fuel and reference gases.......cccccemveeeereeriiiiieeeeenennn. 21
A, INEFOAUCTION ..t et 21
B. Purpose and resulting requirements for refe¥agases in support of
Regulations for HVENICIES ...........eeeiiiiiiiiiiiiiii e 21
1. Checking purity (quality) of hydrogen for ueea propulsion fuel....... 21
2. Monitoring of vehicle emissions (see Chaptdisand VIII) ............... 21
3. Measurement of fuel consumption (see Chapter.........ccccceeeerrinnne. 22
C.  REQUIFEMENTS ...t emeemme ettt ee et e e e e e e e eeeeeeeeaeaaaeaaeeaaesaaaaans 23
1.  Fuel quality for Fuel Cell vehicles .....cccccooiiiiiiiiiiiiiiiie e, 23
2. Emission monitoring for Fuel Cell and Intdr@@mbustion Engine
VENICIES ...t 23
3. Fuel consumption (Fuel Cell and Internal Castlon Engines)........... 23
D. Conclusion and recommendation.............ceeeriiuriiieieeiniiiiee e 24
VII.  Pollutant emissions of hydrogen fHuelled vehicles...........cccccccviiiiiiieeecaenn. 24
A. Explanation and specification of the ISSUB. . ...uuvvuiiiiiiiiiiiiiiiieiieeeeeeeeee, 24
B.  Application @nd SCOPE........uuiiiiiiiitriiet et 25
VY o 1Tod [l o= (=T [ 1= L 25
2. PropulSion SYStEMS .......ccoiiiuriietcmmmmnseeeieaeessnitiaee e e s siireeeae s s seneees 25
3. Reformer (0N VEhICIE) ..ot 25
A, FUBILYPES oottt 25
C.  DefiNItIONS ...ttt 26
D. Overview on existing Regulations and standards..............cccccveveiennininnne. 26
1. PASSENQEI CAIS ..uuiiiieiiieiiiiiit e e e e e e ettt e e e e e e eeeeeeennaaaas 26



ECE/TRANS/WP.29/GRPE/2011/13

2. Heavy Duty VENICIES.........ccuuviiiie ettt
3. 2B WHEEIEIS ..o
4. Reference fuel and reference gas.....cccoeeccceeiiiiiiiieniee e
E. Work to be done and state of research ......c.c..ccccceveeiiiiiie e
F.  Regulatory approach ............c.coo i cmmeeeeeessniiiiieeeessiieee e e e s siinnenaee e
1. Need for RegUIALION ..........uiiiiiiiie e eee e
2. Openissues and need for specification.......c...ccccoevviiiiiieeniiniineennn,
3. Assessment of harmonization — Developmeat@if ...........................
VIIl.  Carbon dioxide (C®) emissions of hydrogen ¢Hfuelled vehicles.......................
A. Explanation and specification of the ISSUB. . ....uveueiimiiiiiiiiiiiiiiieeeeeeeeee,
B.  Application @nd SCOPE........uuiiiiiiiiieeiiec e
VY o 1Tod [l o= (Yo [ 1= L
2. PropulSion SYSEMS .......ccciiiurrietcmmmmnseeeieeeesssiiiaee e e s s ssiireeeaesssnneees
3. Reformer (0N VEhICIE) ..o
A, FUEILYPES oottt
C.  DefiNItIONS ...t
D. Overview on existing Regulations and standards.............cccccccvveiiennininnne.
1. PASSENQEI CAIS ...uiiiieiiieiiiiii e e e e e e ettt e e e e e e e eeeeeebanaaaas
2. 23 WNEEIEIS ...ttt
3.  Reference fuel and reference gas.....ccccccceveeeieieeieeeee e
E. Work to be done and state of research .......cc.ccccovveeiiiiiciie e,
Regulatory approach ... e
1. Need for REQUIALION ......ccoiiiiiiiiii e
2. Openissues and need for specification.............cccccvvevviieiiieiiieeennen.
3. Assessment of harmonization — Developmeat@if.............ccccceeeennn.
X, NOISE BMISSIONS.....eiiiiiiiiiiiiiie e mmmne ettt e et ee e e e st ee e e e e anbereeeee e e
Explanation and specification of the iISSUB......ccvviiiieiiiiiiiiiiieiiiiiee,
PV o] o] o= UuTe] =T o ISTele] o= R
DefiNItIONS ...t e
Overview on existing Regulations and standards.............cccccvveeeeeeeeeneeen.

Work to be done and state of reSearCh ......ce.coovvvviiiiiieiiieiieeiiieeeeeeees

nmoow

Regulatory approach ...........ooooii e

X.  Reusability, recyclability and recoverability...........ccccoviiiiiiieiniiiiien e
A. Explanation and specification of the ISSUB.m.....uuevueeiiiiiiiiiiiiiiiiieieeeeeeeee,
B.  Application and SCOPE........uuiiiiiiiiteiiic et

L OF B 1= 15 110 o 1R



ECE/TRANS/WP.29/GRPE/2011/13

XL

XIl.

D. Overview on existing Regulations and standards..............ccccceeevienniinne. 33
E. Work to be done and state of research ......ccc..ccccceveiiiiiiiieeee 34
F.  Regulatory approach ..............ooos i cmmeeeeeesiniiiiieeeessiiaeeeee s siinnenaees e 34
Harmonization assessment in the area of enuiental and energetic aspects...... 34
FUEI CONSUMPLION.......uiiiiiiie ittt are e e 34
B.  FUEl QUAIILY ..o 34
C. Pollutant emissions of hydrogemnjuelled vehicles...........ccoouvviiiiiniinns 34
D. Carbon dioxide (C& emissions of hydrogen gHfuelled vehicles .............. 35
E.  NOISE EMISSIONS ...cciiiiiiiiiiiiii it cmmmmnee ettt ee e 35
F. Reusability, recyclability and recoverability..............ccccoueeiiiiiiiiiiiiinnennnnn. 53
Summary and CONCIUSIONS .........uvvviiiiiiiiiiiiee e 36
RETEIENCES ...t e e e e e e 36



ECE/TRANS/WP.29/GRPE/2011/13

Introduction

1. The informal working group on Hydrogen Fuel Cékhicles (HFCV) has been
operative for several years now. In June 2005,Wrald Forum for Harmonization of
Vehicle Regulations (WP.29) and the Executive Cotteai(AC.3) of the 1998 Agreement
agreed on a proposal submitted by Germany, Japdnthen United States of America
(USA) on how to manage the development processgiblzal technical regulation (gtr) on
hydrogen powered vehicles. However, because oéréift circumstances, it was not until
April 2007 that the group received a clear mandate a roadmap to achieve its goal of
establishing a gtr for this class of vehicles (EDEANS/WP.29/AC.3/17). The following
premises have to be kept in mind when defininggtine

(@ The aim is to attain levels of safety equivalém those of conventional
gasoline powered vehicles;

(b)  The gtr shall be performance based; and
(c)  The gtr shall not restrict future technologies

2. Given that hydrogen powered vehicles are aetilerging technology, WP.29 and
AC.3 agreed that input from researchers is a wtahponent of this effort. Based on a
comparison of existing HFCV Regulations and stadslavith conventional vehicles, the
following have to be investigated and considered:

(@  The main differences in safety and environmegpects; and
(b)  Which items need regulation and justification.

3. Under the agreed process, when AC.3 had dewtlapé approved the action plan
for the development of a gtr, two subgroups wemnéa to address the safety and the
environment aspects of the gtr:

(@) The subgroup safety (HFCV-SGS), which is clthiby Japan and USA,
reports to the Working Party on Passive Safety (BR&nd

(b)  The environmental subgroup (HFCV-SGE), which dbaired by the
European Commission (Joint Research Centre), efmGRPE.

4. In order to ensure communication between thegrswips and continuous
engagement with WP.29 and AC.3, the designatecgraopjanager (Germany) coordinates
and manages the various aspects of the work egstiniazit the agreed action plan is
properly implemented and that milestones and timasliare set and met throughout the
development of the gtr.

5. The gtr will cover Fuel Cell (FC) and internabnebustion engines (ICE),
compressed gaseous hydrogen (G)Gthd liquid hydrogen (LE).

6. The final goals of SGE are to investigate thessfulity of harmonizing
environmentally related requirements and to propas#&ons in those cases where
harmonization may not be possible.

Scope

7. The present document summarizes the SGE findingke different areas addressed
by the group and discusses whether it is adequatetdo support a harmonization process
on the environmental and energetic aspects of HFCV.
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[I. Methodology used

8. SGE has considered that a very practical solutiay be the drafting of a technical
report consisting of dedicated chapters for eadh®fSGE areas of interest and address the
following points:

(a) Explanation and specification of the issue;

(b)  Overview of the existing Regulations/standaatsd explanation of the
possible existing links;

(c)  Overview of the state of the art;
(d)  Ongoing/finalized research activities statieéerences in both cases;
(e) Finalized projects and ongoing ones;
) If further research is still needed, then spegihat and why;
(@  Assessment of harmonization:
0] Is it needed?
(i)  Specify the harmonization.
(iii)y Is it foreseeable? Why?
(iv)  Reference list.

9. In particular, a common structure for the techhieport (TR) was adopted and each
chapter consisted of the following sections:

(a) Purpose/explanation: Introduce the item, inicigda technical description.
Give a statement about the purpose (this sectieds® bear a resemblance to the chapter
"purpose"” in each gtr).

(b)  Application/scope: Address the type of vehicleshicle classes (Special
Resolution No. 1), propulsion system (FC, hybr@E ] etc.) and fuels (mono, bi, flex, etc.).

(c)  Definitions (if any): Include all necessary idéfons either to understand the
TR chapter or because controversial discussionsnaetings showed the need for
clarification.

(d)  Regulations/Directives/standards: Give a baiefl comprehensive overview
on existing Regulations, Directives and standandd #hose under development. Their
details are referenced in subparagraph (g) below.

(e) Research: Brief and comprehensive overview hen dtate of the art and
ongoing research. Summarize the results and canokisas well as further research results
needed (references should be listed in subparagf@gphbelow). Also describe further
research needed for the development of a Regulation

) Assessment of harmonization: Include, based tlo@ information from
subparagraphs (a) to (e) above, a statement ahoubhization requirements for a specific
item under the 1998 Agreement. If harmonizatiomseaot to be possible, suggest other
solutions (e.g. an amendment of an existing Reigulat

() References.

10.  Technical reports (see Chapter IV below) areiraegral part of the document
(chapters). Unfortunately, not all the areas appetted by the technical report.
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V.

Aspects addressed by the Sub Group Environment

11. The areas addressed within the field of conmpeteof the SGE are aspects other
than the ones addressed by SGS including energyemvidonmental considerations. The
following is a list of the areas the group has added within its mandate:

(a) Pollutant emissions;
(b)  Hydrogen and water emissions;
(c)  Fuel consumption;
(d) Recycling;
(e) FC disposal/hazardous materials;
() Fuel quality;
(@ Engine power;
(h)  Noise.
Item (h) (Chapter IX — Noise) was also considergthie Working Party on Noise (GRB).

12.  One note of cautions needs to be indicated, Ad?&) (Auxiliary Power Units) are
not part of the gtr, as it should only address R@ ECE engines running both with CGH
and LH and it has not been included in AC3's action plan.

13. Itis also apparent that electromagnetic coibilif is a more safety related subject
discussed in the Working Party on Lighting and Li§gnalling (GRE) for conventional
vehicles as well as for electro-hybrid, pure eleand FC vehicles.

14.  H/FC vehicles are emitting hydrogen (exhaust, puegkage). Hydrogen is mainly
a safety concern and covered by SGS. Thereforassiue of hydrogen emissions are not
included in this report.

15.  Water emissions might be a safety problem énftlure (water freezing in winter).

It is mainly a safety concern and minor an envirental issue. Some scientists consider
water emissions from vehicles as a contributiortlimate change. The water emissions
from H,-ICE and FC vehicles are much higher compared twvextional vehicles. The
foreseeable number of HFCV in the short term walllbw and, therefore, no Regulation is
needed at this moment. Therefore, this technigantedoes not contain a chapter dedicated
to water emissions.

16. Table 1 summarizes the environmental and @hergetic aspects that are pertinent
to the vehicles with different propulsion systeimsttRegulations could address.
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Table 1
Areas that Regulations could address for vehiclesith different propulsion systems
FC Hybrid ICE
Mono-fuel (Hy)
Bi-fuel
Blends
H, [FC | CE-H, Dual fuel
Environmental & Energetic aspects
Fuel consumption X X X X
CO, emission Bi-fuel, blends and dual fuel
External electrical consumption X X
Pollutant emissions x (NQ) [x
H, and H,O emissions X X X X
Engine power (measurement procedures) X X X X
Maximum speed (measurement procedures) X X X X
Fuel quality (reference) X X X X
Recycling X X X X
Disposal (hazardous materials) X X X X
Noise X X X X

Fuel consumption, external electrical consumptio and
maximum speed/engine power measurement

Introduction
17.  This chapter discusses hydrogen use in vehitieselevant measurement of energy
and the performance of the vehicles and their corapts.
18.  The following applications are considered ¢beepreviously established matrix):
(a) FC system: stack, components;
(b)  FC vehicles;
(c)  Hybrid FC vehicles;
(d)  Hybrid H-ICE vehicles.
19.  For these applications, the following aspemscansidered as appropriate:
(a) Fuel consumption;

(b)  External electricity consumption of hybrid veleis;
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©
20.

Maximum speed.

The chapter aims at listing and analyzing teeessary elements for preparing

harmonized standards/Regulations on this matteru#timdately gtrs, starting from existing
normative documents and data from results of rebear

21.
@
(b)
©
©)
©)
22.

Overview of existing Regulation, standards paosisible links;
Overview of the state of the art;

Missing standardization topics;

The chapter addresses the following content:

Ongoing/finalized research activities relevemnthe matter;

Further research possibly needed.

HFCV with their fields of action and links.

Figure 1

International standard and Regulation bodies dealig with HFCV

Figure 1 presents the international standardks Regulation bodies dealing with
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2.1.

2.2.

Fuel consumption

Explanation and specification of the issue

23.  Legislation requires the fuel consumption ofgemger cars, Light Duty Vehicles
(LDV) and motorcycles be tested on a roller testdbe however Heavy Duty Vehicles
(HDV) are tested on an engine test bench, accotdiagest cycle or steady state test.

24.  National/regional prescriptions provide speaifions for test procedures and driving
profile both for Regulation and for standard.

25.  Fuel consumption is a fundamental issue for vahicle categories, since it
constitutes:

(@)  Arequired element for certification/homologat
(b) A parameter for possible definition of taxation

(c) A common basis for comparing energy performantealifferent vehicle
types and different power train solutions, and;

(d) A basis to determine the "well-to-wheel" enegffectiveness of the various
solutions with respect to the primary energy source

Measurement of H fuel consumption

26. H, fuel consumption is defined as the mass amouritafused by a vehicle in a

prescribed test cycle, expressed in g/km. Threk pasthods exist for determining gaseous
H, consumption in FC or ICE vehicles: (i) determioatiof fuel mass change in the
container before and after test, (ii) determinatiérH, flow rate, and (iii) measuring the

concentration of relevant species in the exhau#it siibsequent back-calculation to fuel
consumption. A compilation of available methodgiigen in Table 2.

27.  Methods (i) and (i) require a test vehicleb® supplied with hydrogen from an
external, rather than the onboard tank. This reguitedicated live hydrogen feeds during
testing and adjustment of various components intéisé vehicle (with associated safety
implications). These methods are also not suitdbtevehicles with liquid hydrogen
storage.

Determination of mass change

28. Mass change is measured statically before #iadthe test, either by weighing the
fuel tank with its H contents, or by determining the equilibrium tenapere and pressure

before and after testing in a storage tank of knawelume (PVT). The former method

suffers from the disadvantage that the weight gfidHvery small compared to that of the
tank, resulting in low measurement accuracy. PVTasnement needs also less
instrumentation and test personnel, and hence f@aitgnoffers higher repeatability and

lab-to-lab reproducibility. It requires the use afstandardized equation for hydrogen
density as a function of temperature and pressure.

Flow rate measurement

29. This type of measurement allows determining ih&tantaneous flow rate of

hydrogen. Different measurement principles exigtchanical, optical, thermal, ultrasonic,
Coriolis, etc. They all require an interventiontte fuel supply line which can introduce
inaccuracies. Also dedicated signal treatment aradyais equipment is needed for all but
the simplest flow meters.

11
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2.3.

Method based on emission measurement

30. At the present time, the United States Enviremtal Protection Agency (US-EPA)
only accepts weighing, PVT and Coriolis mass floecading to SAE J2572 for the
determination of K gas fuel consumption in FC and FC hybrid vehickdaptation of a

method based on emission measurements to detefo@he€onsumption in conventional
ICE vehicles receives increasing attention. It uskstical equipment as for emission
measurement and works on the conservation of mrassple: what goes into the engine or
FC must come out as exhaust components. This mezasat of fuel consumption does not
require direct contact with the fuel, which contriéss to enhanced accuracy and simplicity.

31.  For gasoline- and diesel-fuelled ICE vehicles tarbon-balance method is used.
The total amount of carbon in the exhaust must lggwee in as fuel (C-containing species
in the exhaust from non-fuel sources are much lotvan from the fuel and are hence
neglected). The measured concentrations of C-gontaispecies (CO, CQTHC) in the
diluted exhaust volume that is collected during test cycle are calculated into a fuel
consumption for the particular test cycle.

32.  For H powered vehicles, a hydrogen-balance method (soreetalso called water-
balance) is applied, which measures the hydrogetagong compounds # (non-
dispersive infra-red analyzer) and unburned(sector field mass spectroscopy) from the
exhaust. This method requires some modificationthéotesting procedures and constant
volume sampling (CVS) system that are used for entignal ICE vehicles. These arise
mainly from two factors:

(a) It must be ensured that alj® present in the exhaust is effectively measured.
This requires avoiding condensation on cold patg. (vehicle exhaust pipe at cold starts,
exhaust gas lines to monitor) and diffusion gbHrom the exhaust into the dilution pipe.

(b)  HO in the exhaust may originate from other sourbas bxidation of the H
fuel, namely the humidity in the environment (moittake) and in the dilution air, which
must not only be known but also remain constaninduthe test cycle

33.  When the above points are appropriately adddgsshe fuel consumption
determined by the hydrogen-balance method agrefissthé results obtained by the three
EPA-recognized methods [1]. The method works forasQvell as for ICE vehicles.
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3.1.

Table 2:

Test measurement methods fopblwered vehicles

ITest method

Description

IAdvantages

Disadvantages and issues

Carbon balance method

Derived from exhaust
gas, carbon content in
fuel and exhaust gas are
the same

Simultaneous
measurement during
exhaust gas test

\Vehicle remodelling
unnecessary

N/A for direct hydroget
FC vehicles

Flow method

Direct measurement
using flow meter

Field-proven for ICE
\vehicles

\Vehicle remodelling
needed

\Verification of flow
meters

Electrical current method

Calculated from
electrical current
generated in the FC

Current easily
measured from outpu
wiring of the FC

Gas crossover and leak

E\/Ieasurement of Hpurge

Hydrogen balance
method

Derived from exhaust
gas, Hcontent in fuel
and exhaust gas are the
same

Simultaneous
measurement during
exhaust gas test

\Vehicle remodelling
unnecessary

H, balance complicated

Difficult to measure

Oxygen balance method

Measuring the decling
O, concentration in
exhaust gas

Simultaneous
measurement during
exhaust gas test

\Vehicle remodelling

Decline in Q is low

IAccuracy of oxygen
analyzer

unnecessary
Pressure method Calculated from Easily to Limited to a high pressur
pressure/temperature  |measurement container to store fuel

change of fuel container

Support H purge

D

Weight method

Calculated from weightDirect and simple

change of fuel container

Support H purge

N/A for onboarc
measurement

Connecting to gas line

Note: Adopted from HarmonHy WP4 Deliverable D4.1lrdustrial and societal needs —

September 2006
Application and scope

Vehicle categories

34.
powered by H
(a)
(b)
(c)
(d) 2or3whee

Bus (category 1-2 vehicle);

Truck (category 2 vehicle);

ler (category 3 vehicles).

Passenger car (category 1-1 vehicle);

In principle all vehicle categories definedSpecial Resolution No. 1 [2] can be

13
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3.2.  Propulsion systems
35.  The following propulsion systems are considered
(@) Pure FC vehicle;
(b)  FC hybrid (FC and rechargeable electric storaghicle;
(c)  FC systems and components: stack (inherenacteization);
(d) ICE-H, (ICE fuelled by hydrogen) hybrid vehicle.

4. Definitions
36.  The definition of the different propulsion systs and components should be based
on those given in standard, Regulation and TR, sithropriate harmonization.

5. Overview on existing Regulations and standards

5.1. Fuel Cell systems: stack and components
37.  Standards existing or under development by:
(@) International Standard ISO/TC 197 on hydrogehmologies:
0] ISO 14687 Hydrogen fuel-product specification;

(i)  1SO 14687 Hydrogen fuel-product specificatier Part 2: Proton
Exchange Membrane (PEM) FC application for roadacleb.

(b) International Electrotechnical Commission se&mdd IEC/TC 105 on FC
technologies:

0] IEC 62282-1:2005 FC technologies — Part 1. Teology
(published);

(i) IEC 62282-2:2004 FC technologies — Part 2: H@odules
(published);

(i) IEC/CDV 62282-3-2 FC technologies — Part 3-3tationary FC
power plants — Test methods for the performance;

(iv) IEC/PWI 62282-4 FC technologies — Part 4: F@stem for
propulsion and auxiliary power unit.

(c)  Society of Automotive Engineers (SAE) standards

0] SAE J2572 Recommended practice for measuring ftoel
consumption and range of FC powered electric artithyelectric
vehicles using compressed gaseous hydrogen (re@isteder 2008);

(i)  SAE J 2615 Reference test procedures of F@egys for automotive
application;

(i) SAE J 2616 Performance test procedures fag thel processor
systems for automotive application;

(iv) SAE J 2617 Performance test procedures of FEMstack subsystem
for automotive application;

(v)  SAE J2719 Information report on the developmehta hydrogen
guality guideline for FC vehicles.
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5.2. Pure Fuel Cell vehicles

38.  Existing Regulations/standards:

UN Regulation No. 101:

@)

(b)

(©

5.3.  Missing standards

@)

(ii)

(iii)

Regulation No. 101 provides methods for constiompmeasurement
of ICE vehicle, with carbon based fuel, batteryctie vehicles and
hybrid electric vehicles.

The structure is prepared to incorporate pdoces for ICE vehicles
fuelled with H, and FC vehicles pure or hybrid.

A draft proposal was developed by the coniswnt of companies (lead
by the university RWTH-Aachen) acting on the Eu@péJnion fuel
cell vehicle technologies validation programme (ML

Standard 1SO 23828 FC road vehicles — Energguwmption measurement —
Vehicles fuelled with compressed hydrogen, develdpelSO/TC22/SC21:

0

(i)
(iii)

(iv)

v)

(vi)

(vii)

This standard deals with the measuring methafdsydrogen and the
procedures to test the vehicle.

The procedure prescribes the test on a chassiamometer.

The test consists of the vehicle preconditign measurement over a
reference driving schedule.

The running mode, including the dynamometettiisg, is prescribed
differently in the various Regions (Japan, Europe &SA).

The prescribed methods are the following: @eeex to the standard).

a. Pressure method (normative);
b. Gravimetric method (normative);
C. Flow method (normative);

d. Current method (informative).

The three normative methods (pressure, gratvimend flow) are
considered equivalent, insofar they can producellteswithin a
precision of +1 per cent, according to the measergmdone up to
now.

They are left open according to the test $oof manufacturer and/or
testing institution.

Standards from ISO TC 197 on hydrogen techrietog

@
(ii)

(iii)

ISO 14687:1999/Cor. 1:2001 Hydrogen fuel-pradegmecification;

ISO/TS 14687-2:2008 Hydrogen fuel-product sfieation — Part 2:
PEM FC application for road vehicles (under revigjo

ISO/DIS 16110-2 Hydrogen generators using |fuprocessing
technologies — Part 2: Procedure to determineieffay.

39.  Methods for consumption measurement efstbred in liquid phase and in metal
hydride tank.

15
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5.4.

5.5.

40. Recommendation is given for development of ghesandards; insofar the
technology is already in practical applications.
Hybrid Fuel Cell vehicles

41.  The standard I1ISO 23828 is applicable to FC naucles in general, fuelled with
compressed § both pure FC and hybrids; the different proceduaee put in evidence
within the standard.

42. A missing standard, to be possibly developsdielated to FC hybrid vehicle —
Energy consumption measurement — Externally chatgeeehicles (plug-in vehicles).

43.  This standard should cover the procedure tcsareaboth hydrogen and electricity
for FC vehicle plug-in, similarly to the standa 1CE hybrid electric vehicles externally
chargeable (PHEV).

ICE-H, hybrid vehicles

44.  The prescription for fuel consumption measumgnoé ICE-H, hybrid vehicles could
be derived from those for hybrid electric road s (ISO 23274) non-externally
chargeable, including the provisions fos tdeasurements as prescribed in ISO 23828.
Overview of the state of art

45. At the level of international standard, a s@ddISO (TC 22/SC21) is presently
under study, concerning the measurement of fuedwoiption and emissions for externally
rechargeable hybrid vehicles.

Ongoing finalized research

46.  The European Union programme FUEVA (lead byRN&TH — Aachen) includes
research related to test and validation of the euoces for hydrogen consumption
measurement in vehicles.

Further research needed

47.  Research related to procedure fgr ddnsumption measurement of ldtored in
liquid phase or in metal hydride tank.

Assessment of the harmonization

48. Regulations should be established consistemit common agreement on the
topics.

49. Bases for Regulations could be standards (maltior regional) existing or under
development. The related content should be, thexefarmonized on international basis.

External electrical consumption

Explanation and specification of the issue

50. The external electrical consumption occursdoal energy powered vehicles ,(H
and electricity).

51. This is the case of either FC hybrid (battdecteic with FC electricity generator),
or ICE-H, supplied electric hybrid.
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2.1.

2.2.

3.1.

2.1

Application and scope

Vehicle categories

52. In principle all vehicle categories definedSpecial Resolution No. 1 [2] can be
involved:

(a) Passenger car (category 1-1 vehicle);
(b)  Bus (category 1-2 vehicle);
(c)  Truck (category 2 vehicle);

(d) 2 or 3wheeler (category 3 vehicles).

Propulsion systems

53.  The following propulsion systems are considered
(a) FC hybrid (FC and rechargeable electric stgraghicle;
(b)  ICE-H; (ICE powered by hydrogen) hybrid.

Overview on existing Regulations and standards

Fuel Cell hybrid vehicles

54. For passenger cars and LDV, UN Regulation N@l provides methods for
consumption measurement of ICE vehicles, with carbased fuel, battery electric and
hybrid electric vehicles. The structure could inppmate FC vehicles hybrid vehicles.

55. The external electricity consumption for hybrehicles can be derived from
procedures included in the standard 1SO under dpwent related to hybrid-electric road
vehicles externally chargeable (plug-in hybrid),iethis presently under development
(ISO/WD 23274-2).

Maximum speed measurement — Engine power meagment

Explanation and specification of the issue

56. The measurement of the maximum speed for &leeghicles is subject to the
consideration of the performance variation with stete of charge of the battery and with
the thermal status of the electric motor.

57. For these reasons, standard prescriptions etdstconsider, for vehicle
characterization, the top speed and the maximumiBQtes speed.

58.  Similar provisions exist for the measuremerthefengine power.
Application and scope

Vehicle categories

59. In principle all vehicle categories definedSpecial Resolution No. 1 [2] can be
involved:

(a) Passenger car (category 1-1 vehicle);
(b)  Bus (category 1-2 vehicle);
(c)  Truck (category 2 vehicle);

17
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2.2.

3.1.

(d) 2 or 3 wheeler (category 3 vehicles).

Propulsion systems

60. The following propulsion systems are considered
(@) Pure FC vehicles;
(b)  FC hybrid vehicles;
(c) ICE-H, hybrid vehicles.

Overview on existing Regulations and standards

61. A TR has been recently developed by ISO TC @223, regarding FC vehicles
maximum speed (pure and hybrid).

62. This TR, which is presently being issued, isdohon the harmonization of the
following documents:

(a) UN Regulation No. 68 — Amendment 1: Uniform\pstons concerning the
approval of power-driven vehicles including pureottic vehicles with regards to the
measurement of the maximum speed;

(b)  ISO 8715 Electric road vehicles — Road opegatimaracteristics.
63. For ICE-H hybrid vehicle, the maximum speed measurementdcdid done
following the general provision of UN Regulation Ng8.
Engine power

64. UN Regulation No. 85 prescribes test for maximpower and maximum 30
minutes power for electric vehicles.

Reference documents

65.  Fuel quality and terminology are topics whichowld be considered for all
applications.

66. The relevant documents are reported in thewatlg Table 3.
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Table 3

Standards/Regulations existing, to be developed d@o be adapted for application to
hydrogen and Fuel Cell systems/vehicles

Topic

H.
Stack and components

IAPU generating unit

FC (pure) vehicle

FC hybrid vehicle

| CE-H, hybrid
\vehicle

Fuel consumption

IEC 62282-2 (2004)
SAE 2617

ISO 14687Hydrogen
fuel-product
specification — Part
2: PEM

ISO 13985Liquid
hydrogen land
\vehicles fuel tanks

ISO/TS 16111
(2006) Transportable
gas storage devices
Hydrogen absorbed
in reversible metal
hydride

ISO 23828 FC road vehicles — Hydrogen

consumption measurement

To be developed:

To be developed:

-Vehicles fuelled with
compressed H

-Vehicles fuelled with
liquid H,

-Vehicles fuelled with
H, absorbed in metal
hydride

Regulation No. 101(to be adapted for FC

\vehicles inclusion)

To be developed: FC

hybrid vehicle —
Energy consumption
measurement —

Externally chargeable

vehicles

Regulation No.
101 (Applicable
for fuel
consumption to
ICE hybrid, to
adapted for Kl
use)

External Electrical
Consumption

ISO/WD 23274-2
Hybrid-electric road
vehicles — Exhaust
emissions and fuel
consumption
measurements — Part
Externally chargeable
vehicles(under
development to be
assumed as guideline

ISO 23274
Hybrid-electric
road vehicles
exhaust
emission and
Puel
consumption
measurements
non externally
chargeable
\vehicle (to be
adapted for K
use)

Regulation No.
101 (to be
adapted).
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H>
Stack and components | CE-H, hybrid
Topic IAPU generating unit FC (pure) vehicle FC hybrid vehicle \vehicle
Performance [Maximum - ISO TR FC vehicles Regulation No.
speed Maximum speed (being issued) 68 U_m_form
provisions
ISO 8715Electric road vehicles — Road [concerning the
operating characteristics approval of
Regulation No. 68- Amendment 1: power-driven
) L . \vehicles with
Uniform provisions concerning the approval
. . . . regard to the
of power-driven vehicles including pure
measurements

electric vehicles with regards to the
measurement of the maximum speed

of the maximum
speed

Engine power

IEC/CDV 62282-3-2
Stationary FC power

'To be developed (as
well as for ICE hybrid

Regulation No. 85
Annex 6 Amend: 2,

To be
developed (as

plants-test method 5 4 electric) well as for ICE
for the performance | hybrid electric)
Maximum power
and maximum 30
minutes power for
electric vehicles
Fuel quality (reference) ISO 14687 (2008) [ISO 14687 ISO 14687 ISO 14687

Hydrogen fuel-
product specification

Terminology (reference)

US FC Council
FC Glossary

IEC/TC 62282-1
(2005) Terminology

ISO Draft TR on SC 21 Vocabulary
ISO 8713
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VI.

Hydrogen (H,) reference fuel and reference gases

Introduction

67.  This chapter addresses the need and feasifoitity hydrogen reference fuel and for
other reference gases in the context of the estab&nt of harmonized Regulations for H
powered vehicles.

68.  Discussions within the SGE [3] identified tmaference gases could potentially be
relevant and useful in three areas covered by Ré&gok: fuel quality, emissions and fuel
consumption. The question was raised to what exterse different applications resulted in
different requirements for a reference gas.

Purpose and resulting requirements for referene gases in support of
Regulations for H, vehicles

Checking purity (quality) of hydrogen for use @& a propulsion fuel

69.  H, purity (quality) is more of an issue in FC vehglian in H-ICE vehicles. At
present, only PEM type FC are considered for psipalapplications in passenger cars and
light vehicles. Impurities in the reactants (both hiydrogen at the anode, but also in
air/oxygen at the cathode) affect the catalystquerhnce and hence the electrochemical
reactions as well as the membrane properties. litrgsiin the H fuel depend primarily on
the H production method, although the storage methodrnaedium may also play a part.
The most important contaminants in, ldroduced by natural gas reforming (the most
commonly used production method) are CO, sulphurtaining compounds @#$ in
particular), nitrogen containing compounds @Hand unsaturated and aromatic
hydrocarbons.

70. If H, is not only used for propulsion but it is also disea APU' (for which a
different type of FC may be used), other purity uiegments will prevail. However,
because only one kind of GHs expected to be stored on board, the most stning
requirements (corresponding to PEM FC for propulsigill apply.

71. In the context of Regulations, such a referefwe is not needed for vehicle
certification per se, but for reducing the impadtfoel-dependent factors on vehicle
performance aspects covered by the Regulation, asiggmissions and fuel consumption.
When the H used during the vehicle certification test compligith the fuel quality
specifications the variability in test results isnsiderable decreased, allowing more
accurate verification of true performance.

72. In the context of Regulations, & keference fuel should be globally recognized
(which would be achieved by a certification accogdto international standards, such as
ISO Guide 34 [4] and corresponding equivalenceisf)d

Monitoring of vehicle emissions (see ChaptersiMand VIII)

73.  Vehicle certification requires measurementadffiipe emissions during a test cycle.
This necessitates the use of calibrated emissionitoring equipment. Measurement of

L APU (auxiliary power units) are not in the scop¢he SGE and, therefore, it is not addressedi# th
document
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tail-pipe emissions from fossil fuelled ICE vehgleses a constant volume sampling (CVS)
system that compensates for load variations duhiagest cycle by maintaining a constant
total flow rate of vehicle exhaust plus dilutiom.aihe diluted exhaust is collected and the
concentrations of emission products CO,,CC and NQ are determined (g/km).

74. When using KHas a fuel, either in FC or ICE, the emissionsrateh lower than
those from conventional ICE vehicles or simply ¢ghare not present (i.e. FC excepOil

The major emission product from,Hbowered vehicles is water vapour. The associated
humidity may affect the accuracy of measurememadfutants (e.g. non-dispersive infra-
red analysers for CO and G@re known to be sensitive to®).

75.  Emissions from Hvehicles powered by FC are different from thos¢hwCE,
because different purity requirements and henceuiitypcontents of the fuel. For ICE
additional emissions are N@om the combustion of the air-fuel mixture as veed carbon
compounds from engine lubrication (HC, CO, ££LO

76.  For the calibration of the different types afigsion monitors, reference gases are
needed. Because of the lower emission levels tombasured these must have a higher
purity than those for calibration of emission measwent equipment for conventional ICE
vehicles. This also applies for the gases used zaso-gas" in analysers based on
differential measurement (e.g. non-dispersive infch (NDIR) analyser). When instead of
total emissions over the test cycle ("bag" measergn emissions are measured
instantaneously on a second-by-second basis ("thadelasurement) (e.g. to assess
performance of catalyst and engine system at aicpkt time in the cycle), the
instantaneous exhaust mass flow rate must be dewdmThis represents a serious
technical challenge. In this case also more strihgequirements apply for the emission
monitors (e.g. response time).

Measurement of fuel consumption (see Chapter V)

77.  Vehicle certification requires measurementus ftonsumption during a test cycle.
For H, powered vehicles a number of methods have beentifiéed and are under
investigation. Each of these methods has disadgestd’he need for harmonization of fuel
consumption measurement procedures in the contdkéegulations is addressed in one of
the previous chapters of this technical report.réfuee, the present chapter focuses on the
potential role that reference gases could plahisrespect.

78. In the context of Regulations, the use of alsiruniversally accepted method

definitely provides added value. Moreover, for mras of economy, efficiency and

comparability with certification of non Hpowered vehicles, the use of an "elemental
balance" method as for conventional ICE vehiclegh{on-balance) that does not require
vehicle modifications, presents huge advantages.

79. This is achieved by using the so-called hydnelg@lance method which measures
the hydrogen-containing compounds@H(NDIR analyser) and unburned, Kkector field
mass spectroscopy) from the FC or ICE exhaust.mi&thod requires some modifications
to the testing procedures and system that are fasezbnventional ICE vehicles. Because
they are based on the same measurement principéd, consumption and emission
monitoring have similar requirements for equipmeraibration. Extra requirements
originate from the use of additional,® and H analysers. Because the expected
concentration of Hin the exhaust is very low, the,tensor can be calibrated using a
readily available appropriate reference gas. Howeadibration of the KD NDIR analyser
calibration requires a dedicated humidificationtegs

80. For FC vehicles an oxygen-balance method basedheasurement of the oxygen
concentration in the exhaust has also been propdsedmethod is not directly based on
mass conservation, but on the measurement of &ivedlasmall decrease in oxygen
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concentration between the inlet and outlet of tBeskack, which requires a high accuracy
of the oxygen analyser.

81. For FC vehicles, measurement of electricalesurgenerated by the FC can also be
translated into K consumption. However, internal losses from hydrnotpaks and cross-
over, while definitely contributing to consumptiorgare not captured by such a
measurement.

Requirements

82. The implementation in the context of Regulagiasf harmonized fuel quality,
emission and fuel consumption measurements trassiato the following needs for further
research and development, and technical requirenienteference gases:

Fuel quality for Fuel Cell vehicles

83. Issue: tolerance level of impurities to limégdadation of performance to acceptable
level.

84. Need: pre-normative research into:

(@ Test methods for quantifying performance undgmamic conditions
reproducing typical driving cycles;

(b)  Reliable detection and quantification of impies in gaseous Hincluding
validation of high-pressure sampling methods; and

(c)  Understanding and quantifying the effect of uripes (single as well as
multiconstituent) on FC performance and determimadif acceptable level of impurities.

85. Implications for feasibility of reference fuel:
(a) Identification of type and amount of impuritiashydrogen carrier gas; and

(b) Investigate stability and conservation/storpgeod.

Emission monitoring for Fuel Cell and InternalCombustion Engine vehicles

86. Issue: measurement challenges related to habrwapour and low emissions of
other pollutants.

87.  Need: pre-normative research into:
(a) Low-cost and reliable analysis methods and siorismonitors; and
(b)  Calibration of sensors.
88. Implications for feasibility of reference gases
Calibration of emission analyzers at low detectianges requires higher purity
levels in the reference gas than for conventioB& Vehicles.
Fuel consumption (Fuel Cell and Internal Combuson Engines)
89.  Issue: same as for emission monitoring.
90. Need: additional pre-normative research into

(a) Further validation of hydrogen-balance approacti equations for different
vehicle types; and

(b)  Cost-effective calibration method fop®l detectors.
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91. Implications for feasibility of reference gases

(a) Need for dedicated reference gas or gases iatjowalibration of HO
detectors over wide # range; and

(b)  For calibration of Kidetectors: none (e.g. 0.5 per centifiiN,).

Conclusion and recommendation

92. International collaboration in pre-normativesearch as well as close interaction
with international standardization bodies aimetiamonizing of test requirements, of test
methods and of test equipment performance forduality, emission and fuel consumption

measurement can greatly contribute to the estabésh of Regulations. This should also

include the development and certification of a mefiee fuel and gases for these three
applications according to ISO standards which weulsglure their global recognition.

Pollutant emissions of hydrogen (H) fuelled vehicles

Explanation and specification of the issue

93. In legislation the emissions of gaseous patitstacarbon monoxide (CO), hydro
carbons (HC), oxides of nitrogen (NGand the emissions of particulate matter (PM) are
limited in g/km or g/kwWh. LDV and motorcycles arsted on a roller test bench, engines
of HDV (and comparable engines of other vehiclas) @sted on an engine test bench,
driving a transient test cycle or steady state s test procedure including the test cycle
is different for vehicle categories and in natiofegislation. The concentrations of the
emissions are measured and then calculated in oylgrkWh.

94.  Evaporative and low temperature emissions {reaquents in UN Regulation No. 83
[5]) are only related to gasoline engines and algvant for H as fuel.

95. FC vehicles don't emit one of the above meetigpollutants, if His used directly.
A FC can also be fuelled with,Hthat was reformed (on vehicle) from a differeasé fuel
(CH,). In case of a reformer (on vehicle), pollutantigsions are relevant, depending on
the base fuel and the reforming process.

96.  Theoretically the only component emitted by fDElled with H is NQ,. The level

of NO, emissions is depending on the ai+idtio, respectively exhaust gas temperature and
the layout of the aftertreatment system (e.g. yatalThe use of His possible in positive-
and compression ignition engines.

97. In cases where,Hs used together with other fuels (bii-fuel, Hy-flex-fuel, H,-
dual-fuel), all the other pollutants become relevéh-bi-fuel systems (BMW) or hydrogen
mixtures (e.g. with Compressed Natural Gas (CN@]), fre interesting solutions during
the introduction phase of ;Hsehicles, until the infrastructure with,Huelling stations is
more developed. For the time being, BMW and Mazd2\M) and MAN (buses, HDV) are
the only manufacturers producing vehicles with I@ng H as fuel. It can be assumed
that the level of the pollutant emissions of thee¢habove mentioned vehicles are below the
mandatory limit values.

98. The level of NQemissions of Kl fuelled ICE is an averaged between 2-30 per cent
of the existing mandatory limits of NOn Europe and USA [7]. The level of the other
pollutants is nearly zero. Theoretically they sllobke equal to zero, but practically the
small amount of emissions are caused by lube sflds, or in case of,Hbi-fuel concepts,
because the injection of the other fuel is prevatéid during Hfuel mode.
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99. H, can be stored as a liquid (bHor as a compressed gaseous (@GHhe
influence on pollutant emissions by the type ofage is not relevant. The only need is to
define different referenceHuel and reference Hyas for emission testing.

100. Engines and FC also emit non-regulated comypene.g. ammonia, hydrocyanic
acid, organic amine, aldehyde, sulfur dioxide. Totlere is no evidence that ICE and FC
are emitting any non-regulated component that cagsgious environmental or health
problems.

Application and scope

Vehicle categories

101. In principle all vehicle categories definedSpecial Resolution No. 1 [1] can be
powered by H

(a) Passenger car (category 1-1 vehicle);
(b)  Bus (category 1-2 vehicle);

(c)  Truck (category 2 vehicle);

(d) 2 or 3 wheeler (category 3 vehicle).

102. The use of His also possible in agricultural and forestry toas [8] and Non Road
Mobile Machinery (NRMM) [9]. Today there is not ntudnterest in marketing such
solutions. These vehicle categories therefore matl be further covered by this chapter —
out of scope.

Propulsion systems

103. ICE, positive or compression ignition, or iantbination with an electric engine
(hybrid electric vehicle).

104. Also possible, but not developed for the thmeng, is a combination of ICE and FC
(hybrid vehicle) — out of scope.
Reformer (on vehicle)
105. For the time being, it's improbable that aislehin serial production will be
equipped with reformer technology. A procedure teasure the pollutant emissions from
the reformer process is not defined. Therefores tdshnology will not be further covered
by this report — out of scope.
Fuel types
106. The following fuel types are considered:

(@) H, fuel;

(b)  Hy-bi-fuel with gasoline, diesel, CNG or LiguefiedtRdeum Gas (LPG);

(¢)  H blend/mixture (flex-fuel/dual-fuel) with gasolindiesel, CNG or LPG;

(d)  H, reformed (on board) from gasoline, diesel, LPG GZkhethanol — out of
scope (see paragraph 105 above).
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Definitions

107. 'Calculation method" means the calculation method of mass emissiopsltitants,
e.g. defined in Appendix 8 of UN Regulation No.[8B

108. 'Reference fuel/Reference gas' means the definition of specifications of ildr
CGH, taken for the emission tests.

109. 'H, fuel vehicle" means a vehicle that primarily runs on but may also have a
petrol system for emergency purposes or starting, amhere the petrol tank does not
contain more than 15 litres of petfol.

110. 'H,-bi-fuel vehicle" means a vehicle that can run part-time graHd also part time
either on gasoline, diesel, LPG or CNG

111. 'Flex-fuel vehicle" means a vehicle with one fuel storage system ¢hat run on
different mixtures of two or more fuels [10].

112. 'Dual-fud vehicle" means a vehicle with two storage systems forediffit fuels,
where the both fuels are mixed either in the intakstem or during injection into the
combustion chamber.

113. 'Hybrid vehicle" means a vehicle with at least two different egecgnverters and
two different energy storage systems (on vehiael}tie purpose of vehicle propulsion [5],
[10]3

Overview on existing Regulations and standards

Passenger cars

114. The legislation concerning pollutant emissiémsn category 1-1 vehicles is not
harmonized. Different test cycles, measurement austhreference fuels and limit values
are applicable. None of the existing Regulatiorduities test methods and requirements for
H, vehicles (ICE). The current European Euro 5/6 Ragun [10] already mentionsHas
fuel, but specific test procedures fog Will be defined at a later stage.

115. A gtr project to develop a Worldwide harmoriZzeght vehicles Test Procedure
(WLTP) is mandated by AC.3 [11]. The documentatiorjll] includes a comprehensive
overview of the existing national legislation onlptant emissions. Currently the emission
measurement of Hvehicles is not included in the draft roadmap.

116. UN Regulation No. 83 [5] contains requiremeats the pollutant emissions for
mono-fuel and bi-fuel vehicles (gasoline, diesdl&; LPG). UN Regulation No. 83 will

soon be amended to be in line with the European BI(6 requirements [10], including an
approach for flex-fuel (gasoline and ethanol).

Heavy Duty Vehicles

117. With gtr No. 4 [12] on the Worldwide harmordzéleavy Duty Certification
procedure (WHDC), a worldwide harmonized emissi@st tprocedure for HDV is
established (category 1-2 and category 2 vehiclEsg. appendix to gtr No. 4 (TR) [12]
includes an overview about the existing nationaissian legislation for HDV and relevant

2 This definition is in line with the definition dinono-fuel gas vehicle" in [10].
3 [5] and [10] also contains a definition for laybrid electric vehicle".
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standards. Harmonized performance requirementsairicluded in gtr No. 4 for the time
being. B vehicles are not covered by gtr No. 4.

2/3 wheelers

118. With gtr No. 2 [13], a worldwide harmonizedission test procedure for 2-wheeled
motorcycles is established. The appendix to gtr N@'R) [13] includes an overview about
the existing national emission legislation for 2elMrs and relevant standards. Performance
requirements (limit values) are not included at thement, but AC.3 mandated the
Worldwide harmonized Motorcycle emission Test Cy¢WMTC) informal group to
develop a proposal for the harmonization of lindgtues. H vehicles are not covered by gtr
No. 2.

119. The legislation concerning pollutant emissifsosn mopeds (< 50 cin< 50 km/h)
and 3-wheelers is not harmonized. Different tesles; measurement methods, reference
fuels and limit values are applicable. None of #sésting Regulations includes test
methods and requirements fo tehicles (ICE).

Reference fuel and reference gas

120. The international standards ISO 14687 [14] &WE J2719 [15] defines
specifications for klas fuel. On this basis, a reference fuel and eaefar gas can be defined
for the purpose of Hconsumption measurement as well as for the purpbseasurement
of NO, emissions. The issue of reference fuel and reéergias is described in more detalil
in Chapter VI above.

121. A specification for KHas either flex-fuel or dual-fuel does not exist the time
being.

Work to be done and state of research
122. A calculation method for NOemissions from ICE fuelled wit Hneeds to be
developed.

123. Concerning Hflex-fuel and H-dual-fuel, experience and emission test data are
required for the development of a regulatory apgiodhis includes work on specification
of reference fuel(s) and the definition of a cadtigdn method (emissions).

Regulatory approach

Need for Regulation

124. NQ emissions of vehicles with ICE using Hiel and pollutant emissions ob4i-
fuel vehicles should be regulated. The level ofitlivalues will be decided by national
regulatory decision processes, but probably thet lwvalues will be the same as for
conventional vehicles.

Open issues and need for specification

125. The following issues are still opened:

(a) Definition of H reference fuel and gas, if possible accepted wiode and
applicable for all vehicle categories;

(b)  Definition of the regulatory approaches (e.@rst case, measurement with
both fuels) for H-bi-fuel vehicles (and KHflex-fuel, H-dual-fuel);
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(c) If needed, a definition for akbi-fuel vehicle, to separate clear from-ftex-
fuel or H-dual-fuel.

Assessment of harmonization — Development ofgér

126. In the case of HDV and 2-wheeled motorcyclewaaldwide harmonization is
possible, because gtrs for the measurement oftpotlemissions already exists. This is not
the case for LDV, and the extra development of aldwide harmonized test cycle and
measurement procedure especial for LDV usiagnHCE is not efficient and feasible.

127. In the case of motorcycles or HDV with ICE ngsiH, which are ready for
marketing, an amendment of gtr No. 2 (WMTC) or B§w. 4 (WHDC) can easily be
developed. Such amendments of the existing gtrg medd the definition of the reference
fuel, the calculation method for N@H, fuel) and the definition of the Fbi-fuel approach.
This can be considered as a midterm activity faghhehicle categories.

128. For LDV, it should be considered to introdaceeference fuel (gas), a calculation
method for the NQemissions and the definition of the-bi-fuel approach with the WLTP
gtr [11]. In the meantime, existing national legtgin or UN Regulation No. 83 can be
amended.

129. As a conclusion, it is not proposed to develgpecial gtr for the measurement and
limitation of pollutant emissions of Hehicles.

Carbon dioxide (CO ,) emissions of hydrogen (k) fuelled
vehicles

Explanation and specification of the issue

130. In legislation (approval and certification wéhicles) the emissions of GQf
vehicles are not limited, but in some cases thessonis have to be measured and
calculated and are recorded in the test reportkmgLDV and motorcycles are tested on a
roller test bench, driving a transient test cy@leis test procedure including the test cycle is
different for vehicle categories and in nationagistation. The concentrations of the
emissions are measured and then the €@flissions are calculated in g/km.

131. In legislation (approval and certificationwahicles) the declared emissions of LO
are the end-of-pipe emissions. The well-to-wheeissions of CQ are disregarded in the
test reports. The issue of well-to-wheel emissidgascurrently considered by the
Environmentally Friendly Vehicles (EFV) informalayrp of the World Forum WP.29 [16].

132. FC vehicles don't emit G@ H, is used directly. A FC can also be fuelled with) H
that was reformed (on vehicle) from a differentebéigel (GH,). In case of a reformer (on
vehicle), CQ emissions are relevant, depending on the basefigkthe reforming process.

133. ICE fuelled with Hdon't emit CQ.

134. In cases where,Hs used together with other fuelsbi-fuel, H,-flex-fuel, H,-
dual-fuel) CQ emissions become relevant.,-bi-fuel systems (BMW) or hydrogen
mixtures (e.g. with CNG, [6]) are interesting s@uos during the introduction phase of H
vehicles, until the infrastructure with,Huelling stations is more developed. For the time
being BMW is the only manufacturer producing vedsclvith ICE operating as;Hbi-fuel.

135. The level of the COemissions in imode of a Hbi-fuel vehicle is very low. In the
case of the BMW it is 5 g/km. Theoretically it shebie equal to zero, but practically the
small amount of emissions are caused by lube sflds, or in case of,Hbi-fuel concepts,
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because the venting of the active carbon filteapevative emissions) goes into the intake
system of the ICE.

136. H can be stored liquid (L or compressed gaseous (CEHhe influence on CO
emissions by the type of storage is not relevamie ©nly need is to define different
reference Hfuel and reference Hjas for emission testing.

Application and scope

Vehicle categories

137. In principle all vehicle categories definedSpecial Resolution No. 1 [1] can be
powered by H

(a) Passenger car (category 1-1 vehicle);
(b)  Bus (category 1-2 vehicle);

(c)  Truck (category 2 vehicle);

(d) 2 or 3 wheeler (category 3 vehicle).

138. The measurement of the £@missions in today's legislation is not required f
Heavy Duty Hybrids (HDH), agricultural and forestmsactors and NRMM. Therefore,
these vehicle categories will not be further coddrg this report — out of scope.
Propulsion systems

139. ICE, positive or compression ignition, or iantbination with an electric engine
(hybrid electric vehicle).

140. Also possible, but not developed for the thméng, is a combination of ICE and FC
(hybrid vehicle) — out of scope.
Reformer (on vehicle)
141. For the time being, it's improbable that aislehin serial production will be
equipped with reformer technology. A procedure tasure the COemissions from the
reformer process is not defined. Therefore, thisitelogy will not be further covered by
this report — out of scope.
Fuel types
142. The following fuel types are considered:

(a) H, fuel — out of scope, because no&Hissions;

(b) H,-bi-fuel with gasoline, diesel, CNG or LPG;

(¢)  H blend/mixture (flex-fuel/dual-fuel) with gasolindiesel, CNG or LPG;

(d)  H, reformed (on board) from gasoline, diesel, LPG GZkhethanol — out of
scope (see paragraph 141 above).

Definitions

143. 'Calculation method" means the calculation method of mass emissiorG®f e.g.
defined in Annex 6 to UN Regulation No. 101 [17].
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144. 'Reference fuel/Reference gas' means the definition of specifications of thelfoe
gas taken for the emission tests.

145. 'H, fuel vehicle" means a vehicle that primarily runs on but may also have a
petrol system for emergency purposes or starting, amhere the petrol tank does not
contain more than 15 litres of petfol.

146. 'H,-bi-fuel vehicle' means a vehicle that can run part-time graHd also part time
either on gasoline, diesel, LPG or CNG.

147. 'Flex-fuel vehicle" means a vehicle with one fuel storage system ¢hat run on
different mixtures of two or more fuels [10].

148. 'Dual-fud vehicle" — means a vehicle with two storage systems ffferdint fuels,
where the both fuels are mixed either in the intakstem or during injection into the
combustion chamber.

149. 'Hybrid vehicle" means a vehicle with at least two different egecgnverters and
two different energy storage systems (on vehicte)the purpose of vehicle propulsion
[17], [20]

D. Overview on existing Regulations and standards

1. Passenger cars

150. The legislation concerning @Gmissions from category 1-1 vehicles is not
harmonized. Different test cycles, measurement atkstland reference fuels are applicable.
None of the existing Regulations includes test wdshand requirements for, Wehicles
(ICE). The current European Euro 5/6 Regulation] [dl@eady mentions Has fuel, but
specific test procedures for, Mill be defined at a later stage.

151. A (possible) gtr project to develop a WLTP uader preparation [11]. The
documentation in [11] includes a comprehensive dear of the existing national
legislation on CQ emissions. Currently the emission measurement,o¥ehicles is not
included in the draft roadmap.

152. UN Regulation No. 101 [17] contains requiretagegarding on COemissions for
mono-fuel and bi-fuel vehicles (gasoline, dieséM|lG; LPG). UN Regulation No. 101 will
soon be amended to be in line with the Europeaw BI6 requirements [13], including an
approach for flex-fuel (gasoline and ethanol).

2. 2/3 wheelers

153. With gtr No. 2 [13], a worldwide harmonizedission test procedure for 2-wheeled
motorcycles is established, including the measuréraeCG, emissions. The appendix to
gtr No. 2 (TR) [13] includes an overview about tidsting national emission legislation
for 2 wheelers and relevant standardgvehicles are not covered by gtr No.2.

154. The legislation concerning exhaust emissioos fmopeds (< 50 cin< 50 km/h)
and 3-wheelers is not harmonized. Different tesles; measurement methods, reference
fuels and limit values are applicable. None of #sésting Regulations includes test
methods and requirements fo tehicles (ICE).

4110] and [17] also contains a definition fortaybrid electric vehicle".
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Reference fuel and reference gas

155. The issue of reference fuel and referenceésgdsscribed in more detail in Chapter
VI above. In case of Hfuel-vehicles the introduction of a reference fgat is not
necessary, because the {&hissions are zero.

156. A specification for Heither as flex-fuel or dual-fuel does not exist the time
being.

Work to be done and state of research

157. Concerning Hflex-fuel and H-dual-fuel, experience and emission test data are
required for the development of a measurement proee including work on specification
of reference fuel (s) and the definition of a cidtion method (emissions).

Regulatory approach

Need for Regulation

158. The measurement of g@missions of ktbi-fuel vehicles should be regulated. The
regulatory approach will be decided by nationalutatpry decision processes, but probably
it will be the same as for other bi-fuel vehicldeeady regulated [17]. Because the £O
emissions of ktbi-fuel vehicles operating in Hmode are very low, it is suggested to
disregard the requirement to measure the €@issions during Hoperation mode. The
CO, emissions should be deemed to be zero for thatbpe mode.

Open issues and need for specification

159. There are no open issues in this chapter.

Assessment of harmonization — Development ofg&

160. Worldwide harmonization is possible in theecab2-wheeled motorcycles, because
gtrs for the measurement of g@missions already exist. This is not the casé.v, and
the development of a worldwide harmonized test eyahd measurement procedure
especial for LDV using Hin ICE as H-bi-fuel is not efficient and feasible.

161. In the case of motorcycles with ICE using (H-bi-fuel) which are ready for
marketing, an amendment of gtr No. 2 (WMTC) canilgase developed. Such an
amendment of the existing gtr only needs the eitensf the scope to Hbi-fuel vehicles
and the decision about the measurement of iBGnhe petrol mode only. In this case, there
is no need to adapt the existing measurement dodlaton methods. The amendment of
gtr No. 2 can be considered as a midterm activity.

162. For LDV it should be considered to introdubis tH,-bi-fuel approach (see above)
with the WLTP gtr [5]. In the meantime, the exigtinational legislation or UN Regulation
No. 101 can be amended.

163. As a conclusion, it is not proposed to develgpecial gtr for the measurement of
CO, emissions of klvehicles.
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Noise emissions

Explanation and specification of the issue
164. The noise emissions of vehicles (stationadyranving) and of tyres are regulated in
legislation.

165. The noise emissions from ICE powered withdfe comparable to conventional
vehicles. FC vehicles can be considered as quigtles, like electric powered vehicles. It
is the same situation with tyres as with convergiahicles.

166. The World Forum WP.29 has determined that teausport vehicles propelled in
whole or in part by electric means, can be critfoalpedestrians. Further, the World Forum
has directed GRB to assess and determine whatyjfsteps might be taken by WP.29 to
mitigate potential pedestrian hazards through e af acoustic means, recognizing that
other means of communication may also be apprepr@RB has established an informal
working group to carry out activities to determitie viability of "quiet vehicle" audible
acoustic signalling techniques and the potentiabrfer their global harmonization [18].

Application and scope

167. In principle all vehicle categories can be ped by H [1]:
(a) Passenger car (category 1-1 vehicle);
(b)  Bus (category 1-2 vehicle);
(c)  Truck (category 2 vehicle);
(d) 2 or 3 wheeler (category 3 vehicle).

168. The use of His also possible in agricultural and forestry toas [8] and NRMM
[9]. Today there is not much interest in marketiugh solutions. These vehicle categories
therefore will not be further covered by this repor

169. Propulsion system and fuel are not relevateré in noise requirements.

Definitions

170. There are no definitions in this chapter.

Overview on existing Regulations and standards

171. UN Regulations Nos. 41 (motorcycles) and Bk¢pnger cars, trucks, buses) covers
test procedures and performance requirements tbthenoise emissions of these vehicles.
Rolling sound emissions of tyres are regulated Regulation No. 117.

172. These existing Regulations are already aggpédar H, powered vehicles.

173. Activities for the development of gtrs in theld of noise emissions are possible in
future, but not mandated by AC.3 for the time being
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Work to be done and state of research

174. Special research activities are not neceskaryhe issue of noise emissions of
hydrogen powered vehicles.

Regulatory approach

175. As a conclusion, it is not proposed to develgpecial gtr for the measurement and
limitation of noise emissions of Hehicles.

Reusability, recyclability and recoverability

Explanation and specification of the issue

176. The European Directive 2005/64/EC [19] prositlee administrative and technical
provisions for the type-approval of vehicles, (gatées M and N), which aim to ensure
that their component parts and materials can beerkurecycled and recovered in the
minimum percentages. It lays down specific provisictco ensure that the re-use of
component parts does not give rise to safety oire@mmental hazards.

177. It is necessary to consider whether the pimvés which are currently set for
conventional vehicles, should also be applied wrbgen powered vehicles.

Application and scope

178. In principle all vehicle categories can be ped by H [1]:
(a) Passenger car (category 1-1 vehicle);
(b)  Bus (category 1-2 vehicle);
(c)  Truck (category 2 vehicle);
(d) 2 or 3wheeler (category 3 vehicle).

179. The use of His also possible in agricultural and forestry toas [8] and NRMM
[9]. Today there is not much interest in marketsugh solutions. Therefore, these vehicle
categories will not be further covered by this mpo

Definitions

180. There are no definitions in this chapter.

Overview on existing Regulations and standards

181. Hydrogen vehicles with ICE do not cruciall§feli from conventional vehicles using
conventional fuels. In contrast, hydrogen FC diirgns differ substantially from drive
trains of conventional vehicles. Apart from the ®@h all necessary auxiliary units, the
electric system of these vehicles is comparabléhéoelectric system of hybrid vehicles
using ICE.

182. Reusability and recyclability are importarsuigs in FC (catalysts, MEA, etc.) due to
expensive and rare materials used.
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183. Standards or Regulations could be found dgakith recycling, recovering and

reusing of hydrogen vehicle components. Howevereisé patents can be found in the
literature dealing with processes for recycling €@nponents [20, 21, 22, and 23] and
general life cycle assessment requirements andelyjuéd could be found in the 1SO

14044:2006 [24]

Work to be done and state of research

184. Special research activities does not seene toebessary on the issue of reusability,
recyclability and recoverability of hydrogen poweneeshicles.

Regulatory approach

185. Regulations addressing the issue of reusgbikicyclability and recoverability of
hydrogen vehicle components (especially FC compsh@eed to be considered. However,
it is not proposed to develop a special gtr adilngsd, vehicle's reusability, recyclability
and recoverability.

Harmonization assessment in the area of enviranental and
energetic aspects

186. This chapter summarizes the findings and reeendations on the Regulation
approach to be taken based on the chapters dedlica¢gech issue above.

Fuel consumption

187. Regulations should be established consistemiilly common agreement on the
issues.

188. The basis for Regulations could be standaralsopal or regional) existing or under
development. The related content should be, thexefearmonized on an international
basis.

Fuel quality

189. Once the technology to produce and assurquality of hydrogen fuel containing
minute amounts of impurities as specified in thel fstandards is established and such
reference fuel is made available, it will be pokesifo evaluate the effect of impurities on
individual vehicles and thus be helpful in the depenent of FC vehicles.

Pollutant emissions of hydrogen (k) fuelled vehicles

190. Worldwide harmonization is possible in caseHBfV and 2-wheeled motorcycles,
because gtrs for the measurement of pollutant énisslready exists. This is not the case
for LDV, and the development of a worldwide harnzed test cycle and measurement
procedure especial for LDV using i ICE is not efficient and feasible.

191. In case motorcycles or HDV with ICE using Hre ready for marketing, an
amendment of gtr No. 2 (WMTC) or gtr No. 4 (WHDGrceasily be developed. Such
amendments of the existing gtrs only needs thenitiein of the reference fuel, the
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calculation method for NQ(H, fuel) and the definition of the #bi-fuel approach. This can
be considered as a midterm activity for both vehadtegories.

192. For LDV it should be considered to introduceeerence fuel (gas), a calculation
method for the NQemissions and the definition of the-bi-fuel approach with the WLTP

gtr. In the meantime, the existing national ledista or UN Regulation No. 83 can be
amended.

193. As a conclusion, it is not proposed to develgpecial gtr for the measurement and
limitation of pollutant emissions of Hehicles.

Carbon dioxide (CQ,) emissions of hydrogen (k) fuelled vehicles

194. Worldwide harmonization is possible in casel&eled motorcycles, because gtrs
for the measurement of G@missions already exist. This is not the casd. B, and the
development of a worldwide harmonized test cyclke measurement procedure especial for
LDV using H, in ICE as H-bi-fuel is not efficient and feasible.

195. In case motorcycles with ICE using EHy-bi-fuel) are ready for marketing, an
amendment of gtr No. 2 (WMTC) can easily be devetbpSuch an amendment of the
existing gtr only needs an extension of the scapeitbi-fuel vehicles and the decision
about the measurement of € the petrol mode only. In this case there isneed to
adapt the existing measurement and calculation edstiThe amendment of gtr No. 2 can
be considered as a midterm activity.

196. For LDV it should be considered to introdubis tH,-bi-fuel approach (see above)
with the WLTP gtr. In the meantime, existing natibtegislation or UN Regulation No.
101 can be amended.

197. As a conclusion, it is not proposed to develgpecial gtr for the measurement of
CO, emissions of klvehicles.

Noise emissions

198. UN Regulation Nos. 41 (motorcycles) and 5kgpager cars, trucks, buses) covers
test procedures and performance requirements tignithe noise emissions of these
vehicles. Rolling sound emissions of tyres are latgd by UN Regulation No. 117.

199. These existing Regulations are already aggpédar H, powered vehicles.

200. Activities for the development of gtrs in tlield of noise emissions are possible in
future, but not mandated by AC.3 for the time being

201. As a conclusion, it is not proposed to develgpecial gtr for the measurement and
limitation of noise emissions of,Hvehicles.

Reusability, recyclability and recoverability

202. Regulations addressing the issue of reusgbikicyclability and recoverability of
hydrogen vehicle components (especially FC compshereed to be considered. However,
it is not proposed to develop a special gtr addingsd, vehicle's reusability, recyclability
and recoverability.
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G.

Summary and conclusions
203. There are three areas in the field of Reguiatfor HFCV where it makes sense to
aim for international harmonization:

(@  Test methods for the measurement of fuel coptiom

(b)  Test and calculation method for the measurenmnpollutant and CQ
emissions;

(c)  Definition of a reference fuel for test purpsse

204. In the first case — fuel consumption —, theoramendation is to use standards that
exist or are underdevelopment and harmonize theraromternational basis. The open
guestion here is the development of a harmonizeddgcle (currently underway at the
UN). In the meantime, harmonization will be parttbé method for measuring the fuel
consumption, thereby allowing each region to apdyown test cycle until the world
harmonized test cycle has been approved.

205. On the other hand is perceived as helpfukfmd a reference fuel (fuel standard) as
this will allow evaluating the effect of impuritiem individual vehicles and supporting the
development of HFCV.

206. It is, however, recommended to waive the dgprakent of a stand-alone gtr for
environmental related provisions for HFCV. It iefarable to amend case by case existing
UN Regulations or gtrs to accommodate this clasgebfcles or to consider HFCV directly
during the developing process of new Regulations.
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