




Nonroad Test Fuel Specifications

Unit Tier 1-3 Tier 4 ASTM Test

Cetane Number
Cetane Index
Distillation Range
IBP
10% point
50% point
90% point
EP
API Gravity
Total Sulfur
Aromatic Hydrocarbons (min.)
Flashpoint (min.)
Viscosity @ 38˚F

Emission Regulation

Fuel Property

* Remainder shall be parafins, naphenes, and olefins.

** Three fuel grades Ultra Low Sulfur (7-15 ppm), Low Sulfur (300-500 ppm) and High Sulfur (2,000 - 4,000 ppm)

Used by permission and with courtesy from dieselnet.com.

Table XXIII 

˚C

ppmw
% (vol.)

˚C
mm2/s

40-48

171-204
204-238
243-282
293-332
321-366

32-37
300-4,000

10*
54

2.0-3.2

40-50
40-50

171-204
204-238
243-282
293-332
321-366

32-37
7-4,000**

10*
54

2.0-3.2

D613
D976
D 86

D287
D2622
D5186

D93
D445
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Composite Nonroad Transient Duty Cycle

Chart VII

Cycle Time, Seconds
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Table XXIV

U.S. Federal Marine Engines Emission Standards

The test procedures for current federal standards use the ISO 8178 E4 5-Mode Steady-State Test Cycle.
1) P stands for the rated power of the engine family in kilowatt.
Note: These standards apply to marine Sl outboard/personal watercraft and jet boat engines only. The standards
are expressed in g/kW-hr in the Code of Federal Regulations. The standard for personal watercraft went into effect
in 1999, although the standard went into effect for outboard engines in 1998.

Year HC + NOx (g/kW-hr) HC + NOx (g/kW-hr) Useful Life
P < 4.3(1) P ≥ 4.3(1)

1998 278 (ABT) (0.917 x (151 + 557/P0.9)) + 2.44 (ABT)

1999 253 (ABT) (0.833 x (151 + 557/P0.9)) + 2.89 (ABT)

2000 228 (ABT≥) (0.750 x (151 + 557/P0.9)) + 3.33 (ABT)

2001 204 (ABT) (0.667 x (151 + 557/P0.9)) + 3.78 (ABT)

2002 179 (ABT) (0.583 x (151 + 557/P0.9)) + 4.22 (ABT)

2003 155 (ABT) (0.500 x (151 + 557/P0.9)) + 4.67 (ABT)

2004 130 (ABT) (0.417 x (151 + 557/P0.9)) + 5.11 (ABT)

2005 105 (ABT) (0.333 x (151 + 557/P0.9)) + 5.56 (ABT)

2006+ 81 (ABT) (0.250 x (151 + 557/P0.9)) + 6.00 (ABT)

Outboard:
350 hours/10 years

Personal watercraft:
350 hours/5 years



Table XXV

United States Emission Standards for Railway Locomotives

1Line-haul standards do not apply to Tier 0 switch locomotives.
Fuels: Sulfur limit of 500 ppm is effective as of June 2007, sulfur limit of 15 ppm from June 2012.
For Line Haul locomotives from MY 2015+ and for Switch locomotives from MY 2015+ manufacturers may chose to meet a combined Nox + HC standard of 1.4
g/bhp-hr for Line Haul or a combined Nox + HC of 1.3 g/bhp-hr for Switch
Locomotives that are exceptions: historic steam-powered, manufactured before 1973, electric, those owned by small businesses, engines used in locomotive-type
vehicles >750 kW total power, engines for passenger railcar equipment, and engines that are used in self-propelled passenger-carrying railcars.

NOx PM CO THC NMHC THCE HC

Line-haul1 cycle standard 9.5 0.6 5 1 1 1 _

Switch cycle standard 14 0.72 8 2.1 2.1 2.1 _

Line-haul cycle standard 7.4 0.45 2.2 0.55 0.55 0.55 _

Switch cycle standard 11 0.54 2.5 1.2 1.2 1.2 _

Line-haul cycle standard 5.5 0.2 1.5 0.3 0.3 0.3 _

Switch cycle standard 8.1 0.24 2.4 0.6 0.6 0.6 _

Line-haul cycle standard 5.5 0.1 1.5 _ _ _ 0.3

Switch cycle standard 5 1.1 2.4 _ _ _ 0.6

Line-haul cycle standard 1.3 0.03 1.5 _ _ _ 0.14

Switch cycle standard 1.3 0.03 2.4 _ _ _ 0.14

Tier 0 (g/bhp-hr)
MY 1973-1992

Tier 1 (g/bhp-hr)
MY 1993-2004

Tier 2 (g/bhp-hr)
MY 2005-2011

Tier 3 (g/bhp-hr)
MY 2012-2014

Tier 4 (g/bhp-hr)
MY 2015+

Table XXVI
Alternate CO and PM Standards for Tiers 0-2

CO PM CO PM

TIER 0 10 0.3 12 0.36

TIER 1 10 0.22 12 0.27

TIER 2 10 0.1 12 0.12

Table XXVII
Smoke Standards for Locomotives

Line-haul cycle             Switch cycle
(g/bhp-hr)

Steady- 30-sec 3-sec
state peak peak

TIER 0 30 40 50

TIER 1 25 40 50

TIER 2, 3 & 4 20 40 50
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Table I
Japan Tailpipe Emission Limits

Current Regulations Future Regulations

Vehicle Type Effective Date Emission Value        Test Mode           Effective Date Emission      Value        Test Mode

Gasoline & LPG

Trucks & Buses Mini 1 2

Light Duty 1 2

(GVW≤1.7t)

Medium Duty
(1.7t<GVW≤3.5t)

Heavy Duty
(3.5t<GVW)

Passenger Cars Small-sized diesel passenger car
GVW of 1.265t or less 1 2

Mid-sized diesel passenger cars
have an EIW over 1.25t 1 2

Light duty 1 2

(GVW≤1.7t)

Medium Duty
(1.7t<GVW≤3.5t)

Heavy Duty
(3.5t<GVW)

Trucks & Buses

Diesel

Passenger Cars 1 2 2005 CO 1.15 2009 CO 1.15
NMHC 0.05

10-15M +
NMHC 0.05

10-15M +

NOx 0.05
11M (g/km)

NOx 0.05
11M (g/km)

PM* 0.005
2002 CO 3.30 2007 CO 4.02

HC 0.13
10-15M

NOx 0.13
(g/km)

NMHC 0.05 10-15M +
CO 38.0 11M (g/km)
HC 3.50 11M (g/test) NOx 0.05
NOx 2.20

2005 CO 1.15 2009 CO 1.15
NMHC 0.05 10-15M + NMHC 0.05 10-15M +
NOx 0.05 11M (g/km) NOx 0.05 11M (g/km)

PM* 0.005
2005 CO 2.55 2009 CO 2.55

NMHC 0.05 10-15M + NMHC 0.05 10-15M +
NOx 0.07 11M (g/km) NOx 0.07 11M (g/km)

PM* 0.007
2005 CO 16.0 2009 CO 16.0

NMHC 0.23 JE05M NMHC 0.23 JE05M
NOx 0.70 (g/kWh) NOx 0.70 (g/kWh)

PM* 0.01
CO 0.63 CO 0.63
NMHC 0.024
NOx 0.14 NMHC 0.024
PM* 0.013 10-15M + 10-15M +

2005 2009
11M (g/km)

CO 0.63
11M (g/km)

NOx 0.08
NMHC 0.024
NOx 0.15 PM 0.005
PM 0.014

2005 CO 0.63 2009 CO 0.63
NMHC 0.024 10-15M + NMHC 0.024 10-15M +
NOx 0.14 11M (g/km) NOx 0.08 11M (g/km)
PM 0.013 PM 0.005

2005 CO 0.63 2009 CO 0.63
NMHC 0.024 10-15M + NMHC 0.024 10-15M +
NOx 0.25 11M (g/km) NOx 0.15 11M (g/km)
PM 0.015 PM 0.007

2005 CO 2.22 2009 CO 2.22
NMHC 0.17 JE05M NMHC 0.17 JE05M
NOx 2.0 (g/kWh) NOx** 0.7 (g/kWh)
PM 0.027 PM 0.01

CO = carbon monoxide; NMHC = non-methane hydrocarbons; HC = hydrocarbons; NOx = nitrogen oxides; PM = particulate matter.
* PM values apply only to direct-injection, lean-burn vehicles equipped with absorption-type NOx reduction catalysts.
** To be reduced to approximately 1/3rd of the value indicated in the chart (0.7g/kWh) as a targeted value post-2009; exact value and enforcement date to be decided after verification testing in 2008.
1 All vehicles weighing 3.5t or less are scheduled to be regulated as follows: Beginning in 2008, on the basis of (values measured in cold-start state in a new test mode) x 0.25 + (values measured in 
10-15 mode test) x 0.75.
2 Beginning in 2011, on the basis of (values measured in cold-start state in a new test mode) x 0.25 + (values measured in warm-start state in a new test mode) x 0.75.
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Table II

Summary of Japan Fuel Specifications

Gasoline Pb must not be detected

Sulfur max 0.01 wt%

max. 0.005 wt% (from end of 2004)

Benzene max. 1 vol%

MTBE max. 7 vol%

Oxygene max. 1.3 wt%

Light Oil Sulfur max. 0.05 wt%

max 0.005 wt% (from end of 2004)

Cetane Number min. 45

Distillation temp. max. 360 °C
90 vol%

Japanese Diesel 13 Mode Cycle

Mode Speed 
(% of nominal)

Load (%) Weighting 
factor

1 idle — 0.410/2

2 40 20 0.037

3 40 40 0.027

4 idle — 0.410/2

5 60 20 0.029

6 60 40 0.064

7 80 40 0.041

8 80 60 0.032

9 60 60 0.077

10 60 80 0.055

11 60 95 0.049

12 80 80 0.037

13 60 5 0.142

Table III - New Short Term Regulation
(from October 2003)
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Table IV - Heavy-Duty Vehicles & Engines: JE05

Chart II  -  GasolineChart I  -  Gasoline

The JE05 cycle (also known as the ED12) is a transient driving schedule of total duration
of approximately 1800 seconds. The JE05 test is defined through vehicle speed vs. time
points, as shown in the following chart.

New Transient Mode for Vehicles > 3,500 kg GVW. (Chart courtesy of dieselnet.com)

Japan 10-15 mode Japan 11 mode
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Table V

Japan Special Motor Vehicle Standards

Includes: backhoe loaders, tractor-type loaders, concrete sprayers, drill jumbos, dump trucks, truck mixers, generators, air compressors and wheel cranes.

Test cycle is ISO 8178 4 C1.

Includes nonroad vehicles with license plates rated between 19-560 kW such as: agricultural tractors, forklifts, or wheel loaders.

Test cycle is ISO 8178 4 C1.

Stage Effective Date Engine Power (kW) CO (g/kWh) HC (g/kWh) NOx (g/kWh) PM (g/kWh)

1 Oct. 2003 19 ≤ 37 5.0 1.5 8.0 0.8

2 Oct. 2007 19 ≤ 37 5.0 1.0 6.0 0.4

1 Oct. 2003 37 ≤ 56 5.0 1.3 7.0 0.4

2 Oct. 2008 37 ≤ 56 5.0 0.7 4.0 0.3

1 Oct. 2003 56 ≤ 75 5.0 1.3 7.0 0.4

2 Oct. 2008 56 ≤ 75 5.0 0.7 4.0 0.25

1 Oct. 2003 75 ≤ 130 5.0 1.0 6.0 0.3

2 Oct. 2007 75 ≤ 130 5.0 0.4 3.6 0.2

1 Oct. 2003 130 ≤ 560 3.5 1.0 6.0 0.2

2 Oct. 2008 130 ≤ 560 3.5 0.4 3.6 0.17

Japan Construction Machinery Standards

Stage Effective Date Engine Power (kW) CO (g/kWh) HC (g/kWh) NOx (g/kWh) PM (g/kWh)

1 1996 7.5 ≤ 15 5.7 2.4 12.4 —

1 1997 15 ≤ 30 5.7 1.9 10.5 —

1 1998 30 ≤ 260 5.0 1.3 9.2 —

2 2003 8 ≤ 19 5.0 1.5 9.0 0.80

2 2003 19 ≤ 37 5.0 1.5 8.0 0.80

2 2003 37 ≤ 75 5.0 1.3 7.0 0.40

2 2003 75 ≤ 130 5.0 1.0 6.0 0.30

Table VI
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TTaabblleess II aanndd IIII EC 93 and EC 96 (Euro 1 and 2) Passenger Cars (<2.5 t GVW, <6 seats) 
Directives 91/441/EC or 93/59/EC (“EC93”)
Directives 94/12/EC or 96/69/EC (“EC96”)

Large Passenger Cars and Light-duty Trucks
(7-9 seats, >2.5 t GVW, LDT <3.5 t GVW – Directive 96/69/EC)

TTaabbllee IIIIII aanndd CChhaarrtt II Euro 3 (2000) and Euro 4 (2005) Emission Standards 
For Passenger Cars and Light Commercial Vehicles 

MVEG-B

TTaabbllee IIVV Euro 5 regulations

TTaabbllee VV Euro 6 regulations

TTaabblleess VVII,, VVIIII,, VVIIIIII Summary of European Union Fuel Specifications

Euro 3, 4 and 5 Emission Standards for Heavy-duty Diesel Engines

Euro 3, 4 and 5 Emission Standards for Heavy-duty Diesel and Petrol 
Engines

TTaabbllee VVIIXX Heavy Duty Diesel Euro 6 Proposal

CChhaarrtt IIII aanndd IIIIII ETC Transient Cycle – Engine Speed
ETC Transient Cycle – Engine Torque

TTaabbllee XX Nonroad Diesel Engine Emission Standards
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EC 93 and EC 96 (Euro 1 and 2) Passenger Cars (<2.5 t GVW, <6 seats)
Directives 91/441/EC or 93/59/EC (“EC93”) 
Directives 94/12/EC or 96/69/EC (“EC96”)

EC93

Test Emissions Unit TA-FR 7/92 - 1/93

Petrol (Diesel) Petrol Diesel

ECE+EUDC* HC + NOx g/km 0.97 (1.13) 0.5 0.7

CO 2.72 (3.16) 2.2 1

PM1 0.14 (0.18) — 0.08

TA-FR 1/96 - 1/97

EC 96

Large Passenger Cars and Light-Duty Trucks 
(7-9 seats, >2.5 t GVW, LDT <3.5 t GVW - Directive 96/69/EC)

Test Emissions Unit Class I2 Class II2                 Class III2

≤1,250 kg3 >1,250 kg 
<1,700 kg3

>1,700 kg3

ECE+EUDC* HC + NOx g/km 0.97 (1.13) 1.4 (1.6) 1.7 (2.0)

CO 2.72 (3.16) 5.17 (6.0) 6.9 (8.0)

PM1 0.14 (0.18) 0.19 (0.22) 0.25 (0.29)

ECE+EUDC* HC + NOx g/km 0.5 0.6 0.7

CO 2.2 4.0 5.0

HC + NOx1 g/km 0.7/0.9 1.0/1.3 1.2/1.6

CO1 1.0 1.25 1.5

PM1 0.08/0.1 0.12/0.14 0.17/0.2

Step I: TA 10/93, FR 10/94

Step II: TA 1/97 (CI. I), 1/98 (CI. II, III), FR 10/97 (I), 10/98 (II, III)

CO = carbon monoxide; HC = hydrocarbons; NOx = oxides of nitrogen; PM = particulate matter; FR = first registration;
TA = type approval; * ECE+EUDC driving cycle includes first 40 seconds of idle period start of bag sampling at engine
crank (MVEG-B). 1) Diesel vehicles; 2) Conformity of production (COP) values; 3) Reference weight in running order 
plus 25 kg.

Table I

Table II

© Copyright 2009 Umicore Autocat USA Inc. www.automotivecatalysts.com

       



CO = carbon monoxide; HC = hydrocarbons; NOx = oxides of nitrogen; PM = particulate matter. Modified ECE+EUDC driving cycle deletes first 40 seconds of idle
period/start of bag sampling at engine crank. 2000 limits implemented 1/1/2000 for new type M and N Class 1; 1/1/2001 for new type N Class 1 and 2, and all model
M and N Class 1; and 1/1/2002 for all model N Class 2 and 3. 2005 limits effective 1/1/2005 for new type M and N Class 1; 1/1/2006 for all model M and N Class 1, and
a new type N Class 1 and 2; 1/1/2007 for all model N Class 2 and 3. 1) PM limits for compression-ignition engines only; 2) M category vehicles over 2,500 kg are 
treated as N Class 1 vehicles. M category diesel vehicles over 2,000 kg that carry more than six people or classed as off-road are treated as N Category vehicles 
until 1/1/2003; 3) Plus Category M vehicles as indicated in footnote 2.

Euro 3 (2000) and Euro 4 (2005) Emission Standards 
For Passenger Cars and Light Commercial Vehicles

Category/class Ref. mass Fuel type CO g/km HC g/km NOx g/km HC+NOx g/km PM1 g/km

2000 M2 All2 Petrol
Diesel

2.3
0.64

0.20
—

0.15
0.50

—
0.56

—
0.050

N1
3/1 ≤1,305 kg Petrol

Diesel
2.3

0.64
0.20
—

0.15
0.50

—
0.56

—
0.050

N1
3/2 >1,305≤ 1,760 kg Petrol

Diesel
4.17
0.80

0.25
—

0.18
0.65

—
0.72

—
0.070

N1
3/3 >1,760 kg Petrol

Diesel
5.22
0.95

0.29
—

0.21
0.78

—
0.86

—
0.100

2005 M2 All2 Petrol
Diesel

1.0
0.50

0.10
—

0.08
0.25

—
0.30

—
0.025

N1
3/1 ≤1,305 kg Petrol

Diesel
1.0

0.50
0.10
—

0.08
0.25

—
0.30

—
0.025

N1
3/2 >1,305≤ 1,760 kg Petrol

Diesel
1.81
0.63

0.13
—

0.10
0.33

—
0.39

—
0.040

N1
3/3 >1,760 kg Petrol

Diesel
2.27
0.74

0.16
—

0.11
0.39

—
0.46

—
0.06

Effective date, MY
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Key: PI = Positive Ignition, CI = Compression Ignition
(1) Positive ignition particulate mass standards shall apply only to vehicles with direct injection engines.
(2) A revised measurement procedure shall be introduced before the application of the 4.5 mg/km limit value.
(3) A new measurement procedure shall be introduced before the application of the limit value.

Category Class(1) PI CI PI CI PI CI PI CI PI CI PI CI PI CI

M ___ All 1000 500 100 ___ 68 ___ 60 180 ___ 230 5.0/4.5 5.0/4.5 ___ 6.0 x 1011

N1 I RM 1000 500 100 ___ 68 ___ 60 180 ___ 230 5.0/4.5 5.0/4.5 ___ 6.0 x 1011

≤ 1305

1305 <
II RM 1810 630 130

___ 90 ___ 75 235 ___ 295 5.0/4.5 5.0/4.5 ___ 6.0 x 1011

≤ 1760

III 1760 < 2270 740 160 ___ 108 ___ 82 280 ___ 350 5.0/4.5 5.0/4.5 ___ 6.0 x 1011

RM

N2 All 2270 740 160 ___ 108 ___ 82 280 ___ 350 5.0/4.5 5.0/4.5 ___ 6.0 x 1011

Table IV

Reference Mass of carbon Mass of total Mass of Mass of oxides of Combined mass of Mass of particulate Number of particles (3)

Mass monoxide hydrocarbons non-methane nitrogen total hydrocarbons matter (2) (P)
(RM) (CO) (THC) hydrocarbons (NOx) and oxides of nitrogen (PM)

(NMHC) (THC + NOx)

L1 L2 L3 L4 L2 + L4 L5 L6
(kg)

(mg/km) (mg/km) (mg/km) (mg/km) (mg/km) (mg/km) (#/km)

Euro 5 Emission Standards Effective September 1, 2009 for New Types and January 1, 2011 for All Types
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Key: PI = Positive Ignition, CI = Compression Ignition
(1) A number standard is to be defined for this stage for positive ignition vehicles.
(2) Positive ignition particulate mass standards shall apply only to vehicles with direct injection engines.
(3) A revised measurement procedure shall be introduced before the application of the 4.5 mg/km limit value.
(4) A new measurement procedure shall be introduced before the application of the limit value.
(5) A number standard shall be designed before September 1, 2014.

Category Class PI CI PI CI PI CI PI CI PI CI PI(2) CI PI(5) CI(4)

M ___ All 1000 500 100 ___ 68 ___ 60 80 ___ 170 5.0/4.5 5.0/4.5 ___ 6 x 1011

N1 I RM 1000 500 100 ___ 68 ___ 60 80 ___ 170 5.0/4.5 5.0/4.5≤ 1305 ___ 6 x 1011

1305 <
II RM 1810 630 130

___ 90 ___ 75 105 ___ 195 5.0/4.5 5.0/4.5 ___
6 x 1011

≤ 1760

III 1760 < 2270 740 160 ___ 108 ___ 82 125 ___ 215 5.0/4.5 5.0/4.5 ___ 6 x 1011

RM

N2 All 2270 740 160 ___ 108 ___ 82 125 ___ 215 5.0/4.5 5.0/4.5 ___ 6 x 1011

Table V

Reference Mass of Mass of total Mass of Mass of oxides of Combined mass of Mass of particulate Number of particles (1)

Mass carbon monoxide hydrocarbons non-methane nitrogen total hydrocarbons matter (3) (P)
(RM) (CO) (THC) hydrocarbons (NOx) and oxides of nitrogen (PM)

(NMHC) (THC + NOx)

L1 L2 L3 L4 L2 + L4 L5 -L6
(kg)

(mg/km) (mg/km) (mg/km) (mg/km) (mg/km) (mg/km) (#/km)

Euro 6 Emission Standards Effective September 1, 2014 For New Types and September 1, 2015 for All Types  
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Summary of European Union Fuel Specifications

Petrol RVP summer 
kPa

Aromatics 
% v/v

Benzene 
% v/v

Sulfur ppm Olefins 
% v/v

Oxygen 
% m/m

2000 60 42 1 150 18 2.7

2005 — 35 — 50 — —

Diesel Polyaromatics 
% v/v

Sulfur 
ppm

Cetane number Density 15 
kg/m3

Distillation 
95% °C

—

2000 11 350 51 (Min) 845 360 —

2005* — 50 — — — —

The German government pushed for a European introduction of low-sulfur gasoline and diesel with a maximum of 10 ppm as
of January 1, 2003.

*  “Sulfur-free” 10 ppm diesel fuel must be available for highway vehicles.

Tier Effective date CO g/kWh HC g/kWh NOx g/kWh PM g/kWh Smoke m-1

Euro 3 1999 (EEVs) 1.5 0.25 2.0 0.02 0.15

2000 2.1 0.66 5.0 0.10
0.13*

0.80

Euro 4 2005 1.5 0.46 3.5 0.02 0.50

Euro 5 2008 1.5 0.46 2.0 0.02 0.50

CO = carbon monoxide; HC = hydrocarbons; NOx = oxides of nitrogen; PM = particulate matter; EEV = enhanced 
environmentally friendly vehicle. m-1 = unit to measure smoke during ELR test cycle; * for engines less than 0.75 dm3

wept volume per cylinder and rated power speed of more than 3,000 min-1 (rpm). ESC + ELR Test Cycle

Euro 3, 4 and 5 Emission Standards for Heavy-Duty Diesel 
and Petrol Engines

Tier Effective date CO g/kWh NMHC 
g/kWh

CH4 g/kWh1 NOx 
g/kWh

PM2

Euro 3 1999 (EEVs) 3.0 0.40 0.65 2.0 0.02

2000 5.45 0.78 1.6 5.0 0.16
0.213

Euro 4 2005 4.0 0.55 1.1 3.5 0.03

Euro 5 2008 4.0 0.55 1.1 2.0 0.03

CO = carbon monoxide; NMHC = nonmethane hydrocarbon; NOx = oxides of nitrogen; PM = particulate matter;
EEV = enhanced environmentally friendly vehicle. 1) For natural gas engines only; 2) Not applicable to petrol engines at 2000
and 2005 tiers; 3) For engines less than 0.75 dm3 swept volume per cylinder and rated power speed of more than 3000 min-1.

Table VI

Table VII

Table VIII

Euro 3, 4 and 5 Emission Standards for 
Heavy-Duty Diesel Engines

2009 — 10 — — — —
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PI = Positive Ignition, CI= Compression Ignition 

(1) A number standard is to be defined at a later stage

(2) The limit values relating to WHSC and WHTC will be introduced, at a later stage, once correlation factors with respect to the current cycles (ESC and ETC) have 
been established

Heavy Duty Diesel Euro 6 Proposal

Table VIX

CO (mg/kWh) THC (mg/kWh) NMHC (mg/kWh) CH4 (mg/kWh) NOx (mg/kWh) NH3 (ppm) PM Mass PM (1) Number
(mg/kWh) (#/kWh)

ESC (CI) 1500 130 400 10 10

ETC (CI) 4000 160 400 10 10

ETC (PI) 4000 160 500 400 10 10

WHSC (2)

WHTC (2)

© Copyright 2009 Umicore Autocat USA Inc. www.automotivecatalysts.com

 



ETC Transient Cycle — Engine Speed

ETC Transient Cycle — Engine Torque
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Chart courtesy of dieselnet.com

Chart II

Chart III

Chart courtesy of dieselnet.com
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Table X 

Nonroad Diesel Engine Emission Standards

EU Stage I - IV

Includes industrial drilling rigs, compressors, construction wheel loaders, bulldozers, nonroad trucks, highway excavators, forklift trucks, road maintenance equipment, snow plows,
ground support equipment in airports, aerial lifts and mobile cranes. Agriculture and forestry tractors have different implementation dates.

Exempted engines include those used in: ships, railway locomotives, aircraft and generating sets.

Dates are market placement dates (first registration dates) after which all new engines must meet the standards.

NRTC (nonroad transient cycle) (run twice - cold & hot start) and a weighted average -10% for cold and 90% for hot start - run in parallel to the ISO 8178 C1 schedule comprises the 
Non-road Steady Cycle (NRSC).

Stage I, II, and IIIA are measured using the NRSC.

Stages IIIB and IV are measured using NRTC for all engines but constant speed engines. Manufacturers can use NRTC for Stage IIIA and for gaseous pollutants in Stage IIIB and IV.

II 2001 19 ≤ 37 5.5 1.5 — 8.0 0.8

IIIA 2007 19 ≤ 37 5.5 — 7.5 — 0.6

I 1999 37 ≤ 56 6.5 1.3 — 9.2 0.85

II 2004 37 ≤ 56 5.0 1.3 — 7.0 0.4

IIIA 2008 37 ≤ 56 5.0 — 4.7 — 0.4

IIIB 2013 37 ≤ 56 5.0 — 4.7 — 0.025

I 1999 56 ≤ 75 6.5 1.3 — 9.2 0.85

II 2004 56 ≤ 75 5.0 1.3 — 7.0 0.4

IIIA 2008 56 ≤ 75 5.0 — 4.7 — 0.4

IIIB 2012 56 ≤ 75 5.0 0.19 — 3.3 0.025

IV 2014 56 ≤ 75 5.0 0.19 — 0.4 0.025

I 1999 75 ≤ 130 5.0 1.3 — 9.2 0.7

II 2003 75 ≤ 130 5.0 1.0 — 6.0 0.3

IIIA 2007 75 ≤ 130 5.0 — 4.0 — 0.3

IIIB 2012 75 ≤ 130 5.0 0.19 — 3.3 0.025

IV 2014 75 ≤ 130 5.0 0.19 — 0.4 0.025

I 1999 130 ≤ 560 5.0 1.3 — 9.2 0.54

II 2002 130 ≤ 560 3.5 1.0 — 6.0 0.2

IIIA 2006 130 ≤ 560 3.5 — 4.0 — 0.2

IIIB 2011 130 ≤ 560 3.5 0.19 — 2.0 0.025

IV 2014 130 ≤ 560 3.5 0.19 — 0.4 0.025

Stage Effective Date Engine Power (kW) CO (g/kWh) HC (g/kWh) NOx + HC (g/kWh) NOx (g/kWh) PM (g/kWh)
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(1) Only for Otto cycle engines, except with natural gas (CNG).

(2) Only for natural gas vehicles.

(3) Higher number valid just for diesel engines (today prohibited by law).

(4) If HC + aldehyde < 0.050 g/km. Co in idle, 0.5% for all of the Otto cycle engines, according to NBR-10972. M = mass per test.

Brazil Tailpipe Emission Limits 
Passenger Cars and Light Commercial Vehicles

Brazil Tailpipe Emission Limits 
HDD Vehicles (GVW > 856kg) and Commercial with Diesel Engine (GVW >2,000kg),

alternately with the Light Vehicle Limits

(1) Only for CNG vehicles

(2) Exhaust gas measurements according to NBR 14489 (ECE R-49 cycle) and opacity in free acceleration according to NBR 13037. From 1/1/2004 exhaust gas 
measurements according to the methods and procedure established by the ESC, ELR, and ETC cycles by 1999/96 European Congress directive and the 
Council of December 13, 1999, substitute and complements until the equivalent Brazilian norm publication.

(3) Higher values for engine displacement lower than 0.75 dm2 and rotation at maximum power higher than 3,000 rpm.

(4) To be confirmed until December 31, 2004. Perhaps it will be exempt under technical justification.

Effective date Category Phase In CO g/km THC g/km NOx g/km NHMC g/km Aldehyde g/km (1) MP g/km Evap g/test (1) Test Cycle 

1997 Passenger Cars All 2.0 0.3 (2) 0.6 - 0.03 0.05 2 US FTP 75

2005 40% Sales 0.25/0.60 (3) 0.16

2006 70% Sales

2007 All

2009 All 0.12/0.25 (3) 0.05 0.05

1998 Light Commercial All 0.6 - 0.03 0.12 2 US FTP 75

2005 Vehicles 40% Sales 0.25/0.60 (3) 0.16 0.08

2006 M<1700kg 70% Sales

2007 All

2009 All 0.12/0.25 (3) 0.05 0.05 0.05

1998 Light Commercial All 6.2 0.5 (2) 1.40 - 0.06 (4) 0.16 2 ECE R-49

2005 Vehicles 40% Sales 2.7 0.43/1.0 (3) 0.20 0.06 0.10

2006 M>1700kg 70% Sales

2007 All

2009 All 2 0.25/0.43 (3) 0.06 0.04 0.06

Effective date Category/Phase In CO g/kWh THC g/kWh NHMC g/kWh CH4 (1) g/kWh NOx g/kWh MP g/kWh Opacity m (1) Test Cycle 

Actual Old models until 4 1.1 - - 7.0 0.15 or 0.25 (3) Specific list ECE R-49(2)
60% of production and free 

acceleration

1/1/2004 100% urban buses 2.1 0.66 - - 5.0 0.10 or 0.13 (3) 0.8 ESC and ELR
or 60% of all of the

diesel engines

1/1/2005 100% urban buses, 2.1 0.66 - - 5.0 0.10 or 0.13 (3) 0.8 ESC and ELR
100% microbus,

40% of the rest of
diesel engines

1/1/2006 All of the diesel 2.1 0.66 - - 5.0 0.10 or 0.13 (3) 0.8 ESC and ELR
engines

1/1/2004 Diesel engines 2.1 0.66 - - 5.0 0.10 or 0.13 (3) 0.8 ESC and ELR
with advanced

after treatment
NOx catalyst and 5.45 - 0.78 1.6 5.0 0.16 or 0.21 (3) - ETC
particulate filter

1/1/2005 CNG engines 5.45 - 0.78 1.6 5.0 - - ETC

1/1/2009 All of the heavy 1.5 0.46 - - 3.5 0.02 0.5 ESC and ELR
duty vehicles

equipped with
diesel engines 4 - 0.55 1.1 3.5 0.03 - ETC

1/1/2009 CNG Engines 4 - 0.55 1.1 3.5 - - ETC
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China Tailpipe Emission Limits

Phase Category Level Gasoline Diesel Gasoline Diesel Gasoline Diesel Gasoline Diesel Diesel

First _ All 2.30 0.64 0.20 _ 0.15 0.50 _ 0.56 0.050

1 RM ≤ 1305 2.30 0.64 0.20 _ 0.15 0.50 _ 0.56 0.050

Second 2 1305 < RM ≤ 1760 4.17 0.80 0.25 _ 0.18 0.65 _ 0.72 0.070

3 1760 < RM 5.22 0.95 0.29 _ 0.21 0.78 _ 0.86 0.100

First _ All 1.00 0.50 0.10 _ 0.08 0.25 _ 0.30 0.025

1 RM ≤ 1305 1.00 0.50 0.10 _ 0.08 0.25 _ 0.30 0.025

Second 2 1305 < RM ≤ 1760 1.81 0.63 0.13 _ 0.10 0.33 _ 0.39 0.040

3 1760 ≤ RM 2.27 0.74 0.16 _ 0.11 0.39 _ 0.46 0.060

Reference Mass

RM (kg)

First Category: The number of seats should be less than 6, including the driver, and the mass should be less than 2500kg for M1.
M1: Passenger cars with seats less than 9, including the driver seat.
Second Category: Light duty vehicle excluding first category.
Light Duty Vehicle: Passenger cars with seats less than 9 or mass less than 500kg; trucks with mass less than 3500 kg.
* Euro 4 in Beijing effective March 1, 2008. Euro 3 implemented as of July 2008. Euro 2 light-duty vehicles can not be sold as of July 1, 2008.

Type 1 Emission Threshold (g/km)

Mass of Mass of Mass of Combined Mass of Mass of
Carbon Monoxide Hydrocarbons Oxides of Nitrogen Hydrocarbons and Particulates

Oxides of Nitrogen
(CO) (HC) (NOx) (HC+NOx) (PM)

L1 L2 L3 L2+L3 L4

III (Euro 3)

2000

IV (Euro 4*)

2005
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CO = carbon monoxide; GVW = gross vehicle weight; HC = hydrocarbons; HCV = Heavy commercial vehicle; LCV = light commercial vehicle; NOx = oxides of nitrogen;
PC = passenger car; PM = particulate matter
* Depending on reference weight 
** For engines having swept volume of less than 0.75 litre per cylinder and rated power speed of more than 3000 rpm
† In addition to meeting the limits on ESC and ELR tests

Effective date Vehicle type CO g/km HC g/km NOx g/km HC + NOx g/km PM g/km Test cycle 

Bharat Stage II Petrol PC 2.2 — — 0.5 —

> 6 passengers or GVW > 2,500 kg but < 3,500 kg 2.2 to 5.0* — — 0.5 to 0.7* —

Diesel PC up to 6 persons and GVW < 2,500 kg 1.0 — — 0.7 0.09

Diesel PC > 6 passengers and GVW > 2,500 kg and 1.0 to 1.5* — — 0.7 to 1.2* 0.09 to 0.17*
< 3,500 kg

Diesel Transport Vehicles (if GVW < 3,500 kg – 1.0 to 1.5* — — 0.7 to 1.2* 0.09 to 0.17*
optional)
Petrol Transport Vehicle (if GVW < 3,500 kg – 2.2 to 5.0* — — 0.5 to 0.7* —
optional)

Bharat Stage III Petrol PC 2.3 0.2 0.15 — —

> 6 passengers or GVW > 2,500 kg but < 3,500 kg 2.3 to 5.22* 0.2 to 0.29* 0.15 to 0.21* — —

2010: All over India Diesel PC up to 6 persons and GVW < 2,500 kg 0.64 — 0.5 0.56 0.05

Diesel PC and Transport Vehicles > 6 passengers 0.64 to 0.95* — 0.5 to 0.78* 0.56 to 0.86* 0.05 to 0.10*
and GVW > 2,500 kg and < 3,500 kg 

Petrol PC 1.0 0.10 0.08 — —

Diesel PC 0.50 — 0.25 0.30 0.025

Transport Vehicles – Petrol > 6 passengers or 1.0 to 2.27* 0.10 to 0.16* 0.08 to 0.11* — —
GVW > 2,500 kg but < 3,500 kg

Transport Vehicles – Diesel > 6 passengers or 0.50 to 0.74* — 0.25 to 0.39* 0.30 to 0.46* 0.025 to 0.06*
GVW > 2,500 kg but < 3,500 kg

Effective date Vehicle type CO g/kW-h HC g/kW-h NOx g/kW-h PM g/kW-h Test cycle Smoke

Bharat Stage II Diesel LCV/HCV 4.0 1.1 7.0 0.15 ECE R49/13 mode 2.45 m-1

GVW > 3,500 kg Free acceleration/
Full load smoke

Bharat Stage III Diesel LCV/HCV 2.1 0.66 5.0 0.10/0.13** ESC 0.8 m-1

2005: 11 cities GVW > 3,500 kg ELR smoke
2010: All over India

Bharat Stage IV Diesel LCV/HCV 1.5 0.46 3.5 0.02/0.13** ESC
2010: 11 cities GVW > 3,500 kg ELR Smoke 0.5 m-1

Diesel LCV/HCV 5.45 0.78 5.0 0.16/0.21** ETC
GVW > 3,500 kg fitted with Exhaust 
aftertreatment devices viz DPF, DeNOx, etc †
Diesel/CNG/LPG – LCV/HCV 4.0 0.55 (NMHC) 3.0 0.03/0.21** ETC
GVW > 3,500 kg Fitted with Exhaust 1.1 (CH4)
aftertreatment devices viz DPF, DeNOx, etc †

India Tailpipe Emission Limits

2005: 11 Cities

Bharat Stage IV
2010: 11 Cities

ECE + EUDC with Max Speed 
90 km/h
Cold Start with 40 s idling

ECE + EUDC with Max Speed 
90 km/h
Cold Start 

ECE + EUDC with Max Speed 
90 km/h
Cold Start 
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ARGENTINA Crankcase emissions are not permitted from naturally aspirated engines.Crankcase emissions are added to exhaust emissions for turbocharged vehicles. 1) Petrol engines only;
2) Diesel only, HD smoke limits per ECE R 24.01, dual limits for vehicles with max power above/below 85 kW; 3) 1999 for all new registrations; 4) PM 0.31 g/km for vehicles <1700 kg.
Emissions compliance 80,000 km/5 years for passenger cars and light-duty vehicles and 160,000 km/5 years for heavy-duty vehicles.

AUSTRALIA 1) Adopts requirements of ECE R83/04; 2) Adopts requirements of 98/69/EC. ADR will mandate only Euro 3 provisions of 98/69/EC for petrol vehicles, but allow optional 
compliance with Euro 4; 3) Adopts requirements of 99/96/EC; 4) “/00” and “/01” represent 2002-2004 and 2005-2007 groupings of new requirements; 5) A new smoke standard, ADR/30/01 
also applies to all diesel vehicles from 2002-2003. This adopts ECE R24/03 and allows US 94 smoke standards as an alternative; 6) Standards also apply to LPG or NG vehicles; 7) UN ECE and EU 
have no standards for medium-duty petrol engines, so US EPA is adopted. Diesel Fuel: .50 ppm sulfur effective January 1, 2006; .10 ppm sulfur effective January 1, 2009.

BULGARIA Standards based on ECE 83/01.

Tailpipe Emission Limits For Other Countries

Australia

Argentina

Bulgaria

Canada

Chile

Effective Date Vehicle type Test Cycle CO g/km HC g/km NOx g/km MP2 g/km Evap g/test Gas carter
Passenger

1998 Commercial M>1,700 Kg EPA 75
Commercial M<1,700 Kg 6.2 0.5 1.4 0.16 6 n.a.

Effective Date Vehicle type Test Cycle CO g/km HC g/km NOx g/km HC+NOx MP2 g/km

Otto Diesel Otto Diesel Otto Diesel Otto Diesel Diesel
Passenger <2,500 Kg

EURO 2 Commercial M>1,250 Kg NEDC

2004 Commercial M<1,700 Kg 4 1.25 — — — — 0.6 1 0.12

Commercial M>1,700 Kg 5 1.5 — — — — 0.7 1.2 0.17

Effective Date Vehicle type Test Cycle CO g/km HC g/km NOx g/km HC+NOx MP2 g/km

Otto Diesel Otto Diesel Otto Diesel Otto Diesel Diesel
Passenger <2,500 Kg

EURO 3 Commercial M<1,300 Kg NEDC

2006 Commercial M<1,760 Kg 4.17 0.8 0.25 — 0.18 0.65 0.72 0.07

Passenger >2,500 Kg

Commercial M>1,760 Kg

Vehicle type Effective 2002-2003 for diesel1,3,4,5 Effective 2003-2004 for petrol1,3,4, Effective 2005-2006 for petrol2,4 Effective 2006-2007 for diesel2,4,5

PV ≤ 3.5 t ADR 79/00 (Euro 2) ADR 79/00 (Euro 2)6 ADR 79/01 (Euro 3)6 ADR 79/01 (Euro 4)

PV > 3.5 t ADR 80/00 (Euro 3)6 ADR 80/00 (US 96)7 ADR 80/01 (US 98)7 ADR 80/01 (Euro 4)6

Bus ≤ 3.5 t ADR 79/00 (Euro 2) ADR 79/00 (Euro 2)6 ADR 79/01 (Euro 3)6 ADR 79/01 (Euro 4)

Bus > 3.5 ≤ 5 t ADR 80/00 (Euro 3)6 ADR 80/00 (US 96)7 ADR 80/01 (US 98)7 ADR 80/01 (Euro 4 or US 2004 or JE 05)6

Bus > 5 t ADR 80/00 (Euro 3 or US 98)6 ADR 80/00 (US 96)7 ADR 80/01 (US 98)7 ADR 80/01 (Euro 4 or US 2004 or JE 05)6

Truck ≤ 3.5 t ADR 79/00 (Euro 2) ADR 79/00 (Euro 2)6 ADR 79/01 (Euro 3)6 ADR 79/01 (Euro 4)

Truck > 3.5 ≤ 12 t ADR 80/00 (Euro 3 or US 98)6 ADR 80/00 (US 96)7 ADR 80/01 (US 98)7 ADR 80/01 (Euro 4 or US 2004 or JE 05)6

Truck > 12 t ADR 80/00 (Euro 3 or US 98)6 ADR 80/00 (US 96)7 ADR 80/01 (US 98)7 ADR 80/01 (Euro 4 or US 2004 or JE 05)6

Effective date Vehicle type CO g/test HC + NOx g/test NOx g/test Test Cycle

1997 Petrol LDV < 1,400 cm3 25 6.5 3.5 ECE R 15

Petrol LDV 1,400-2,000 cm3 30 8.0 –

Petrol LDV > 2,000 cm3 45 15.0 6.0

Effective date Vehicle type CO g/test HC + NOx g/test PM g/test

1997 Diesel LDV < 1,400 cm3 30 8.0 1.1

Diesel LDV 1,400-2,000 cm3 25 8.0 1.1

Diesel LDV < 2,000 cm3 45 6.0 1.1

Refer to US charts. Canada harmonized with all US vehicle standards and test cycles. Refer to CARB charts: The Province of British Columbia has adopted CARB standards as of 2001.

Effective date Vehicle type CO g/km HC g/km NOx g/km PM g/km Test Cycle 

1995 PC 2.11 0.25 0.82 0.125 US FTP 75

1995 LDT < 3,800 kg 6.2 0.5 1.43 0.16

Effective date Vehicle type CO g/kWh HC g/kWh NOx g/kWh PM g/kWh Test Cycle 

1998 HD diesel 4.0 1.1 7.0 0.15 ECE R-49

1998 HD petrol 37.1 1.9 5.0 – US 13-mode

1998 Santiago urban bus 4.0 1.1 7.0 0.15 ECE R-49

2 0.3 0.6 0.124 6 n.a.

2.2 1 — — — — 0.5 0.7 0.08

2.3 0.64 0.2 — 0.15 0.5 0.56 0.05

5.22 0.95 0.29 — 0.21 0.78 0.86 0.1
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1992 HDV > 3.5 t 4.0 1.1 7.0 0.15 ECE R-49

Diesel PC/LDV ≤ 3.5 t* 1.0 0.7 — 0.08

LDV > 2,000 cm3 45 15.0 6.0 1.1

Diesel LDV < 1,400 cm3 30 8.0 — 1.1

Effective date Vehicle type CO g/km HC g/km NOx g/km Test cycle
LDV < 2,800 kg 2.10 0.25 0.62 US FTP 75

MDV 2,800 - 3,860 kg 11.2 1.05 1.43

Vehicle type CO g/hp-hr HC + NOx g/hp-hr Test cycle
HDV > 3,860 kg 25.0 10.0 US 13-mode

Effective date Vehicle type CO g/test HC + NOx g/test NOx g/test PM g/test Test cycle
— Petrol LDV < 1,400 cm3 25 6.5 3.5 — ECE R 15

Diesel LDV < 1,400 cm3 30 8.0 — 1.1

LDV 1,400-2,000 cm3 45 15.0 6.0 1.1

LDV > 2,000 cm3 45 15.0 6.0 1.1
Effective date Vehicle type CO g/test HC + NOx g/test NOx g/test PM g/test Test cycle

1996 Petrol LDV < 1,400 cm3 25 6.5 3.5 — ECE R 15

LDV 1,400-2,000 cm3 30 8.0 — 1.1

Petrol PC/LDV ≤ 3.5 t* 2.2 0.5 — —

Effective date Vehicle type CO g/kWh HC g/kWh NOx g/kWh PM g/kWh Test cycle

Effective date Vehicle type CO g/km HC + NOx g/km PM g/km Evap g/test Test cycle

1996 Petrol LV 2.2 0.5 — 2.0 ECE + EUDC

IDI diesel LV 1.0 0.9 0.1 —

DI diesel LV 1.0 0.7 0.08 —

2001 LDV Refer to Euro 3 table

Effective date Vehicle type CO g/kWh HC g/kWh NOx g/kWh PM g/kWh Test cycle

1996 HDV 4.0 1.1 7.0 0.15 ECE R-49

Effective date Vehicle type CO g/km HC + NOx g/km NOx g/km PM g/km Test cycle
2000 Petrol LDV 30 8.0 — — ECE R 15

Diesel LDV 30 8.0 — 1.1
Effective date Vehicle type CO g/kWh HC g/kWh NOx g/kWh PM g/kWh Test cycle
1997 HDV 11.2 2.4 14.4 0.15 US 13-mode

As of 1998, Costa Rica accepts either US 87 or EC 93 compliant vehicles

Columbia

Costa Rica

Croatia

In 1998, El Salvador implemented US 87 regulations.El Salvador

Hong Kong

Hungary

Czech & Slovak
Republics

1997 
(imp) 
1998 
(dom)

Adoption of EC 93 emissions standards under discussion, with implementation in 2003 at the earliest.Egypt

CROATIA Standards based on ECE R 83/01. PM limits apply to diesel vehicles only.

CZECH AND Standards based on ECE R 83/01. PM limits for diesel vehicles only. PM limits for heavy-duty vehicles: for engine 85 kW or less, limit value is increased by 
SLOVAK REPUBLICS multiplying the quoted limit by a coefficient of 1.7; limit is 0.25 g/kWh for engines with a cylinder swept volume of <0.7 dm3 and a rated power speed of >3000 min-1.

*Standard similar to R 83/02 with ECE R15 + EUDC test cycle.

HONG KONG Light-vehicle standards follow 94/12/EEC; heavy-duty vehicles follow 91/542/EEC. PM limits for heavy-duty vehicles: for engine 85 kW or less, limit value is 
increased by multiplying the quoted limit by a coefficient of 1.7; limit is 0.25 g/kWh for engines with a cylinder swept volume of <0.7 dm3 and a rated power 
speed of >3000 min -1.

HUNGARY Light-duty standards follow ECE 83/01; heavy-duty standards follow ECE R 49/01.

Tailpipe Emission Limits For Other Countries (continued)

Indonesia

Israel

Indonesia has CO limits of 4.5% volume; HC limits of 1,200 ppm and diesel smoke opacity limit of 50% for four-wheeled vehicles.
The country will adopt EC 96 (Euro 3) standards in 2003 per the ASEAN agreement.

Since March 2006, Israel has adopted EU directive 96/96. Imports cannot be more than four years old. All cars must have a catalytic converter.
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MEXICO Mexico PC, LDV and LDT standards equivalent to US 94 without OBD provision. No standards have been established for new heavy-duty petrol trucks and buses.

PHILIPPINES CFI is constant volume measurement technique. PM limits for diesel only. 2000 PC standards based on 91/441/EEC. 2000 LDV limits based on 93/59/EC. 2003 PC limits 
based on EC 96 using ECE + EUDC test cycle. For HDV, PM limit is increased for engines of 85 kW or less, by multiplying the quoted limit by a coefficient of 1.7.

SINGAPORE JIS 93 for light commercial vehicles, and JIS 94 for passenger cars and heavy-duty vehicles, were accepted as alternative compliance during the 1997-1998 phase-in period.

SOUTH AFRICA Fuel Economy: All pasenger cars will be required to display a fuel economy/CO2 label at point of sales effective July 1, 2008.
* RON = Research Octane Number

Tailpipe Emission Limits For Other Countries (continued)

Malaysia

Mexico

In 2000 Malaysia adopted 94/12/EEC for light-duty vehicles. As of 1997, heavy-duty vehicles above 3.5 t had to comply with ECE R 49/20, and light-duty diesels had to meet 93/59/EEC limits.
The country will adopt EC 96 in 2003 per the ASEAN agreement.

Effective date Vehicle type CO g/ml HC g/ml NOx g/ml PM g/ml Test Cycle 

1997 PC 3.4 0.40 1.0 — US FTP 75

LCV ≤ 6,012 lb GVW 14.0 1.0 2.30 —

LDT 6,013-6,614 lb GVW 14.0 1.0 2.30 —

Effective date Vehicle type CO g/hp-hr HC g/bhp-hr NOx g/bhp-hr PM g/hp-hr Test Cycle 

1998 HD diesel 1.3 15.5 4.0 0.05 US 13-mode

MD diesel 1.3 15.5 4.0 0.10

Norway accepts vehicles that meet EC 96 emissions limits, per the ECE + EDUC test cycle.

Effective date Vehicle type CO g/km HC + NOx g/km PM g/km — Test Cycle 

2000 PC 2.72 0.97 0.14 — CFI

LDV < 1,250 kg 2.27 0.97 0.14 —

LDV 1,251-1,700 kg 5.17 1.4 0.19 —

LDV 1,700 kg 6.9 1.7 0.25 —

2003 Petrol PC 2.2 0.5 — —

Diesel PC 1.0 0.7 0.08 —

Effective date Vehicle type CO g/k Wh HC g/k Wh NOx g/k Wh PM g/k Wh Test Cycle

2003 HDV 4.5 1.1 8.0 0.36 —

In 1995 PC/LDV followed R 83/02 B&C per the ECE R15 + EUDC test cycle, and LDV 93/59/EC at the ECE + EUDC test cycle. As of 1993, HDV complied with R-49/02 and 91/542/EC.

Effective date Vehicle type Adopted standard

2000 PC & LDV ≤ 3.5 t R 83/01

2002 PC & LDV ≤ 3.5 t R 83/02

1996 HDV > 3.5 t ECE R 24/30
2002 HDV > 3.5 t ECE R 49/02B

Effective date Vehicle type Adopted standard
1997 Diesel PC/LDV ≤ 3.5 t R 83/02 @ ECE R15 + EUDC
1999 Petrol PC/LDV ≤ 3.5 t R 83/02 @ ECE R15 + EUDC

1999 HDV ECE R 49/02 A & B

2008 (EURO III) — ECE R 83.05

2010 (EURO IV) — ECE R 83.05

Norway

Philippines

Poland

Romania

Russia

Slovenia

Singapore

South Africa

Effective date Vehicle type Adopted standard
2000 Petrol/Diesel PC EC 96 @ ECE + EUDC
1997 LCV 93/59/EEC

1997 HDV 91/542/EEC Stage 1
Effective date Vehicle type Adopted standard

1996 PC & LDV ≤ 3.35 t ECE R 83/02

1994 HDV ECE R 24/03 R 49/02

Effective date Passenger car & light  commercial vehicles Adopted standard
Jan 2006 New Models Homologated Level ECE 08.03 (Euro 2)
Jan 2008 New Vehicles Manufactured Level ECE 83.03 (Euro 2)

Effective date Medium & heavy commercial vehicles Adopted standard
Jan 2006 New Models Homologated Level ECE 49.02 (Euro 2)
Jan 2010 New Models Manufactured Level ECE 49.02 (Euro 2)

Fuel quality Type Adopted standard
Petrol Inland 93 RON + 95 RON Unleaded (95 RON unleaded is priced approximately - 14 c/l over 93 grade)

Coast 95 RON Unleaded 
Diesel Regular 500 ppm Sulphur

Premium 50 ppm Sulphur (Premium grade is priced approximately 8 c/l over Regular Grade)
Biofuels Addition of biodiesel/ethanol is likely at B5/E10 level expected during 2007-2008
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Tailpipe Emission Limits For Other Countries (continued)

South Korea Effective Vehicle Type Phase-In Mileage, NMHC HCHO CO Cold CO NOx PM Test Cycle
Date g/km g/km g/km g/km g/km g/km g/km

07/2002 Passenger Car (PC), Gasoline 25/50/75/100% 80,000 0.047 2.11 6.3 at “6.4”k 0.12 CVS-75, LEV
from ‘03

Passenger Car (PC), Gasoline 160,000 0.056 2.61 0.19 CVS-75, LEV
Diesel, Minicar, PC1 80,000 0.01 0.50 0.02 0.010 CVS-75
Diesel, Commercial 80,000 0.07 0.80 0.65 0.070 CVS-75
Vehicle (CV)1

Diesel, PC2 RW < 1,700 80,000 0.07 0.95 0.65 0.070 CVS-75
Diesel, PC3, CV2 RW > 1,700 80,000 0.08 0.95 0.78 0.100 CVS-75
Diesel PC4, CV3 Above 3.5 tons in 80,000 0.66 2.10 5.00 0.100 ND-13

GVWR, g/kwh
2006 PC, Gasoline 25/50/75/100% 80,000 0.025 NMOG 0.005 1.06 6.3 at “6.4”k 0.031 CVS-75,

from ‘06 ULEV-2
PC Gasoline 25/50/75/100% 160,000 0.034 NMOG 0.007 1.31 0.044 CVS-75,

from ‘06 ULEV-2
Diesel, Minicar and Small PC 80,000 0.05 0.50 0.25 0.025 NEDC,

EU-4
Diesel, RW: < 1,305 kg 80,000 0.05 0.50 0.25 0.025 NEDC,

EU-4
Diesel, 1,305 kg < RW 80,000 0.06 0.63 0.33 0.040 NEDC,

< 1,760 kg EU-4
Diesel, RW: > 1,706 kg 80,000 0.07 0.74 0.39 0.060 NEDC,

EU-4
Diesel, Above 3.5 tons 160,000 0.46 1.50 3.50 0.020 NEDC,

in GWR, g/kwh EU-4
Diesel, Above 3.5 tons 160,000 0.55 4.00 3.50 0.030 ETC

in GWR, g/kwh
Switzerland

Taiwan

Thailand

Turkey

Vietnam

Switzerland has harmonized all requirements to accept EC 96 standards.
Effective Date Vehicle Type Mileage, km NMHC g/km HCHO g/km CO g/km Nox g/km PM g/km Test Cycle
1999 Passenger Car (PC), Gasoline 80,000 0.155 — 2.11 0.25 — CVS-75

Light Commercial Vehicle, Gasoline 80,000 0.242 — 3.11 0.68 — CVS-75

2004 Diesel, PC, GVWR <3,500 80,000 0.155 — 2.11 0.25 0.100 NEDC, EU-3
Diesel, Commercial Vehicle (CV), 80,000 0.155 — 2.11 0.625 0.050 NEDC, EU-3
GVWR <2,500
Diesel, Commercial Vehicle (CV), 80,000 1.3 THC — 10.00 5.00 0.100 NEDC, EU-3
GVWR <3,500

2007 Diesel, PC, GVWR <3,500 80,000 0.056 NMOG 0.011 2.61 0.044 0.006 NEDC, EU-4
Diesel, Commercial Vehicle (CV), 80,000 0.056 NMOG 0.011 2.61 0.044 0.006 NEDC, EU-4
GVWR <2,500
Diesel, Commercial Vehicle (CV), 80,000 2.4, HC + NOx — 10.00 — 0.100 NEDC, EU-4
GVWR <3,500

2008 Passenger Car (PC), Gasoline 80,000 0.045 — 2.11 0.07 — CVS-75
Light Commercial Vehicle, Gasoline 80,000 0.045 — 2.11 0.07 — CVS-75

Effective date Vehicle type HC g/km NOx g/km CO g/km PM g/km Test Cycle 
1999 Petrol PC & LDV 0.05 — 2.2 — ECE + EUDC

Diesel PC & LDV 0.7 — 1.0 0.08

Effective date Vehicle type HC g/kWh NOx g/kWh CO g/kWh PM g/kWh Test Cycle 
1999 Diesel HDV > 3.5 t 1.1 7.0 4.0 0.15 —

Between 1995-2000, Turkey phased in R 83/01 @ ECE R15 for diesel and petrol light-duty vehicles.
Implementation of EC 93 in 2003 as per ASEAN agreement.

SOUTH KOREA RW = Reference Weight = Curb Weight + 100 kg
K – OBD for Passenger Car
1) Gasoline Minicar : Jan., 2006 –  New Model
2) Gasoline Passenger Car: 2005 – 10%, 2006 – 30%, 2007 – 100%
3) Diesel: Jan., 2006 – New Model

TAIWAN Based on US 94 without OBD requirements. Diesel passenger vehicles are not allowed. Heavy-duty diesel smoke limit is 40% opacity under acceleration and full load.

THAILAND PC and LDV limits reference 94/12/EEC. HD limits reference 96/1/EEC. Thailand plans to implement EC 96 standards in 2003 as per the ASEAN agreement.
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Global Standards: emission limit values 

Moped 6 3 ECE R47 Euro II

2-stroke 4 8 0.1 ECE R40 4.5% (0.3%)* Euro II; open loop 4.5% close loop 0.3%

4-stroke 3 13 0.3 ECE R40 4.5% (0.3%)* Euro II; open loop 4.5% close loop 0.3%

Moped 1 1.2 ECE R47 4.5% (0.3%)* Euro II; open loop 4.5% close loop 0.3%

2,4-S ≥ 150cc 0.3 2 0.15 6xECE R40 + EUCD 4.5% (0.3%)* 30K km Euro III cycle and Euro III limit**;
or WMTC open loop 4.5% close loop 0.3%

2,4-S < 150cc 0.8 2 0.15 6xECE R40 4.5% (0.3%)* 30K km Euro III cycle and Euro III limit**;
or WMTC open loop 4.5% close loop 0.3%

Vmax < 130 0.75 2.62 0.17 WMTC 4.5% (0.3%)* 50K km WMTC cycle and WMTC limit**;
km/h open loop 4.5% close loop 0.3%

Vmax ≥ 130 0.33 2.62 0.22 WMTC 4.5% (0.3%)* 50K km WMTC cycle and WMTC limit**;
km/h open loop 4.5% close loop 0.3%

Moped 0.5 0.5 0.1 ECE R47 0.1 g/min 0.1 g/min Current

2-stroke 3 8 0.1 ECE R40 2.50% Current

4-stroke 3 13 0.3 ECE R40 2.50% Current

2 Wheeler 1.5 1.5 Indian Driving Cycle 2005 Bharat Stage II

1.00 1.00 Indian Driving Cycle 2008/10 Bharat III

3 Wheeler – 2.25 2.00 Indian Driving Cycle 2005 Bharat Stage II
Gasoline

1.25 1.25 Indian Driving Cycle 2008/10 Bharat Stage III

3 Wheeler – 1.00 0.85 Indian Driving Cycle; 2005 Bharat Stage II;
Diesel cold start with PM 0.10 g/km

40s idling

0.50 0.50 Indian Driving Cycle; 2005 Bharat Stage II
cold start with PM 0.05 g/km

40s idling

Moped 6 3 ECE R47 Stage 1: New models from 1/1/2002; all from 1/1/2003

2-stroke 4 8 0.1 ECE R40 4.50% New models from 1/1/2002; all from 1/1/2003

4-stroke 3 13 0.3 ECE R40 4.50% New models from 1/1/2002; all from 1/1/2003

Moped 1 1.2 ECE R47 Stage 2: New models from 7/1/2005; all from 7/1/2006

2-stroke 8000 4.50% Produced before 1/1/2001

4-stroke 2200 4.50% Produced before 1/1/2001

Country

European Union
(EU)

Switzerland

India***

China: National

RemarksVehicle Homologation/Production (COP) Mass Emissions (g/km) Idle Test Durability

HC CO NOx HC+NOx Test Cycle HC CO Test

* Effective as of April 2006.
** Effective as of July 2007, manufacturer can choose between Euro III and WMTC test cycle.
*** ECE-40 and ECE-47 test cycles do not apply to India.
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Global Standards: emission limit values 

2-stroke 8000 4.50% Produced before 1/1/2001

4-stroke 2200 4.50% Produced before 1/1/2001

2-stroke 4.5 3 ECE R40 3000 1.50% 6K km Stage 1: Produced after 1/1/2001

4-stroke 4.5 3 ECE R40 300 1.50% 6K km Stage 1: Produced after 1/1/2001

2-stroke 3.5 2 ECE R40 3000 1.50% 15K km Stage 2: Produced after 1/1/2004

4-stroke 3.5 2 ECE R40 300 1.50% 15K km Stage 2: Produced after 1/1/2004

2-stroke 5.26 14.4 0.14 ISO 6460 7800 ppm 4.50% Current

4-stroke 2.93 20 0.51 ISO 6460 2000 ppm 4.50% Current

<50cc 4 8 0.1 ECE R47 6K Current

>50cc 2-S 4 8 0.1 ECE R40 6K Current

>50cc 4-S 3 13 0.3 ECE R40 6K Current

All MCs 12 5 FTP Current

All MCs 3.25/3.5 1.75/2.0 CNS 11386 6000 ppm 4.00% 15K km Current (Stage 3)

2-stroke 1 0.7 CNS cold start 3000 ppm 1.50% 15K km 2003: Cold start test with sampling

4-stroke 2 0.7 CNS cold start 1.50% 15K km 40s after engine start (Stage 4)

All MCs 3 4.5 ECE R40 10000 ppm 4.50% 12K km Current

All MCs 12 5 FTP Current (<50cc excluded)

All MCs 12 5 FTP Current (<50cc excluded)

50-279cc 1 12 FTP Current (<50cc excluded)

280-699cc 1 12 FTP Current (HC as Corporate Avg.)

>700cc 1.4 12 FTP Current (HC as Corporate Avg.)

<280cc 12 1.4 FTP 2004 Proposed (HC+NOx as Corp. Avg.)

>280cc 12 0.8 FTP 2008 Proposed (HC+NOx as Corp. Avg.)

Country

China: Beijing

Japan

Korea

Singapore

Taiwan

Thailand

Canada

USA: 49 states

USA: California

RemarksVehicle Homologation/Production (COP) Mass Emissions (g/km) Idle Test Durability

HC CO NOx HC+NOx Test Cycle HC CO Test
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Global Standards: emission limit values and cycles 

Two-wheel vehicles are now regulated in many countries and the allowable emissions limits vary widely. The table summarizes
motorcycle emission control regulations throughout the world. The stringency of the standards depends on several factors 
including the extent of the existing pollution problem, as well as various political and economic factors. As would be expected,
the more demanding control requirements tend to be found in areas with the highest concentration of two-wheeled vehicles.

In the EU, global technical regulation No. 2 was established in the Global Registry on June 22, 2005/United Nations. The new 
directive, 2002/E51/EC amends directive 97/24/EC. This measurement procedure was established for two-wheeled motorcycles
equipped with a positive or compression ignition engine with regard to the emission of gaseous pollutants, CO2 emissions and 

fuel consumption.

In the US, two-wheel emission control regulations were first introduced in 1978. With the notable exceptionof the United States and
Singapore, the emission control requirements in all countries regulating two-wheeled vehicles contain a mass emission regulation,
an idle emission regulation and a prescribed test method (idle emissions are not regulated in the United States or Singapore). In a
growing number of countries some durability requirements are being established, which specify that, the emission regulation must
be met for some minimum accumulated mileage.

Mass emissions are expressed in a unit mass per unit distance such as gram/km or gram/mile. Idle emission standards are normally
expressed as parts per million in the case of HCs and volume percent in the case of CO. However, in Austria and Switzerland idle
standards are specified in a unit mass per unit time standard of gram/minute. Since the test procedures used by different countries
vary, a straightforward comparison of mass emission standards and the corresponding vehicular emissions between different 
countries is not possible. In order to conduct such a comparison, the test procedures would need to be identical.

Test Methods

As stated above, two types of testing are used: mass emissions under load and idle emissions. Mass emission testing requires the
use of a test method that is designed to be representative of driving conditions encountered during actual vehicle operation.
As driving conditions can vary widely from country to country, several different test methods are being used. However, all mass
emission testing can be characterized as multi-mode driving patterns that contain idles, accelerations, decelerations and steady
state cruises repeated over a fixed time interval. A chassis dynamometer and an exhaust gas sampling system are used for these
multi-mode test methods.

In the EU, the test vehicle (motorcycle) shall be subjected, according to its category, to tests of two types, I and II, as specified below.

Type I test (verifying the average emission of gaseous pollutants, CO2 emissions and fuel consumption in a characteristic driving
cycle): The Type I test consists of prescribed sequences of dynamometer preparation, fuelling, parking, and operating conditions.
The test is designed to determine hydrocarbon, carbon monoxide, oxides of nitrogen, carbon dioxide mass emissions and fuel 
consumption while simulating real world operation. The test consists of engine start-ups and motorcycle operation on a chassis
dynamometer, through a specified driving cycle. A proportional part of the diluted exhaust emissions is collected 
continuously for subsequent analysis, using a constant volume (variable dilution) sampler (CVS).

Type II test (test of carbon monoxide at idling speed) and emissions data required for roadworthiness testing: The carbon monoxide
content of the exhaust gases emitted shall be checked by a test with the engine at normal idling speed and at "high idle" speed (i.e.
> 2.000 min-1) carried out by the method described in paragraph 7.3. to this regulation.

Introduction

References

Manufacturers of Emission Controls Association (http://www.meca.org/),“Emission control of two-and three-wheel vehicles,” 23p, May 1999

United Nations, Global Technical Regulation No. 2, Established in the Global Registry on 22 June 2005.
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Common Two-Wheel Mass Emission Test Cycles

Chart I

Chart II

Chart III
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Euro II and III Motorcycle Test Cycles

Chart IV

Chart V
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100

EUDC6 x After Cycle
ECE R40

Euro II Motorcycle Operating cycle corresponds 6 x ECE R40
Sampling 391 - 1,170 sec.

Euro III Motorcycle Cycle: Sampling 0 - 1,560 sec.

Test Cycle:
Euro I = MC Cycle: 40 sec. idle without measuring plus Euro II MC Cycle
Euro II = MC Cycle: the first 390 sec. without sampling
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WMTC

Chart VI

Chart VII

WMTC Part 1 Urban Weight 25%

WMTC, 1. Phase, inside place, speeds to 60 km/h

WMTC Part 2 Rural Weight 50%

WMTC, 2. Phase, exact place, speeds to 95 km/h
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WMTC

Chart VIII

WMTC Part 3 Highway Weight 25%

WMTC, 3. Phase, Motorway, speeds to around 130 km/h

© Copyright 2009 Umicore Autocat USA Inc. www.automotivecatalysts.com

 




