Emission Standards of United States — Non Road Diesel Engine

Tier 1-3 Standards

The 1998 nonroad engine regulations are structured as a 3-tiered progression. Each tier
involves a phase in (by horsepower rating) over several years. Tier 1 standards were phased-in
from 1996 to 2000. The more stringent Tier 2 standards take effect from 2001 to 2006, and
yet more stringent Tier 3 standards phase-in from 2006 to 2008 (Tier 3 standards apply only
for engines from 37-560 kW).

Tier 1-3 emissions standards are listed in Table 1. Nonroad regulations are in the metric

system of units, with all standards expressed in grams of pollutant per kWh.

KW < 8 Tier 1 2000 8.0 (6.0) 10.5 (7.8) - 1.0 (0.75)

(hp < 11) Tier 2 2005 8.0 (6.0) - 7.5 (5.6) - 0.8 (0.6)

8 < kW < 19 Tier 1 2000 6.6 (4.9) - 9.5(7.1) - 0.8 (0.6)

(11 =hp <25  Tier2 2005 6.6 (4.9) - 7.5 (5.6) - 0.8 (0.6)

19< kW <37  Tier1l 1999 5.5 (4.1) - 9.5(7.1) - 0.8 (0.6)

(25=hp <50)  Tier2 2004 5.5(4.1) - 7.5 (5.6) - 0.6 (0.45)

37<kW<75  Tierl 1998 - - - 9.2 (6.9) -

(50 = hp < 100) Tier2 2004 5.0(3.7) - 7.5 (5.6) - 0.4 (0.3)
Tier 3 2008 5.0 (3.7) - 4.7 (3.5) - -t

75 <kW < 130  Tier1 1997 - - - 9.2 (6.9) -

(100 = hp < 175) 1ier2 2003 5.0 (3.7) - 6.6 (4.9) - 0.3 (0.22)
Tier 3 2007 5.0 (3.7) - 4.0 (3.0) - -t

130 < kW < 225 Tier1 1996 11.4 (8.5) 1.3 (1.0) - 9.2 (6.9) 0.54 (0.4)

(175 =hp <300) Tier2 2003 3.5(2.6) - 6.6 (4.9) - 0.2 (0.15)
Tier 3 2006 3.5 (2.6) - 4.0 (3.0) - t

225 < kW < 450 Tier 1 1996 11.4 (8.5) 1.3 (1.0) - 9.2 (6.9) 0.54 (0.4)

(300 = hp < 600) Tier2 2001 3.5(2.6) - 6.4 (4.8) - 0.2 (0.15)



- - i

Tier 3 2006 3.5 (2.6) 4.0 (3.0)

450 < kW < 560 Tier1 1996 11.4(8.5) 1.3 (1.0) 9.2 (6.9) 0.54 (0.4)

(600 = hp < 750) Tier 2 2002 3.5 (2.6)

6.4 (4.8) - 0.2 (0.15)

Tier 3 2006 3.5 (2.6) 4.0 (3.0) - -t

kKW > 560 Tier 1 2000 11.4 (8.5) 1.3 (1.0)

9.2 (6.9) 0.54 (0.4)

(hp = 750) Tier 2 2006 3.5 (2.6) 6.4(4.8) - 0.2 (0.15)

1t Not adopted, engines must meet Tier 2 PM standard.

Manufacturers who signed the 1998 Consent Decrees with the EPA may be required to meet

the Tier 3 standards one year ahead of schedule (i.e. beginning in 2005).

Voluntary, more stringent emission standards that manufacturers could use to earn a

designation of “Blue Sky Series” engines (applicable to Tier 1-3 certifications) are listed in
Table 2.

Rated Power (kW) NMHC+NOXx

kw < 8 4.6 (3.4) 0.48 (0.36)
8 < kW <19 4.5 (3.4) 0.48 (0.36)
19 < kW <37 4.5 (3.4) 0.36 (0.27)
37 <kW < 75 4.7 (3.5) 0.24 (0.18)
75 < kW <130 4.0 (3.0) 0.18 (0.13)
130 < kW < 560 4.0 (3.0) 0.12 (0.09)
kW > 560 3.8 (2.8) 0.12 (0.09)

Engines of all sizes must also meet smoke standards of 20/15/50% opacity at

acceleration/lug/peak modes, respectively.

The regulations include several other provisions, such as averaging, banking and trading of

emission credits and maximum “family emission limits” (FEL) for emission averaging.


http://www.dieselnet.com/standards/us/hd.php#condec

Tier 4 Standards

The Tier 4 emission standards—to be phased-in from 2008-2015—are listed in Table 3 for
engines below 560 kW and in Table 4 for engines above 560 kW. These standards introduce
substantial reductions of NOx (for engines above 56 kW) and PM (above 19 kW), as well as

more stringent HC limits. CO emission limits remain unchanged from the Tier 2-3 stage.

kW < 8 2008 7.5 (5.6) 0.4% (0.3)
(hp < 11) (6.0)
8 < kW < 19 2008 6.6 - 7.5 (5.6) - 0.4 (0.3)
(11 < hp < 25) (4.9)
19 < kW < 37 2008 5.5 - 7.5 (5.6) - 0.3
(25 < hp < 50) (4.1) (0.22)
2013 5.5 - 4.7 (3.5) - 0.03
(4.1) (0.022)
37 < kW < 56 2008 5.0 - 4.7 (3.5) - 0.3°
(50 < hp < 75) (3.7) (0.22)
2013 5.0 - 4.7 (3.5) - 0.03
(3.7) (0.022)
56 < kW < 130 2012-2014° 5.0 0.19 - 0.40 0.02
(75 < hp < 175) (3.7) (0.14) (0.30)  (0.015)
130 < kW < 560 2011-2014¢ 3.5 0.19 - 0.40 0.02
(175 < hp < 750) (2.6) (0.14) (0.30)  (0.015)

a - hand-startable, air-cooled, DI engines may be certified to Tier 2 standards through 2009 and to an optional
PM standard of 0.6 g/kWh starting in 2010

b - 0.4 g/kWh (Tier 2) if manufacturer complies with the 0.03 g/kWh standard from 2012

c - PM/CO: full compliance from 2012; NOx/HC: Option 1 (if banked Tier 2 credits used)—50% engines must
comply in 2012-2013; Option 2 (if no Tier 2 credits claimed)—25% engines must comply in 2012-2014, with full
compliance from 2014.12.31

d - PM/CO: full compliance from 2011; NOx/HC: 50% engines must comply in 2011-2013

In engines of 56-560 kW rated power, the NOx and HC standards are phased-in over a few

year period, as indicated in the notes to Table 3. The initial standards (PM compliance) are



sometimes referred to as the ‘Tier 4 A’, ‘interim Tier 4’ or ‘Tier 4i’, while the final standards
(NOx/HC compliance) are sometimes referred to as ‘Tier 4 B’. As an alternative to introducing
the required percentage of Tier 4 compliant engines, manufacturers may certify all their
engines to an alternative NOx limit in each model year during the phase-in period. These

alternative NOx standards are:

Engines 56-130 kW:

Option 1: NOx = 2.3 g/kWh = 1.7 g/bhp-hr (Tier 2 credits used to comply, MY 2012-2013)
Option 2: NOx = 3.4 g/kWh = 2.5 g/bhp-hr (no Tier 2 credits claimed, MY 2012-2014)

Engines 130-560 kW: NOx = 2.0 g/kWh = 1.5 g/bhp-hr (MY 2011-2013)

2011-2014 Generator sets > 900 kw 3.5 0.40 0.67 0.10

(2.6) (0.30) (0.50) (0.07)

All engines except gensets 3.5 0.40 3.5(2.6) 0.10
> 900 kW (2.6) (0.30) (0.07)
2015 Generator sets 3.5 0.19 0.67 0.03

(2.6) (0.14) (0.50) (0.022)

All engines except gensets 3.5 0.19 3.5 (2.6) 0.04
(2.6) (0.14) (0.03)

Existing Tier 2-3 smoke opacity standards and procedures continue to apply in some engines.
Exempted from smoke emission standards are engines certified to PM emission standards at
or below 0.07 g/kWh (because an engine of such low PM level has inherently low smoke

emission).

The Tier 4 regulation does not require closed crankcase ventilation in nonroad engines.
However, in engines with open crankcases, crankcase emissions must be measured and added

to exhaust emissions in assessing compliance.

Similarly to earlier standards, the Tier 4 regulation includes such provisions as averaging,

banking and trading of emission credits and FEL limits for emission averaging.



