Appendix C

Overview of Off-Road Compression Ignition Engine
Certification Standards



Overview of Off-Road Compression Ignition Engine Certification Standards in g/bhp-hr (g/kW-hr)*

Engine Tier 1° Tier 2 Tier 3 Tier 4
HP HC NOx CcO PM Years NMHC CcoO PM Years NMHC CcO PM Years NMHC NMHC NOXx® CcoO PM Years
(KW) + NOx + NOx + NOx
>50<75 -—- 6.9 -—- -—- 1998- 5.6 3.7 0.30 2004- 35 3.7 0.30 2008- 35 3.7 0.02 2012+
(>37<56) 9.2) 2003 | (7.5) | (5.0) | (040) | 2007 | @7 | (50 | (040) | 2011 | (47) .00 | (0.03)
*kk OPTION *kk
35 3.7 0.22 2008-
4.7) .00 | (030) | 2012
3.5 3.7 0.02 2013+
4.7) .00 | (0.03)
>75<100 -—- 6.9 - -—- 1998- 5.6 3.7 0.30 2004- 35 3.7 0.30 2008- 35 0.14 0.30-2.5 3.7 0.01 2012-
(>56<75) 9.2) 2003 | (75) | (5.0) | (040) | 2007 | 47 | (5.0) | (040) | 2011 | (4.7 0.19) | (0.403.4) | (5.0) | (0.02) | 2014
0.14 0.30 3.7 0.01 2015+
(0.19) | (0.40) 5.0) | (0.02)
>100<175 - 6.9 --- - 1997- 4.9 3.7 0.22 2003- 3.0 3.7 0.22 2007- 3.0 0.14 0.30-2.5 3.7 0.01 2012-
(>75<130) 9.2) 2002 | (6.6) | (50) | (0.30) | 2006 | 4.0) | (5.0 |(0.30) | 2011 | (4.0) 0.19) | (0.40-3.4) | (5.0) | (0.02) | 2014
0.14 0.30 3.7 0.01 2015+
0.19) | (0.40) 6.0 | (0.02
>175<300 0.97 6.9 8.5 0.40 1996- 4.9 2.6 0.15 2003- 3.0 2.6 0.15 2006- 3.0 0.14 0.30-1.5 2.6 0.01 2011-
(>130<225) | (1.3) | (92) | (11.4) | 0.54) | 2002 | 6.6) | (35 | (020) | 2005 |40 |@5 | (020 |2010 | (4.0 0.19) | (0.402.0) | 35) | (0.02) | 2013
0.14 0.30 2.6 0.01 2014+
(0.19) | (0.40) 35 | (0.02)
>300<600 0.97 6.9 8.5 0.40 1996- 4.8 2.6 0.15 2001- 3.0 2.6 0.15 2006- 3.0 0.14 0.30-1.5 2.6 0.01 2011-
(>225<450) | (1.3) | (9.2) | (11.4) | (0.54) | 2000 | (6.4) | (35 | (0.20) | 2005 | (40) |@5) | (0.20) | 2010 | (4.0) 0.19) | (0.402.0) | (35) | (0.02) | 2013
0.14 0.3.0 2.6 0.01 2014+
0.19) | (0.40) 3.5 | (0.02)
>600<750 0.97 6.9 8.5 0.40 1996- 4.8 2.6 0.15 2002- 3.0 2.6 0.15 2006- 3.0 0.14 0.30-1.5 2.6 0.01 2011-
(>450<560) | (1.3) | (9.2) | (11.4) | 0.54) | 2001 | 6.4) | (35) | (020) | 2005 |40 |@5 | (020 |2010 | (4.0 0.19) | (0.40-0.20) | 3.5) | (0.02) | 2013
0.14 0.30 2.6 0.01 2014+
0.19) | (0.40) 35) | (0.02)
>750 0.97 6.9 8.5 0.40 2000- 4.8 2.6 0.15 2006- 0.30 2.6 2.6 0.075 2011-
(>560) 13 |©2 | @14 | (©054 |2005 |@®4 |@5 |20 |2010 (0.40) | (3.5) (3.5) | (0.10) | 2014
0.14 2.6 2.6 0.03 2015+
0.19) | (3.5) 3.5 | (0.04)
>750§12004 0.97 6.9 8.5 0.40 2000- 4.8 2.6 0.15 2006- 0.30 2.6 2.6 0.075 2011-
(>560<900) | (1.3) | (9.2) | (11.4) | (0.54) | 2005 | (6.4) | (35) | (0.20) | 2010 0.40) | (3.5 3.5) | (0.10) | 2014
Gen. Only 0.14 0.50 2.6 0.02 2015+
0.19) | (0.67) 35 | (0.03)
>1200" 0.97 6.9 8.5 0.40 2000- 4.8 2.6 0.15 2006- 0.30 0.50 2.6 0.075 2011-
(>900) 13 |©2 | @14 | ©054 |2005 |@®4 |@5 |20 |2010 (0.40) | (0.67) (3.5) | (0.10) | 2014
Gen. Only 0.14 0.5 2.6 0.02 2015+
0.19) | (0.67) 35 | (0.03)

1. This table is intended as an overview. For California Exhaust Emission Standards and Test Procedures - Off-Road Compression-lgnition Engines, consult title 13, California Code of Regulations,
section 2423. For federal Nonroad Compression Ignition Engine Certification Standards, consult title 40, United States Code of Federal Regulations, Chapter 1, Part 89, subpart B and Part 1039,
Subpart B. California/federal certification standards for new off-road/nonroad compression ignition engines are expressed in grams per kilowatt-hour (g/kW-hr). These standard values have been

converted to grams per brake horsepower-hr (g/bhp-hr) for the purposes of the ATCM and this overview. To calculate the standards in g/bhp-hr, staff assumed 1 kW-hr = 0.7457 g/bhp-hr and used the

procedures for significant digits and rounding in Attachments 1 and 2.

2. Tier 1 California and federal Certification Standards are not completely aligned. For the purpose of this overview, the more stringent of the two standards has been identified.
3. Engine manufacturers have several options for complying with NOx during the transitional implementation years of Tier 4, including a "phase-in--phase-out" or alternative NOx level approach.
4. In converting 900 kW to hp, one may choose 1-3 significant digits since the zeroes are all trailing. If one chooses 1 or 2 significant digits, hp is 1200, if one chooses 3 significant digits, hp is 1210.

--- = not specified
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ATTACHMENT 1

SIGNIFICANT DIGITS

The number of significant digits in an answer to a calculation will depend on the
number of significant digits in the given data, as discussed in the rules below.
Approximate calculations (order-of-magnitude estimates) always result in answers
with only one or two significant digits.

When are Digits Significant?

Non-zero digits are always significant. Thus, 22 has two significant digits, and 22.3
has three significant digits.

With zeroes, the situation is more complicated:

a.

b.

Zeroes placed before other digits are not significant; 0.046 has two significant
digits.

Zeroes placed between other digits are always significant; 4009 kg has four
significant digits.

Zeroes placed after other digits but behind a decimal point are significant;
7.90 has three significant digits.

Zeroes at the end of a number are significant only if they are behind a
decimal point as in (c). Otherwise, it is impossible to tell if they are
significant. For example, in the number 8200, it is not clear if the zeroes are
significant or not. The number of significant digits in 8200 is at least two, but
could be three or four. To avoid uncertainty, use scientific notation to place
significant zeroes behind a decimal point:

8.200 x 103 has four significant digits
8.20 x 103 has three significant digits

8.2 x 103 has two significant digits
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Significant Digits in Multiplication, Division, Trig. functions, etc.

In a calculation involving multiplication, division, trigonometric functions, etc., the
number of significant digits in an answer should equal the least number of
significant digits in any one of the numbers being multiplied, divided etc.

Thus in evaluating sin(kx), where k = 0.097 m-1 (two significant digits) and x = 4.73
m (three significant digits), the answer should have two significant digits.

Note that whole numbers have essentially an unlimited number of significant
digits. As an example, if a hair dryer uses 1.2 kW of power, then 2 identical
hairdryers use 2.4 kW:

1.2 kW {2 sig. dig.} x 2 {unlimited sig. dig.} = 2.4 kW {2 sig. dig.}
Significant Digits in Addition and Subtraction

When quantities are being added or subtracted, the number of decimal places (not
significant digits) in the answer should be the same as the least number of decimal
places in any of the numbers being added or subtracted.

Example:

5.67 J (two decimal places)
1.1 J (one decimal place)
0.9378 J (four decimal place)
7.7 J (one decimal place)

Keep One Extra Digit in Intermediate Answers

When doing multi-step calculations, keep at least one more significant digit in
intermediate results than needed in your final answer.

For instance, if a final answer requires two significant digits, then carry at least
three significant digits in calculations. If you round-off all your intermediate
answers to only two digits, you are discarding the information contained in the
third digit, and as a result the second digit in your final answer might be incorrect.
(This phenomenon is known as "round-off error.")



The Two Greatest Sins Regarding Significant Digits

1. Writing more digits in an answer (intermediate or final) than justified by the
number of digits in the data.

2. Rounding-off, say, to two digits in an intermediate answer, and then writing
three digits in the final answer.

http://www.physics.uoguelph.ca/tutorials/sig figdSdig.htm




ATTACHMENT 2
RULE FOR ROUNDING APPROXIMATE NUMBERS

"If the value of the first digit to be discardedess than 5, retain the last kept digit with no
change. If the value of the first digit to be disted is 5 or greater, increase the last kept'sligit
value by one."”

Cowen, Bill. Mathematics Review for Air Pollutig®ontrol - Self-Instructional Course SI:100
North Carolina State University - United States iEmvmental Protection Agency Cooperative
Assistance Agreement CT-901889. 1994. Pages ®-1-2-

Example 1: Assuming one significant digit, 0.0149@uld be rounded to 0.01 while 0.015012
would be rounded to 0.02.

Example 2: Assuming two significant digits, 0.0745vould be rounded to 0.075, while
0.744989 would be rounded to 0.074.
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