Phase 2 fuel efficiency rules for box vans:

Comparison of compliance equation with GEM model

Purpose

The purpose of the following is to compare the box van compliance equation specified in the Phase 2
Fuel Efficiency rule with the predictions of the GEM Greenhouse Gas Efficiency model. The range of
agreement is analyzed, and a modified equation is provided which fits the GEM model more closely than
the compliance equation over the full range of valid input variables.

Background

Fuel efficiency standards for heavy duty vehicles have been in place for engine and tractor
manufacturers since 2012. Starting with the 2017 model year, standards were extended to trailers as
well. Trailer manufacturers must now certify that all vehicles sold commercially in the United States
meet the standards.

Engine and tractor manufacturers use a computer model provided by EPA, the Greenhouse Gas
Emissions Model (GEM), to demonstrate that their vehicles are equipped to meet the standards. To
ease the regulatory burden on trailer manufacturers, the Phase 2 rule specifies a simplified equation,
referred to in the rule as the “compliance equation”, that approximates the GEM model for a range of
standard box vans. Manufacturers of box vans can use the compliance equation instead of running the
full GEM model to calculate expected emissions.

To use the compliance equation, a manufacturer must determine three input variables for each trailer
being evaluated: a drag coefficient, a measure of rolling resistance (largely determined by the tires
supplied with the trailer), and the difference between the weight of the trailer and a specified baseline
weight. Each of those numbers is multiplied by a constant numerical coefficient specified in the
regulation, and the results are added to another specified constant. The total of those quantities is the
estimated emission rate due to the trailer. In order for the trailer to be certified, the emission rate must
be below the threshold specified for the current model year.

One potential problem with the compliance equation as specified in the rule is that it treats the input
variables as if their effects on the emission rate were independent of each other. While drag is nearly
independent of rolling resistance and weight, the last two inputs do not act independently. As weight
increases, so does rolling resistance. Instead of constant coefficients, the coefficient multiplying the tire
rolling resistance measure should vary somewhat as the weight of the trailer changes, and the
coefficient multiplying the weight reduction should depend somewhat on the tires. In the compliance
equation, both coefficients are assumed to be constant. This limits the ability of the compliance
equation to approximate a model like GEM.

Comparison

The GEM model (version 3.0, downloaded 8/25/17) was run for a range of trailer input variables
spanning the allowable values from 3.0 to 20.0 kg/ton rolling resistance, and 0 to 10,000 Ib weight
reduction, for a 53 foot, non-refrigerated box van. The drag term was fixed at the baseline value (delta
=0). The results, indicating the calculated emission in gm CO2 equivalent per ton-mile for each
combination of rolling resistance and weight reduction, are collected in table 1.


https://www.epa.gov/regulations-emissions-vehicles-and-engines/greenhouse-gas-emissions-model-gem-medium-and-heavy-duty
https://www.epa.gov/regulations-emissions-vehicles-and-engines/greenhouse-gas-emissions-model-gem-medium-and-heavy-duty

Table 2 shows the calculated emission over the same range of variables as determined from the
compliance equation, using the constant coefficients specified in the rule. Table 3 shows the difference
between the GEM calculation in Table 1 and the compliance equation result in Table 2 for each
combination of variables.

GEM 3 4 s 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

o] 811 827 844| 861 87.7 89.4 91.1 928 944 961 97.8 99.5 101.2 102.9 104.6 106.3 108.0 109.7
500| 80.6 82.2 83.9 855 87.2 889 90.5 922 93.8 955 97.2 989 100.5 102.2 103.9 105.6 107.3 109.0
1000/ 80.1 817 834 850 867 883 89.9 91.6 93.2 949 96.6 982 99.9 101.5 103.2 1049 106.6 108.3
1500 79.6 81.2 82.9 845 861 87.7 89.4 91.0 92.6 943 959 976 99.2 100.9 102.6 104.2 1059 107.6
2000 79.1 807 824 840 856 872 888 904 921 937 953 969 98.6 100.2 101.9 103.6 1052 106.9
2500| 787 80.3 819 83.4 850 867 883 89.9 915 931 947 963 979 99.6 101.2 102.9 1045 106.2
3000 782 79.8 814 829 845 861 877 89.3 90.9 925 941 957 97.3 989 100.6 102.2 103.8 105.5
3500 77.7 79.3 80.9 824 84.0 856 87.2 887 90.3  91.9 935 951 96.7 983 99.9 1015 103.1 104.8
4000| 77.3 78.8 80.4 819 83.5 850 86.6 882 89.8 913 929 945 961 977 99.3 100.8 102.5 104.1
4500| 76.8 78.4 79.9 814 830 845 861 876 892 907 923 939 954 970 986 1002 101.8 103.4
5000 76.4 77.9 79.4 80.9 825 840 855 871 886  90.2 917 933 948 964 980 99.5 1011 102.7
5500 75.9 774 789 805 82.0 835 850 865 881  89.6 911 927 942 958 973 989 100.4 102.0
6000| 755 77.0 785 80.0 815 83.0 845 860 875  89.0 90.6 921 93.6 952 967 982 99.8 101.4
6500 75.0 765 78.0 79.5 81.0 825 84.0 855 870 885 90.0 915 93.0 946 961 97.6 99.1 100.7
7000| 74.6 76.1 77.5 79.0 80.5 82.0 834 849 864  87.9 89.4 909 924 939 955 97.0 985 100.0
7500| 74.2 756 77.1 785 80.0 815 829 844 859  87.4 888 903 918 93.3 949 964 97.9 99.4
8000| 73.7 752 766 78.1 79.5 810 824 839 854 868 883 898 913 928 942 957 972 98.7
8500| 73.3 747 762 776 79.0 805 819 834 848 863 877 892 907 922 936 951 966 98.1
9000| 729 743 757 771 786 800 814 829 843 857 872 887 901 916 930 945 960 97.4
9500| 72.5 73.9 753 767 781 795 809 824 838 852 866 8381 895 91.0 924 939 953 96.8
10000| 72.0 734 748 762 77.6 79.0 804 818 833 847 861 875 89.0 904 919 933 947 96.2

Table 1. GEM model for rolling resistance 3 — 20 kg/ton, weight reduction 0 — 10,000 Ib

compl 3 4 s 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

o] 811 828 845 861 87.8 895 91.1 92.8 945  96.1 97.8 99.5 101.2 102.8 104.5 1062 107.8 109.5
500| 80.6 823 83.9 856 87.3 889 90.6 923 940 956 97.3 99.0 100.6 102.3 104.0 105.6 107.3 109.0
1000/ 80.1 81.8 834 851 86.8 884 90.1 91.8 93.4 951 96.8 985 100.1 101.8 103.5 1051 106.8 108.5
1500 79.6 81.2 82.9 846 86.2 87.9 89.6 91.3 929 946 96.3 979 99.6 101.3 102.9 104.6 106.3 108.0
2000 79.1 80.7 82.4 841 857 87.4 891 90.7 924 941 958 97.4 99.1 100.8 102.4 1041 105.8 107.4
2500| 785 80.2 819 835 852 869 88.6 90.2 919  93.6 952 969 98.6 100.2 101.9 103.6 1053 106.9
3000 78.0 79.7 81.4 83.0 847 864 8.0 89.7 91.4 931 947 964 981 99.7 1014 103.1 104.7 106.4
3500 77.5 79.2 80.8 825 842 859 875 89.2 90.9 925 942 959 975 992 1009 102.6 1042 105.9
4000| 77.0 78.7 80.3 820 837 853 870 887 904 920 937 954 97.0 987 1004 102.0 103.7 105.4
4500| 765 78.1 79.8 81.5 832 848 865 882 898 915 932 948 965 982 99.9 1015 103.2 104.9
5000 76.0 77.6 79.3 810 82.6 843 860 87.7 893  91.0 927 943 960 977 993 101.0 102.7 104.4
5500 75.4 77.1 78.8 80.5 821 83.8 855 87.1 888  90.5 921 938 955 972 98.8 100.5 102.2 103.8
6000| 749 76.6 783 79.9 81.6 833 850 86.6 883  90.0 91.6 933 950 96.6 98.3 100.0 1017 103.3
6500| 74.4 761 77.8 79.4 811 828 844 861 878 894 911 928 945 961 97.8 99.5 1011 102.8
7000| 73.9 756 77.2 789 80.6 823 839 856 873 889 90.6 923 939 956 973 99.0 100.6 102.3
7500| 734 751 767 784 80.1 817 834 851 867 884 90.1 91.8 934 951 968 984 100.1 101.8
8000| 729 745 762 779 79.6 812 829 846 862 879 89.6 912 929 946 963 979 99.6 101.3
8500| 724 740 757 774 79.0 80.7 824 840 857 874 891 907 924 941 957 974 99.1 100.7
9000| 71.8 735 752 769 785 802 819 835 852 869 885 902 919 936 952 969 98.6 100.2
9500| 71.3 73.0 747 763 78.0 79.7 813 83.0 847 864 880 897 914 930 947 964 980 99.7
10000| 70.8 725 742 758 77.5 79.2 80.8 825 842 858 875 892 90.9 925 942 959 975 99.2

Table 2. Compliance equation for rolling resistance 3 — 20 kg/ton, weight reduction 0 — 10,000 |b




diff 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

0| 0.03 0.04 0.05( 0.05] 0.05 0.05 0.04 0.03 0.02 0.01 0.00 -0.03 -0.05 -0.06 -0.13 -0.15 -0.20 -0.24
500( 0.01 0.03 0.05 0.07 0.08 0.09 0.10 0.11 0.11 0.11 0.11 0.11 0.10 010 0.05 0.02 -0.01 -0.02
1000( -0.02 0.01 0.05 0.07 0.11 0.14 0.16 0.18 0.20 0.21 023 024 024 025 021 020 0.18 0.17
1500/ -0.06 -0.01 0.05 0.09 0.13 0.17 0.21 0.24 0.28 031 034 036 037 039 038 037 038 037
2000{ -0.10 -0.03 0.04 0.10 0.15 0.21 0.26 0.30 0.35 0.40 0.44 048 051 053 055 054 056 058
2500( -0.14 -0.06 0.02 0.10 0.17 0.22 0.30 0.36 0.42 0.48 054 059 064 067 070 071 073 0.76
3000{ -0.18 -0.09 0.00 0.09 0.18 0.26 0.34 0.41 0.48 0.56 063 069 0.76 080 0.84 087 091 0.95
3500 -0.23 -0.13 -0.02 0.08 0.18 0.28 0.37 0.46 0.54 0.63 072 079 087 093 098 105 108 1.13
4000( -0.29 -0.17 -0.05 0.07 0.18 0.29 0.40 0.49 0.60 0.70 080 089 098 105 112 119 124 131
4500/ -0.34 -0.21 -0.08 0.05 0.18 0.30 0.42 0.54 0.65 0.76 087 098 1.08 116 1.25 133 140 148
5000/ -0.41 -0.26 -0.11 0.03 0.17 0.31 0.44 0.57 0.70 0.82 094 107 117 127 137 147 157 165
5500( -0.47 -0.31 -0.15 0.00 0.16 0.31 0.46 0.60 0.74 0.87 101 115 126 138 149 160 172 181
6000( -0.54 -0.37 -0.19 -0.02 0.14 0.31 0.47 0.62 0.77 092 107 122 135 148 160 173 1.8 1.9
6500| -0.61 -0.43 -0.24 -0.06 0.12 0.30 0.47 0.64 0.80 097 113 129 143 157 171 18 199 213
7000/ -0.69 -0.49 -0.29 -0.10 0.10 0.29 0.47 0.66 0.83 1.01 119 135 151 166 181 197 212 227
7500| -0.77 -0.56 -0.35 -0.14 0.07 0.27 0.47 0.67 0.85 1.05 1.24 141 158 175 191 208 225 241
8000| -0.85 -0.63 -0.40 -0.18 0.04 0.25 0.46 0.67 0.87 1.08 1.28 1.47 165 183 201 219 237 254
8500/ -0.94 -0.70 -0.47 -0.23 0.00 0.23 0.45 0.67 0.89 1.10 1.32 151 171 190 2.09 229 248 2.68
9000| -1.03 -0.78 -0.53 -0.28 -0.04 0.20 0.43 0.67 0.90 1.13 135 156 177 197 218 238 259 280
9500/ -1.13 -0.86 -0.60 -0.34 -0.08 0.16 0.41 0.66 0.90 1.14 138 160 182 204 226 248 270 2091
10000| -1.23 -0.95 -0.67 -0.40 -0.13 0.13 0.39 0.65 0.91 1.16 140 163 187 210 233 257 279 3.03

Table 3. Difference between GEM model and compliance equation

In Table 3, combinations of rolling resistance and weight reduction for which the compliance equation
predicts a higher value than the GEM model appear red, and those for which the GEM model prediction
is higher appear green. The difference is greatest toward the lower right (poorest rolling resistance,
best weight reduction), and runs as high as 2 — 3 g/ton-mile in the lower right corner. To put that
amount of difference in perspective, the increment of improvement specified in the rule between the
2018 and the 2021 model year, the first improvement mandated in the rule, amounts to 2.4 g/ton-mile
(81.3 g/ton-mile starting in 2018, vs. 78.9 starting in 2021).

Closer fit

The advantage of the compliance equation is the simplicity of dealing with constant coefficients. It is
possible to construct an equation that is a much closer fit to the GEM model, using the same input
variables, while maintaining the advantage of constant coefficients. The cost is one extra term in the
equation.

Table 4 shows the results from a modified compliance equation that conforms more closely to the GEM
model (the GEM table is repeated for comparison), and Table 5 on the following page shows the
difference between the GEM calculation and the modified equation.



GEM 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

0 81.1 82.7 84.4] 86.1| 87.7 89.4 91.1 92.8 944 96.1 97.8 99.5 101.2 1029 104.6 106.3 108.0 109.7
500 80.6 82.2 839 855 87.2 889 90.5 92.2 938 95.5 97.2 98.9 100.5 102.2 103.9 105.6 107.3 109.0
1000 80.1 81.7 83.4 850 86.7 883 899 91.6 93.2 949 96.6 98.2 99.9 101.5 103.2 1049 106.6 108.3
1500 79.6 81.2 829 845 86.1 87.7 89.4 91.0 92.6 94.3 959 97.6 99.2 100.9 102.6 104.2 105.9 107.6
2000 79.1 80.7 82.4 840 856 87.2 888 904 92.1 93.7 95.3 96.9 98.6 100.2 101.9 103.6 105.2 106.9
2500 78.7 80.3 819 834 850 86.7 883 899 915 93.1 94.7 96.3 97.9 99.6 101.2 1029 104.5 106.2
3000 78.2 79.8 81.4 829 84.5 86.1 87.7 89.3 90.9 92.5 941 95.7 97.3 98.9 100.6 102.2 103.8 105.5
3500 77.7 79.3 809 824 84.0 856 87.2 88.7 90.3 919 935 95.1 96.7 98.3 99.9 101.5 103.1 104.8
4000 77.3 78.8 80.4 819 835 850 86.6 88.2 89.8 91.3 929 945 96.1 97.7 99.3 100.8 102.5 104.1
4500 76.8 78.4 799 814 83.0 845 86.1 87.6 89.2 90.7 92.3 939 95.4 97.0 98.6 100.2 101.8 103.4
5000 76.4 779 79.4 809 825 84.0 855 87.1 88.6 90.2 91.7 93.3 94.8 96.4 98.0 99.5 101.1 102.7
5500 759 77.4 789 80.5 82.0 835 850 86.5 88.1 89.6 91.1 92.7 94.2 95.8 97.3 98.9 100.4 102.0
6000 75.5 77.0 785 80.0 81.5 83.0 845 86.0 87.5 89.0 90.6 92.1 93.6 95.2 96.7 98.2 99.8 101.4
6500 75.0 76.5 78.0 79.5 81.0 82.5 84.0 855 87.0 88.5 90.0 91.5 93.0 94.6 96.1 97.6 99.1 100.7
7000 746 76.1 77.5 79.0 80.5 82.0 83.4 849 86.4 87.9 89.4 90.9 92.4 93.9 95.5 97.0 98.5 100.0
7500 74.2 75.6 77.1 78.5 80.0 81.5 829 84.4 859 87.4 88.8 90.3 91.8 93.3 94.9 96.4 97.9 99.4
8000 73.7 75.2 76.6 781 79.5 81.0 824 839 854 86.8 88.3 89.8 91.3 92.8 94.2 95.7 97.2 98.7
8500 73.3 747 76.2 77.6 79.0 80.5 819 834 84.8 86.3 87.7 89.2 90.7 92.2 93.6 95.1 96.6 98.1
9000 729 743 75.7 77.1 78.6 80.0 81.4 829 843 85.7 87.2 88.7 90.1 91.6 93.0 94.5 96.0 97.4
9500 72.5 739 753 76.7 781 79.5 80.9 824 838 85.2 86.6 88.1 89.5 91.0 92.4 93.9 95.3 96.8
10000 72.0 73.4 748 76.2 77.6 79.0 80.4 81.8 83.3 84.7 86.1 87.5 89.0 90.4 91.9 93.3 94.7 96.2

Table 1. GEM model for rolling resistance 3 — 20 kg/ton, weight reduction 0 — 10,000 Ib

mod 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

0 81.0 82.7 844 86.1 87.8 89.4 91.1 92.8 945 96.2 979 99.6 101.2 1029 104.6 106.3 108.0 109.7
500 80.6 82.2 839 856 87.3 889 90.6 92.3 939 95.6 97.3 99.0 100.6 102.3 104.0 105.6 107.3 109.0
1000 80.1 81.8 83.4 851 86.7 884 90.1 91.7 934 95.0 96.7 98.4 100.0 101.7 103.3 105.0 106.7 108.3
1500 79.7 81.3 829 846 86.2 879 89.5 91.2 92.8 94.5 96.1 97.8 99.4 101.1 102.7 104.3 106.0 107.6
2000 79.2 80.8 825 84.1 857 87.4 89.0 90.6 923 939 955 972 98.8 1004 102.1 103.7 1053 107.0
2500 78.8 80.4 82.0 83.6 852 86.8 885 90.1 91.7 93.3 949 96.6 98.2 99.8 101.4 103.0 104.7 106.3
3000 78.3 799 815 83.1 847 86.3 879 89.5 91.1 92.7 944 96.0 97.6 99.2 100.8 102.4 104.0 105.6
3500 77.8 79.4 81.0 82.6 84.2 858 87.4 89.0 90.6 92.2 93.8 954 97.0 98.5 100.1 101.7 103.3 104.9
4000 77.4 79.0 80.6 82.1 83.7 853 86.9 884 90.0 91.6 93.2 94.8 96.3 97.9 99.5 101.1 102.7 104.2
4500 76.9 785 80.1 81.6 83.2 848 86.3 879 89.5 91.0 92.6 94.2 95.7 97.3 98.9 100.4 102.0 103.6
5000 76.5 78.0 79.6 81.1 82.7 84.2 858 87.4 88.9 90.5 92.0 93.6 95.1 96.7 98.2 99.8 101.3 102.9
5500 76.0 77.6 79.1 80.7 822 837 853 86.8 883 89.9 914 93.0 94.5 96.0 97.6 99.1 100.7 102.2
6000 75.6 77.1 78.6 80.2 81.7 83.2 84.7 86.3 87.8 89.3 90.8 924 93.9 95.4 96.9 98.5 100.0 101.5
6500 75.1 76.6 78.2 79.7 81.2 827 84.2 857 87.2 88.7 90.2 91.8 93.3 94.8 96.3 97.8 99.3 100.8
7000 74.7 76.2 77.7 79.2 80.7 82.2 837 852 86.7 88.2 89.7 91.2 92.7 94.2 95.7 97.2 98.6 100.1
7500 74.2 75.7 77.2 78.7 80.2 81.7 83.1 84.6 86.1 87.6 89.1 90.6 92.0 93.5 95.0 96.5 98.0 99.5
8000 73.8 75.2 76.7 78.2 79.7 81.1 82.6 84.1 85.5 87.0 88.5 90.0 91.4 92.9 94.4 95.8 97.3 98.8
8500 73.3 748 76.2 77.7 79.2 80.6 82.1 835 85.0 86.4 87.9 89.4 90.8 92.3 93.7 95.2 96.6 98.1
9000 729 743 758 77.2 78.7 80.1 81.5 83.0 84.4 85.9 87.3 88.8 90.2 91.6 93.1 94.5 96.0 97.4
9500 724 739 753 767 781 79.6 81.0 824 839 853 867 832 896 91.0 925 939 953 96.7
10000 72.0 734 748 76.2 77.6 79.1 80.5 819 833 84.7 86.1 87.6 89.0 90.4 91.8 93.2 94.6 96.1

Table 4. Modified compliance equation




mod diff 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
o[ -0.07 -0.04 -0.02|] 0.00f 0.02 0.03 0.04 0.05 0.05 0.06 0.06 0.05 005 0.05 0.00 -0.01 -0.04 -0.07
500 -0.03 0.00 0.02 0.04 0.06 0.07 0.08 0.09 0.10 0.10 0.11 0.11 0.10 0.10 0.05 0.02 0.00 -0.01
1000( 0.00 0.03 0.06 0.07 0.09 0.11 0.12 0.13 0.14 0.14 0.15 0.15 0.14 0.13 0.09 0.07 0.04 0.01
1500( 0.03 0.06 0.09 0.11 0.13 0.14 0.15 0.16 0.17 0.18 0.19 0.19 0.17 0.17 0.13 010 0.08 0.05
2000( 0.06 0.09 0.11 0.14 0.16 0.17 0.18 0.19 0.20 0.21 0.22 0.22 021 020 0.18 013 0.11 0.09
2500( 0.08 0.11 0.13 0.16 0.18 0.18 0.21 0.22 0.23 0.24 0.24 024 024 022 020 016 013 0.11
3000/ 0.09 0.12 0.15 0.18 0.20 0.22 0.23 0.24 0.25 0.26 0.26 0.26 0.26 024 022 018 0.16 0.13
3500( 0.11 0.14 0.17 0.19 0.21 0.23 0.24 0.25 0.26 0.27 0.28 0.28 028 026 0.23 022 0.17 0.15
4000 0.12 0.15 0.17 0.20 0.22 0.24 0.25 0.25 0.27 0.28 0.29 0.29 028 0.27 024 023 018 0.16
4500 0.12 0.15 0.18 0.21 0.23 0.25 0.26 0.27 0.28 0.29 0.29 029 029 027 025 023 019 0.17
5000( 0.12 0.15 0.18 0.21 0.23 0.25 0.26 0.27 0.28 0.28 0.29 0.29 028 027 025 023 021 0.17
5500( 0.12 0.15 0.18 0.20 0.23 0.24 0.26 0.27 0.28 0.28 0.29 0.29 028 026 024 022 020 0.16
6000( 0.12 0.15 0.17 0.20 0.22 0.24 0.25 0.26 0.27 0.27 0.28 0.28 0.26 025 0.23 021 0.18 0.15
6500/ 0.11 0.13 0.16 0.19 0.21 0.22 0.24 0.25 0.25 0.26 0.27 0.26 025 023 021 019 0.17 0.15
7000/ 0.09 0.12 0.15 0.17 0.19 0.21 0.22 0.23 0.24 0.24 0.25 0.24 022 021 019 017 0.15 0.12
7500/ 0.07 0.10 0.13 0.15 0.17 0.19 0.20 0.21 0.21 0.22 023 022 020 018 0.16 0.14 0.13 0.10
8000 0.05 0.08 0.11 0.13 0.15 0.17 0.18 0.18 0.19 0.19 0.20 0.19 0.17 015 013 011 0.09 0.07
8500/ 0.03 0.06 0.08 0.10 0.12 0.14 0.14 0.15 0.16 0.16 0.16 0.15 0.13 0.11 0.09 0.07 0.05 0.04
9000 0.00 0.03 0.05 0.07 0.09 0.10 0.11 0.12 0.12 0.13 0.12 0.11 0.09 0.07 005 0.03 0.01 -0.01
9500/ -0.03 -0.01 0.02 0.04 0.05 0.06 0.07 0.08 0.09 0.09 0.08 0.06 005 0.03 0.01 -0.02 -0.04 -0.06
10000{ -0.07 -0.04 -0.02 0.00 0.02 0.02 0.03 0.04 0.04 0.04 0.03 0.01 0.00 -0.02 -0.04 -0.07 -0.09 -0.11

Table 5. Difference between GEM model and modified compliance equation

The modified equation differs from the GEM model by less than 0.3 g/ton-mile throughout the range of
validity of the model.

The modified equation, and the associated coefficients, are written out explicitly in the Appendix.

Implications

The graph on the following page compares the emission levels as calculated according to the compliance
equation (dotted blue lines) with the levels calculated according to GEM (as approximated by the
modified compliance equation, solid green lines). Each line is labeled with the emission level it
represents, in grams of CO2 emission per ton-mile. On the graph, the best (highest) weight reduction is
toward the right, while the best (lowest) rolling resistance is toward the bottom. The deviation between
GEM and the compliance equation is, as noted above, greatest for high rolling resistance values and
large weight reductions.

The two calculations are in close agreement for emission levels close to the 2018 standard of 81.3 g/ton-
mile. For relatively poorly performing models, whose emissions are above the 80 g/ton-mile level, the
compliance equation overestimates emissions. But the graph also indicates that, as the standards
become tighter, below 80 g/ton-mile, the direction of the difference between the calculations changes,
with the compliance equation underestimating emissions as compared to GEM.

In practical terms, for models which are close to the current standard, the compliance equation is a
good approximation to the GEM model. As the standards tighten, if the coefficients specified in the
current rule are not adjusted, the compliance equation will begin to allow more models to meet the
standards than would be the case if they were held to the GEM calculation. To avoid adjusting the
coefficients each time the standards change, a one-time change to the modified equation would serve
the same purpose.



Emission levels according to GEM (solid) and compliance equation (dotted)

105

Figure 1. Comparison graph of emission levels as calculated according to the compliance equation, and
according to GEM. The curves representing the GEM calculations were generated from the modified
compliance equation (see Appendix).

Appendix

The relevant terms in the compliance equation and the modified equation are written out below. The
drag term has been set to zero (the baseline case), since it does not substantially affect the comparison.
The compliance equation also includes an overall factor meant to provide an incentive for installing tire
pressure monitoring equipment — this also does not affect the comparison, and has been set equal to 1.

Emission (per compliance equation) = C1 + C2*TRRL + C4*WR
Emission (per modified equation) = C1’ + C2’*TRRL’ + C4’* WR + C6’* TRRL'*WR

where TRRL is the tire rolling resistance level in kg/ton (supplied by the tire manufacturer), TRRL’ = TRRL
— 6.0, and WR is the weight reduction (below a specified baseline value) in pounds. The C’s are constant
coefficients. They differ between the two equations, but are constant in each case.

The extra computational burden required for the modified equation is minimal.

The coefficients for each equation are tabulated below. The coefficients for the compliance equation
are specified in the phase 2 fuel efficiency rule; the coefficients of the modified equation may be derived
by fitting baseline case slopes (WR = 0, TRRL = 6.0) to the GEM model, and adjusting C6’ for best least-
squares fit.

Coefficients for:| C1(') C2(") C4a() ce(')
Compliance equation 76.1 1.67| -0.0010300 ---
Modified equation 86.1 1.69| -0.0009849|( -0.00002688




