Section 6.4 DEVELOPMENT OF AIR CONDITIONING EMISSION FACTORS

This section discusses the correction factors used to scale down emissions for air conditioner operation over a range of ambient conditions.  This methodology takes into account the compressor activity, relative humidity, heat index, and fraction of vehicles with functioning air conditioning (A/C) systems.

6.4.1 Introduction
The effects of A/C are not accounted for in MVEI7G.  Recent tests have shown that A/C usage can have a significant impact on vehicle emissions.  Currently, a vehicle that undergoes an emissions test receives an extra 10 percent load to the road load horsepower if that vehicle is equipped with A/C.  Nearly all available data on A/C effects have been collected over the Federal Test Procedure (FTP) and SC03 driving cycles, however, the Unified Cycle (UC) is more representative of current driving patterns and will be the base emissions test cycle used in EMFAC2000.  The correction factors, when scaled down over the range of ambient conditions to represent partial A/C load, will more accurately represent the impact of A/C on emissions.  These adjustment factors will be applied to emissions data for the fraction of the fleet with A/Con.  The fraction of the fleet with A/Con is a function of a heat index based on the combined impact of temperature and humidity.  Estimates will be provided for the fraction of vehicles equipped with A/C systems, and of those, the fraction of malfunctioning systems.  This memorandum will be segregated into two major components: emissions and A/C activity. 

6.4.2 Emissions
Vehicle testing was conducted on 10 vehicles (Appendix 6.4-A) at 75 degrees on the UC. The tests were conducted with the A/Coff but with an added 10 percent road load horsepower (RLHP) and with the A/Con but without the 10 percent RLHP added.  Analysis of the data shows that the emissions collected with the A/Con are significantly higher than would be estimated with the 10 percent adjustment assumed in the MVEI7G model.  The mean emissions with the extra 10 percent RLHP added and with the A/Con are shown in Table 6.4-1.  The following regression equation was used to model each pollutant for Bag 2 emissions as a function of A/Coff with RLHP:

A/Con = m * (A/C10%) + C                                       (6.4-1)

Since the historical UC data have been collected with A/C10%, this equation becomes:

A/Con = m * (UCbag2) + C                                        (6.4-2)

Table 6.4-2 lists the coefficients for m and C.  The emissions data and regression lines are shown in Figures 6.4-1 through 6.4-4.
Table 6.4-1.  Mean Emissions.
	PRIVATE 

	with 10% RLHP
	with A/Con

	HC
	0.045
	0.051

	CO
	1.518
	2.374

	CO2
	391.394
	430.017

	NOx
	0.405
	0.511


Table 6.4-2.  Coefficients for Adjustment.

	PRIVATE 

	
m
	
C
	
R2

	
HC
	
1.226
	
0
	
0.894

	
CO
	
1.511
	
0
	
0.753

	
CO2
	
0.805
	
116.769
	
0.573

	
NOx
	
1.198
	
0
	
0.820


6.4.3 A/C Activity Factors
Since "full-usage" A/C correction factors represent the emission increase during full load on the engine attributable to the A/C system, these factors must be scaled down to reflect the ambient conditions under which the model is run.  The emissions factor equation should be adjusted to:

A/Cadj = (A/C10%)*[1-A/Con] + (A/C)*[A/Con],                        (6.4-3)

where

         [A/Con] = [fraction equipped with A/C] * [fraction of functional A/C systems] *                               [compressor activity fraction algorithm]                                           (6.4-4)

6.4.3.1 Compressor Activity Fraction

Compressor Activity

EMFAC2000 will correlate emissions with the operation of the vehicle's A/C compressor since it is the direct cause of the additional load on the engine.  To model intermediate conditions which result in partial A/C load, EMFAC2000 will include a factor to model compressor time as a function of the heat index based on temperature and humidity.  This correction factor will characterize overall A/C system load by reflecting the percentage of time that the compressor is actually engaged.  The proposed approach will scale down the full-use emission factor by using compressor time as well as using the heat index.  The compressor on fraction (COMfr) may be represented as:

COMfr = K + a*HI + b*HI2,                                    (6.4-5)

where a and b are coefficients for the heat index, and K is a constant.  The scaling, or demand factor, coefficients provided by U.S. EPA for "all combined" periods of the day are shown in Table 6.4-3.  Figure 6.4-5 illustrates the relationship between heat index and compressor fraction.   


Table 6.4-3. Demand Factor Equation Coefficients.
	PRIVATE 

Period
	
Constant(K)
	
a
	
b
	
R2

	
All Combined
	 -3.631541
	
0.072465
	
-0.000276
	
0.44


Relative Humidity

Temperature and relative humidity have a significant impact on the engine load placed on the A/C system.  They influence the amount of A/C usage in a vehicle.  These two factors comprise the heat index and quantify the driver discomfort caused by their combined effects.  Temperature matrices in which county-specific monthly, in addition to O3- and CO-episode day, diurnal temperature profiles were developed.  A sample matrix is provided in Table 6.4-4.  Similarly, relative humidity matrices have been created for each county to profile average monthly humidity readings. 

Heat Index

U.S. EPA has provided heat index values.  The temperatures range from 50 to 100 degrees in 5 degree increments, and the relative humidity is from 0 to 100 percent in 10 percent intervals.  The heat index numbers in Table 6.4-5 were used to model heat index as a function of temperature and humidity.  Figure 6.4-6 illustrates the relationship between temperature, humidity, and heat index. 

Table 6.4-4.  Format of County-Specific Humidity Matrix.
	
	
	
	Hour

	County ID
	County
	Period
	H0  H1  H2  …. H21  H22  H23

	1
	Alameda
	January
	

	1
	Alameda
	February
	

	1
	Alameda
	March
	

	1
	Alameda
	April
	

	1
	Alameda
	May
	

	1
	Alameda
	June
	

	1
	Alameda
	July
	

	1
	Alameda
	August
	

	1
	Alameda
	September
	

	1
	Alameda
	October
	

	1
	Alameda
	November
	

	1
	Alameda
	December
	

	1
	Alameda
	annual avg
	

	1
	Alameda
	ozone
	

	1
	Alameda
	co
	

	2
	Alpine
	January
	

	:
	
	
	

	:
	
	
	

	58
	Yolo
	ozone
	

	58
	Yolo
	co
	


Table 6.4-5. Heat Index Values.
	PRIVATE 

	
0%
RH
	
10% 
RH
	
20% 
RH
	
30% 
RH
	
40% 
RH
	
50% 
RH
	
60% 
RH
	
70% 
RH
	
80% 
RH
	
90% 
RH
	100% RH

	
50o
	
41
	
41
	
42
	
43
	
43
	
44
	
45
	
46
	
46
	
47
	
48

	
55o
	
46
	
47
	
48
	
49
	
49
	
50
	
51
	
52
	
53
	
53
	
54

	
60o
	
51
	
52
	
53
	
54
	
55
	
56
	
57
	
58
	
59
	
60
	
60

	
65o
	
57
	
58
	
59
	
60
	
61
	
62
	
63
	
64
	
65
	
66
	
67

	
70o
	
63
	
64
	
65
	
66
	
68
	
69
	
69
	
70
	
71
	
72
	
73

	
75o
	
69
	
70
	
72
	
73
	
74
	
74
	
75
	
76
	
77
	
78
	
78

	
80o
	
76
	
77
	
78
	
79
	
79
	
80
	
82
	
83
	
84
	
86
	
89

	
85o
	
80
	
81
	
82
	
84
	
85
	
87
	
89
	
92
	
95
	
100
	
106

	
90o
	
84
	
86
	
87
	
89
	   92
	
95
	
99
	
104
	
112
	
125
	
148

	
95o
	
88
	
90
	   92
	
96
	
100
	
105
	
113
	
125
	
146
	
166
	
166

	
100o
	
92
	
95
	
98
	
103
	
109
	
119
	
135
	
158
	
166
	
166
	
166


6.4.3.2 Fraction of Vehicles Equipped with A/C     

To determine the fraction of vehicles in the fleet that are equipped with A/C systems, EPA has estimated base market penetration rates by model year using Ward's Automotive Handbook for light-duty automobiles.  The projection cap was 98% of vehicles and 95% of trucks would likely be equipped with A/C by the 1999 model year (Table 6.4-6).

6.4.3.3 Fraction of Functional A/C Systems

Using the annual Consumers Reports Automobile Purchase issue which surveys readers on A/C system malfunctions by vehicle age, the U.S. EPA estimates yearly increases in the absolute malfunction rate of 1.5 percent, and starting at age nine the rate is held constant at 12.5 percent.  To estimate the rate of repair, the following assumptions were used: 1) all vehicles up to three years old (the standard warranty period) would be repaired; 2) after three years the majority of vehicles would still be repaired, but this percentage decreases as the vehicle becomes older; and c) vehicles before the 1993 model year (estimated cutpoint for R-134a Freon replacement on most vehicles) would have a lower rate of repair due to the cost of system recharging.  The U.S. EPA estimated that 100% of the R-134a systems would be repaired during the 3-year warranty period, 90% in years four through eight, 80% in years nine through 13, 70% in years 14 through 18 and 60% in years 19 and up.  The non-warranty period repair rate is reduced by a factor of 0.75 for pre-1993 system if the modeled calendar year is 1995 or later.  Table 6.4-7 summarizes the malfunction rates.  Therefore, the estimate of vehicles with functional A/C systems combines the base market penetration rates for that model year with the unrepaired malfunction rates for the appropriate vehicle age. Table 6.4-8 shows a sample calculation using the correction factor.

Table 6.4-6. Proposed Base Market Penetration Rates.

	PRIVATE 
Model Yr
	
% LDVs equipped with A/C
	
% LDTs equipped with A/C

	72
	
60
	
29

	
73
	
73
	
29

	
74
	
62
	
29

	
75
	
63
	
29

	
76
	
68
	
31

	
77
	
73
	
36

	
78
	
72
	
38

	
79
	
70
	
36

	
80
	
63
	
35

	
81
	
67
	
39

	
82
	
70
	
45

	
83
	
74
	
47

	
84
	
78
	
53

	
85
	
80
	
54

	
86
	
79
	
55

	
87
	
76
	
60

	
88
	
79
	
65

	
89
	
78
	
74

	
90
	
87
	
77

	
91
	
87
	
78

	
92
	
89
	
82

	
93
	
91
	
84

	
94
	
93
	
86

	
95
	
94
	
89

	
96
	
95
	
91

	
97
	
97
	
93

	
98
	
98
	
95

	
99
	
98
	
95

	
00+
	
98
	
95


Table 6.4-7. Proposed Rate of A/C Malfunction.

	PRIVATE 
Vehicle Age (years)
	
Consumer Reports*
	
Proposed Estimates

	1
	
< 2%
	
0.5 %

	2
	
2 - 5 %
	
2.0 %

	3
	
2 - 5 %
	
3.5 %

	4
	
2 - 5 %
	
5.0 %

	5
	
5 - 9.3 %
	
6.5 %

	6
	
5 - 9.3 %
	
8.0 %

	7
	
9.3 - 14.8 %
	
9.5 %

	8
	
9.3 - 14.8 %
	
11.0 %

	9+
	
n/a
	
12.5 %


* 1997 Automobile Purchase Issue


Table 6.4-8. Sample Calculation Using ACCF.
	PRIVATE 

Pollutant
	
A/C10% (g/mi)
	
Emission Rates (g/mi)

	ROG
	
0.287
	
0.334

	CO
	
5.131
	
7.019

	NOx
	
0.740
	
0.761

	CO2
	
308.777
	
349.498


*Calendar year 1998, South Coast; assuming compressor is always on, percent of fleet equipped with A/C is 90, and fraction of functional systems is 0.8 
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Appendix 6.4-A. Description of Test Vehicles.
	PRIVATE 

Model Year
	
Manufacturer
	
Division
	
Model

	
91
	
GM
	
Chevrolet
	
Lumina

	
91
	
Ford
	
Ford
	
Taurus

	
92
	
GM
	
Chevrolet
	
Astrovan

	
92
	
Ford
	
Ford
	
Tempo

	
94
	
Ford
	
Ford
	
Taurus

	
96
	
Honda
	
Honda
	
Accord

	
94
	
Ford
	
Ford
	
Taurus

	
92
	
GM
	
Pontiac
	
Grand Am

	
95
	
GM
	
Oldsmobile
	
Cutlass

	
97
	
GM
	
Oldsmobile
	
Achieva
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R2 = 0.894

y = 1.266x

HC EMISSIONS WITH 10% RLHP (G/MI)

HC EMISSIONS WITH AC ON (G/MI)

FIGURE 1 - COMPARISON OF HC EMISSIONS WITH 10% RLHP TO AC ON FOR UC CYCLE
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FIGURE 6.4-2
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FIGURE 4 - COMPARISON OF NOx EMISSIONS WITH 10% RLHP TO AC ON FOR UC CYCLE
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R2 = 0.573

y = 0.805x + 116.769

CO2 EMISSIONS WITH 10% RLHP (G/MI)

CO2 EMISSIONS WITH AC ON (G/MI)

FIGURE 3 - COMPARISON OF CO2 EMISSIONS WITH 10% RLHP TO AC ON FOR UC CYCLE
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R2 = 0.894

y = 1.266x

HC EMISSIONS WITH 10% RLHP (G/MI)

HC EMISSIONS WITH AC ON (G/MI)

FIGURE 1 - COMPARISON OF HC EMISSIONS WITH 10% RLHP TO AC ON FOR UC CYCLE
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CO EMISSIONS WITH 10% RLHP (G/MI)

CO EMISSIONS WITH AC ON (G/MI)

FIGURE 2 - COMPARISON OF CO EMISSIONS WITH 10% RLHP TO AC ON FOR UC CYCLE
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R2 = 0.820

y = 1.198x

NOx EMISSIONS WITH 10% RLHP (G/MI)

NOx EMISSIONS WITH ACON (G/MI)

FIGURE 6.4-4

COMPARISON OF NOx EMISSIONS WITH 10% RLHP TO ACON FOR UC CYCLE
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R2 = 0.573

y = 0.805x + 116.769

CO2 EMISSIONS WITH 10% RLHP (G/MI)

CO2 EMISSIONS WITH AC ON (G/MI)

FIGURE 3 - COMPARISON OF CO2 EMISSIONS WITH 10% RLHP TO AC ON FOR UC CYCLE
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Sheet1

		VEH		TESTTYPE		HC - w/ 10% RLHP		HC - A/C on w/out 10% RLHP		CO - w/ 10% RLHP		CO - A/C on w/out 10% RLHP		NOx - w/ 10% RLHP		NOx - A/C on w/out 10% RLHP		CO2 - w/ 10% RLHP		CO2 - A/C on w/out 10% RLHP						REGRESSIONS

		1		UC		0.08888		0.12678		3.86803		11.52025		0.61621		0.56426		386.8255		398.8754								uc_hc		0.079485384		uc_co		5.844980133		uc_nox		0.73821958		uc_co2		428.1632275

		1		UC		0.07189		0.08968		4.49439		5.80323		0.59552		0.55525		392.0966		408.3764										0.064291227				6.791472729				0.71343296				432.406463

		1		UC		0.11153		0.09231		6.10804		6.82868		0.56992		0.62044		387.7133		405.5503										0.099741279				9.229859244				0.68276416				428.8779065

		2		UC		0.06044		0.09383		1.5855		3.94111		0.47059		0.94992		388.3219		467.5012										0.054051492				2.39584905				0.56376682				429.3678295

		2		UC		0.05989		0.08649		2.2388		3.93922		0.43294		0.94564		375.1236		446.1087										0.053559627				3.38305068				0.51866212				418.743198

		2		UC		0.05286		0.11455		1.08786		5.07095		0.47412		0.69665		376.6008		450.0034										0.047272698				1.643865246				0.56799576				419.932344

		3		UC		0.12618		0.13244		1.41683		1.72816		1.129		1.08885		467.4831		470.0524										0.112842774				2.140971813				1.352542				493.0925955

		3		UC		0.12904		0.11957		3.37812		1.6733		0.96951		1.16287		461.8701		468.1042										0.115400472				5.104677132				1.16147298				488.5741305

		3		UC		0.14766		0.24937		3.78745		8.48649		1.00988		1.3395		462.953		530.6085										0.132052338				5.723215695				1.20983624				489.445865

		3		UC		0.14548				3.65438				1.0624				460.5536												0.130102764				5.522133618				1.2727552				487.514348

		3		UC

		4		UC		0.01877		0.01672		2.1095		1.32378		0.12327		0.21029		374.0451		396.163										0.016786011				3.18766545				0.14767746				417.8750055

		4		UC		0.02716		0.02794		1.77656		1.19766		0.10313		0.21227		378.3935		400.9223										0.024289188				2.684559816				0.12354974				421.3754675

		4		UC		0.01327		0.01725		0.73484		1.71257		0.17372		0.21004		381.4493		397.7278										0.011867361				1.110416724				0.20811656				423.8353865

		4		UC		0.02149		0		1.40462		2.33457		0.13782		0.16962		374.3605		399.2763										0.019218507				2.122521282				0.16510836				418.1289025

		4		UC

		4		UC

		5		UC		0.02482		0.0304		0.83185		1.07893		0.46389		0.78013		357.447		407.3559										0.022196526				1.257008535				0.55574022				404.513535

		5		UC		0.02403		0.02526		1.11042		1.23804		0.46896		0.76562		357.0804		403.2023										0.021490029				1.677955662				0.56181408				404.218422

		5		UC		0.02384		0.02375		0.97876		1.21928		0.56739		0.77725		364.7134		409.4854										0.021320112				1.479004236				0.67973322				410.362987

		5		UC				0.02651				1.22936				0.81742				420.3424

		6		UC		0.04116		0.03497		1.25681		0.85931		0.1122		0.11434		413.0005		442.8884										0.036809388				1.899165591				0.1344156				449.2341025

		6		UC		0.0357		0.03389		0.83023		1.21051		0.08092		0.13752		408.1155		472.7581										0.03192651				1.254560553				0.09694216				445.3016775

		6		UC		0.0183		0.02799		0.17696		1.1753		0.08474		0.12816		405.2358		429.8292										0.01636569				0.267404256				0.10151852				442.983519

		6		UC		0.02614		0.02042		0.9737		0.65683		0.10915		0.12441		415.9264		420.002										0.023377002				1.47135807				0.1307617				451.589452

		7		UC		0.05707		0.04963		1.99568		1.96031		0.22558		0.37578		396.2475		444.7772										0.051037701				3.015672048				0.27024484				435.7479375

		7		UC		0.0257		0.05207		0.99704		2.21896		0.29071		0.42753		394.4447		453.1339										0.02298351				1.506627144				0.34827058				434.2966835

		7		UC		0.03254		0.03858		1.04667		1.37256		0.24298		0.39117		395.3579		452.2939										0.029100522				1.581623037				0.29109004				435.0318095

		7		UC		0.04979		0.03526		1.91405		1.512		0.25615		0.28989		395.5314		419.8227										0.044527197				2.892320955				0.3068677				435.171477

		8		UC		0.02092		0.05631		0.65949		3.15626		0.14627		0.16773		338.4375		374.0234										0.018708756				0.996555339				0.17523146				389.2108875

		8		UC		0.01929		0.05631		0.58395		3.68752		0.14881		0.18807		338.5407		405.6303										0.017251047				0.882406845				0.17827438				389.2939635

		8		UC		0.02246		0.06993		1.21742		4.71468		0.12574		0.19443		336.7474		405.2186										0.020085978				1.839643362				0.15063652				387.850357

		8		UC		0.03952		0.04265		2.2926		2.66884		0.14033		0.12977		345.182		374.1477										0.035342736				3.46434786				0.16811534				394.64021

		9		UC		0.01958		0.01314		0.48583		0.60528		0.74194		0.86806		400.9038		473.9696										0.017510394				0.734137713				0.88884412				439.496259

		9		UC		0.01958		0.01214		0.73394		0.61039		0.80629		0.88517		409.9343		471.8327										0.017510394				1.109056734				0.96593542				446.7658115

		9		UC		0.01177		0.01196		0.14958		0.59366		0.79185		0.76905		406.6452		466.8037										0.010525911				0.226030338				0.9486363				444.118086

		9		UC		0.00991		0.01069		0.17827		0.47777		0.91273		0.87512		429.6939		447.3478										0.008862513				0.269383797				1.09345054				462.6722895

		10		UC		0.02376		0.01127		0.03015		0.00261		0.12913		0.2522		378.6723		422.709										0.021248568				0.045559665				0.15469774				421.5999015

		10		UC		0.00798		0.01111		0.00736		0.00431		0.12108		0.29298		375.9744		423.5516										0.007136514				0.011121696				0.14505384				419.428092

		10		UC		0.02289		0.01115		0.03601		0.0089		0.05605		0.15993		378.2916		398.2052										0.020470527				0.054414711				0.0671479				421.293438

		10		UC		0.01722		0.01323		0.02075		0.01261		0.10451		0.27126		371.65		432.0086										0.015399846				0.031355325				0.12520298				415.94695
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		constant		a		b		HI		compressor

		-3.631541		0.072465		-0.000276		41		-1.124432

		-3.631541		0.072465		-0.000276		42		-1.074875

		-3.631541		0.072465		-0.000276		43		-1.02587

		-3.631541		0.072465		-0.000276		44		-0.977417

		-3.631541		0.072465		-0.000276		45		-0.929516

		-3.631541		0.072465		-0.000276		46		-0.882167

		-3.631541		0.072465		-0.000276		47		-0.83537

		-3.631541		0.072465		-0.000276		48		-0.789125

		-3.631541		0.072465		-0.000276		49		-0.743432

		-3.631541		0.072465		-0.000276		50		-0.698291

		-3.631541		0.072465		-0.000276		51		-0.653702

		-3.631541		0.072465		-0.000276		52		-0.609665

		-3.631541		0.072465		-0.000276		53		-0.56618

		-3.631541		0.072465		-0.000276		54		-0.523247

		-3.631541		0.072465		-0.000276		55		-0.480866

		-3.631541		0.072465		-0.000276		56		-0.439037

		-3.631541		0.072465		-0.000276		57		-0.39776

		-3.631541		0.072465		-0.000276		58		-0.357035

		-3.631541		0.072465		-0.000276		59		-0.316862

		-3.631541		0.072465		-0.000276		60		-0.277241

		-3.631541		0.072465		-0.000276		61		-0.238172

		-3.631541		0.072465		-0.000276		62		-0.199655

		-3.631541		0.072465		-0.000276		63		-0.16169

		-3.631541		0.072465		-0.000276		64		-0.124277

		-3.631541		0.072465		-0.000276		65		-0.087416

		-3.631541		0.072465		-0.000276		66		-0.051107

		-3.631541		0.072465		-0.000276		67		-0.01535

		-3.631541		0.072465		-0.000276		68		0.019855

		-3.631541		0.072465		-0.000276		69		0.054508

		-3.631541		0.072465		-0.000276		70		0.088609

		-3.631541		0.072465		-0.000276		71		0.122158

		-3.631541		0.072465		-0.000276		72		0.155155

		-3.631541		0.072465		-0.000276		73		0.1876

		-3.631541		0.072465		-0.000276		74		0.219493

		-3.631541		0.072465		-0.000276		75		0.250834

		-3.631541		0.072465		-0.000276		76		0.281623

		-3.631541		0.072465		-0.000276		77		0.31186

		-3.631541		0.072465		-0.000276		78		0.341545

		-3.631541		0.072465		-0.000276		79		0.370678

		-3.631541		0.072465		-0.000276		80		0.399259

		-3.631541		0.072465		-0.000276		81		0.427288

		-3.631541		0.072465		-0.000276		82		0.454765

		-3.631541		0.072465		-0.000276		83		0.48169

		-3.631541		0.072465		-0.000276		84		0.508063

		-3.631541		0.072465		-0.000276		85		0.533884

		-3.631541		0.072465		-0.000276		86		0.559153

		-3.631541		0.072465		-0.000276		87		0.58387

		-3.631541		0.072465		-0.000276		88		0.608035

		-3.631541		0.072465		-0.000276		89		0.631648

		-3.631541		0.072465		-0.000276		90		0.654709

		-3.631541		0.072465		-0.000276		91		0.677218

		-3.631541		0.072465		-0.000276		92		0.699175

		-3.631541		0.072465		-0.000276		93		0.72058

		-3.631541		0.072465		-0.000276		94		0.741433

		-3.631541		0.072465		-0.000276		95		0.761734

		-3.631541		0.072465		-0.000276		96		0.781483

		-3.631541		0.072465		-0.000276		97		0.80068

		-3.631541		0.072465		-0.000276		98		0.819325

		-3.631541		0.072465		-0.000276		99		0.837418

		-3.631541		0.072465		-0.000276		100		0.854959

		-3.631541		0.072465		-0.000276		101		0.871948

		-3.631541		0.072465		-0.000276		102		0.888385

		-3.631541		0.072465		-0.000276		103		0.90427

		-3.631541		0.072465		-0.000276		104		0.919603

		-3.631541		0.072465		-0.000276		105		0.934384

		-3.631541		0.072465		-0.000276		106		0.948613

		-3.631541		0.072465		-0.000276		107		0.96229

		-3.631541		0.072465		-0.000276		108		0.975415

		-3.631541		0.072465		-0.000276		109		0.987988

		-3.631541		0.072465		-0.000276		110		1.000009

		-3.631541		0.072465		-0.000276		111		1.011478

		-3.631541		0.072465		-0.000276		112		1.022395

		-3.631541		0.072465		-0.000276		113		1.03276

		-3.631541		0.072465		-0.000276		114		1.042573

		-3.631541		0.072465		-0.000276		115		1.051834

		-3.631541		0.072465		-0.000276		116		1.060543

		-3.631541		0.072465		-0.000276		117		1.0687

		-3.631541		0.072465		-0.000276		118		1.076305

		-3.631541		0.072465		-0.000276		119		1.083358

		-3.631541		0.072465		-0.000276		120		1.089859

		-3.631541		0.072465		-0.000276		121		1.095808

		-3.631541		0.072465		-0.000276		122		1.101205

		-3.631541		0.072465		-0.000276		123		1.10605

		-3.631541		0.072465		-0.000276		124		1.110343

		-3.631541		0.072465		-0.000276		125		1.114084

		-3.631541		0.072465		-0.000276		126		1.117273

		-3.631541		0.072465		-0.000276		127		1.11991

		-3.631541		0.072465		-0.000276		128		1.121995

		-3.631541		0.072465		-0.000276		129		1.123528

		-3.631541		0.072465		-0.000276		130		1.124509

		-3.631541		0.072465		-0.000276		131		1.124938

		-3.631541		0.072465		-0.000276		132		1.124815

		-3.631541		0.072465		-0.000276		133		1.12414

		-3.631541		0.072465		-0.000276		134		1.122913

		-3.631541		0.072465		-0.000276		135		1.121134

		-3.631541		0.072465		-0.000276		136		1.118803

		-3.631541		0.072465		-0.000276		137		1.11592

		-3.631541		0.072465		-0.000276		138		1.112485

		-3.631541		0.072465		-0.000276		139		1.108498

		-3.631541		0.072465		-0.000276		140		1.103959

		-3.631541		0.072465		-0.000276		141		1.098868

		-3.631541		0.072465		-0.000276		142		1.093225

		-3.631541		0.072465		-0.000276		143		1.08703

		-3.631541		0.072465		-0.000276		144		1.080283

		-3.631541		0.072465		-0.000276		145		1.072984

		-3.631541		0.072465		-0.000276		146		1.065133
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FIGURE 6.4-5
Compressor Fraction vs Heat Index
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R2 = 0.894

y = 1.266x

HC EMISSIONS WITH 10% RLHP (G/MI)

HC EMISSIONS WITH AC ON (G/MI)

FIGURE 1 - COMPARISON OF HC EMISSIONS WITH 10% RLHP TO AC ON FOR UC CYCLE
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R2 = 0.753
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CO EMISSIONS WITH 10% RLHP (G/MI)

CO EMISSIONS WITH AC ON (G/MI)

FIGURE 2 - COMPARISON OF CO EMISSIONS WITH 10% RLHP TO AC ON FOR UC CYCLE
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R2 = 0.852

y = 1.040x + 0.100

NOx EMISSIONS WITH 10% RLHP (G/MI)

NOx EMISSIONS WITH AC ON (G/MI)

FIGURE 4 - COMPARISON OF NOx EMISSIONS WITH 10% RLHP TO AC ON FOR UC CYCLE
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R2 = 0.573

y = 0.805x + 116.769

CO2 EMISSIONS WITH 10% RLHP (G/MI)

CO2 EMISSIONS WITH ACON (G/MI)

FIGURE 6.4-3

COMPARISON OF CO2 EMISSIONS WITH 10% RLHP TO ACON FOR UC CYCLE
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R2 = 0.894

y = 1.266x

HC EMISSIONS WITH 10% RLHP (G/MI)

HC EMISSIONS WITH ACON (G/MI)

FIGURE 6.4-1

COMPARISON OF HC EMISSIONS WITH 10% RLHP TO ACON FOR UC CYCLE
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R2 = 0.753

y = 1.511x

CO EMISSIONS WITH 10% RLHP (G/MI)

CO EMISSIONS WITH AC ON (G/MI)

FIGURE 2 - COMPARISON OF CO EMISSIONS WITH 10% RLHP TO AC ON FOR UC CYCLE
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R2 = 0.852

y = 1.040x + 0.100

NOx EMISSIONS WITH 10% RLHP (G/MI)

NOx EMISSIONS WITH AC ON (G/MI)

FIGURE 4 - COMPARISON OF NOx EMISSIONS WITH 10% RLHP TO AC ON FOR UC CYCLE
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R2 = 0.573

y = 0.805x + 116.769

CO2 EMISSIONS WITH 10% RLHP (G/MI)

CO2 EMISSIONS WITH AC ON (G/MI)

FIGURE 3 - COMPARISON OF CO2 EMISSIONS WITH 10% RLHP TO AC ON FOR UC CYCLE
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		2		UC		0.05286		0.11455		1.08786		5.07095		0.47412		0.69665		376.6008		450.0034										0.06692076				1.643865246				0.593132212				419.932344

		3		UC		0.12618		0.13244		1.41683		1.72816		1.129		1.08885		467.4831		470.0524										0.15974388				2.140971813				1.2742729				493.0925955

		3		UC		0.12904		0.11957		3.37812		1.6733		0.96951		1.16287		461.8701		468.1042										0.16336464				5.104677132				1.108387351				488.5741305

		3		UC		0.14766		0.24937		3.78745		8.48649		1.00988		1.3395		462.953		530.6085										0.18693756				5.723215695				1.150376188				489.445865

		3		UC		0.14548				3.65438				1.0624				460.5536												0.18417768				5.522133618				1.20500224				487.514348

		3		UC

		4		UC		0.01877		0.01672		2.1095		1.32378		0.12327		0.21029		374.0451		396.163										0.02376282				3.18766545				0.228213127				417.8750055

		4		UC		0.02716		0.02794		1.77656		1.19766		0.10313		0.21227		378.3935		400.9223										0.03438456				2.684559816				0.207265513				421.3754675

		4		UC		0.01327		0.01725		0.73484		1.71257		0.17372		0.21004		381.4493		397.7278										0.01679982				1.110416724				0.280686172				423.8353865

		4		UC		0.02149		0		1.40462		2.33457		0.13782		0.16962		374.3605		399.2763										0.02720634				2.122521282				0.243346582				418.1289025

		4		UC

		4		UC

		5		UC		0.02482		0.0304		0.83185		1.07893		0.46389		0.78013		357.447		407.3559										0.03142212				1.257008535				0.582491989				404.513535

		5		UC		0.02403		0.02526		1.11042		1.23804		0.46896		0.76562		357.0804		403.2023										0.03042198				1.677955662				0.587765296				404.218422

		5		UC		0.02384		0.02375		0.97876		1.21928		0.56739		0.77725		364.7134		409.4854										0.03018144				1.479004236				0.690142339				410.362987

		5		UC				0.02651				1.22936				0.81742				420.3424

		6		UC		0.04116		0.03497		1.25681		0.85931		0.1122		0.11434		413.0005		442.8884										0.05210856				1.899165591				0.21669922				449.2341025

		6		UC		0.0357		0.03389		0.83023		1.21051		0.08092		0.13752		408.1155		472.7581										0.0451962				1.254560553				0.184164892				445.3016775

		6		UC		0.0183		0.02799		0.17696		1.1753		0.08474		0.12816		405.2358		429.8292										0.0231678				0.267404256				0.188138074				442.983519

		6		UC		0.02614		0.02042		0.9737		0.65683		0.10915		0.12441		415.9264		420.002										0.03309324				1.47135807				0.213526915				451.589452

		7		UC		0.05707		0.04963		1.99568		1.96031		0.22558		0.37578		396.2475		444.7772										0.07225062				3.015672048				0.334625758				435.7479375

		7		UC		0.0257		0.05207		0.99704		2.21896		0.29071		0.42753		394.4447		453.1339										0.0325362				1.506627144				0.402367471				434.2966835

		7		UC		0.03254		0.03858		1.04667		1.37256		0.24298		0.39117		395.3579		452.2939										0.04119564				1.581623037				0.352723498				435.0318095

		7		UC		0.04979		0.03526		1.91405		1.512		0.25615		0.28989		395.5314		419.8227										0.06303414				2.892320955				0.366421615				435.171477

		8		UC		0.02092		0.05631		0.65949		3.15626		0.14627		0.16773		338.4375		374.0234										0.02648472				0.996555339				0.252135427				389.2108875

		8		UC		0.01929		0.05631		0.58395		3.68752		0.14881		0.18807		338.5407		405.6303										0.02442114				0.882406845				0.254777281				389.2939635

		8		UC		0.02246		0.06993		1.21742		4.71468		0.12574		0.19443		336.7474		405.2186										0.02843436				1.839643362				0.230782174				387.850357

		8		UC		0.03952		0.04265		2.2926		2.66884		0.14033		0.12977		345.182		374.1477										0.05003232				3.46434786				0.245957233				394.64021

		9		UC		0.01958		0.01314		0.48583		0.60528		0.74194		0.86806		400.9038		473.9696										0.02478828				0.734137713				0.871691794				439.496259

		9		UC		0.01958		0.01214		0.73394		0.61039		0.80629		0.88517		409.9343		471.8327										0.02478828				1.109056734				0.938622229				446.7658115

		9		UC		0.01177		0.01196		0.14958		0.59366		0.79185		0.76905		406.6452		466.8037										0.01490082				0.226030338				0.923603185				444.118086

		9		UC		0.00991		0.01069		0.17827		0.47777		0.91273		0.87512		429.6939		447.3478										0.01254606				0.269383797				1.049330473				462.6722895

		10		UC		0.02376		0.01127		0.03015		0.00261		0.12913		0.2522		378.6723		422.709										0.03008016				0.045559665				0.234308113				421.5999015

		10		UC		0.00798		0.01111		0.00736		0.00431		0.12108		0.29298		375.9744		423.5516										0.01010268				0.011121696				0.225935308				419.428092

		10		UC		0.02289		0.01115		0.03601		0.0089		0.05605		0.15993		378.2916		398.2052										0.02897874				0.054414711				0.158297605				421.293438

		10		UC		0.01722		0.01323		0.02075		0.01261		0.10451		0.27126		371.65		432.0086										0.02180052				0.031355325				0.208700851				415.94695
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