Attachment 3

In response to the Air Resources Board (ARB) Mail Out #MSC 98-11, which described the details of various input factors and methodologies used to derive the emission inventory of large spark-ignited (SI) engines 25 horsepower and greater, the following organizations submitted comments :  1)  Engine Manufacturers Association (EMA), Outdoor Power Equipment Institute (OPEI), and Equipment Manufacturers Institute (EMI) collectively;  2) Industrial Truck Association (ITA); 3) Bay Area Air Quality Management District;  4) Ventura Air Pollution Control District;  5) AGCO Corporation;  6) Air Transport Association (ATA).  Staff appreciates receiving these written comments and this document describes the significant changes that staff incorporated into the revised inventory based upon the comments received.  A copy of the complete comments submitted by each organizations are included in Attachment 4.

EMA, OPEI, EMI Comments

Population Growth

1. The primary concern is that – for most applications – the OFFROAD model assumes the same growth rates for both SI and CI engines.

Staff has revised the growth factors for all large SI equipment included in the agricultural and construction categories.  Equipment specific population estimates for calendar years 1990 to 1997 were obtained from the PSR database.  Population estimates indicated negative trend.  Since the majority of the equipment population in these categories are diesel powered and there is no indication that in the future this trend will reverse, staff is proposing to freeze the population after 1997 and use PSR data for calendar years 1990 through 1997.  The following table shows the revised population for agricultural and construction equipment for calendar years 1995, 2000 and 2010.

Revised Population for Agricultural and Construction Equipment

CATEGORY
P/N
HP
DESCRIPTION
Old

1995 POP
Revised

1995 POP
Old

2000 POP
Revised

2000 POP
Old

2010 POP
Revised

2010 POP

Agricultural
N
250
Combines
19
13
21
11
23
11




Other Agricultural Equipment
21
14
23
12
25
12


P
50
Balers
2,914
1,976
3,123
1,705
3,453
1,705




Hydro Power Units
27
18
29
16
33
16




Other Agricultural Equipment
91
61
97
53
107
53




Sprayers
549
372
588
321
650
321



120
Agricultural Tractors
798
541
855
467
946
467




Balers
1,489
1,010
1,596
871
1,765
871




Combines
200
135
215
117
237
117




Hydro Power Units
4
2
4
2
4
2




Other Agricultural Equipment
524
354
562
306
621
306




Sprayers
923
626
990
540
1,094
540




Swathers
2,987
2,026
3,202
1,748
3,540
1,748



175
Agricultural Tractors
109
74
117
64
129
64




Combines
111
75
119
65
132
65




Other Agricultural Equipment
60
40
64
35
71
35




Sprayers
207
141
222
121
246
121




Swathers
2,289
1,552
2,453
1,339
2,712
1,339

Construction
P
50
Asphalt Pavers
108
82
123
71
139
71




Bore/Drill Rigs
33
25
37
21
42
21




Concrete/Industrial Saws
125
95
142
82
160
82




Cranes
37
28
43
24
48
24




Paving Equipment
295
223
336
193
376
193




Rollers
75
57
86
49
96
49




Rough Terrain Forklifts
15
11
17
10
20
10




Rubber Tired Loaders
37
28
43
24
48
24




Skid Steer Loaders
1,038
786
1,182
681
1,326
681




Trenchers
692
526
788
454
884
454



120
Asphalt Pavers
59
45
68
39
76
39




Bore/Drill Rigs
154
117
175
101
196
101




Concrete/Industrial Saws
71
53
80
46
90
46




Cranes
76
58
87
50
97
50




Crushing/Proc. Equipment
44
33
50
29
56
29




Dumpers/Tenders
27
21
31
18
35
18




Paving Equipment
75
57
86
49
96
49




Rollers
143
109
163
94
183
94




Rough Terrain Forklifts
215
164
245
141
275
141




Rubber Tired Loaders
252
191
287
165
322
165




Skid Steer Loaders
621
470
708
408
794
408




Tractors/Loaders/Backhoes
134
102
153
88
172
88




Trenchers
229
174
261
150
293
150



175
Bore/Drill Rigs
37
28
43
24
48
24




Cranes
2
2
3
1
3
1




Other Construction Equipment
106
81
121
70
136
70




Rough Terrain Forklifts
8
6
9
5
10
5

2.  A secondary concern is that there are undocumented differences between the 1994 California State University, Fullerton (CSUF) study referenced as the source of the growth factor data in the OFFROAD model…
Growth factors for all air basins with the exception of the San Francisco Bay Area and South Coast Air Basin are based on a 1994 study entitled “A Study to Develop Projected Activity for Non-Road Mobile Categories in California, 1970-2020” prepared by CSUF. Bay Area and South Coast Air Quality Management Districts provided separate growth factors for gasoline and LPG equipment.  

Uncontrolled New Engine Emission Factors

1. Mail-out #98-11 only includes HC, CO, and NOx exhaust emissions … ARB needs to document the method and data used to derive the PM, CO2 and SO2 emission factors for LSI engines.

The final report contains PM exhaust emissions estimates.  CO2 and SO2 emissions estimates will be included in the next revision of the model.

2. ARB has not indicated the fuel specifications of the emissions test data …This needs to be included in the OFFROAD model so that the benefit of cleaner burning fuels are incorporated into the emission inventory predictions.

Some gasoline engines were tested using pre-Phase 2 fuel while others were tested on Phase 2 fuel.  All gasoline engine emission test data have been corrected such that the baseline reflects Phase 2 fuel.  On-road non-catalyst vehicle specific fuel correction factors were used to correct the emissions data obtained on pre-Phase 2 fuel.  Attached is the revised table (originally included in mailout MSC 98-11) indicating the test fuel used during testing.  Since the baseline emission factors reflect Phase 2 fuel, emissions output for pre-1996 years is corrected for pre-Phase 2 fuel.      

ENGINE
HP GROUP
TEST FUEL
LOAD FACTOR
SOURCE

Gas
25-50
Pre- Phase 2
0.235
41.4 hp engine, SwRI/ITA 1993



Phase 2
0.230
40 hp engine, ARB preliminary



Phase 2
0.393
37 hp engine, ARB preliminary


51-120
Pre-Phase 2
0.227
85 hp engine, SwRI/ITA 1993



Pre-Phase 2
0.232
100 hp engine, Ford/SwRI 1993



Phase 2
0.283
53 hp engine, ARB preliminary



Phase 2
0.213
54 hp engine, ARB preliminary


121+
Phase 2
0.211
205 hp engine, ARB preliminary

Note:
SwRI :  Southwest Research Institute


ITA  :  Industrial Truck Association

3. We question the exclusion of the 100 HP LPG engine from ARB’s emission factor database…

Since the percentage of time that an engine is not calibrated correctly is unknown, only correctly calibrated emission test data was used.

Useful Life and Emission Factor Deterioration

1. In communication with industry, trade organization, and other government agency, all have indicated that useful life data supplied to PSR is in the form of total hours at typical load. The error signifies that the useful life estimated by ARB in years is off by a factor equal to the load factor of the equipment.

Staff has verified with PSR that our calculation of useful life is correct.

2. The calculation of useful life and deterioration is not adequately documented…reviewing and confirming the data used by ARB is even more crucial.

The useful life calculation that is incorporated into the OFFROAD model is based upon PSR’s output of useful life in hours divided by the equipment usage and load factor.  Deterioration rates are calculated by dividing the increase in emissions over the useful life of the equivalent on-road vehicle by the highest lifetime hours for each horsepower group. The data and methodology used to calculate useful life and deterioration rate are fully documented in the final staff report.

3. The hours of useful life data supplied to AIR do not make complete sense…in fact the engines of the highest HP group have the shortest useful life.

The useful life data calculation has been revised.  Earlier, each piece of equipment would have its useful life calculated within the horsepower grouping of 25-50 hp, 51-120hp, and so forth.  The revised methodology calculates useful life of equipment by fuel only.  Therefore, for example all gasoline powered sweepers will have the same useful life regardless of the horsepower grouping.

4. Use of emission deterioration information from 1969 on-highway engines is questionable. These engine and fuel advances, individually  as well as collectively, would tend to reduce deterioration.

Staff believes using 1969 on-highway engine deterioration to represent uncontrolled large spark-ignited engine deterioration represents the best available estimate.  No other methodology was suggested or data provided as an alternative.

5. Of particular concern is the assumed HC deterioration rate of 138 percent.  ARB needs to review the LSI deterioration rate assumptions for consistency and reasonableness.

Engines in the 25-120 hp range are mostly automobile-derived engines.  Staff assumed that 1969 on-highway engines best represent these type of uncontrolled engines.  Again, no other methodology was raised or data provided as an alternative.

6. The inclusion of NOx deterioration along with HC and CO contradicts the basic principles of uncontrolled engine aging.
Deterioration rates are based on testing performed on a fleet of uncontrolled on-highway vehicles over time.  Data indicated positive deterioration for all pollutants but not necessarily on any individual vehicle.

Industrial Truck Association

1. ARB’s OFFROAD model estimates that the 1990 uncontrolled California inventory for ROG+NOx emissions is nearly 33% less than the SIP’s 1990 uncontrolled inventory.  MSC 98-11 addresses reasons for the changes, left unaddressed however is the difference between OFFROAD and SIP inventory with regards to the relative emissions attributable to preempted and non preempted equipment… ARB instructed SWRI to use a different equipment inventory that was compiled by Energy & Environmental Analysis.

Non-preemption/preemption definition of various engine types has gone through several iterations as more information became available.  Different assumptions of non-preemption/preemption were used for the 1994 SIP.  Following the 1994 SIP development, staff received the first version of the OFFROAD model as developed by Energy and Environmental Analysis.  SWRI’s contract also started at the same time, and staff provided the best estimate available. Mailout MSC 98-11 reflected non-preempted SI engine population based on non-preemption/preemption definition agreed upon between ARB’s regulatory staff, USEPA staff, and industry.  During the development of the M11/M12 regulation, additional information was obtained from various sources.  Staff has again revised its non-preempted and preempted definition.  Currently, staff assumes that all forklift engines are non-preempted.

2. MSC 98-11 assigns average hp levels to each of the three forklift engine power categories.  It is unclear, however, whether or not the assigned levels represent the mean hp rating of all engines within a given power category or the midpoint of a category’s hp range.

The average hp is the population weighted average of the rated horsepower of each piece of equipment in each of the horsepower categories.  This information was obtained from PSR.

3. MSC 98-11 assigns industrial forklifts an annual activity level of 1,800 housr per year.  This level appears somewhat overstated.
Comparing forklift hours of use and car usage is not an accurate assessment. 

Bay Area Air Quality Management District

1. Does the OFFROAD model handle dredging equipment?

Currently, emission estimates from dredging equipment are not included in the OFFROAD model.

2. How does the OFFROAD model handle shipyard equipment?

Currently, emission estimates from shipyard equipment are not included in the OFFROAD model.

Ventura County Air Pollution Control District

1. What is the relative contribution of the subject engines to the overall equipment population?

The table below shows the relative contribution in tons per day by category for the state in 2010.


Exhaust Emission (tons per day), 2010




Category
ROG Exh
CO Exh
NOx Exh
PM Exh

Recreational Vehicles
0.43
9.43
1.41
0.00

Construction
0.42
8.48
1.27
0.01

Industrial
15.85
218.79
55.24
0.29

Lawn & Garden
0.33
7.86
0.51
0.00

Agricultural
0.37
6.62
1.61
0.01

Light-duty Commercial
2.20
41.39
8.37
0.05

Airport Ground Support
0.96
16.37
4.49
0.02

Total
20.56
308.94
72.90
0.38

2. The engines used for the test data in Table 2 can be characterized as lightly loaded?

Currently, staff does not have any data from engines that were tested at heavier loads (greater than 0.6) to validate the derived emission factors.  Staff believes that applying the load correction factor should reflect the emission factor for the equipment used at that load.

3. Were the engines listed in Table 2 used to derive the load correction factors shown in Figures 1 through 6?
Yes, the engines used in Table 2, except for the engine that was not calibrated correctly, were used to derive the load correction factors.

4. Are the activity-weighted load-corrected composite emission factors in Table 4 based on the activity data presented in Attachment 1?

Yes.

5. Table 6 reflects the revised forklift population from the 1992 Booz -Allen & Hamilton (BAH) study (35,586 units).  In the discussion of the electric forklift population, the IC (internal combustion) forklift population is cited as 50,166.  Does this figure include other fuel types such as diesel and horsepower range less than 25 horsepower.
The electric forklift population cited does not include diesel powered forklift.  The electric forklift number also does not include any forklifts of less than 25 horsepower.

6. What is the relevance of estimating the electric forklift population?
The estimate is given to reflect the growth trend between gasoline/LPG/diesel/electric forklifts.  In the future, the population of electric forklift will be included in the OFFROAD model.

7. The growth factors obtained from the 1994 California State Fullerton report are from a different source than cited in the original model documentation (EEA, February, 1997).

CSUF’s growth factors are the latest set of growth factors available to staff.  Since growth factors for each category are by fuel and by county, staff presented the aggregate statewide difference in 2010 in the mailout.  Staff will provide the two sets (old and new) of growth factors at county level to make a detailed comparison.   

8. Table 9 indicates substantial differences in category cumulative 1990 emissions.  Is a SIP revision in order to rectify emission reduction expectations from statewide control measures that apply to these emission categories?
A recalculation of the SIP goals will be performed once the complete OFFROAD model is finalized and approved by the ARB board.

9. It is interesting to note that although the total 1990 OFFROAD equipment population in table 11 is lower than SIP inventory by 19,474 units, the population of forklifts increased by 15,208.  This implies the net change for all other equipment types was 41% lower. An accounting of the population changes for equipment types other than forklifts would be useful to explain this phenomenon.

As explained in the Mail-out MSC 98-11, the basis for SIP inventory was the Booz Allen & Hamilton report entitled “Off-Road Mobile Equipment Emission Inventory Estimate “.  Staff will provide a copy of the report in order to account for the population changes for equipment types other than forklifts.   

10. Population totals by equipment category would improve the table.

The final report includes the population total by each category.

AGCO Corporation

1. As noted in Attachment 1 (Input Factors) there is an increase of gasoline powered machines in the Agricultural category.  AGCO believes that this trend is wrong.

As explained in response to EMA, OPEI, EMI comments earlier in this document, staff has adjusted the growth rate for the agricultural category as well as the construction category to show a decline in gasoline powered equipment. 

Air Transport Association (ATA)

Comments from ATA were received two weeks later than the deadline specified in mailout MSC 98-11.  One of the most significant comments by ATA was to incorporate the ground support equipment activity information that ATA is in the process of collecting through its contractor.  Since staff has to finalize the emission inventory from this category by the end of this year, it is not possible to include the ATA information at this time.  
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