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Background

» Agriculture is one of the most critical economic sectors
in California.

Estimated $50-$144 billion in annual sales/value added
Representing 400,000 to 1.57 million jobs
> Diesel engines commonly used in agriculture
applications

Over 50% of states agriculture equipment is in the San
Joaquin Valley (SJV), which is classified as an extreme
ozone nonattainment area and a serious nonattainment
area for PM2.5

22% of NOx in SJV from farm equipment in 2020
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Background Il

> Accurate data on agriculture equipment is critical to
Improve emissions inventories.
To improve air quality
Develop effective incentive strategies for the SJV

»  CARB conducted agriculture equipment populations
surveys in 2008 and 2018.

> More information is needed on in-use activity patterns,
and to understand how ag equipment differs from other
off-road equipment.
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Objective

» To collect real-world data from agricultural equipment
to improve the emission inventory and to inform air

qguality programs and policies and incentive programs
in California.

» Characterize how agricultural engines in the SJV
operate under actual working conditions.

» Measure activity parameters (e.g., fuel use, engine
load, hours of use, engine speed, and torque)

» Funding from CARB, U.S. EPA, and SJV Air Pollution
Control District (SJV APCD), San Joaquin Valleywide
Air Pollution Study Agency (Study Agency).
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2021 Emissions Inventory Baseline
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Calculating Emissions Inventories
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Data Collection Campaign

> Monitoring of 208 pieces equipment over 22 farms
Data collection attempts on 240 tractors, including 127 tractors for HEM
185 monitored > 10 months, 23 less than 10 months
Data logging with HEM loggers on 103 tractors
> 91 tractors > 10 months, 12 tractors < 10 months

» Data obtained from 2 rental agencies

One with 35 tractor records over 3 years and one with 12 tractors during
harvest season for 2 months

CONNECTOR
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Tractor Test Matrix

Group 1: Tree/Orchard/Nut Group 2: Field and Row Crops
Engine HP Rating|  Tier0,1,2 Tier3and 4 Tier0,1,2 Tier3and 4
Total [HEM Logged| Total [HEM Logged| Total [HEM Logged| Total |HEM Logged

hp <50 3 0 7 0 1 0 1 1
50<hp<175 | 25 1 69 18 8 2 32 22
175<hp <300 1 0 7 / 2 1 19 19
300<hp<600 | O 0 8 8 0 0 25 24
Total 29 1 91 33 11 3 17 66

Total Equipment Monitored: 208  Total Equipment HEM Logged: 103

Note that two of the HEM data loggers acquired less than 5 minutes or s
less. so they were not included in the main data analysis
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Farm Distribution
> Number of farms by size in acres
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Distribution of Soil Type
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Four main soil types were Sandy Loam, Clay Loam, Loam, and Clay
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Information being acquired

Work =
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Equipment Age Distribution

Distribution of Equipment Age
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Total Activity Collection
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Annual Hours by Tier Level vs
Equipment Age Distribution
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Annual Hours of Use Data
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Hours of Use per Day Data
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> Average hours of use per day mostly varied from 2.6 to 5.6 hours per day,
with an average of 4.1 hours per day
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M anufacturer Maodel Start Date | End Date | K ental Duration (Davs)| Hours Logged |Howrs/dav|Howrs /AL onth|
John Dears S0835n 11/202019 2/26/2020 a8 262 3.7 813
John Dears 61250 2212020 | 362020 14 31 31 67.3
John Deers 6115M 3/172020 | 5/572020 4 15 53 114.0
John Deers 31153ML 2272020 | 526/2020 g5 150 2.4 512
Tohn Deers 511500 2272020 | &/82020 102 308 4.2 g1.8

R I John Deers 31001 8/6:2020 | 10/1/2020 36 a2 2 485
e n a John Deers 11500 8/10/2020 | 10/1/2020 52 84 23 481
John Deers 4044M 923/2020 | 10/6/2020 13 19 2.0 444
John Deers 4044M 923/2020 | 10/6/2020 13 23 2.5 53.8
John Deers 51000 10/7/2020 |10/22/2020 13 35 51 111.5
g e n cy John Deers 30835M 32020 |10/22/2020 80 113 2.0 437
John Deers 511500 32020 |10/30/2020 23 261 4.2 802
John Deers 310001 8/3/2020 |10/30/2020 23 380 6.0 131.3
John Dears 3073GL 820/2020 | 11/5/2020 77 203 3.7 80.1
Tohn Dears 11500 11/3/2020 |11/10/2020 7 33 6.6 143 3
John Deers 11500 8/3/2020 |11/11/2020 100 411 58 19
John Deare 311500 8/372020 |11/11/2020 100 397 3.6 120.7
Tohn Deers 61250 8122020 |11/13/2020 %] 424 6.4 138 6
Kubota MB 360 8/12/2020 |11/13/2020 &3 317 4.8 103 .6
John Deers 51001 11/10/2020{12/23/2020 43 107 -y 156
Averazs 613 184 (@5)) 553
Kubota MOS0 352021 | 4292021 45 13 2.3 483
Kubota MDGS0 152021 | 4292021 45 35 17 372
John Deers 3075GL 3242021 | 43062021 37 28 3.3 723
John Dears 1 0GH 8122021 | 992021 23 246 12.3 267.1
John Dears 40440 92412021 | 100602021 12 31 3.6 78.5
John Deers 4052M 92412021 | 100602021 12 42 45 106.4
John Deers 61250 HIX2021 | 12/%2021 83 168 2.7 38.0
Averazs 38.1 100 fery) 553
John Deers 312500 8/172022 | 926/2022 56 143 3.6 77.6
John Deers 3043D H16/2022 | 10/4/2022 18 27 21 456
John Deers 3043D Y16/2022 | 10/4/2022 13 40 3.1 67.6
John Deers S033E 810/2022 | 10/7/2022 53 108 26 56.6
John Deers 511500 810/2022 | 10/7/2022 53 64 15 33.5
John Deers 511500 GA22022 | 11/4/2022 145 34 0.3 71
John Deers 311500 /12022 | 12/92022 130 492 553 115.1
John Dears 312501 824/2022 | 1252023 154 463 4.2 91.4 17
Awrams 79.6 171 (&) 618 _
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Rental Agency #2

Model Number| Manufacturer |Start Date| End Date |Rental Duration (Days) Hours Logged| Hoursiday | Hours/Month
S45E JolnDeere2021 | 0901/2021| 10272021 56 184 4.6 009
S0T5E JonDeere2021 | 0901/2021| 10272021 36 41 8.0 185.7
SO075E JolnDeere2021 | 0901/2021| 10272021 56 178 7.0 1509
S055E JolnDeere2021 | 0901/2021| 10272021 56 165 41 §9.6
5075E JohnDeere2022 | 09012022 10142022 43 37 103 2241
5063E JohnDeere2022 | 09012022 10142022 43 246 8.0 173.9
5063E JohnDeere2022 | 09012022 10142022 43 471 153 3330
5053E JohnDeere2022 | 09012022 10142022 43 75 9.0 1944
S45E JolnDeere/2022 | 09012022 | 10142022 4 430 140 3040
S075E JolnDeere2022 | 09012022| 10142022 4 458 149 3238
S0T5E JohnDeere2022 | 09012022 | 10142022 4 348 113 246.0
S0T5E JohnDeere2022 | 09012022 | 10142022 4 179 0.1 1972

Average 413 sl | (9) 2102

18
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Engine Load Percentage Data
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Average engine load percent varied from 22% to 35% for different

categories, with an overall average load of 28% ~
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Engine Load Percentage Data

Fraction of Operation
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> Average engine load percent showed a high fraction of load percentage

from 0-10%, with a gradual tapering off with increasing load above that
20
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Daily Fuel Use Data
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»  Daily fuel use showed an as expected increasing trend with engine

horsepower size, with average fuel use of 20.4 gallons per day ~
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Fuel Use per Hour Data
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»  Fuel Use per hour showed an as expected increasing trend with engine
horsepower size, with average fuel use of 4.2 gallons per hour

»  For higher hp — 7.7 to 8.6 gals/hour  For lower hp - ~ 2 gals/hour 22
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Idling Data
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»  Average idle fractions for most categories varies from 23 to 28% with a good
deal of variability within categories, and an overall average of 27%.

> Average idle fractions for the C1 and NRTC cycles are 4% and 15%,

respectively, is lower than the in-use measurements. \-
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DPF Outlet Temperature
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»  Average DPF outlet temperatures were at or above 250 °C category for both

the tree and row crops, for all of the different hp categories, and for the
different farm sizes.
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DPF Outlet Temperature
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»  DPF outlet temperature is above 200°C for 78.5% of operating time.

»  So, for 21.5% of the operating time, the DPF outlet temperature would be
below 200°C, which would likely not be high enough to allow for the injection
of urea into the SCR

17.2% of below 200°C operation is at loads below 10%.

L ]
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Engine Starts
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»  Average number of starts per day was ~3.5 starts, with a range for most
categories from 2.5 and slightly more than 4 starts per day.

» 2.2 average hot starts - soaks with durations = 30 seconds and < 60 minutes
» 0.4 average intermediate starts - = 60 minutes and < 720 minutes
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In-Use data vs. Test Cycles
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Englne Speed - Torque Profiles
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»  Engine test cycles developed based on snippets of real-world, in-use data.
»  Test cycles for overall tractor profiles, plus different crop types/ horsepowers.

»  Most representative engine speed and torque profile for the engine dynamometer
test cycle determined by snippet showing most similar breakdown in power binsg
compared to the whole population file, based a mean square error.
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Summary and Conclusions
Hours of operation

Hours/day averaged 4.1 hr/day, with a range from 2.6 to 5.6 hr/day

Average annual hours of usage declined as a function of engine age/older
engine technology. The average annual hours were 60 hours - Tier 0, 130 hours
- Tier 1, 143 hours - Tier 2, 741 hours - Tier 3, and 739 hours - Tier 4.

Average engine load - ranged between 22% and 33% for different categories,
with an overall average load percentage of 28%

About 32% of the operation was below 10%
Average ldle fractions - for most categories varies from 23 to 28% with a good
deal of variability within categories, and an overall average of 27%
Fuel Use per hour increased with increasing horsepower size

Average 4.2 gallons/hour Higher hp — 7.7 to 8.6 gals/hour Lower hp - ~ 2
gals/hour

In-use activity data covers broader range of operation than certification cycles
And includes more operation at low loads

Engine test cycles developed based on snippets of real-world, in-use data

29
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Recommendations

This extensive study, with 208 tractors and real-time activity, provides a
strong foundation upon which CARB and other air quality agencies can
construct updates to their emissions inventories and inform incentive
and other air quality programs

Air quality agencies should consider these findings with other datasets
to update emissions inventories and to support air quality programs,
such as the Funding Agriculture Replacement Measures for Emission
Reductions (FARMER).

Such agencies should consider longitudinal assessments using this
study design to assess long-term trends of the in-use agricultural fleet.

Follow-up studies could assess how engine load distributions and
idling times measured today change for the in-use fleet of
agricultural equipment in the 2030 timeframe.

Near-term, CARB should consider supplementing the results of this
study using a broader survey collecting information on the distribution of
engine population by tier and annual activity levels of such equipmen.
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