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INTRODUCTION
On April 7, 2009, the Board of Port Commissioners approved the Maritime Air Quality Improvement
Plan (MAQIP), a master plan for the Port of Oakland’s long-term commitment to reducing the air
quality and health risk impacts of Port of Oakland maritime operations.
The MAQIP builds upon the Port Maritime Air Quality Policy Statement, adopted by the Board of
Port Commissioners in March 2008, which a goal of reducing the excess community cancer health
risk related to exposure to diesel particulate matter (DPM) emissions associated with the Port’s
maritime operations by 85% from 2005 to 2020, through all practicable and feasible means. In
furtherance of that goal, the MAQIP includes several emissions reduction goals for individual
pollutants for the Year 2020, listed below:
➢ By 2020, reduce on- and near-shore DPM from Port activities by 85% from the baseline 2005
emissions level.
➢ By 2020, reduce on- and near-shore sulfur oxides (SOx) from Port activities by 85% from the
baseline 2005 emissions level.
➢ By 2020, reduce on- and near-shore nitrogen oxides (NOx) from Port activities by 34% from
the baseline 2005 emissions level.
Pursuant to the MAQIP, the Port of Oakland committed to periodic updates of its emission inventory
to track progress toward attaining these goals. The most recent emissions inventory—Port of Oakland
2015 Seaport Air Emissions Inventory1—shows substantial progress towards meeting the Year 2020
SOx, DPM and NOx goals. Continued progress is expected, yet it is not clear whether compliance
with current adopted regulatory measures through existing programs and projects will be sufficient to
attain the 2020 goals for DMP and NOx.
Pursuant to its MAQIP commitment to review progress, strategies, compliance success and new
technologies,2 the Port of Oakland retained Starcrest Consulting Group (SCG) and tasked SCG with
forecasting the 2015 emission inventory results to 2020 and 2030 and with identifying potential
emission reduction measures to attain or exceed the 2020 emissions reduction goals.

1

Port of Oakland 2015 Seaport Air Emissions Inventory Final Report, Prepared by Ramboll Environ, October 2016.
See: www.portofoakland.com/files/PDF/Port%20of%20Oakland%202015%20Seaport%20Emissions%20Inventory%20Final11Oct2016.pdf
2
Port of Oakland, Maritime Air Quality Improvement Plan, Section 11.3.4: Reconsideration of MAQIP Strategies,
p.114.
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This Technical Memorandum (memorandum) reports the results of this analysis. This report studies
four pollutants: DPM, SOx, NOx, and greenhouse gases (GHGs) expressed as carbon dioxide
equivalents (CO2e). In the following sections, SCG sets forth the details of the forecasting
methodology and the results of the forecast. These results are then used to identify potential emission
reduction measures focused on the five major source categories in the Port’s inventory: ocean going
vessels, harbor craft, cargo handling equipment, heavy duty trucks, and locomotives. The
memorandum identifies the most promising measures analyzed and forecasts their expected emission
reductions in 2020 and 2030. For the most promising measures, the memorandum also discusses
implementation strategies, costs, and options.
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BACKGROUND
SCG reviewed and analyzed emissions reduction strategies published by the California Air Resources
Board (CARB), strategies adopted by other ports, and strategies developed as part of the MAQIP
process.
Some of the specific measures chosen and implemented by the Port to achieve the MAQIP emission
reduction goals are listed below:
1.
2.
3.
4.
5.
6.

Early action to retrofit and replace port drayage trucks
Compliance with the CARB shore power regulation
Design and operational measures to improve operational efficiencies
Participation in pilot and verification projects for NOx and DPM reduction strategies
Early action construction emissions reduction
Support for enforcement of regulations by CARB and Bay Area Air Quality Management
District (BAAQMD) through coordination with tenants
7. Accountability, monitoring, and reporting
In 2017, BAAQMD staff identified several emission reduction strategies they believed could be
implemented at the Port. The Port staff reviewed those strategies and identified a “first tier” set of
measures, which the Port believes are the best options for reducing emissions. These measures are
listed below:
1. Harbor Craft
a. Vessel Retrofits
2. Ocean-Going Vessels
a. Vessel shore power retrofits
b. Voluntary vessel speed reduction (VSR)
c. Alternative emissions control systems
d. Shore-power vaults and extension systems
3. Cargo Handling Equipment
a. Hybrid and zero-emissions equipment
4. Trucks
a. Zero-emissions equipment
5. Electrical system upgrades and improvements
The Port and SCG presented these strategies for discussion at the MAQIP Task Force 2018 meetings
held on February 23, 2018, and May 9, 2018.
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SECTION 1: FORECASTED EMISSIONS REDUCTIONS
SCG forecasted the Port’s air emissions for the future years of 2020 and 2030 using the assumptions
and methodology described in detail below. Typically, for each year of the forecast, emissions are
calculated using the following equation:

Equation 1

𝑬𝒎𝒊𝒔𝒔𝒊𝒐𝒏𝒔 = 𝑬𝒎𝒊𝒔𝒊𝒐𝒏 𝑭𝒂𝒄𝒕𝒐𝒓 × 𝑨𝒄𝒕𝒊𝒗𝒊𝒕𝒚

The emission factors are unique for each pollutant and source category and depend on several factors
such as the equipment’s age, size, service life, and regulatory requirements. The activity is a measure
of how much the equipment is used for the year of the emissions inventory. For example, emission
factors for heavy duty trucks are usually expressed in emissions per mile traveled and the activity is
reported as miles traveled per year. Multiplying the two factors yields the emissions in tons per year
for the category.
To forecast emissions, SCG relied on projected changes in activity and emission factors between the
baseline year (2015, the year of the most recent emissions inventory)3 and the forecasted years (2020
and 2030). The difference in cargo throughput between the years was used to approximate the change
in source category activity. Cargo throughput is the typical metric used for activity at ports and
assumes that the activity of the sources used to move the cargo increase proportionately with the cargo
throughput. Simply stated, if the cargo throughput doubles, this analysis assumes the source category
activity will also double. Ports as part of their planning activities often estimate the expected changes
in cargo throughput in future years and the Port of Oakland’s actual container throughput for 2015
and the high and low estimates for 2020 and 2030 are shown in Table 1.1, in Twenty-foot Equivalent
Units (TEUs).4 The high and low estimates equate to 2.4% and 3% compounded annual growth rates
respectively. Also in the table are the intermodal split fractions (the fraction of containers moved by
rail, as opposed to truck). The actual splits for 2015 and the estimates for 2020 and 2030 are shown.5
This intermodal split fraction is important to forecast the activity changes for heavy-duty trucks and
locomotive emission forecasts. The increase in the split fraction would result in increased activity for
the rail category and a related decrease in the heavy-duty truck category.
Table 1.1: TEU and Intermodal Split Assumptions

CY
2015 (actual)
2020
2030

High
High
TEU
Intermodal %
2,277,521
15%
2,666,979
25%
3,584,196
40%

Low
Low
TEU
Intermodal %
2,277,521
15%
2,531,000
15%
3,202,000
15%

Note that the Port of Oakland 2017 Seaport Air Emissions Inventory is under development and is expected to be
completed in the third quarter of 2018.
4
2020 TEUs. See: http://www.portofoakland.com/wp-content/uploads/Maritime-Presentation-July-2017.pdf. 2030 TEUs from
TIOGA Study.
5
Intermodal split assumptions obtained from Exhibit 15 of TIOGA Truck study.
3
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Changes in a category’s emission factor are affected mostly by turnover of equipment. Equipment
turnover refers to the replacement of equipment at the end of its useful life by newer and cleaner
equipment. In some cases, regulations may accelerate the turnover of equipment. The emission factor
changes are further described for each source category in the following paragraphs.
1.1: Ocean Going Vessel (OGV) Forecast
OGV Forecast Methodology includes:
1. Baseline OGV emissions are from the Port of Oakland 2015 Seaport Air Emissions Inventory.
2. The change in OGV activity is proportional to the change in cargo throughput, and in Scenario
1, defined below, vessel emissions are adjusted for expected changes in ship size.
3. The change in emission factors is based on an average of two scenarios. As background, the
International Maritime Organization (IMO) has implemented NOx emission standards for
vessel engines based on the vessel’s keel laid date.6 These standards are referred to as Tier I
through Tier III standards in order of increasing stringency.
a. In Scenario 1, emission factors were developed based on the expected change in vessel
size and emissions standards (standards are based on the date the vessel was built).
These changes were estimated using the 2016/2017 San Pedro Bay Ports (SPBP)
Container Forecast.7 The SPBP container forecast models the size and build year of
the vessels calling on the SPBP and for example, estimates that Tier III OGVs are
expected to begin to call in California by 2028, when 1% of calls are expected to be
Tier III. Based on the Port of Oakland liner service schedule, nearly all vessels calling
Oakland also call at the SPBP, so the SPBP Container Forecast also applies to the Port
of Oakland. This control scenario also assumes full implementation of the CARBadopted At-Berth Regulation.8
b. In Scenario 2, emission factors were developed by adjusting the Port of Oakland’s
2015 at-berth emissions for future implementation of the CARB At-Berth Regulation.
This scenario assumes that due to the long useful lifetime of ships, the turnover to
new Tier III ships will not occur until after 2030, and that the IMO NOx Tier
standards distribution is the same as the 2015 vessel fleet.
4. High and Low emissions reflect the change in activity from the assumed high and low TEU
growth, activity changes due to changes in vessel size and changes in emission factors from
newer ships entering the fleet.

IMO regulations are based on the year the vessel is built. The build year is determined by the date when the vessel’s
keel is laid which is the first step in constructing the vessel.
7
See: https://www.portoflosangeles.org/pdf/CAAP_Vessel_Tier_Forecasts_2015-2050-Final.pdf
8
See: https://www.arb.ca.gov/ports/shorepower/finalregulation.pdf.
6
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1.2: Harbor Craft (HC) Forecast
HC Forecast Methodology includes:
1. Baseline HC emissions and vessel details are from the Port of Oakland 2015 Seaport Air
Emissions Inventory report.
2. The change in assist tug activity is proportional to the change in container throughput.
Maintenance dredging and operational activity, including the Oil Tanker Barge (OTB) Tow
Boat, in 2020 and 2030 are the same as those in the 2015 Inventory; that is, operational activity
and maintenance dredging activity are assumed to be steady each year.
3. The change in the emission factors are determined using the average engine tier of the tug and
dredge fleet in 2020 and 2030. The average engine tier is estimated by modeling the expected
changes to the engine tier distribution based on the requirement of CARB's adopted
Commercial Harbor Craft Regulations.9 The Commercial Harbor Craft Regulation requires
vessels to upgrade to cleaner (higher tier) engines by a certain date depending on the age and
hours of use of the vessel engine, and vessel type. The modeled 2020 and 2030 fleet tier
distribution are used to calculate the new emission factor.
4. The high and low emission factor range is developed assuming that the engines are turned
over to either Tier 4 for the low emission and Tier 3 for the high emission range.
5. The emissions associated with the OTB Tow Boat in 2020 and 2030 are the same as those in
2015.
6. High and Low emissions reflect the change in activity from the assumed high and low TEU
growth and the high (Tier 3) and low (Tier 4) emission factors from turnover to newer engines
as required by CARB HC regulation.
1.3: Cargo-Handling Equipment (CHE) Forecast
CHE Forecast Methodology includes:
1. Baseline CHE emissions and equipment details are from the Port of Oakland 2015 Seaport
Air Emissions Inventory.
2. The change in CHE activity is proportional to the change in container throughput.
3. The change in the emission factors is determined using the average estimated engine tier of
the CHE fleet in 2020 and 2030. The average engine tier is estimated by modeling the expected
changes to the engine tier distribution based on the requirement of CARB’s adopted CHE
Regulation.10 The regulation requires phased upgrades to cleaner (higher tier) equipment by a
certain date depending on the age and type of existing equipment. The modeled 2020 and
2030 fleet tier distribution is used to calculate the new emission factor. Using population by
equipment type, average horsepower (HP), and annual hours of use information from the Port
of Oakland 2015 Emissions Inventory report and equipment model year provided by the Port,
SCG calculated the average Tier of equipment CHE in 2020 and 2030.

9

See: https://www.arb.ca.gov/ports/marinevess/harborcraft/hcregulatory.htm. CARB has indicated the Commercial Harbor
Craft Regulations may be amended as early as 2020, however only the fleet turnover due to the current Commercial
Harbor Craft Regulation is included in this analysis.
10
See: https://www.arb.ca.gov/ports/cargo/documents/chefactsheet121813.pdf.
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4. Other Off-road Equipment emissions, such as those from construction, are not included in
the CHE forecast tables as their emissions are short term and would not substantially affect
the emissions estimates.
5. High and Low emissions reflect the change in activity from the assumed high and low TEU
growth.
1.4: Heavy Duty Trucks (HDT) Forecast
HDT Forecast Methodology includes:
1. Baseline HDT emissions and fleet age distribution details are from the Port of Oakland 2015
Seaport Air Emissions Inventory report.
2. The change in HDT activity in terms of miles and idling hours is proportional to the change
in container throughput and modified by the projected change in intermodal split.
3. The change in emission factors is modeled using CARB’s EMFAC2014 database of emission
factors, to be consistent with the model used to develop the 2015 baseline inventory. The US
Environmental Protection Agency (USEPA) has approved EMFAC2014. The accuracy of the
age distribution in EMFAC2014 was verified by comparing the EMFAC2014 estimated 2015
age distribution for the Port of Oakland to that in the Port of Oakland 2015 Seaport Air
Emissions Inventory. No significant differences were found.
4. EMFAC2014 includes fleet changes over time due to CARB’s adopted Drayage Truck
regulation.11
5. High and Low emissions reflect the change in activity from the assumed high and low TEU
growth.
1.5: Locomotive (Rail) Forecast
Locomotives Forecast Methodology includes:
1. Baseline locomotive emissions are from the Port of Oakland 2015 Seaport Air Emissions
inventory.
2. The change in locomotive activity is proportional to the change in container throughput and
modified by the projected change in intermodal split.
3. The changes in locomotive fleet emission factors are based on USEPA fleet projections by
calendar year.12
4. High and Low emissions reflect the change in activity from the assumed high and low TEU
growth.
1.6: Forecasted Emissions Reductions for 2020 and 2030
Emissions forecasting to 2020 was performed to determine if the MAQIP 2020 goals are likely to be
achieved given projected growth trends and the existing regulatory environment. Table 1.2 shows
forecasted emissions change percentages for 2020 from the 2005 baseline year with the

11

12

See: https://www.arb.ca.gov/msprog/onroad/porttruck/arbdoc/sumreg.pdf.
See: https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P100500B.pdf.
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implementation of MAQIP and state regulatory measures (negative numbers show an emission
decrease and positive numbers show an emissions increase).
Table 1.2: Forecasted Port of Oakland 2020 Air Emissions Change Percentages from the
2005 Baseline

Forecast Scenario

DPM

SOx

NOx

CO2e

Low Activity / Low
Emission Factor
High Activity / High
Emission Factor

-84%

-94%

-39%

0%

-83%

-93%

-34%

7%

* Positve number indicates emission increase

As shown in Table 1.2, the Port of Oakland should achieve its MAQIP 2020 SOx goal of an 85%
reduction and its 2020 NOx goal of a 34% reduction. The Port of Oakland will need to implement
further measures to meet its MAQIP 2020 DPM goal of an 85% reduction. Based on the forecasted
emissions, an additional 2.5 to 5.4 tons per year of DPM emission reductions are needed from
measures that can be implemented in the next two years.
Starcrest also performed Emissions forecasting to 2030 . Table 1.3 shows forecasted emissions change
percentages for 2030 from the 2005 baseline year with the implementation of MAQIP and state
regulatory measures (negative numbers show an emission decrease and positive numbers show an
emissions increase).
Table 1.3: Forecasted Port of Oakland 2030 Air Emissions Change Percentages from the
2005 Baseline

Forecast Scenario

DPM

SOx

NOx

CO2e

Low Activity / Low
Emission Factor
High Activity / High
Emission Factor

-82%

-93%

-34%

20%

-79%

-92%

-23%

39%

* Positve number indicates emission increase

As can be seen by Table 1.3 above, growth outpaces the emission reductions achieved by existing
control strategies resulting in slightly lower reductions for all pollutants and increases in CO2e
emissions as compared to 2020.
The most promising emission reduction technologies and their potential implementation are described
in the following sections. In addition to SOx, NOx and DPM, GHG emissions are the focus of great
public concern and are included in this analysis.
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SECTION 2: POTENTIAL ADDITIONAL EMISSIONS REDUCTIONS STRATEGIES
Tables 2.1 and 2.2 show each source category’s contribution to the 2020 and 2030 forecasted
emissions. OGVs contribute close to 90% of the DPM, SOx, and NOx and over 50% of the CO2e
emissions due to their large engines and less stringent emission standards compared to other source
categories. OGV emissions standards are the responsibility of the IMO and have historically lagged
behind those of other diesel engine categories subject to US federal and California state standards.
Additionally, OGV have long useful lives resulting in older dirtier vessels remaining in the fleet longer,
slowing the introduction of newer and cleaner vessels into the fleet. HC and CHE contribute most
of the remaining fraction of the emissions. Because of their large pollutant contribution percentages,
OGVs and, to a lesser extent HC and CHE, should be the focus of emission reduction strategies.
Table 2.1: Source Category Contribution to 2020 Emissions
Low Activity / Low Emission Factor
DPM
SOx NOx CO2e
88%
99%
88%
52%
10%
0%
5%
8%
1%
1%
2%
31%
1%
0%
4%
9%
0%
0%
1%
0%

High Activity / High Emission Factor

OGV
HC
CHE
HDT
Rail

DPM
86%
11%
1%
1%
1%

SOx
99%
0%
1%
0%
0%

NOx
87%
6%
2%
5%
1%

CO2e
51%
8%
30%
10%
0%

Table 2.2: Source Category Contribution to 2030 Emissions
Low Activity / Low Emission Factor
DPM
SOx NOx CO2e
91%
99%
91%
52%
8%
0%
4%
9%
1%
1%
2%
32%
0%
0%
2%
6%
0%
0%
0%
0%

High Activity / High Emission Factor

OGV
HC
CHE
HDT
Rail

DPM
88%
10%
1%
0%
1%

SOx
99%
0%
1%
0%
0%

NOx
88%
6%
2%
3%
1%

CO2e
51%
8%
31%
9%
1%

Notwithstanding the large contribution from OGV, SCG researched emission reduction strategies for
all source categories, to ensure any cost-effective strategy was identified. SCG reviewed and analyzed
published studies for possible strategies, including the IMO Study of Emission Control and Energy
Efficiency Measures for Ships in the Port Area,13 the San Pedro Bay Ports Clean Air Action Plan,14
the Environmental Defense Fund’s Clean Air Guide for Ports and Terminals,15 and CARB’s technical
assessments related to commercial harbor craft, cargo handling equipment, heavy-duty trucks, and
locomotives. Strategies resulting in emissions reductions from OGV, HC, CHE, HDT, and
See: www.imo.org/en/OurWork/Environment/PollutionPrevention/AirPollution/Documents/Air%20pollution /Port%20Area.pdf.
See: www.cleanairactionplan.org.
15 See: www.edf.org/sites/default/files/content/edf_clean_air_guide_for_ports_terminals_0.pdf.
13
14
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locomotives were further refined to yield those that provided the most reductions from existing and
developing technologies. SCG used the following key considerations to include a measure for further
analysis:16
➢ Is the technology available and proven, or is the technology currently under development? If
it is under development, is there sufficient evidence of its eventual commercialization in the
time frame needed to generate the needed reductions?
➢ Are there considerations other than technical that make development or implementation of
the measure more likely? While the analysis was technology focused, obvious non-technical
issues or benefits were not ignored; for example, industry acceptance of one strategy over
another such as preferring engine repowers over engine after-treatment retrofits due to
reliability concerns.
The results were further refined into two groups—near- and long-term—based primarily on how
quickly the measure could be implemented. The near-term measures included those that could be
implemented starting in 2018 but were assumed to be implemented by 2020 for modeling purposes.
The long-term measures were those that could be implemented in the next 10 to 12 years but were
modeled as being implemented by 2030.17

The 2020 and Beyond Plan has proposed a different set of Feasibility Criteria that include affordability, costeffectiveness, priority, commercial availability, operational feasibility, and acceptability.
17 For planning purposes, the Port expects that the 2020 and Beyond Plan will unfold in phases, with near-term (2018 –
2023), intermediate term (2018 – 2030) and long-term (post 2030) time periods.
16
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The near-term measures with their associated costs and emission reductions are shown in Table 2.3
below. Note that the emissions forecasts suggest that the SOx emission goal will be met. Therefore,
SOx reductions are not included in the table. A potential measure that will be implemented when
funding is secured is the hybrid Rubber-Tired Gantry (RTG) project, where 13 RTG cranes are
proposed for replacement with electric-hybrid units. The electric-hybrid RTG project is included in
the table as it can be completed in the timeframe associated with future potential near-term projects.
Long Term Measures are shown in Table 2.4. Measures with costs reported as “Not Applicable”
(NA) are measures where the costs are incurred in the near term and no additional costs are needed.
Table 2.3: Potential Near-Term Emission Reduction Measures and Cost
Measure
Near-Term
OGV Vessel Speed Reduction (Outer Zone)
OGV Barge-Based Scrubber System
HC Engine Replacement*
Hybrid Tugboat Retrofit*
Hybrid RTG (Replace 13 RTGs)

Cost (millions)
$1 - $2 per year
$6 per Barge
$53.2
$38
$6.3

DPM
(tons/yr)
2.0 - 2.1
3.5 - 3.7
2.5 - 2.7
1.0 - 1.1
0.1

Reductions
CO2e
NOx
(tons/yr)
(tonnes/yr)
130 - 137
4,200 - 4,500
201 - 212
59 - 62
31 - 38
4,400 - 4,600
36
1,200

*Emission reductions not additive. Assumes only one measure is implemented to the exclusion of the other.

Table 2.4: Potential Long-Term Emission Reduction Measures and Cost
Measure

Reductions
CO2e
DPM
NOx
Long-Term
Cost (millions)
(tons/yr)
(tons/yr)
(tonnes/yr)
OGV Vessel Speed Reduction (Outer Zone) $1 - $2 per year
2.3 - 2.5
151 - 169
4,900 - 5,500
OGV Barge-Based Scrubber System
NA
4.4 - 4.9
243 - 272
HC Engine Replacement*
NA
1.6 - 2.6
42 - 71
Hybrid Tugboat Retrofit*
NA
0.8 - 1.2
29 - 47
5,600 - 6,200
Electrification of CHE
$510
0.48 - 0.54 46 - 51
74,000 - 83,000
Zero Emission Trucks
$3,500
0.07 - 0.11 50 - 79
14,000 - 22,000
Tier 4 Switch Locomotives
$2.5 per locomotive 0.1 - 0.4
8 - 25
276 - 822
*Emission reductions not additive. Assumes only one measure is implemented to the exclusion of the other.

Seaport-wide upgrades of electrical systems are not included in the table but are necessary to support
future electric equipment.
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Table 2.5 shows the cost-effectiveness, both in dollars per pound ($/lb) of emissions reduced and in
pounds per dollar (lb/$) or for CO2e of emissions reduced, for each of the measures for DPM and
NOx. Table 2.6 shows the cost-effectiveness of the measures for GHG shown as CO2e in dollars per
metric ton ($/tonne) or metric tons per dollar (tonne/$). The cost-effectiveness of each measure was
calculated following the methods outlined in the 2017 Moyer Guidelines except for the calculation of
the emission reductions.18 Moyer Guidelines require the emission reductions be summed together to
obtain a single cost-effectiveness value. The values in the table show the cost-effectiveness for each
pollutant’s reduction and not for the sum of the pollutant reductions. For example, if the annual cost
of the measure was $100,000 and the reduction of DPM was 1 ton and for NOx was 10 tons, the CE
value in the table for DPM would be $100,000/1 ton or $100,000 per ton of DPM. For the NOx
table entry, the value would be $100,000/10 tons or $10,000 per ton of NOx. Because the sum of the
pollutants is not used in generating the cost-effectiveness values in the table, they should not be used
to determine if the measures meet the Moyer cost-effectiveness limits.
Table 2.5: Cost-Effectiveness of Emission Reduction Measures for DPM and NOx
Measures

Cost-Effectiveness

DPM
($/lb)
(lb/$)
OGV Vessel Speed Reduction (Outer Zone) 476 - 500
0.0020 - 0 .0021
OGV Barge-Based Scrubber System
58 - 62
0.016 - 0.017
HC Engine Replacement
670 - 724
0.0014 - 0.0015
Hybrid Tugboat Retrofit
3,600 - 3,900
0.00026 - 0.00028
Hybrid RTG (Replace 13 RTGs)
3,340
0.00030
Electrification of CHE
50,000 - 56,000
0.000018 - 0.000020
Zero Emission Trucks
2,300,000 - 3,700,000 0.0000003 - 0.0000004
Tier 4 Switch Locomotives
225 - 900
0.0011 - 0.0044

NOx
($/lb)
(lb/$)
7.3 - 7.7
0.13 - 0.14
1.0 - 1.1
0.93 - 0.99
29 - 31
0.033 - 0.034
103 -126
0.0079 - 0.0097
9.3
0.11
530 - 588
0.0017 - 0.0019
3,300 - 5,200 0.0002 - 0.0003
3.6 - 11
0.089 - 0.28

Table 2.6: Cost-Effectiveness of Emission Reduction Measures for GHG
Measures

Cost-Effectiveness
CO2e
($/tonne)
(tonne/$)
OGV Vessel Speed Reduction (Outer Zone) 444 - 476
0.0021- 0.0023
OGV Barge-Based Scrubber System
HC Engine Replacement
Hybrid Tugboat Retrofit
1,701 - 1,779
0.00056 - 0.00059
Hybrid RTG (Replace 13 RTGs)
556
0.0018
Electrification of CHE
651 - 731
0.0014 - 0.0015
Zero Emission Trucks
23,705 - 37,250
0.00003 - 0.00004
Tier 4 Switch Locomotives
219 - 1,866
0.0005 - 0.0046
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See: www.arb.ca.gov/msprog/moyer/guidelines/current.htm.
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The values used for the project life and capital recovery factors used in the cost effectiveness
calculations for each of the measures are shown in Table 2.7 and are the recommended values
referenced in the Moyer Guidelines.
Table 2.7: Reduction Measure Project Life and Capital Recovery Factor

Zero Emission Trucks
HC Engine Replacement
Hybrid Tugboat Retrofit
Tier 4 Switch Locomotives
Hybrid RTG and Elecrtrification of CHE
OGV Barge-Based Scrubber System

Project
Life (yrs) CRF
7
0.149
16
0.068
5
0.206
15
0.072
10
0.106
15
0.072

To meet the MAQIP goal of reducing DPM emissions by 85% by 2020, an additional 2.5 to 5.4 tons
of DPM reductions are needed beyond activities currently planned or under way. There are potential
vessel-based measures available to achieve these reductions. Each measure considered is further
discussed in the sections below.
2.1 Ocean-going Vessels
2.1.1 OGV Voluntary or Incentive-Based Vessel Speed Reduction (VSR) (Short Term – 2020)
Description:
Under a Vessel Speed Reduction (VSR) program, ocean-going vessels would slow down as they
approached or departed from the Port. The primary objective of a VSR program would be to reduce
emissions from OGV during vessel transit from the outer buoys (November, Whiskey, Sierra) outside
the Golden Gate (see Figure 2.1) through San Francisco Bay. This is the geographic region that the
Port includes for OGV emissions in its annual emissions inventories including Port of Oakland 2015
Seaport Air Emissions Inventory. When ships slow down, the load on the main engines decreases
considerably compared to the engine load when transiting at higher speeds, leading to a decrease in
the total energy required to propel the ship through the water. This energy reduction in turn reduces
emissions for this segment of the transit. Since the load on the main engines affects power demand
and fuel consumption, this strategy reduces all pollutants including PM (including DPM), SOx, NOx
and GHG emissions.
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Figure 2.1 Vessel Approaches Outside the Golden Gate

Feasibility Considerations:
VSR can be implemented in a short time frame with little or no capital expenditure to ship owners
and operators. No changes are required of the engine as low speeds are already frequently used for
navigation and operational purposes. A program to monitor compliance with VSR and manage an
incentive program if included can be developed within 6 months to a year that can enroll vessel
operators, track vessels using Automated Information System (AIS), and develop invoices for
incentive payments for enrolled operators for submittal to the Port. More information on cost of
managing VSR program is described below.
VSR programs are already operational at the Port of Los Angeles, Port of Long Beach, Port of San
Diego, and the Port Authority of New York & New Jersey. The Bay Area Air Quality Management
District (BAAQMD) has recently joined with Santa Barbara Air Quality Management District and
Ventura County Air Quality Management District to conduct a pilot VSR program in offshore waters,
outside the geographic scope of the Port’s emission inventory.
There are three primary implementation approaches for this measure: 1) develop a purely voluntary
program, 2) develop a voluntary program with incentives, and 3) incorporate VSR requirements in
new leases.
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VSR compliance can approach 100% when incentives are provided to vessel operators. Experience
from the Port of Long Beach and Port of Los Angeles shows that a purely voluntary approach (without
incentives) could result in compliance levels approaching 70% after several years in place. Since the
southern California ports began offering financial incentives starting in 2008, compliance levels
jumped to between 90 and 96%. The southern California ports implement VSR both with financial
incentives and lease requirements in new leases. The Port Authority of New York & New Jersey
provides $1.6 million a year in financial incentives for VSR compliance. If financial incentives are
provided, it is important to require speed reduction for both in-bound and out-bound transits.
Given that the BAAQMD has recently conducted a pilot VSR program19 in offshore waters, Port staff
could coordinate with BAAQMD to potentially permanently adopt VSR beyond the outer buoys for
additional basin benefit. This may be an opportunity to secure grant funding for incentives both
outside and inside the bay.
The San Francisco Bar Pilots have indicated a concern that setting speed requirements in the San
Francisco Bay raises safety and operational issues. In light of this issue, this measure may not be
feasible in San Francisco Bay (inner zone).
Even if it is infeasible to implement an inner zone VSR, it may be feasible to implement an outer zone
VSR that would cover the precautionary area between the outer buoys and the Sea Buoy, where the
pilot boards. While this would not provide the same emissions benefit as a VSR covering the entire
Bay, it would still provide emissions reduction benefits (see below).
A VSR strategy would be applicable until such time as CARB adopts a regulation focused on vessel
speed reduction. It should be noted that although recently there is no CARB activity regarding a
statewide VSR program, in past CARB staff was evaluating the need to develop such a program.20
Costs:
VSR is typically a cost-effective measure. If the Port chooses to incentivize the program, based on
similar programs at other ports, the Port would need to budget $1-2M per year, plus administrative
costs. The Port of Los Angeles21 and the Port of Long Beach22 allow reduction in dockage fees to
those vessel operators that comply with their respective VSR program guidelines. Administrative
costs would depend on program specifics. For an incentive-based system, the Port Authority of New
York & New Jersey pays approximately $60,000 per year to a consultant to administer their program,
including all vessel tracking, coordination with participants, and auditing of records.
DPM Benefits:
The potential DPM benefits of 100% compliance with VSR in both the inner and outer zones would
be a reduction approximately 4.0 tons per year in 2020. The potential DPM benefits of VSR in the
outer zone only would be a reduction of approximately 2.0 tons per year in 2020 and 2.4 tons per year
in 2030.
19

See: https://www.baaqmd.gov/~/media/files/communications-and-outreach/publications/news-releases/2017/whale_170615pdf.pdf?la=zh-tw.
20
See: https://www.arb.ca.gov/ports/marinevess/vsr/vsr.htm.
21 See: https://www.portoflosangeles.org/Tariff/SEC20.pdf.
22 See: https://www.polb.com/environment/air/greenflag.asp.
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GHG Benefits:
The potential GHG benefits of 100% compliance with VSR in both the inner and outer zones would
be approximately 10,800 to 11,400 MT of CO2e in 2020. The potential GHG (CO2e ) benefits in the
outer zone only would be approximately 4,200 to 4,500 MT in 2020. and 4,900 to 5,500 MT in 2030.
Because of the global nature of GHG emissions, actual emissions reduction may be different if the
OGV speeds change in non-VSR zones. As an example, actual GHG benefit of OGV slowing down
in VSR zone could be reduced if an operator increases speed outside of VSR zone to make up for the
time lost.
2.1.2 OGV Barge-Based Exhaust Scrubber System (Bonnet) (Short Term – 2020)
Description:
Deployment of one or more commercialized barge-based exhaust scrubber systems at the Port of
Oakland would reduce emissions of criteria air pollutants and toxic air contaminants by treating OGV
exhaust.
Feasibility Considerations:
CARB currently regulates ships at-berth in California ports. The purpose of the At-Berth Regulation
is to reduce emissions from diesel auxiliary engines on container ships, passenger ships, and
refrigerated-cargo ships while berthing at six specific California ports. The At-Berth Regulation
defines a California Port as the Ports of Los Angeles, Long Beach, Oakland, San Diego, San Francisco,
and Hueneme. The At-Berth Regulation provides vessel fleet operators visiting these ports two
options to reduce at-berth emissions from auxiliary engines: 1) turn off auxiliary engines and connect
the vessel to some other source of power, most likely grid-based shore power; or 2) use alternative
control technology that achieves equivalent emission reductions.
The CARB At-Berth Regulation, which has been in effect since 2014, ramps up required shore power
usage until 2020, when fleets must demonstrate an 80% reduction in at-berth emissions. Through
grant commitments, the requirement for the use of shore power at most Port of Oakland berths is
80% through 2019 and 90% for 2020 and beyond.
In March 2017 the CARB Board directed its staff to amend the At-Berth Regulation in order to achieve
up to 100% compliance by all vessels by 2030 in ports that are in or adjacent to areas in the top
10 percent of those defined as most impacted by CalEnviroScreen 2.0 (disadvantaged communities)
(which CARB and BAAQMD have interpreted to include the Port of Oakland).23
The Port of Oakland provides shore-power infrastructure at 14 berths to allow container ships to
connect to grid power. An alternative technology approach would allow for emissions reductions
from OGV when operational and infrastructure conditions don’t allow a shore-power connection, for
example when a vessel is not equipped with shore power plugs.

23

See: https://www.arb.ca.gov/board/mt/2017/mt032317.pdf, page 218.
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CARB certified in 2015 two alternative technologies (AMECS24 and METS-I25) for container vessels
that can be used to comply with the At-Berth Regulation. Both technologies are barge-based exhaust
scrubber systems that affix to the vessel’s exhaust stack(s) to filter pollutants from auxiliary engines
while the vessel is at berth. Currently, these technologies are approved only for container vessels
meeting certain configurations; however, operators of both of these systems are working with CARB
to expand approval to include other sizes and types of vessels. At least one additional technology
manufacturer is developing a barge-based emissions control system and likely will seek CARB
certification as an alternative to shore power.
Because there are already CARB-approved technologies commercially available, it is likely that one or
more barge-based exhaust scrubber systems could be deployed to the Port of Oakland by 2020, if not
sooner.
Deployment of barge-based systems could be restricted as there is little available space for these units
to tie up when not in use. Additionally, each terminal may require its own unique solution, potentially
limiting sharing between terminals. The Port of Oakland would need to work with terminal operators
and shipping lines and potentially conduct studies to determine how such emission-control devices
could be deployed and to evaluate possible barriers to implementation, such as financing, berth space,
waterway access, piloting hazards, conflicts with bunkering, and backlands constraints.
If it can be shown that one or more barge-based emission-control system(s) will support emissions
reductions above-and-beyond those required by the CARB At-Berth Regulation and existing grant
commitments, grant funding for deployment might be available. The Port of Oakland would need to
work with the terminals, shipping lines, and technology manufacturers to identify grant funds and
incentives for deployment of these control systems.
Costs:
More than one barge-based exhaust scrubber system operating at the Port would be required to
achieve 100% at-berth control ahead of CARB’s proposed regulation. It is estimated that the capital
cost for a single barge-based exhaust scrubber system is approximately $6 million, if purchased. There
would be additional costs associated with its operation, including necessary tug support charges, labor,
fuel for the barge, etc. The current operational model for barge-based exhaust scrubbers is to pay for
services on a per-call or hourly basis. While pricing from the current operators in the state is
proprietary, hourly charges for use of a barge-based scrubber would likely come in at $500 - $1500/hr.
One could argue that pricing for a barge-based scrubber would need to be equivalent in cost to shore
power to be competitive.
DPM Benefits:
A bonnet system will only reduce emissions while at berth. On an average per-OGV call basis, use of
a bonnet system will reduce DPM by 75% while at berth. Total emissions reductions will depend on
the type of system, system utilization, the system’s emissions capture and control efficiencies, and
emissions from diesel generators needed to start-up and shut-down the barge system when the OGV
is at berth. Per CARB’s regulation and other commitments made by the Port, SCG assumes that in
2020, 88% of the calls at the Port will use shore power. Assuming 75% DPM emissions control
24
25

See: https://www.arb.ca.gov/ports/shorepower/eo/ab-15-02.pdf; CARB Executive order for AMECS, certified on 10/17/2015.
See: https://www.arb.ca.gov/ports/shorepower/eo/ab-15-01.pdf, CARB Executive order for METS-1, certified on 06/25/2015.

Starcrest Consulting Group, LLC

17

July 2018

Technical Memorandum
MAQIP Update - Emissions Forecast and Potential Additional Reduction Strategies
efficiency of the barge-based system used during the entire at-berth stay for 12% of the total calls not
anticipated to use shore power, there is potential to reduce approximately 3.5 to 3.7 tons of DPM per
year in 2020 if all vessels not utilizing shore power are processed through one or more barge-based
exhaust scrubber systems.
GHG Benefits:
Barge-based systems utilized at-berth cannot reduce GHG.
2.2 Harbor Craft
HC are the second largest contributor of DPM in the Port inventory, behind ocean-going vessels.
HC are forecasted to contribute 10% of total DPM in 2020 and 8% to 10% of total DPM in 2030.
CARB has proposed to update the Commercial Harbor Craft Regulation by 2020, but new
regulatory measures would not be implemented until after 2023.
2.2.1 Harbor Craft Engine Replacement (Short Term – 2020)
Description:
Using the normal rate of retirement of vessels beyond their useful life and CARB’s in-use fleet
regulation requirements to model the 2020 harbor craft fleet, close to 50% of the HC engines at the
Port will meet US EPA Tier 3 or Tier 4 marine engine standards in 2020, with most of the remaining
fleet meeting the Tier 2 marine engine standard. Under this proposed measure to reduce harbor craft
emissions, remaining vessels with Tier 2 engines will be repowered with Tier 4 engines resulting in an
85% reduction in DPM on a per-engine basis. In advance of an updated regulation, the engine
replacement will rely on incentives. Incentive programs have been successful in encouraging fleets to
repower harbor craft, for example Port tenant AMNAV has applied for Carl Moyer Program funding
to retrofit two of its tugs with Tier 3 engines. The only reduction in GHG by implementation of this
measure will occur as a result of improvements in efficiency.
In addition, the Port will continue to track the status of harbor craft technology with other agencies
and ports investing in developing emissions control technologies for harbor craft. For example, the
San Pedro Bay Technology Advancement Program is demonstrating a Tier 4 retrofit technology for
harbor craft.
Feasibility Considerations:
This measure relies on incentive funding to implement, and resources are needed to identify and secure
incentive funding for repowering projects. The Commercial Harbor Craft regulation is likely to be
amended by CARB by 2020. Because incentive funding typically requires reductions above and
beyond those required by regulation, there is uncertainty over which emission reductions might
qualify.
Costs:
Repowering costs are estimated at $1.4 million per engine or $2.8 million per tug, as most tugs are
equipped with two engines.26

26

See: https://www.dieselforum.org/files/dmfile/Cost-Effectiveness_Memo-Task-1-Final-February-2018.pdf.
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DPM Benefits:
On average DPM emissions per engine will be reduced by 85%, which is approximately between 2.5
and 2.7 tons in 2020 for the entire Bay Area port fleet that operates at the Port of Oakland. On a pertug basis the average DPM reduction will be between 0.23 to 0.24 tons.
GHG Benefits:
GHG reductions will depend on tug efficiency improvements and could not be quantified at this time.
2.2.2 Hybrid Tugboat Retrofit (Short Term – 2020 continuing to Long Term – 2030)
Description:
In 2013, Foss Maritime Company received verification from USEPA for its XeroPoint27 Tugboat
Hybrid Retrofit system. According to USEPA’s verification letter, hybrid technology will reduce DPM
emissions by at least 25%, NOx by 30%, and CO2e by at least 30%. In 2017, Wärtsilä launched new
eco-friendly28 tug designs based on hybrid technology, which reduces criteria pollutants as well as
GHG emissions. To evaluate the maximum effect of the use of hybrid tug technology, this measure
assumes that by 2020, 100% of the harbor craft fleet will be retrofitted with hybrid system or
equivalent technology to reduce DPM emissions by at least 25% and CO2e by at least 30%. This
allows for a bounding estimate of emissions reductions assuming the full implementation of hybrid
tug technology.
In addition, the Port will continue to track the status of harbor craft technology with other agencies
and ports investing in developing emissions control technologies for harbor crafts.
Feasibility Considerations:
Hybrid retrofit systems are costly and there is little in-use operation experience with these systems.
Only two hybrid tugs have been built in the US, at the Ports of Los Angeles and Long Beach, although
Baydelta Maritime plans to build a hybrid tug, anticipated to begin operations in the San Francisco
Bay in early 2019.29
Costs:
The additional cost to hybridize an existing tug is approximately $2 million.30
DPM Benefits:
On average, DPM emissions per vessel will be reduced by 25%, which is approximately 1.0 ton if all
19 in-use tugs are hybridized.
GHG Benefits:
On average GHG emissions per vessel will be reduced by 30%, which is approximately between 4,400
to 4,600 MT of CO2e if all in-use tugs are hybridized.

See: https://www.epa.gov/sites/production/files/2016-03/documents/verif-letter-foss.pdf.
See: https://www.wartsila.com/media/news/18-09-2017-wartsila-launches-new-eco-friendly-tug-designs.
29 See: https://www.maritime-executive.com/article/new-hybrid-tug-at-port-of-san-francisco#gs.50icchw.
30 See: http://www.professionalmariner.com/September-2012/Fosss-second-hybrid-tugboat-employs-new-more-powerful-lithium-polymerbatteries/.
27
28
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Section 2.3 Cargo Handling Equipment (Long Term – 2030)
2.3.1 Electrification of Cargo Handling Equipment
Description:
Replacement of existing cargo handling equipment (CHE) with electric equipment is or will soon be
an option for most of the CHE in use today. Examples of CHE include yard trucks, RTG cranes,
and top and side picks, and are shown below.
Yard Truck

Top Pick

RTG Crane

Side Pick

Several types of electric CHE are commercially available and could be used to replace diesel-fueled
equipment immediately.31 This proposed emissions reduction measure would replace CHE with
commercially available electric alternatives and provide the necessary charging infrastructure to
support the equipment. Hybrid electric equipment was not considered as a long-term measure because
CARB has indicated it intends to amend the regulations for CHE to require zero-emissions equipment.
Feasibility Considerations:
Many types of cargo handling equipment have or will soon have commercially available electric
replacements. At its March 23, 2017 Board meeting, the California Air Resources Board directed its
staff to amend the CHE regulation to require 100% zero emission CHE by 2030.32 CARB staff
currently propose to update the CHE Regulation by 2022, with new measures for zero-emissions CHE
not being implemented until after 2026. The 2017 San Pedro Bay Ports Clean Air Action Plan calls

31
32

See: www.arb.ca.gov/msprog/tech/techreport/che_tech_report.pdf.
See: www.arb.ca.gov/board/res/2017/addendum17-8.pdf.
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for the SPBP to replace all CHE with zero emission equipment by 2030.33 This momentum will
encourage the continued development of the technologies needed for this measure.
To address challenges associated with developing the charging infrastructure and with demonstrating
the business economics of the equipment, state and local agencies have programs to incentivize electric
CHE use. Demonstration programs and partnerships with terminals and other equipment users are
underway to test the reliability and durability of ZE CHE in seaport operation, along with evaluating
their competitive and economic advantages (e.g., lower fuel and maintenance costs) over current
diesel-powered equipment.
Implementation strategies to electrify CHE could include incentive programs, grants, or lease
requirements to upgrade to electric CHE. Incentive and grant programs would need to achieve excess
reductions ahead of regulatory requirements, which (depending on CARB’s amendments to the CHE
Regulation) may stipulate that most or all CHE be zero emissions by 2030. To promote the use of
electrified CHE, the Port has modified its model environmental exhibit for future leases to include
annual meetings to discuss tenant CHE, for its marine terminal operator tenants and its largest offdock warehouse tenants. The environmental exhibit in each lease is tailored to the tenant through the
negotiation process.
Costs:
The cost analysis to electrify all CHE in the San Pedro Bay Ports Clean Air Action Plan was based on
electric CHE costs of approximately 2 to 3 times as much as diesel equivalent. Charging infrastructure
costs were assumed to be the same as the cost of the new electric equipment.34 SCG used the perunit electric CHE costs and the CHE population at the Port of Oakland (approximately 390 units in
2017) to develop a cost estimate of $350 million for equipment alone. The cost of the charging
infrastructure at the Port of Oakland is estimated at over $160 million. This cost estimate does not
include the expansion of utility electrical systems to accommodate the increased electricity need or the
increased operational costs due to high demand charges.
DPM Benefits:
100% reduction of DPM for each CHE replaced can be achieved. If all of the approximately 390 Port
CHE are replaced, reductions in 2030 would be about 0.44 to 0.47 tons (a 100% reduction).
GHG Benefits:
A 100% reduction in GHG emissions at the tailpipe can be achieved. After accounting for PG&E
grid emissions overall, GHG emissions can be reduced by 87% in 2030, which is equivalent to between
74,000 MT to 83,000 MT of CO2e when grid electricity will be at least 50% renewable.

33
34

See: www.cleanairactionplan.org/2017-clean-air-action-plan-update/.
See: www.portoflosangeles.org/pdf/CAAP_2017_Costing_Report-Final.pdf.
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Section 2.4 Heavy Duty Trucks
2.4.1 Heavy Duty Truck Replacement – Zero Emissions Trucks (Long Term – 2030)
Description:
Electric on-road trucks are in early commercial development. For example, BYD35is currently taking
orders for their electric heavy-duty trucks. Because of possible range issues, it is expected the
technology will transition most easily into shorter truck trips (such as truck trips between the terminals
and the rail yards) as the charging infrastructure is developed and operational changes associated with
range and recharge time are optimized. Short trips up to 100 miles per day would most likely make
up the first phase of a program to replace the heavy-duty trucks that service the Port.
Feasibility Considerations:
Converting to use of electric trucks will require operators to be willing to change their fleet operations
to address the truck’s range and charging requirements. For example, electrical charging time for
battery-electric trucks is currently longer than fueling times for diesel- or hydrogen-fueled equipment.
Electrical charging also requires the truck to return to base or identify a charging station along each
route.
The truck emissions attributed to the Port in the emissions inventory are small relative to other source
categories as only emissions from the trucks between Port property and the freeway on-ramps are
included. While upgrading the drayage truck fleet to zero-emissions trucks will effectively eliminate
all emissions from the category in the Port, the benefits will extend well beyond the Port’s emissions
inventory domain and the Port and truck owners should actively seek partners to share in this
measure’s cost. Near-zero emission trucks (90% cleaner than current NOx standards) are currently
available and though CARB is working on a regulation to introduce near-zero emissions truck
standards; those standards are targeted for NOx and may not help in reducing DPM and GHG
emissions.
Unlike the other measures, which will require working with a small number of fleets or terminal
operators, this measure will add complexity because it requires coordinating with hundreds of truck
owners and companies. This will incur additional administrative time and effort that needs to be
included in the cost analysis and decision process.
Costs:
The incremental cost of an electric heavy-duty truck is approximately $70,000. This is based on the
difference between the cost of and new electric truck at $200,00036 and that of a new diesel truck
estimated at approximately $130,00013 because it is assumed the truck would be replaced at the end of
its useful life with a new diesel truck, even though at the moment fully compliant used diesel trucks
are available for considerably less than $130,000. The charging infrastructure costs are estimated at
$200,000 per truck.37 The incremental cost of replacement of the entire drayage fleet of 8,750 trucks
would cost approximately $2.4 billion. The total cost of replacement of the entire drayage fleet of
8,750 trucks would cost approximately $3.5 billion.

See: www.byd.com/usa/truck/.
See: www.tesla.com/semi.
37 See: www.portoflosangeles.org/pdf/CAAP_2017_Costing_Report-Final.pdf.
35
36
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DPM Benefits:
This measure would reduce DPM from trucks by 100%, or approximately 0.07 to 0.11 tons in 2030.
GHG Benefits:
This measure would reduce GHG emissions from trucks at the tailpipe by 100%. After accounting
for PG&E grid emissions, overall GHG emissions can be reduced by 81% in 2030, which is equivalent
to approximately 14,000 to 22,000 MT of CO2e when grid electricity will be at least 50% renewable.
Section 2.5 Locomotives
2.5.1 Switch Locomotive Replacement (Long Term – 2030)
Description:
Line-haul locomotives spend a small fraction of their time on Port property, making it difficult to
consider control measures for this class of locomotives; in addition, these sources are not regulated
by CARB or local agencies. This measure focuses on the switcher locomotives, which operate almost
exclusively on Port property and, therefore, contribute the majority of the locomotive emissions in
the Port’s emissions inventory. The Oakland International Gateway (OIG) rail yard and the Oakland
Global Rail Enterprise (OGRE) are on Port land and the emissions from locomotives operating in
the yards are included in the Port emissions inventory. Several locomotive switchers are assigned to
the yards, with the total hours of operation at both yards averaging approximately 9.6 hours per day
every day. Replacement of the existing Tier 0 switch locomotives with Tier 4 switch locomotives
would provide DPM and GHG emissions reductions.
Feasibility Considerations:
There are many Tier 4 switcher options available as several companies manufacture Tier 4 switcher
locomotives.38 However, the activity of the switcher locomotives at OIG and OGRE is not high (less
than 10 hours per day for both) resulting in relatively low emissions of DPM and GHG. Additionally,
both yards have a number of switch locomotives sharing the switching duties. Unless the operations
of the yard are amenable to operating the new Tier 4 locomotive exclusively (with a few of the older
locomotives as backups or used in cases where more than one locomotive is needed), then several of
the switchers will need to be replaced which will negatively impact the cost-effectiveness of the
measure. In addition, switchers are not necessarily captive to one yard, so upgraded switchers may
not stay in the yard at all times.
Incentives or grants could be used as implementation strategies to replace the OIG and OGRE
switcher locomotives. In 2017, OGRE applied for and was granted Carl Moyer Program from the
BAAQMD and USEPA DERA funding to replace one diesel switcher locomotive engine. Moyer and
Proposition 1B grants have been used by other railroads (e.g., UP, Pacific Harbor Lines) to replace
locomotives.
Costs:
New Tier 4 switchers are approximately $2 to $2.5 million.39

See: www.progressiverailroading.com/mechanical/article/Locomotive-builders-continue-to-craft-Tier-4-models-to-help-railroads-furthertheir-environmental-pursuits--46915.
39 See: www.arb.ca.gov/railyard/ted/122208ted.pdf.
38
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DPM Benefits:
Greater than 90% or approximately 0.13 to 0.37 tons of DPM reduction is expected in 2030.
GHG Benefits:
GHG emission reductions are expected to be approximately 40%,40 resulting in emission reductions
of approximately 250 to 750 MT of CO2e in 2030.

40

See: www.nre.com/.
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SECTION 3: CONCLUSIONS AND RECOMMENDATIONS
The Port of Oakland asked SCG to forecast the 2020 and 2030 annual emissions for the Port using
the 2015 Seaport emissions inventory results and accounting for the anticipated growth in cargo
throughput and the changes in the emission factors for each source category due to fleet turnover.
The forecast showed that the MAQIP DPM goal would not be attained by the 2020 deadline without
additional measures being implemented to garner an additional 2.5 to 5.4 tons of DPM reductions in
the next two years. Moreover, the 2030 forecast showed increases in emissions due to projected
growth in cargo throughput.
The major contributors to Port emissions are OGVs, which contribute close to 90% of the NOx and
DPM emissions and over 50% of the GHG emissions. Harbor craft and cargo handling equipment
contribute most of the remaining emissions for the three pollutants. While the OGV category
dominates the emissions, several emission reduction measures were identified that would offer NOx,
DPM, and CO2e reductions. The potential emission reductions measures and their costs are
summarized in Table 2.3 (above). The listed measures provide sufficient reductions to meet the 2020
goals.
Several vessel operators calling at Ports in North America reportedly use fuel with sulfur content well
below the 0.1% sulfur cap while in California waters. If it can be verified that vessels calling at the
Port of Oakland are using fuel with lower sulfur than the fuel cap, the actual fuel values should be
used in future Port inventories. This would likely result in reduced OGV emission estimates for
SOx and DPM.
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