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2019 OGV Calls by Vessel Type (3,791)
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Annual Containers Statistics
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Forecasted vs. Actual TEUs
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== OGV Emissions by Vessel Type (i019)
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== OGV Main Engine Tiers (2019)
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2019 OGV NOx Emissions

SouthCoast
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AQMD

OGV Emissions Contribution
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=g New OGV Emissions category

AQMD

* Fugitive VOC emissions from tankers carrying petroleum products
* Crude oil, gasoline, jet kerosene, distillate oil, residual oil

* Draft emission estimates: 8 tons per day

* Emissions estimated based on:
e Annual throughput data provided by California State Land Commission
e U.S. EPA’s AP-42 emission factors for marine transit loss (Table 5.2-6)

* Vessel transit duration based on the average anchorage time for non-chemical
tankers in the POLA/POLB 2018 Els

* 85% non-methane hydrocarbon content assumed for crude oils and 100% for
other products

* Growth forecast based on oil cargo forecast in 2016 Mercator Report
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7wy OGV Existing Control Programs

* IMO/U.S. EPA

* NOx Engine Standards; Fuel Requirements
* Tier 3 engines for new vessels at Emission Control Areas

 California Air Resources Board
e At-Berth Regulation
e Low-Sulfur Fuel Regulation

* Ports of Los Angeles and Long Beach
* Local incentive programs (e.g., vessel speed reduction)
 Shipping Lines

* Energy efficiency improvements
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2022 AQMP Overall Schedule @?\\

AIR RESOURCES BOARD
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Preliminary 2018 emissions
inventory Draft control measures Release Draft AQMP CARB Board Hearing
January 2021 June/August 2021 Late Fall 2021 July 2022

April 2021 June/August 2021 June 2022 August 3, 2022
Updated base and future Carrying Capacity South Coast AQMD Board 70 ppb Ozone SIP

emissions inventory Hearing due to EPA

Mobile Source Working Groups

December 2020 - June /August 2021



Staff Contact Information

AQMD

Zorik Pirveysian
Planning and Rules Manager

(909) 396-2431
ZPirveysian(@aqmd.gov

Brian Choe
Program Supervisor
(909) 396-2617
bchoe@agmd.gov

AQMP Mobile Source Working Groups
AQMPMobileSources@aqgmd.gov

Ian MacMillan

Planning and Rules Manager
(909) 396-3244
imacmillan@agmd.gov

Elaine Shen
Program Supervisor
(909) 396-2715
eshen@agmd.gov
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South Coast 2037 Draft Attainment Goal
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Controlling Federal Sources is Critical to Achieving
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Ocean Going Vessels (OGVs)

 QOver 400 feet, 10,000 tons, large engine displacement
O Auto, container, cruise, cargo, reefers, tankers, etc.

e Visit CA port or marine terminal complex at least once per year

* Significant source of emissions around the ports and coastal shipping
lanes
O Transiting
O Maneuvering
O Anchoring
O At berth

A~ CARB



Growing Importance of Marine Emissions

Statewide Mobile NOx Emissions by Source (Baseline)
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Distribution of Global Shipping Activity from Satellite
Tracking in 2012

U.S. West Coast
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/@?ﬁ CAR B Source: ShipMap, developed by University College, London and Kiln; IMO GHG Study 2014.
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OGV NOx Emission Contribution in South Coast

e OGV emissions (up to 100 nautical miles) make up 20% of mobile source NOx
emission in 2037, up from 10% in 2017
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OGV NOx Emission Forecast by Mode

 Emissions for transit, anchorage, and maneuvering increasing
* At berth emissions decreasing due to shore-power requirements

O Based on 2020 amendments

OGVs NOx Emissions in South Coast
(up to 100 nautical miles)
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OGV Inventory Status

e At-Berth inventory updated in 2020

* |Inventory updates for transit,
maneuvering, anchorage in progress,
based on Automatic Identification
System (AIS) data

O Improve base year accuracy and location
specificity

O Review growth forecast and future
engine Tiers for visiting vessels

O Review literature on emission factors for
main/auxiliary engines and boilers

O Draft Release: Summer 2021

N CARB




OGV At Berth Regulation

e Every vessel visiting a regulated port/terminal must connect to shore
power or alternative control technology

 Reduce emissions from auxiliary engines and some tanker boilers

O No requirements for main engines or auxiliary engines while not at berth

* Amended rule in 2020: M ;

O Expansion of At Berth Rule to cover Emm il .. |
more vessel types and locations AL

0 Taking effectin 2023

™+~ CARB 10
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OGV NOx Reductions in SC from 2020 Amendments
to At Berth Regulation
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Emission Reductions: Tier 3 Vessels
* Tier 3 marine engines offer significant NOx reductions

16 Marine NOx Emission Factor by Engine Tier
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Emission Reductions: Tier 3 Vessels

* Projections indicate Tier 3 will not likely arrive in significant numbers for
California ports until 2030

O Large increase in keels laid prior to Tier 3 standards, allowing continued
manufacturing of vessels with Tier 2 engines

O Newer vessels generally used on European-Asian routes, later coming to Asian-
American routes

A CARB 13



Emission Reductions: Retrofit Technologies

 Water in Fuel (WiF) Emulsion
O Emulsifies the fuel with fresh water prior to combustion
0 10% - 40% NOx reductions compared to Tier 1
O May cause incomplete combustion and could increase PM emissions

e Exhaust Gas Recirculation (EGR)
O Recirculates part of cleaned exhaust gas back into engine chamber
O 10% - 40% NOx reductions compared to Tier 1

O May result in additional unburned HC, PM, CO2 emissions, and slight increase in fuel
usage

e Selective Catalytic Reduction (SCR)

O Treats exhaust gases and passes the treated exhaust over a catalyst
O = 80% NOx reductions compared to Tier 1 (comparable to Tier 3)

@?N CAR B Source: CARB, Draft Technology Assessment: Ocean-Going Vessels 14
e https://ww2.arb.ca.gov/sites/default/files/classic/msprog/tech/techreport/ogv tech report.pdf




Emission Reductions: Marine Tier 4 Standards

Would require working with US EPA and IMO on new standards

Marine tech assessment set a goal of an additional 70% reductions in NOx
beyond Tier 3 standards, or 1 gram of NOx per kw-hr

Scrubber (after-treatment of SOx and PM) manufacturers have claimed PM
reductions of 30 to 85 percent

15



GHG Reductions: IMO Targets

* At least 50% reduction of annual GHG emissions compared to 2008 level by
2050 (requires approximately 85% CO2 reduction per ship)
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2020 Mobile Source Strategy (MSS)

Address transit, anchorage, and maneuvering emissions

O Replace Tier 0/1/2 visits with Tier 3 (or retrofitted Tier 2 visits that achieve
similar reductions) by 2031

O Introduce Tier 4 marine standards in 2028

SC NOx Emissions from All OGV Modes: MSS Scenario

w0 | e TN . SIP Baseline
i \\\ rZZATier 4
i . = Tier 3
=25 31 tpd NOXx “~=~ao__ '
S 20 reduction in 2037 CTier 2
N _Tier1
15 |
I Tier O
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Potential Measures to Consider

 Explore CA state regulatory authority to require cleaner vessel visits
 Work between CARB and U.S. EPA on requirements for visiting vessels
* Incentive programs and possible partnerships with Pacific ports

* \Vessel speed reduction programs

 Working with US EPA and IMO for marine Tier 4 standard

A CARB 18



COVID-19 Impacts

e Container activity initially down by ~30% in spring, but rebounded ~30% above 2019
level in the forth quarter of 2020, driven by consumer demands

30%

% Change in Total TEUs from 2019
20%
10%
0%

10% En b r I!r y l Aug Sep Oct Nov Dec
- (0]

-20%

B Long Beach m Los Angeles Oakland

-30%

e Cruises stopped sailing in April 2020; no firm date of resumption yet
e Auto carrier visits down 50-75% between Feb-May 2020 compared to 2019
e Refinery crude imports down ~20% in 2020 compared to 2019

ﬁ‘hCARB 19
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Questions, Comments, Feedback

Liang Liu
Air Resource Engineer
Off-Road Diesel Analysis Section
Liang.Liu@arb.ca.gov

Cory Parmer
Manager
Off-Road Diesel Analysis Section
Cory.Parmer@arb.ca.gov
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2022 AQIVIP:IVIebile;Source Working Group
@cean Going Vessels/(IVieeting #1)

Current Marine Diesel Engine Emissio
Requirements

Wednesday, February 3,2021, 1:30 p.m.
— Presentation by:
Michael J. Samulski, LMAC Director

Assessment and Standards Division

EPA Office of Transportation and Air Quality




* EPA’s Coordinated Strategy to reduce OGV engine
emissions
e Standards

e Clean Air Act
« MARPOL Annex VI (ECA and Global)

* Compliance and Enforcement

* Ongoing International Maritime
Organization (IMO) Activity
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e Set out in EPA’s C3 Marine Rule (75 FR 22896, 4/30/10)

* Combination of national and international action to address
emissions from all ships that affect US air quality

e Result: emission reductions from all OGVs that operate in US
waters

Clean Air  Engines of any size installed on a US ship, no
matter where it is operated

Act (CAA) e Fuel sold in the United States, no matter where it
program is used

MARPOL * Engines >130 kW installed on any ship

e Fuel used on any ship
Annex VI e Limits depend on whether the ship is operating
pProgram inside or outside an Emission Control Area (ECA) IMO
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OGV Engine and Fuel Standards
m_

Engines >30 I/cyl displ C3 vessels Engines
 80% NOx reduction from < 1,000 ppm S — fuel installed on
40 CFR 1042 Tier | used inside ECAs US vessels
40 CFR 80 e HCand CO caps 5,000 ppm S —fuel
e PM measurement used outside ECAs Fuel sold in
usS
Engines <30 I/cyl displ C1, C2 vessels: 15 ppm S
 EPATier 4 limits*™
Annex VI - ECA Engines >130 kW 1,000 ppm S limit All OGV
operated in
40 CFR 1043 Tier Ill: 80% reduction NOx ECAs
40 CFR 80 from Tier |
Annex VI - Global Engines >130 kW 5,000 ppm S limit All OGV
operated
40 CFR 1043 Tier lI: 20% NOx reduction outside ECAs
40 CFR 80 from Tier |

*Auxiliary engines on US-flag C3 vessels can comply with either CAA Tier 4 or Annex VI Tier Il (to simplify
foreign port state control inspections)



* EPA’s CAA and Annex VI both have engine remanufacture

programs
* They cover different engines, focus on different pollutants

 CAA: 40 CFR 1042, Subpart |
* Engines >600 kW, built from 1973 through Tier 2
* Applies at time of remanufacture, if a certified reman kit is available
* Replace all cylinder liners, either all at once or over a 5-year period

* 25% reduction in PM
 Kits subject to a cost cap of $45K/ton PM

* MARPOL Annex VI: Regulation 13.7
* Engines >5,000 kW and > 90 I/cyl displacement, built 1990-1999
* Applies at time of vessel survey (renewal or intermediate) if there is
an approved method available

e Tier | NOx limits



* Engines

* EPA has sole authority to certify engines: Certificate of
Conformity (CoC), Engine International Air Pollution
Prevention (EIAPP) Certificate

* Compliance and enforcement 0

::t

* Engine and vessel manufacturers: EPA (OECA) “
* Vessel compliance: USCG with EPA assistance

* Fuels
* Fuel providers: EPA (OECA)
* Vessel compliance: USCG with EPA assistance



* OGV turnover to Tier lll is slow
* Only applies to ships that operate in ECAs
* Applicability is based on keel lay date
* Long service lives

* Very few vessels built beginning 2016 have Tier lll engines

e Originally, Tier Ill was meant to be retroactive, applying to engines on
any vessel built beginning 2016 regardless of when a NOx ECA is
designated

e 2014 amendment changed this: Tier lll effective date now tied to ECA
designation date

* NOx ECAs for Baltic and North Sea apply to 2021 and later vessels

 IMQO’s Marine Environment Protection Committee is focused
on climate change regulations and is not currently working on
additional NOx limits

8



* |nitial IMO GHG strategy adopted in 2018; 3 parts

1.

More stringent Energy Efficiency Design Index for
new ships

* Pulled ahead Phase 3 EEDI (30-50% improvement
from baseline)

e Currently considering new Phase 4 EEDI EEDI =

* Result: new ships have less total power

Reduce CO2 emissions per transport work, as an
average across international shipping, by at least
40% by 2030, pursuing efforts towards 70% by 2050,
compared to 2008

* Design index (EEXI) for existing ships in EEDI categories

e Carbon Intensity Indicator for all ships >5,000 GT

 Amendments approved in November 2020, expected to be
adopted in June 2021 — would be effective April 2023

* Main compliance measure is expected to be speed reduction




Peak GHG emissions from international shipping
as soon as possible and to reduce the total
annual GHG emissions by at least 50% by 2050
compared to 2008 whilst pursuing efforts
towards phasing them out as called for in the
Vision as a point on a pathway of CO2 emissions
reduction consistent with the Paris Agreement
temperature goals

 Committee will soon begin considering medium- and
long-term measures to achieve this goal

* Some technologies to achieve long-term goal have
potential to reduce criteria pollutants (e.g., hydrogen)

10



* |n addition to the Initial IMO GHG strategy, there are 3 other
important GHG actions:

e 4t IMO GHG study

* Estimates 10% increase in OGV GHG emissions from 2012 to 2018 (2.9% of
global anthropogenic emissions)

* Over the same time period, the study estimates a 2.5% and 4.0% increase
in NOx and PM2.5, respectively

* IMO Fuel Consumption Database
* Ships >5,000 GT report annual fuel consumption, operating data

e Use this data to inform future energy efficiency requirements, as part of a
3-step program

* Ship Energy Efficiency Management Plan
* Ships to develop plan to evaluate, track, improve energy efficiency

e SEEMP is mandatory; current amendments will require approval and
SEEMP will be enforceable

11
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Wednesday, February 3,2021, 1:30 p.m.
— Presentation by:
Michael J. Samulski, LMAC Director

Assessment and Standards Division

EPA Office of Transportation and Air Quality




Pacific Rim Initiative for
Maritime Emission Reductions
— PRIMER —

a Multi-Regional Clean Vessel Incentive Framework



PRIMER Concept

O Trans-Pacific
partnerships of
multiple port
regions around the
Pacific Rim

O Coordinated efforts
to incentivize
cleaner ocean-

going vessels (OGV)
on shared routes
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Image Source: Ocean Network Express Service FP2 (https://www.one-line.com/en/routes/current-services).




PRIMER’s
Main Focus:

Transit
Emissions

OGV NOx Emissions Inventory for South Coast
AQMD (2016 SIP - out to 100 nautical miles)*

2031 .
Boiler

Auxiliary Engine

W Main Engine

2012 2031
I
Transit Maneuvering At Berth At Anchorage

(*Adjusted by CARB's At-Berth Amendment Estimates)



San Luis
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Burbank San Bernardino

Los'Angeles
Rivers

Latitude

Emissions Occur

Escondido

While Ships Transit 2 20 s

Tijuana-oTeca

Nearshore

-119
Longitude
Note: Lighter colors denote faster speeds.
Source: EERA Analysis of the 2016 Marine Cadastre data for the South Coast AQMD.




OGV NOx Reduction Pathways for Transit Emissions

IMO Tier lll Technologies Tier lI+ Retrofit Technologies Efficiency Measures




Transpacific Oceangoing Vessels to/from San Pedro Bay Ports
(By Year of Port Call)

2016

T T T T T T T
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

2016

T T T T T T
1970 1975 1980 1985 1980 1995 2000 2005 2010 2015 2020

150
150

0
0

Number of Ships
Number of Ships

2017

N 1| )

1970 1975 1980 1985 1980 1995 2000 2005 2010 2015 2020

2017

| e,

1970 1975 1980 1985 1990 1985 2000 2005 2010 2015 2020

150

0

w
2
{=
w
e
@
e}
E
=
=

Mumber of Ships

2018

! I : T T t T r T T
1970 1975 1980 1985 1980 1995 2000 2005 2010 2015 2020

2018

- _,m

1 . = g , : 3 : -l E
1970 1975 1980 1985 1980 1985 2000 2005 2010 2015 2020

150
150

0
0

Number of Ships
Number of Ships

2019

natthall

1970 1975 1980 1985 1990 1995 2000 2005 20.10 20.15 2020

2019

T T,

1970 1975 1980 1985 1980 1995 2000 2005 2010 2015 2020

Year of Keel Laid Year of Ship Built

150
1
150

0
|
0

Number of Ships
Mumber of Ships

=3 Non-Container OGVs Container Ships

* OGVs with pre-2000 keels may be subject to Tier | requirements if a retrofit kit is commercially available and suitable for the vessel’s engine and other specs.
Source: South Coast AQMD staff analysis of the IHS-Seaweb data.




Container Ships with Keels Laid On or After 1/1/2016
& Visited At Least One of the Pacific Rim Ports During CY2016 - CY2019
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transoceanic
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(Note: Including ships with unknown keel laid date but built on or after 01/01/2016.)

* Including 4 Iran-flagged container ships that may not be Tier Ill. The remaining 9 ships belong to two groups of sister ships, and some--if not all--of the ships from each group
have visited one or more U.S. ports since maiden voyage. Additional newly constructed Tier lll ships have come in service in CY 2020.
Source: South Coast AQMD staff analysis of the IHS-Seaweb data.




NOx Emission Source Categories in Ports of LA/LB (2019)

Heavy Duty Vehicles

20%
Tanker
Ocean . o
Locomotives Going Contajlner
12% Vessels Ship
0,

53% 27%

Harbor Craft OGV sharewas —

11% —— ey 38% in 2005

PR l
t{. l';in

Ca rgo Hand"ng Equipment — 2 Note: OGV emissions reported by the Ports of Long Beach and Los Angeles
o consisted mostly of emissions from vessel movements within the 40 nautical
5% mile arc from Point Fermin whereas California’s State Implementation Plan

inventory includes OGV emissions within 100 nautical miles from the coast.

Data sources: Ports of Long Beach and Los Angeles.
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Opportunity:
Transpacific Containerized Cargo Movement

Number of Port Calls Number of Ships

L

Ship Count
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2016 2017 2018 2019 2016 2017 2018 2019

EZZNon-Container - Frequent Caller == Container - Frequent Caller
[INon-Container - Non-Frequent Caller [ Container - Non-Frequent Caller
——Call-Weighted Avg. TEU Per Container Ship (R-Axis) - = Avg. TEU Per Container Ship

Note: Frequent callers are defined for analytical purposes as ocean-going vessels making 5 or more calls per year at POLA, POLB, or El Segundo, and 5 or more calls in the same
year at one or more of the large-scale East and Southeast Asian ports.
Source: South Coast AQMD staff analysis of the IHS-Seaweb data.




Transpacific Frequent Caller Container Ships in 2019

(O Mainland China
@ Other Asian

)
Tianjin \_
11 ships

63 calls

Qingdao
47 ships|

Lianyungang‘\—/

9 st

Xiamen
31 ships

140 call
Guangzhou cias

21 ships

108 calls—
. \Shenzhen

p N )80 ships
| |/ 413 calls

Hong Kong
63 ships
327 calls

Note: Frequent callers are defined for analytical purposes as ocean-going vessels making 5 or more calls per year at

Dalian-
Yingkou
1 ship
1 call

Incheon @)
5 ships
27 calls

Yosu /1 I
19 ships\ &
W

182calls

Busan
71 ships
(i 1 646 calls
"\ Shanghai
| 97 ships

¥ / 581 calls
\ . "'::‘! Ningbo-

.

~—_~" Zhoushan
90 ships
381 calls

i ,«'/Kaohsiung
45 ships
382 calls

Nagoya-
Yokkaichi

9 shig

40 calls

Kobe- __.:
Osakal
20 ships

69 calls

Py
&)
Laem
Chabang
17 ships
70 calls

[ )
Port Klang
18 ships

Tokyo-
<" " Yokohama
( \‘; 44 ships
@Y 282calls

Shimizu

y

5 ships
10 calls

Cai Mep &
Vung Tau
28 ships
120 calls

__ Singapore
i-/ \\‘ 35 ships
N 112 calls

POLA/LB, and 5 or more calls in the same year at one or more of the large-scale East and Southeast Asian ports.
Source: South Coast AQMD staff analysis of the IHS-Seaweb data.

South Coast Air Quality
Management District

PRIMER
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PRIMER: Transpacific Partnerships for Cleaner OGVs

 Partner with local/regional authorities to coordinate individual
programs to attract cleaner OGVs on shared routes

* Harmonize programs requirements in overlapping areas
* Voluntary incentive-based programs: monetary or non-monetary

* Incentives provided on a per-port-call basis — most suitable for non-captive
OGV fleet

* Each port’s individual program is then leveraged to encourage
changes in shipping behavior

* Deployment of existing and new Tier Ill OGVs to shared routes
* Encourage construction of Tier Ill vessels on pre-2016 keels

* Encourage retrofits of existing vessels to be cleaner than Tier |l
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e Slow fleet turnover to Tier Il

* Significant NOx reductions possible through retrofits
Tier I/11 to Tier lI+/11l: 10-80%

Developed but require demonstration, validation, and
emission reduction verification

Retrofit priority: optimizing abatement performance for
nearshore operations

e Can contribute to advancing NOx control technology
development for low-to-zero carbon fuels in ICE
applications

* Suitable retrofit technologies should have minimal
dis-benefits in GHG and directly emitted PM

* OGV tech demo at South Coast AQMD

e Water in Fuel Emulsion: launched in 2020, in partnership
with MAN, MSC, Ports of Los Angeles and Long Beach

* Other retrofit and emissions testing/monitoring projects
under active discussion
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Optimizing Per-Port-Call Incentive

* Optimal level of per-port-call incentive
depends on:

* Cost of technology: capital investment +
operating and maintenance expenditures

* Payback period: length of time to reach break- --
even point of technology investment “ W

* Port calls: total calls made across all partnering
port regions within the payback period

* Draft estimates derived to entice adoption
of cleaner technology by OGVs frequently
calling Pacific Rim ports

* Much more cost-effective than stationary
source emission controls

e Currently refining assumptions and data inputs
— will share finalized study results
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PRIMER’s Current Status in a Nutshell




PRIMER
Contacts

®

AQMD

Sarah L. Rees, PhD

Acting Deputy Executive Officer — Planning & Rules Div.
(909) 396-2856

SRees@agmd.gov

|. Elaine Shen, PhD

Program Supervisor - International Clean Shipping Program
(909) 396-2715

EShen@agmd.gov
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