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Environmental Pollution by Ships

I. Background

Nitrous Oxide

Sulfur Dioxide

Carbon Dioxide

Particulate Matter

Noise  Pol lut ion

Early mortality 60,000 deaths/year
→ $160 B Environmental Damage

Source: Corbett et al., “Mortality from Ship Emissions”, 2007
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Emission at Ports

I. Background

Port 
Emissions

Emissions from Auxiliary Engines (ton)

At Sea Maneuverin
g

Hoteling

NOx 50 160 721

SO2 27 86 383

CO2 2861 9156 41615

VOC 2 5 23.5

PM 2 5 23.5

CO 2 7 32

Hoteling emissions contribute 34% of 
total diesel Particulate Matter (PM) 

Health risk to the residents in the 
surrounding communities

Emissions of CO2 in five Different 
Operational Models from Ships to Ports

Source: State of California ARB, “Diesel PM Exposure Assessment”

4 41
Source: https://safety4sea.com/cm-cold-ironing-the-role-of-ports-in-reducing-
shipping-emissions/



What is OPS?

I. Background

Port of Los Angeles

Lighting, air conditioning, 
etc. required during berth

Auxiliary Diesel Engine

Shoreside Electricity
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How does OPS work?

I. Background

Electrical Diagram

Source: National Technical University of Athens, 2014 6 41



I. Background

Environmental Benefits of OPS (1)

Improve Air Quality of the Port city
Fuel-cost Savings for on-board units 
Reduction of Vibrations on board

Source: William J. Hall, “Assessment of CO2 and priority pollutant reduction by installation of shoreside power”, 2010
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Environmental Benefits of OPS (2)

I. Background

Name Economic Costs Environmental Benefits

California $23.73 million in Proposition 1B funding 
from the State of California for shore 
power at 10 berths

Reduced emissions by up to 
75% since 2005

Seattle $1.49 million ARRA grant; $1.4 million 
EPA grant to install shore power 
infrastructure at the TOTE Terminal

Annual CO2 emissions cut by 
up to 36%

Source: US Environmental Protection Agency

Seattle

8 41



Source: W. Litwin, “Experimental Research on the Energy Efficiency of a Parallel Hybrid Drive for an Inland Ship”, MDPI, 2019.

Future of OPS: Electric and Autonomous Ships

I. Background

Optimized operations 
using real-time data

Commercialization to 
begin in 2025

• Regulatory Scoping Exercise For The Use Of 
Maritime Autonomous Surface Ships (MASS)

• Goal-Based New Ship Construction Standards

Average fuel cost 
reduction 56 %

Aligned with IMO’s 2050 
decarbonization targets

Electric & Hybrid Ships
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MSC 101/24 (2019)

Autonomous Ships

Necessity of an 
onshore power system



I. Background

Cost of    
Transmission

$1 million –
$3 million

Cost of 
Installation

$300,000 –
$2 million

Capital Costs: 

Ship Retrofits and Shore-side Infrastructure

Operating Costs:

Energy, labor and routine maintenance

I. Background

Source: Environ “Cold Ironing Cost 
Effectiveness”

Limitation (1): Price
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Source: Ronald Ssali, Ship-port interface: analysis 
of the cost-effectiveness of cold ironing at 
Mombasa Port , World Maritime University, 2018. 



Without sustainable source of electricity generation, 
environmental benefits of OPS could be negligible.

I. Background

Energy Mix

Coal

Fuel

Estimated 
GHG 
Emissions 
by OPS

Source: Zis, T. P., “Prospects of cold ironing as an emissions reduction option”, p119, 2019. 11 41

Limitation (2): Sources of Energy
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Ports

Vessels Port States

Shore-side Collaboration Regular Report on Management

Environmental Regulation

Compliance

Overall Dilemma

II. Problem Analysis

13 41

Which Entity would Initiate Investment for OPS Implementation? 



Problem 1: Safety and Standardization.

YS Port, ChinaPorts with OPS 

Accident in OPS 
Equipment

High Possibility 
for Accidents 

II. Problem Analysis

MSC 98/20/7

• Ineffective communication between vessels 
and the shore power supplier

• Insufficient maintenance of shore-side 
electricity  frequency Converter

• Lack of personnel training

Why? 
The absence of 

Universal Safety Guidelines
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Problem 1: Safety and Standardization 

II. Problem Analysis

Proposal by China on safety guidelines (2017)
Assigned SSE sub-committee to produce draft 
guidelines, currently pending approval of MSC.

MSC 98/20/7 (2017)

MSC

Limited to operational guidelines

Electrical 
Factors

Practical 
Elements

• Placement of the Plug 
Connection

• Possibility of Power Loss due 
to Ununified  System Design

• Cable and Cable Reels Design

• Compatibility of Voltage 
and Frequency

• Shore Distribution System
• Shore-to-Ship Connection 

Equipment
• Transformers / Reactors
• Rotating Convertors
• Ship Distribution System
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Problem 2: Absence of Mandatory Regulations (1)

16 41

MEPC 55/23 (Report of MEPC)

“However, the Committee also agreed that 
there were still technical issues to be solved 

and that the Committee should wait until the 
standard was finalized before any decision for 

inclusion in the revised MARPOL Annex VI 
should be taken.”

MEPC 55/4/13 (Standardization 
of On-Shore Power Supply)

“In order to make this benefit real, the 
requirement should be included in the 

revised MARPOL Annex VI as the 
appropriate instrument to regulate 

prevention of air pollution from 
international shipping. .”

II. Problem Analysis



MEPC 64/4/3 (Update by Secretariat)

“The Committee is invited to consider the 
information provided on the development 

and increasing availability of onshore power 
supply for international shipping and to take 

action as appropriate.”

MEPC 64/23 (Report of MEPC)

“The majority was of the view that ports 
equipped with on-shore power supply are 
limited and mandatory requirements for 

the on-shore power supply should not be 
developed at this stage.”

Problem 2: Absence of Mandatory Regulations (2)

II. Problem Analysis
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II. Problem Analysis

MEPC 68/INF.16

(Study of emission control and 
energy efficiency, Secretariat)

Problem 2: Absence of Mandatory Regulations (3)
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Lack of tangible outcomes even after MEPC 64

MEPC 69/5/8 

(Promoting the use of 
onshore power supply)

2015, Secretariat 2016, CESA



Problem 2: Absence of Mandatory Regulations (4)

II. Problem Analysis

19 41

Increase in adoption of shore-side OPS

Directive 2014/
94/EU

California Air 
Resources Board

12th & 13th Five 
Year Plans 

OPS at 13 ports and 
243 berths by 2030

The global OPS market is expected to grow at 
a CAGR of 12.5% during the forecast period (2019-2029)

Source: ResearchAndMarket, “Alternate Marine Power - Global Market Outlook (2019-2027)”

.However, there is a change of circumstances:.



Problem 3: Lack of Information (1)

II. Problem Analysis

Negatively impacts decision-making for OPS implementation

Fragmented and outdated information on OPS implementation 

• IAPH’s report from 2010 (MEPC 61/INF.12) is outdated and website 
(http://www.ops.wpci.nl/) is currently not functional. 

• Subsequent academic research have only focused on specific ports; no 
comprehensive, global-scale survey to examine OPS implementation

• National action plans to implement OPS are not actively shared to the 
global community in an accessible manner
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http://www.ops.wpci.nl/


Problem 3: Lack of Information (2)

21 41

II. Problem Analysis

Research 
into OPS 

application

International 
Cooperation

Global-scale 
Research

Need for a semi-permanent institution



Overview

22 41

II. Problem Analysis

IMO

Semi-permanent Institution

2
OPS regulation for ships

1

3
Standardization and Safety

Problem in the Status Quo

Lack Information

Incomplete work on 
standardization and safety

Lack of mandatory 
provisions by IMO



SD 2: Integrate New Technologies into the 
Regulatory Framework

Source: Park Han-seon (KMI), Implications of IMO Strategy Plan on shipping and shipbuilding industry 23 41

II. Problem Analysis
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1.1. OPS Research and Development Board

III. Solution

MEPC

IMO Representatives

OPS R&D Board

OPS Fund

Consists of representatives 
appointed by the MEPC

Receives and evaluates report 
from IMO Representatives.

Provides funding for the OPS 
R&D Board and its programs

Specifically dedicated to effective and 
widespread implementation of OPS
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1.2. Research and Development Functions

III. Solution

(1) Research into new technologies on OPS 

(2) Financial support to research activities of developing 
countries and smaller companies 

(cf. OPS Fund)

(1) Implementation of data collection system on OPS (cf. 
SEEMP)

Shipside: Ship → Flag State → Sec→ R&D Board

Port-side: State → Sec→ R&D Board

(2) Advise most effective OPS implementation 
(based on sea routes, etc.)

Research

Development
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1.3. Authority for Establishment of Board

III. Solution

Candidate short-term measures 

4.7 […] All the following candidate measures represent possible 
short-term further action of the Organization on matters related 
to the reduction of GHG emissions from ships: 

.9 initiate research and development activities addressing 
marine propulsion, alternative low-carbon and zero-carbon fuels, 
and innovative technologies to further enhance the energy 
efficiency of ships and establish an International Maritime 
Research Board to coordinate and oversee these R&D efforts; 

Initial Strategy on the Reduction of GHG Emissions 
Resolution MEPC.304(72)

27 41



1.4. Authority for OPS Fund

III. Solution

• R&D Board will be funded by a Multi-Donor Trust Fund, established 
pursuant to IMO Financial Regulation Clause 6.7.

Invite Member States to encourage and/or require contribution and participation 
from relevant stakeholders, such as energy suppliers, marine engine companies, 

specialized research and development institutions, foundations, etc.
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1.5. Proposed Legal Mechanism: MARPOL

III. Solution

R&D Board may be established by creating a new Chapter 5 outlining regulations
for greenhouse gas reduction research and development under Annex VI of
MARPOL, to include OPS.

29 41

Committee may also consider what mechanism is most appropriate.

Annex VI- Regulations for the Prevention of Air Pollution from Ships

Chapter 1 – General

Chapter 2 – Survey, certification and means of control

Chapter 3 – Requirements for control of emissions from ships

Chapter 4- Regulations on energy efficiency for ships 

Chapter 5- Greenhouse Gas Reduction Research and Development     

- Regulation XX: OPS Development and Research Board



2.1. Mandating OPS for ships

III. Solution

Mandatory 
Facilities 

Marine Ballast Water Management Scrubber Systems

Relevant
Regulations

IMO released 14 Guidance documents for 
Ballast Water management & Guidelines for 
Ballast Water Exchange (79 countries)

MARPOL Annex VI, regulation 14: The 
sulphur oxides regulation applies to all 
ships, whether they are on 
international voyages or between two 
or more countries.

Source: MEPC.151(55), MEPC.161(56), MEPC209(63)

Implication Possible to justify guidelines and regulations for ship-side OPS
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Manufacturing cost for new ships significantly lower than modification
cost for existing ships, so it is a priority to make sure new ships are
fitted with OPS.

2.2. Mandating OPS for new ships

III. Solution

31 41Source: Wang et al., “Costs and Benefits of Shore Power at Port of Shenzhen”, ICCT, 2015

Need for different 
requirements based 
on vessel types



2.3. Mandating OPS for existing ships

III. Solution

Sequential requirement scheme for OPS for existing ships

Alleviating financial burden for shipping companies with 
fleets in operation

Impact

What

Why

How
Regulatory measures will gradually apply to the existing 
fleet & R&D Board would provide relevant Information to 
Shipowners

• A Need for Shipowners to Assess Information and to 
choose appropriate berths & shipping lanes

• Fleet-based regulation lessens the burden for shipping 
companies that operates multiple vessels as proven 
after the “At Birth Regulation” implemented by 
California (CCR).

Source: https://ww2.arb.ca.gov/resources/documents/berth-faqs

California, “At Birth 
Regulation”, mandating 
OPS Adoption for Ships 
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III. Solution
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2.4. Proposed Legal Mechanism: MARPOL

Requirements for OPS on ships can be added as a new Rule under
Chapter 3 of MARPOL Annex VI, and precise requirements for ships can
be outlined in a new ‘Appendix XI.’

Committee may also consider what mechanism is most appropriate.

Annex VI- Regulations for the Prevention of Air Pollution from Ships

Chapter 3 – Requirement for control of emissions from ships 

Regulation 12 Ozone-depleting substances.

Regulation 13 Nitrogen oxides (NOx)

Regulation 14 Sulphur oxides (SOx)

[…]

Regulation XX Onshore Power Supply (OPS)



3.1. Standardization and Safety

III. Solution

Address areas left out by SSE 7

More comprehensive safety and standardization regulation

What

Why

Impact

How

Propose comprehensive protocols on…
(1) minimum performance standards under various conditions
(2) universal plug connection
(3) compatibility assessment procedures

Not restricted to discussing operational safety guidelines like 
current SSE Correspondence Group(s)
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III. Solution

35 41

MSC should discuss amendments to SOLAS to incorporate relevant
safety and standardization protocols in Chapter II-1.

Remaining protocols should be incorporated into Guidelines issued by IMO.

3.2. Proposed Legal Mechanism: SOLAS

Chapter II-1: Construction - Structure, subdivision and stability, machinery 
and electrical installations 

Part D: Electrical Installations

Regulation 40: General

Regulation 41: Main source of electrical power and lighting systems

[…]

Regulation XX: Equipment for Onshore Power Supply (OPS)
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IV. Conclusion

Summary

Need Problem in the 
Status Quo

Semi-permanent Institution
1

Information

3

Standardization and Safety
Partial safety & 

standards

2

OPS regulation for ships
No mandatory 

provisions

Amendments to MARPOL to 
create an OPS Research and 

Development Board

Proposed Action

Amendments to MARPOL
to add mandatory OPS 

provision for ships

Amendments to SOLAS and 
additional safety and 

standardization Guidelines



Further Actions: Port-side Collaboration (1)

Recommendations for port-side OPS

Optimum allocation of resources to ports that 
can maximize environmental benefits

What

Why

Impact

How
Recommendations will scale according to..

(1) Generation Mix (renewable energy usage)
(2) Trade volume measured in TEU & lay-time

Inefficient to require OPS installation for ports without much usage. 

→ EU Directive 2014/94 Article 4: “[…] unless there is no demand, and the 
costs are disproportionate to the benefits”
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IV. Conclusion



Further Actions: Port-side Collaboration (2)

Drafting Guidelines

(6) The port or terminal shall provide 
sufficient electrical power to all normal 
operations during the port including 
calculated peak consumption. 

→ The port or terminal should provide 

sufficient electrical power to all normal 
operations during the port including 
calculated peak consumption.

Why? 
To provide more flexible and 
informative guidelines to portside 
adoption of OPS
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IV. Conclusion
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Final Remarks

Increased 
Adoption of OPS

Acceleration of 
Green Port 
Initiatives

SHORT TERM

LONG TERM

Economies of 
Scale & 

Virtuous Cycle

MID TERM
ZERO CARBON 

PORT

IV. Conclusion
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Thank You

Team AMPERE

THANK YOU


