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ANNEX 1

Information responding to the eriteria in Appendix 111 to MARPOL Annex V1!
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Abbreviations amd Definitions

Term Explanation

em Centimetre

Oy Carbon dioxide

Cie Carbon dioxide equivalemt

D Distillate marine Fucls

ECA Emission Control Area

EERA Energy and Environmental Research Associates, LLC
EMEA Europe, Middle East. and Africa

EGCS Exhaust gas cleaning system

EU Furopean Union

il Finnish Meteorological Institute

2 Cirams

GHG Greenhouse gas

GHO Global Health Observatory

HFO Heavy fuel oil

HSHFC High sulphur heavy fuel ol

IEA International Energy Agency

IER Integrated Exposure Response

IFC} Intermediate Tuel odl

THICY International Hydrographic Crganization
IIASA International Institute for Applicd Svstems Analysis
M International MMantime Crganization

k Thousands (as i Thousands of Dollars)
km Kilometres

kW Kilowatl

kWh Kilowatt-hour

LNG Laguelied Natural Gas

LSFO Low sulphur fuel ml

M Millhons (as in Millions of Dollars)

m'm Mass by mass

mim Mallmetre

MARPOL [nternational Comvention for the Prevention of Pollution from Ships
MARPOL VI MARPOL Annex V1

MDO Marine distillate ol

Med SOy ECA Mediterranean Sea S0y ECA

MEPC Marine Environment Protection Commitles
MGO Marine gas ol

MAT Millien metric tonnes

MT Metric tonne (1.000 kg)

MTCs Martime Transport Costs

NECA Mk Emission Control Area

NOx Nitrogen Orides

passenger-km or p-km Passenger-kilomelres

pH A measure of the acudaty of a solulion
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PM

Particulate Matter

P P with a mass median diameter less than 10 pm

PM. = FA with a mass median diameter less than 2.5 um

PO reaat Total PM

ppm Parts per million

REMPEDC RI:Ei{II'I.ﬂI Marine Pollution Emergency Response Centre for the

Mediterranean Sea

RM Residual marine fuels

RoPax Roll-on Passenger

5 Sulphur

SECA S0k Emission Control Area

SILAM System for Integrated modelling of Almosphenic composition

S0k Sulphur dioxide

S0y Sulphur Oxides

STEAM Ship Traflic Emssion Assessment Model

tenne-km or ton-km or I-km | Tonne-kilometres

.5 United States (of America)

ULSFO Ultra-low sulphur fuel oil

UNFCCC United Nations Framework Convention on Climate Change

VLSFO Very low sulphur fuel oil

VSL Value of a statistical life {(or monetary value to reduce nsk of a
| statistical premature death)

WHO World Health Organization

Jia micromelre of microm
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1 Introduction

The information m this annex supports the proposal by Albania, Croatia, Cyprus, France, Greeee,
Laly, Malta, Monaco, Montenegro, Moroceo, Slovenia, Spain, the Syrian Arab Republic, Tunisia, and
Turkey for the designation of the Meditarancan S, as a whols, as an Emission Control Area (ECA)
1o prevend, reduce and control emissions of sulphur oxides (S0.) and pariculate matter (PA) from
ships pursdant to regulation 14 and Appendix 11 1o Annex VI to the Intermational Convention for the
Prevention of Pollution from Ships: (MARPOL). hercinafter refomed to as: the proposed Med S0
ECA.

L1 Countries Submitting this Proposal

The twenty-one (21) countries bordering the Mediterrancan Sea — Albania, Algeria, Bosnia and
Herecgovina, Croatia, Cyprus, Egypl. France, Greeee, Isracl, Ialy, Lebanon, Libya, Malta, Monaco,
Montenegro, Moroceo, Slovenia, Spain. the Syrian Arab Republic, Tumisia, and Turkey, which,
together with the European Union. are Contracting Parties (o the Convention for the Protection of the
Manne Environment and the Coastal Region of the Mediterranean Sea (the Barcelona Convention),
share a common intercest in the Mediterrangan S<a and in addressing emissions from ships along their
constlines.

The Contracting Partiss 1o the Barcelona Convention adepled Decision 16G.24 8 on the Road Map for
a Proposal for the Possible Designation of the Mediterrancan Sea, as a whole, as an Emission Control
Area for Sulphur Ckides Pursuant lo MARPOL Annex V1, within the Framework of the Barcelona
Convention® (“the road map™) at the Twenty-lirst Ondinary Meeting of the Contracting Parties to the
Barcelona Convention and its Protocols { Naples, Naly, 2-5 December 2019), They also adopled
Decision 16,2514 on the Designation of the Mediterranean Sea, as a whole, a8 an Emission Control
Area for Sulphur Oxides (Med SOy ECA) pursuant to MARPOL Annex V1" al the Twenty=second
Ordinary Meeting of the Contracting Partics 1o the Bareclona Convention and its Protocols {Antalya,
Turkey, 7-10 December 2021),

The Contracting Parties to the Barcelona Convention. which are Parties to MARPOL Annex V1L
namely Albania, Croatia, Cyprus, France, Greece, [aly, Malta, Monaco, Meonlencgro, Morocea,
Slovenia, Spain, the Syrian Arab Republic, Tunisia, and Turkey ask the Committee 1o consider this
proposal al MEPC 78 and refer it for adoption by the Partics to MARPOL. Annes VI, mecting under
the auspices of MEPC 79,

A of 23 November 2021, among the Mediterrangan coastal States, Albania, Croatia, Cyprus, France,
Grreece, [taly. Malta, Monaco, Montenegro, Morocco, Slovenia, Spain, the Syrian Arab Republic,
Tunisia, and Turkey, ratified MARPOL Annex VI, Algeria, Bosnia and Herzegovina, Egypt. lsrael,
Lebanon, and Libva, which associate themselves with this proposal, have not vet ratified MARPOL
Annex V1 but are in the process of doing so (Table 1.1-1). All Mediterrancan coastal States support
the designation of the proposed Med S0y ECAL a8 per Decizion 1G.25/14,

* Available at (s Lipe
* Available at- 1o be completed
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Table 1.1-1. Stane af ratification of MARPOL Annéx T by Mediterranéan coastal Siates fas o 23
Newember 20211

ity Pariy to MAII{PD].
" Annex VI
Albania x
Algeria
Bosnia and Ierzegovina
Croatia N
Cyprus x
Egypt
France X
(ireece N
lsrael
Italy X
Lebanon
Libva
Malta X
Monaco X
Monlensgro x
Morocco X
Slovenia X
Spain X
Syrian Arab Republic X
Tunisia b 4
Turkey X

1.2 Criteria for Designation of an Emission Control Arca

Under MARPOL Annex VL an ECA may be considered by the International Maritime Organization
(IO af supported by a demonstrated need to prevent, reduce, and contral air pollution from ships.
The following eight crileria are faid out under Section 3 of Appendix HI o MARPOL Annex V1. as
guoted:

o elear delineation of the 'pl.‘u]}l.'nsml area of nﬁ:!luaimn, along with a reference charl on|
which the area is marked:

Lad

the tyvpe or Lypes of emission(s) that s or are beng proposed for control (e, MOy or S0,
land particulate matter or all three types of emissions),

‘ad

1.2

lip emizsions:

): deseription of the human populations and environmental areas at risk from the impacts of

an assessmenl thal emissions from ships operating in the proposed arca of application arg
confributing 1o ambieni concentrations of ar pollubion or toe adverse environmental
impacts. Such assessment shall include a deseription of the impacts of the relevany
cmizsions on human health and the environment, such as adverse impacts (o terrestrial and

:uiu;ll.h: eeosyvstems, areas of natural productivity, cnifical habsats, water quality, human

10

T
&
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health, and arcas of cultural and scientific significance, if applicable. The sources of
relevant data including methodologies used shall be identified:

relevant information pertaining 1o the meleorological conditions in the proposed area al
pplication. to the human populations and covironmental areas at rsk. in particular]
svailing wind patlems. or Lo lopographical, geological, eccanvgraphic. morphoelogical, or]
ther conditions that contribute to ambient concentrations of air pullul.imi or adverse
environmenlal impacts:

the nature of the ship traffic m the proposed emission control arca, ncluding the patlems

S8l density of such iraffic;

deseription of the control measures laken by the proposing Party or Parties addressing]
land-based sources of MOw, 50 and particulate matter emissions affecting the human

317 [populations and environmental areas at risk that are in place and operating concurrent with
the consideration of measures o be adopted in relation to provisions of regulations 13 and)

14 of Annex VI and

fak

18 the relative costs of reducing emissions [rom ships when compared with land-based
7 Jeontrols, and the economic impacts on shipping engaged in intermationsl trade.

L3 Fuel Sulphur Content and Terminology

Prior to implementation, most analyses presumed marine distillate oil (MDO) would be the main fuel
pathway 1o compliance with the IMO 2020 0.50% 5 m'm global sulphur cap. Subsequently, the
market has mel demand For 0,50% S m'm fucls wsing fuel blends containing several streams of
residuals and highter products, temmed low sulphur fuel oil (LSFO) Very low sulphur fuel oil
(VLSFO) has a maximum sulphur content of 0.50% 5 m'm and ultra-low sulphur fuel ol (ULSFO)
has a maximum sulphur content of (. 10% 8 m/m. Distillsie marine fuels (DM) include MDCY and
marine gas oil (MGO). Whale prior work referred to MO as the comphant pathway or IMO 2020
0.50% 5 m/m fuels, the market has moved lowards LSFOs as the compliant pathways, with references
to MO being in paralle] to 0.50% 8 m/m LSFO fuels,

Grenerally. references to heavy fuel oil (HFO) or intermediate fuel oil (IFD) in prior work are referring
to fuels with a sulphur content = 0.50% S m/m. MDO generally refers to fuels < 0.50% 5 m/m but >
0.10% S m/m, and MGO refers to fuels < 0.10% 5 m/m.

Terminology has varied among IMO regulations, 150 standards, and the fugl prices describal in the
market, further complicating the comparison of fuels and prices over time. Per resolution
MEPC32NT4) on the 2019 Guidelings for coniisient implementation af the 0.50% sulpfr Tinnt
uneer MARPOL Annex T {IMO, 20200 marine fuels are desenbed as shown in Table 1.3-1,

As outlined in resolation MEPC, 3200 74), shipowners/'operators should be aware that the viscosity of
hlended residual fucls (L3FOs) is such that they require heating for cleaning and combustion. and
thus cannol be used mn distillate-only fuel syslems, with fully segregated systems fior distillate fuels
and LEFOs recommended. The IMO recommends that ships have a comingling procedure. with new
bunkers loaded into empty lanks to the extent possible, and enboard comingling only eccumring when
the compatibility between the bunkers has been determined,

! hitpseCwowowr mo oreen dediaCentre PressBriefings/Peecs' 1 0-MEPC-74-sulphar- 2020 gaps.
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Fable I.3-1, Defimitions af marine fuel ofs fromm resolution MEPC . 320074)

Fuel Category

150 Standard

Fuel Sulphur

Alternate Terminology

Limit
; ; L% S m'm MGO if<0.10% S m/m
D O S21R01? Timum MDO if < 0.50% 8§ m/m
Residual marine fuels . - As per statutory [FO
(RM) B0 §21T2017 | cavivensents HFO
High sulphur heavy P -
g I .5 : i)
fuel oil (HSHFO) ARSI ik
A0
VLSO 15082172017 | <0.50% Sowm | X
Compliant Blend
NGO
UVLSFO IS0 82102017 | <0.10%: 5 m'm MG

L':1miﬂi:|||l Blend

12
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2 Description of the Proposed Area of Application

This section presenis information that addresses erifenia 3,11, 3.1.2 and 3,1.3 of Appendix I11 10
MARPOL Annex VL as quoted:

a clear delingation of the proposed area of application. along with a reference

Criterion 3.1, ; ;
rilerion 3.1.1 chard on which the area s marked;

the type or tvpes of emission{s) that 15 or are being proposed for control (,c.

Criterion 3.1.2 = , ; it
ROk or SOk andd particulate matter or all three types of crnssions ),

a deseription of the human populations and environmental areas at nisk from

Criterion 3.1.3 : ; )i
RPN the impacts of ship emissions:

21 Proposed Area of Application

The Mediterranean is an important region for intemational shipping and commercial navigation. The
Mediterranean Sea represents approximately (0.7% of navigable seas and oceans. and Medilervancan
ship traffic accounts for aboul T of global shipping activily, energy use, and emissions. Based on
ALS observations, more than 30,000 vessels are observed to operate annually in the Mediterranean
Sea, Based on the analysis conducted lor this proposal, shipping CO; emssions represent aboul 10%
of the Mediterranean coastal States” CO. mventorics, as reported to the United Mations Framework
Convention on Climate Change (UNFOCOC),

The proposed area aof application for the designation of the praposed Med S0y ECAL as modelled in
this document, is illustraled in Figure 2.0-/, The proposed arca of application follows the
International Hydrographic Organizabion (THOY) defimiion of the Meditaranean S¢a® as beng
bounded on the southeast by the entrance to the Suez Canal, with the exceplion of the waiting arca of
Uie Suez Canal in its determined coordinates, according Lo the map sl out in point ¢ of Annex 2, on
the northeast by the entrancs o the Dardanelles, delineated a5 o ling joming Mehmetcik and Kumkale
lighthouses. and to the west by the meridian passmg trough Cap Spartel lighthouse. also defining the
weslern boundary of the Straits of Gibraltar. The proposed area of application is identical 1o the
geographic area described in Article 1.1 of the Barcelona Convention, which is hereinafler referred (o
as the Mediterranean Sea area. The waters of the propesed Med S0y ECA involve the twenty-two
(22) Contracting Parties o the Barcelona Convention, namely Albania. Algeria. Bosnia and
Hersegovina, Croatia, Cyprus, Egypt, France, Greece, Israel, llaly, Lebanon, Libva, Malta, Monaca,
Montenegro, Moroceo. Slovenia, Spain. the Svrian Arab Republic. Tunista. Turkey. and the European
Union, Additional detail on the proposed area of application is included in Annex 2 to this proposal.

* hitpsddiho it eploadsuser pubs standards/s-2 35-23 Bd3 (953 EN pdi
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:grm! 2.1-1: G rmmmiung Parties 1o the Bareelona Covention (in gr-E}J pn:-gxut.'d arga of the
Med SO0 ECA fin dark Blie)

2.2 Types of Emissions Proposed for Control

This proposal supports designation of an ECA 1o control SOy and PAL emissions from ships. SOy 15 a
precursor (o fine PM formation. Section 4 provides details on the health impacts associated with PAL
and Section § provides details on the impacts o ecosystems from deposition of PM and compounds
containing wet and dryv sulphate.

2.2.1 8Ok and PM Pollution

S0k pollution is formed during marine engine combustion, from available sulphur in marine fuel. 0%
emissions from ship exhausts contribute fo the formation of syl phate (SO,) acrosols, which are small
particles, Small sulphate acrosol particles, along with other PM species, are able 1o penetrate deep into
the lungs of living organisms, including humans, contributing to increased lung cancer and
cardiovascular disease mortality and asthma morbidity. In addition, deposition of SO; particles
contribute to increased acidification of surfice witers and terresirinl svstems, which is deleferious 1o
the environment.

23 Populations and Areas at Risk from Exposure to Ship Emissions

The Mediterranean Sen area s enclosed on all sides by land masses with signilicant coastal
populations, The Mediterrimean coastal States are home to 3075 million people. many of whom live
in-goastal towns and cities (Figure 2.5-0) The Mediterranean Sea is an essential shipping route for
goods travelling from East Asia to Furopean, West Asian, and North African markets, meaning that
many people live near one of the world's major shipping gateways.

The Mediterrancan Sea area is home to many sites of significant cultural hentage, inclinding sensitive
eeosystems and ancient ruins, Because ship pollution can travel great distances. transported by
atmospheric processes, large inland populations and ecosystems will benefit from the proposed Med
S0y ECA, in addition to populations; sités, and ceosvstems in coustal locations.
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Fignre 2.3-£: Griddod poprlation in ihe AMedvierrancan coastal Stafes

24 Summary of Description of the Proposed Avea of Application

Based on the information presented m the previous Section 2.1, Section 2.2, and Section 2.3. this
proposl fulfils ertena 3.0.1, 3.1.2, and 3.1.3 of Appendix 11 to MARPOL Amex VI
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J  Contribution of Ships to Air Pollution and Other Environmental Problems

Thas seetion presents mformation that addresses enterion 3,14 of Appendix IT1 1o MARPOL Annex
V1. as quated:

an assessment that emissions from ships operating in the proposed arca of
application are contribuling o ambienl concentrations of air pollution or 1o
adverse envirenmental impacts. Such assessment shall include a description
of the impacts of the relevant emissions on human health and the
environment, such as adverse impacts o tarestrial and aquatic ecosystems.
arcas of natural productivity, critical habitats, water (uality. human health,
and areas of cultural and scientific significance, if applicable. The sources of

Criterion 3.1.4

relevant data iFI-I:!'IJ-Ih'ﬂE rncl‘hn:lnlnEi::s used shall be wlentified:

31 Svoopsis of the Assessiment

50y and PM emissions from ships have a significant impact on air quality in the Mediterrancan Sea
area. Furthermore, modelling shows that the proposed Med S50x ECA would lead to widespread
benefits throughout the Mediterrancan S¢a area and far inland due to the leng-range nature of
pollution from ships. SOy and PN s emissions from ships would be reduced by 7%.7% and 23.7%,
respectively, under the propesed Med 50, ECAL leading to healih and environmental benefits through
reduced environmental exposure to the pollutants, The proposed Med 505 ECA s expected to lead 1o
air quality improvements throughout the Mediterrancan Sea region and beyond, leading to thousands
of avorded premature deaths and incidences of chnldhood asthma annually, The proposed hMed S0,
ECA will improve visihility in the region and reduce sulphate and PM deposition, both of which cause
damage to sites of significant cultural heritage. and harm sensitive ccosystems and lisheries.

3.2 The Mediterranean Sea area Emissions Inventory Summary

Lower-sulphur fuels that would be required under the proposed Med 50y ECA would result in lower
emmissions than currenl practices, and lower emisions compared with global MARPOL VI 2020
limiits. S0 reductions are directly proportion to the shifi from 0.50% S m/m 1o 0.10% 5 m/m fuel.
PM reductions depend primarily on the fraction of ship-cmitted P that results from fuel-sulphor
conlenl

MARPOL VI standards will reduce SOy emissions by approximately 75% from typical operations
using residual fuels. Implementing SECA standards would achieve aboul a 953% reduction in S0y
emissions form ships compared with current operations. PM reductions of aboul 51% are associated
with MARPOL V1, and SECA standards would ierease that 1o about 62% reduclion in emissions.

Baseline 30, and Ph:, emissions are estimated to be 681,000 and 97,500 MT in 2016, Under the
MARPOL VI scenano emissions of these species fall by 75.3% and 50.7% respectively, Emission
1'm"tmti:|r}' results under the proposed Aed 50y ECA 2020 scenano for 50y and PM: s species are
reduced by a furher 78. 7% and 23, 70 compared to MARPOL V1 2020 (Tahle 3.2-1),

16
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221 Emissions Inventory Modelling and Inputs For 2020 Seenario and Future Yeary

International ship power systems cumently consume mainly petroleum-based fuel products and by-
praducts, with limited vse of liqueficd natural gas, Most of the flect consumes residunl fuel, also
known as HFO. which includes several grades of blended petrofeum byproducts of refinmg (2).
Current limits préseribed under MARPOL VI will require marine vessels to adopt fuels meeting a
global limit of 0.50% 5 m/m in 2020, This proposal medels default compliance with MARPOL VI to
result from a switeh from non-compliant fuel (average 2.40% 5 m'm) o MARPOL VI compliant
(0.50% S m'm) fuel. All future vear scenarios consider technical and economic feasibility of the
proposed Med S0y ECA o be compared with conditions defined using MARPOL VI compliant fuel.

Fable 3.2-1. Baieline and 2020 scenario criteria amd greenhonse gas (GHGI polliion emissions

T Med 2016 Baseline | MARPOL V12020 ,Z’)T’;’:fﬂ ;51‘:1
Total SO 581,000 168,000 35,800
Total P, 97.500 4% 100 36, 00
Tatal MOk 13300, (6000 1. D00, 00000 1, 17000
Total CO; 38,070,000 31,700,000 $1,880.000

In considering the proposed Med S0y ECA, compliance allernatives modelled in this document begin
by assuming a switch from MARPOL VI compliant fuel to SECA compliant fucl. In other words, the
proposed Med S0, ECA would result in a shift from (.50% 5 m'm to 0.10% 5 m'm marine fuel.
Recognising that SECA compliance can be achieved through altemative compliance mechanisms, Lhis
document considers these mainly as pant of the economis feasibility { Section 9.3.1 and Section 9.3.2)
fleet operators would be expected to adopt compliance aliernatives to fuel swilching where the long-
run costs of SECA compliance were reduced. Allemative approaches to SECA compliance consider
adoption of cxhaust abatement technology or advanced fuel alternatives. This document models
onboard sulphur exhaust gas cleaning systems (EGCS), also termed serubbers, as the primary exhaust
ahatement technology 1o meel lower-sulphur lmits of the proposed Med 50y ECAL This document
models liguefied natiral gas (LNG) as the advance [uel alternative to meel lower-sulphur limits of the
proposed Med 50y ECAL Acknowledging that other technologies and fucls may be specilied. this
document utilises an analytical framework that can be applicd to investigate more specifically other
compliance stralegies (.o, variows EGCS designs, methanol. hydrogen, or other marine fugl-power
comhbinations).

This document uses the Ship Traffic Emission Assessment Model (STEAM) 1o model the activity-
based Fuel consumption and cmissions of over 30,000 vessels operating annually in the Medilemancan
Sea area. Informed by Ship Aotomated Tdentification System (AIS) for the vear 2016, the STEAM
model integrates vessel activity, technology and desipn characteristics, and fuel type inputz fo
calimale vessel-specific cnergy roquirements, fuel consumption, and cmissions. These estimates are
ageregated by vessel tyvpe and within the Mediterranean Sea area to produce annual fuel and
emissions estimates for a base vear 206, The STEAM Model also produces a set of future-vear
estimates for 2020, 2030, 2040, and 2050, employing assumplions aboul future feet demand, vessel
economies of seale, improvements in fuel ceonomy. and feet replacement rates,

3.3  Shipping Contribution to Ambient Air Quality
331 Shipping Contribution to Ambicnt PAL . Air Pollution in the Mediterrancan Sea arca

Adr quality modelling shows that 50y and PM emissions from ships have a significant impact on air
quality in the Mediterranean Sea area. Furthermore, modelling shows that the proposed Med S0,

17
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ECA would lead 1o wadespread henefits throughout the Mediterranean Sen area and far inland dus 1o
the long-range nature of pollution from ships.

33.2  Improvement of Ambicnt Air Quality with the proposed Med S0y ECA (PM. )

Figure 3.3-1 shows the geospatially modelled annual average difference in PAl:« concentration due o
implementation of the proposed Aled SOy ECA compared 1o the MARPOL V1 2020 baseline. Areas
in blue show places where PA:sunder MARPOL V1 is greater than for the proposed Med S0y ECA
scemario, 1.e, where the proposed Med S0y ECA leads 1o a reduction in PMss. As:shown, all water
arcas of the Mediterranean Sea experience reduchions m PA 2« concentration of between 0,05 and 0.6
pgm’, with coastal land benefits being realised primarily along the Norh African coastline, Spain,
France, Italy, Malta, and Grecce. Arcas with the greatest expected reductions m Phz s concentrations
attributable to <hips are at the western Mediterranean Sea, along the coastlines of Spain and Moroeco,
in the central Mediterranean Sea 1o the south of Sicily and over Malta, fo the south and cast of Greece,
and along the north coast of Egypt approaching the entrance to the Suei Canal.

W [ W Fo Ll

oz

=i
®3
Differere in i, 4 Concentabion fug.m')

" o W
Fignre 3.3-1: Difference in PM2s concentratten berween MARPOL 1T amd the propesed Med 850y
ECA seenarios

34 Summary of Shipping Contribution to Ambient Adr Cuality

As the data in Figure 3.3-1 shows, o SECA established under regulation 14 would vield benefits for
all coastal communities surrounding the proposed Med 8Os ECAL and also henefit communities far
inlancl. The air quality benefits of the proposed Med SOy ECA have been clearly demionstrated and
fulfil the confributions of ships to air quality portion of eriterion 3.1.4 of Appendix [ 1o MARPOL
Annex VL
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4 lmpact of Emissions from Ships on Human Health

This section presents further imformation building on Section 3, which addresses eriterion 3.1.4 of
Appendix U to MARPOL Annex VI ag quoted:

an assessment that emissions from ships operating in the proposed area of
application are contribuling (o ambicnl concentrations of air pollution or o
adverse environmental impacts. Such assessment shall inclode a description
of the impacts of the relevant emissions on human health and the
environment, such as adverse i.mp.‘mLi o lerrestrial and aquali:: eonsyslems,
areas of natural productivity, critical habitats, water (uality. human health,
amd areas of cultural and scientific significance, if applicable. The sources of

Criterion 3.1.4

relevant data i'|'l|:!1.1dll'|'|E rnul‘lmdnlugicﬁ used shall be identified:

4.1  Health Effects Related to Exposure to Air Pollutants

The expected avoided lung cancer and cardiovascular disease mortabity, and childhood asthima
morbidity. associated with the proposed Med S0y ECA were estimated using the state-of-the-art
health model, recently published in Natwre Communications (1), and referenced in document MEPC
TOINF.34. This model produces high resolution (10 km x 10 km) mortality and morbidity estimates,
commesponding 1o the resolution of underlving concentration grids provided by the System for
Integrated model ling of Atmospheric colMposition (SILAM) model. The high-resolution modelling
approach reduces under and over estimation of mertality and morbidity inherent with coarser (50 ki
% 50 km)p models of emissions and population. The model outputs mclude high resolution gridded
estimates of mortality and morbidity, and country-specific burdens of disease for the countries shown
in Figure 2.1-1. Country-specific population growth estimates. disease incidence rates. and age
structures, as well as glnb-al gridded population and socioeconomie data from the National
Aeronautics and Space Administration (NASA)'s Socioeconomic Data and Applications Cenler
(SEDAC) { 3) were used.

4.2 Nature of PM Healih Elfecis

Ph with a mass median diameter less than 10 microns (um) (PAe) can be breathed deep into the
lungs and contribute to disease. Specifically. PM with a mass median diameter less than 2.5 um
(PAzs) can pass trough the lung barder and enter the blood stream which increases the risk of
cardiovascular sl respiratory  discase, including lung cancer. Chronic exposure o high
concentrations of P s associated with greater risk of cardiovascular and lung cancer disease than
exposure 1o low concentrations, however, no lower threshold has been identified, with nereased risk
of discase at all levels of exposure o PM,

4.3 Methodology for Estimating Health EfTects

The methodology for madelling health impacts follows the approach discussed in previous work (4
5). Earlier work applied mortality risk functions identified in Ostro (2004) (6). which in tum builds on
work developed out of the U5, Harvard Six Citics study conducted earlier by Pope. et al, ( &-9).

Phl;: exposure comcentrations in the Mediterranean Sea area are sumilar (o those m the Harvard Six
Cities study, indicating that premature morlality risk functions derived from the Harvard Six Cities
study can be applied 1o the said area,

This health mmpacts assessment follows work published in Natwre Conmuuications in 2018 that

emplovs a concentralion-response (C-RK) funclion from Lepeule, et al. (2012), which updates
epidemiology from the Harvard Six Cities study (7). Health oulcomes are estimated using a linear C-
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R function. which reflects updated understanding of the relationship between health and exposure lo
ar pollution and provides improved estimates of health outcomes where ambient concentrations of
Phdys exeecd WHO guidelines (=20 pg'm’). Health oulcome estimates focus on candiovaseular snd
lung cancer moriality responses in populations aged over 30 vears old, aligned with Lepeule, et al,
(2012). As in earlier work (Soliev et al.. 2018). an assezsment of childhood (<14 vears) asthma
maorhidity, which uses similar concentration-response equations based on reported asthma meident
rates by country (1), was included.

Gridded population data for 2020 are from SEDAC Population of the World, Version 4,10 (3), These
data provide gridded population counts, which were resampled 1o 0.12 % 0.1° resolution {10 km x 10
km} to reflect regional differences in population counts, These population data are buill upon UM
statistics and apply sub-national rates of population change {erowih/decling) 1o estimate population
counts in the future. Country-level age cohort fractions directly to the population counts for cach
Member State of the United MNations were applied o determine the age cohorl populations by country
(12 A umifrm population age struclure was assumed dcross each country, multiplying the
population grid by the country-specific fraction of population under the age of 14 and between the
ages of 30 and 99, This approach likely does not account for regional differences in age cohorts, hut
represents the best available practice given the paueity of countryv-specific age-cohor data,

Country-specific ineidence mtes for cardiovascular disease and lung cancer are derived from data
from the World Health Organization's Global Healih Observatory (GHO) (Table 4.3-1) (/3 /4. To
determine overall health oulcomes associated with ship emissions: and the proposed Med 50y ECAL
we calculate avorded mortality based on the change m PAis concentration botween the 2020
MARPOL VI{0.530% 8 m'm) scenario and the proposed Med S0, ECA (0.10% § m/m) scenario.

Fable 421 WHO eardiovaserdar and hing cancer disease mortalie, and childhsod asthma
icakbility rates

Cardiovascular Lung Cancer Asthma
Couniry {Disease Per (Disease Per {Disease Pereent,
100,000} UMM Age<14)

Albania 3300 2060 A0

Algeria P 8.7 7.1

Bosnia and Herzegovina 2718 21 0.9
Croatia 2080 229 5.2
Cyprus 1423 2.7 9.9

Egvpi 4123 7.6 5.2

France T0.6 2.3 12.6

Crrepce 135.1 318 0.8

Israel 77.1 23 10.3

Ttaly 1032 229 11.4

Lebanon 205.0 17.0 1.6

Libva 30 19.0 0.9

Malta 138.5 2.9 14.1

Muonaco 70.6 278 0.9
h[nn!mqgm- 3202 36.6 0.9
Marocen 26003 12.8 13.3
Slovenia 138.5 Z8.7 99
Spain 2.1 238 13.9

Syrian Arab Republic iT1s 17.0 5.1
Tumisia 2785 15.7 93

Turl_tm' 2.6 28 99

20
5672/22 ADD 1 AV/pl 21
ANNEX TREE.2.A FR/EN

www.parlament.gv.at


https://www.parlament.gv.at/pls/portal/le.link?gp=XXVII&ityp=EU&inr=88324&code1=RAT&code2=&gruppen=Link:5672/22;Nr:5672;Year:22&comp=5672%7C2022%7C

Country-specific incidence rates for childhood asthma are provided in the Global Asthma Report 2014
{13). For Asthma disease, the “Asthma Ever” data in the 13-14 vear-old age group reported in the
2014 Global Asthma Report 2004 (13) was used, and this pereentage was applicd to the population
fraction under the age of 14 Zheng et al (/1) provide relative risk (RR) factors for childhood asthma
[rom exposure to PAL . polluticn (Table 2 of Zheng), which were converled to B coellicients.

Avoided mortality and morbidity due to changes in Total Particulate Matter (PMrau) concentrations
were caleulaled using approaches mentioned above, consistent with other recent work in this area (5,
Fa) The total effect{ E) of changes for cach grid cell is given as:

E=AF-B-T

where B represants the incidence rate of the given health effect (Table 4.3-1)% P s the relevant
population. weighied by the age cohort; and AF s the attributable fraction of disease due to the
shipping-related PM pollution, and is grven by

RR-1
AF=3R

For 8 “linear™ C-R muodel. the response RR 15 given by the funetion (/7):
ER = F(CiCad
And therelore,
AF =1 = ¢fCeCh)
which leads to;
E=[1-ef&Cd].p.p

where B = 0L023111 (95% CT = 0013103, 0.033647) for cardiovascular mortality; B = 0031481 (25%
C1 = 0.006766, 0.035962) for lung cancer related montality (£ 10, 18} and where B 0002469 (95%
C1 = (001291, 0.003633) for childhood asthma morbidity (/7).

This approach follows WHO guidelines in the 2016 Global Burden of Disease (%) by combining
WHO-derived health incidence data with gridded population and ambient air quality data, The
functional form of the micgrated exposure response (IER) follows a modified, bul functionally
similar, form of the [ER recommended by the WHO,

44  Quantified Human Health Impacts from Exposure to Ship Emissions
441 Avoded Cardiovaseular and Lung Cancer Mortahity

Health outeomes are improved in all coastal arcas of all Meditemanean cosstal Stales. Figure 4.4-1
shows the combmed avorded lung cancer and cardiovaseular morabiy associated with implementing
the propesed Med S0x ECAL In many cazes. health outcomes are improved hundreds of miles inland.
Modelling results show a reduction in cardiovascular discase mortality of ~970 deaths vear and a
reduction in lung cancer mortality of ~ 130 deaths'year, Due to the interaction between air quality
improvements, population centres, mnd countrv-specific incidence rates, lspols where avoided
morality from reduced ship emissions is greater are seen. Clusters of these hotspots can be seen in
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Norih Africa as well as arens of the easierm Meaditerransan.

&9

Fignre 4.4-12 Combined aveided ling cancer and cardiovasenlar mortality with the proposed Med
SO ECA

442 Childhood Asthma Morbidity

Childhoed asthma health outeomes are improved in all Mediterranean coastal Sates. Figuire 4.4-2
shows the avoided childhood asthma morbidity associated with implementing the proposed Med S0y
ECA. Avoided morbidity in this case refers to the number of children experiencing one or more ship-
pollution induced asthima evenls ench year, In many instances, improved heallh oufcomes are
observed hundreds of miles inlmd, and in many Mediterranean coastal States experience the benelits
of the proposed Med S0y ECA over the entirety of their land area. Modelling results show a reduction
in childhood asihma morbidity of ~2.300 children experiencing one or more ship-pollution induced
asthma cvents per vear. As for morbidity. health outcomes are improved across large areas of the
Mediterrmnean coastal States, with o hotspol of avoidad asthima morbidity seen in North Africa and
ihe eastern Mediterranean.

Fignre 4.4-2; Averded childhood asthma morbidine with the proposed Med SEy ECA

443 Summary of Evaluated Health Benefits

The health effects estimated i this document are shown in Table 4.4-1, along with 95% confidence
intervals. It is estimated that improving to SECA standards from AMARPOL V1 would result in 964
avoided cases of cardiovascular mortality. and 149 cases of lung cancer moriality. Furthermore,
childhood asthma morbidity would be reduced in 2314 children under the age of 14 each year,
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able 4.4-1, Summary af health benefits evaluated for the proposed Med 500 BCA (madel vear 20200

Scenario Hesults Reduced Mortality Avaided Childhood Asthma
{Lincar C-R Model) | (annual premature adult deaths) Cunnual avoided incidents)
Redueed Mortality Reduveed Asthma Mor bidity
v O6H0
A .
oraty | 1959 551: 1412)

Health henefit of

: ; LC 149 Avoided 2314
> f::rr;r";;ﬂ”ed e | 1050532 270y | Childhood C195% 1211;
T Avoided (C1 95% 32 270) Asthinn ¢ =i ¥
Combined 1,118 J406)
Avioided (C1 95% S83;
Maortality 1682)

45 Summary of Impact of Emissions from Ships on Human Health

As deseribed above, cimissions from ships contribule to many adverse human health impacts. The
i!uﬁ'i_!_g‘l:ltllul'l of the pr::puwﬂ Med S0y ECA would reduce the risk of premature m::lrlilllllj.' and
contribute 1o the avoidanee of many morbidity-related health impacts. Thus, this proposal fulfils the
human health portion of enterion 3.1 4 of Appendix [T to MARPOL Annex V1
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5  Impact of Emissions from Ships on Feosvstems

Thas section presents further mformation building on Section 3 and Section 4, which addresses
etiterion 3.1.4 of Appendix LI to MARPOL Annex VI, as quoted:

an assessment that emissions from ships operating in the proposed area of
application are contribuling (o ambicnl concentrations of air pollulion or o
adverse environmental fmpacts. Such assessment shall include a description
of the impacts of the relevant emissions on human health and the
environmenl, such as adverse impacts o tarestnial and aquatic ecosystems.
areas of natural productivity, critical habitats, water quality. human health.
and areas of cultural and scientific significance, if applicable. The sources of

Criterion 3,14

relevant data 'mu:!'l.uﬁnE rncl‘hn:ln!ngiﬁ used shall be wlentified:

51 Owerview of Deposition Resulting from 504 and PM Emissions from Ships

Adr quality modelling shows widespread reductions in wet and dry SOy and PM, » deposition resulting
from fuel sulphur reductions due to the propesed Med S0x ECA. This indicates thal sensilive
ceosvslems and areas of caltural heritage around the Mediterranean Sea area would benchit from
improvements Lo environmental health resulting from the proposed Med 50y ECA

52  Environmental and Ecosystem Impacts and Areas at Risk

S0 pollution 5 formed during marme engine combustion, from available sulphur in marme fuel. 50,
emissions from ship exhawsts contnbute o the formation of sulphate (S0)) acrosols, which are small
particles. Sulphate aerosols are acidic. They can be transported while airborne over land or water,
where they may be deposited through wet (e.g. rain) or dry {e.g. gravitational settling) processes.
Increased acid deposition associaled with SOy emissions leads to delelenous effects on aguatic and
terrestrial ccosysteams. Sulphate deposition to waler leads (o lower pH levels in aguatic environments,
Lower pH levels alter sensilive ecosvstems as acid-intolerant flora and fauna species are adversely
affected, which can lead to wider trophic changes and ecosyslem shifls. Sulphate deposition Lo
terrestrial environments is damaging to planis. a8 increased acid deposition can lead 1o reductions in
mincrals and nutrients necessary for plant growth, as well a5 damaging foliage. which reduces
photosynthetic capacity. Furthermore, stmospheric sulphate has a light seattering effect, which can
lead 1o increased haze and reduced visibility, In addition o environmental impacts, acid deposition
can damags the material of buill structures and statues,

5.21  Sulphate (S0y) Deposition

Decreases in wel (Figure 5.2-1 and Figure 5.2-21) and dry (Figure 5.2-3 and Figure 5.2-4) sulphate
(50) deposition associated with the proposed Med S0, ECA show similar orders of magnitude, but
follow different patterns, Diecreases i wet sulphate deposition are largest in the westem and northern
Mediterranean and show reductions in SO d::pmiiiinn m.'ul.u'rlng far mland. Beductions in dry sulphate
deposition are more closely correlated to the high traffie shipping lanes. Taking the Mediterranean
Sea as a whole, the average reduction in wet sulphate deposition s 433 gha™ 4", and the maximum
observed reduction is 3,127.8 g ha' yr'. The maximum percent decrease in wel sulphate deposition
observed 15 14.23% (Figure 5.2-2: ), which ogcurred over the Strails of Gibraltar, The average percent
decrease in wel sulphate deposition estimated for the Medilerranean Sea area is 1.16%

The maximum pereent decrease in dry sulphate deposition observed is 48.13% (Figure 5.2-4). which
accurred over the Stmits of Gibraltar and extending eastwards towands Algiers in Algena. The
average percent decrease in dry sulphate deposition cstimated for the Mediterancan Sea area is
1.95%:
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Fignre 3,24 Percent decrease i ammial dry silpfiate deposition between MARPCL IT and the
proposed Med 80 BCA

522 PMlyaa Deposition

Changes in wet (Figure 5.2-5 and Figure 5.2-6) PMy. deposition associated with the proposed Med
806 ECA are two orders of magnitude greater than decreases in dry doposition and follow different
geographic distmbutions, Decreases in wet Phlyaa deposition arg largest in the western and northem
Medierrunean and show reductions i PMraw deposition far mland, Reductions i dry Phéro
deposition (Figure 5.2-7 and Figure 5.2-8) are more geographically limited o western Spain.
northern Algeria, the Alps, and wsolsted areas in Greece, and dry PMyqq deposition actually increases
over water along e main shipping lane through the Straits of Gibraltar, past Malta and over owards
the Suez.

The maximum pereent decrease in wel PMraa deposition ohserved is 4.58% (Figure 5.2-6). which
occumed over the Stenits of Gibraltar, The average percent decrease in wel Py deposition
estimated for the Mediterranean Sea area is 0,25%,

The maximiim percent increase in dry PMyaq deposition observed is 8.45% (Figure 52-8), which
eccurred over the Straits of Gibraliar and extending castwards towards Algiers. The average percent
change in drv sulphate deposition estimated for the Mediterrancan Sea aren is 0.66%, indicating that
dry PMyaw deposition increases overall when going from MARPOL VI to the proposed Med SOy
ECA. but shows significant geographic variation.

W n- e ] oy om =
E
wn -'\. e d
- -ﬂ'ﬂl-;
a¥n " '\ B
o -
st \_ - Ao 218
v ' ]
¥ " awm
. g
. " { w1 g
LT e !
1w T 0 2
e IR E
-0y
W Lo ire e ot

Fignre 5.2-5; Degrease in anmal wet Py deposition benveen MARPCL 1T and the proposed Afed
S ECA

26

5672/22 ADD 1 AV/pl

ANNEX

TREE.2.A

www.parlament.gv.at

27
FR/EN


https://www.parlament.gv.at/pls/portal/le.link?gp=XXVII&ityp=EU&inr=88324&code1=RAT&code2=&gruppen=Link:5672/22;Nr:5672;Year:22&comp=5672%7C2022%7C

2
i
Porcerd DEEAEncE ba Korul Wi Py D pouton (%)

new
sxw -4
aw c : - - -
15w o 1te e E
Fignre 3.2-60 Percent decrease n anmial wer PAnay deposition beoween MARPGY. 1T and the
proposed Med 86 BCA

g

=
-
&
g
Difterands = Anvual Dry P, Depouls [g.m™ Ly ")

3
i

Ll ]
LT
RN
xR L
£ 1 W kL
Fignre 3.2-7: Change in anmnal dry P g deposition between MARPOL 1T and the propased Med
SOy ECA

5
Pareel Dfannnde i Al Dy M ey Derdedition (1)

:

i

Fignre 52-8: Percent chonge tn annual dry PMpes deposition bepwaen MARPOL 1T and e
proposed Med Sy ECA

27

5672/22 ADD 1 AV/pl 28
ANNEX TREE.2.A FR/EN

www.parlament.gv.at


https://www.parlament.gv.at/pls/portal/le.link?gp=XXVII&ityp=EU&inr=88324&code1=RAT&code2=&gruppen=Link:5672/22;Nr:5672;Year:22&comp=5672%7C2022%7C

523  Change in Visibility

The estimated percent increase in Pl aerosol optical depth is shown i Figure 5,229, ncreases in
aercsol optical depth are associated with reduced haze and increased visibility. This figure shows a
widespread increase in acrosol optical depth over water areas of the Mediterranean Sea and extending
Far inland owver North Africa. That greatest increases in PM acrosol optical depth occur over the Straits
of Gibraltar and northem Morocco and Algenia, and along the mam shipping lane connecting the
Siraits of Gibraltar, Maita, and towards the Suee,
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Fignre 3.2-9: Percent Chare in aerosed aptical depily (PM species] berweent MARPOL VT and the
pr-olr:-.':.u:'e,l".'nfn:cfﬂf'}. ECA

53 Impaects Assochated with Deposition of PAV - and Alr Toxles

Deposition of Phls and toxic air compounds can contribute W create acidifving deposits, contribute
1o eutrophication, lead to lower pil levels in surface waters, ports, and harbours and lead 1o increases
n heavy metals and polveyelic sromatic hydrocarbons (PAHs), Deposinon can occur i either wel o
dry Torm. Wet deposition occurs when PM, acidifyving compounds, and toxic substances are deposited
through precipitation. serving as cloud condensation nuelei. and dry deposition occurs when particles
iransmitted by atmosphenc processes settle on terrestrial o manne enviromments, Coastal areas
receive the greatest deposition of oxidised sulphur from ships, potentially up 1o 70%6. Cn & country-
wide hasis, coastal drens of countrigs where this deposition from ships may occur may account for 5-
70% of total sulphur deposition in Mediterrancan coastal States [CITE Jonson ¢ al 2020], depending
ok The country. size, and peoxamity to shipping fraflic.

The Mediterranean is identified as a sensitive ecosystem [Turley1999] and as a region of high marine
biodiversity, wilh more than 17.000 listed maring species oceurring in the region [Coll 2010]. The
Mediterrancan s subject 1o a suite of anthropogzenically driven challenges o its biodiversily,
including habitat loss sl degradation, fishing impacts, climate change, invasive species. and
pollution [Coll 2010], The pH of the Mediterranean Sea has been decreasing rapidly [Flecha et al
2015] with acid depositicn from ships contributing to the scidification of the region [Jonson 2020,
Teuchies 2020].
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Deposition of PM:» and other substances in chip emissions contribules to acidification of marine and
freshwaters [CITE Hasselov et al., 2013, Jonson et al 2020] and terrestrial ccosystems [CITE
Cerro2020]. Acidification aliers biogeochemical eveles and affects aguatic and terresirial animal and
plant species [Jakevljevie et al 2019). Furthermore. acidification of marine environments reduess the
acid buffering capacity of the waters, which coupled with acidification-altered physiclogy and
nutrient cyeling, can lead to allered food chains and fish stocks [Hilma et al 20014, Dupant and Porner,
2013]. Fisheries in the Mediterranean Sea and Black Sea generate annual revenues of USD 24 billion.
directly employ around 230,000 people onboard Oshing vessels, and feed hundreds of thousands of
people in the region [FAD 2018). Around half (47%) of fish stocks in the Mediterranean Sea are
characterised as having low bicmass, with another 31% characterised as having intermediale biomass,
and most stocks in the region are overexploited [FAC, 2018].

Cleaner fuels may also contain fewer heavy metals and toxie chemical compounds, Air loxies include
chemneal compounds such as Polveyelic Aromatiec Hydrocarbons {PAHs) and heavy metals, which are
present in marine fuels and are released o the atmosphere during combustion. Heavy metals released
dunng combustion of marne fucls include nickel, vanadium, cadmium, won, lead, copper, zme, and
aluminium [Agrawal2008]. PAHs and heavy metals are known Lo cause several detrimental conditions
in lerrestrial and agquatic organisms, including physiological impairments, negatively altered growth
and population dynamics, and moriality. PAHs and heavy metals are known fo bioaccumulate,
affecting mulliple levels of trophic webs [Hasselov2020, Logan 2007], with apex predalor marine
mammals accumulating high levels of PAHs and metals in their tissues | Monteino2020).

The Medilerranean coastal States are home to numerous areas of cultural heritage, including many
siles thousands of years old. Wel and dry deposition of acidic substances are known to react with
carbonate stene, including marble and limestones [Livingstong2016], that are found throughout the
Mediterranean and widely used in the construction of cultural hertage sites [Calve and Regueiro
2010). The karst effect, carbonate stone naturally dissolving in rainwater since calcile is soluble in
water, can be aceclerated by deposition of anthropogenic air pollution. Reduced sulphur and PM
emissions from ships mitigates this effect.

The Medilerranean Sea area is home to abundant biodiversity in terrestrial and aguatic ecosysiems,
fisheries that generate billions of dollars annually for the regional economy and employ and feed
hundreds of thousands of people. and a rich cultural heritage. The benefits of the proposed Mad 50
ECA summansed m Section 5.4 and Table 5.4-1 show widespread reductions in wet and dry sulphate
and PM deposition, as well as improved visibility. The implications of reductions in sulphate and PM
deposition are clear. The proposed Med SOx ECA will lead to improved ecosystem health and
fsheries, reduced impacts o the sensitive biodiversity in the region, and mmproved longevily of
important sites of cultural heritage in the region.

54 Summary of Environmental Benefits

Sulphate deposition reductions are a proxy indicator for potential change n pH acidification io
aquatic and lemestnal ecosystems. Phlruw deposilion reductions are a proxy indicator for potential
change in other particle and nutrient effects, Note that Dry Phliwy deposition indicated some regions
wilh small imcreases m deposition. due o non-linear PM formation responses with the reduction of
sulphates, consistent wilh findings reported in science literature. Aerosol optical depth is a proxy for
inereased suspended particles affecting regional haze and visibility impairment, an increase in acrosol
optical depth indicales an improvement in visibility

[t is also noted that while this analysis focuses on benefits to the Mediterranean coastal States, human
healih and environmental benefits may extend fo countnes outside the Meditermnean Sea area.

29
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Table 3.4-1. Summary of provies for other benefits associated with the propesed Med S50 ECA

Environmental Benefit Proxy Relative Range of Change (%a)
Wel sulphate deposition 1o 15 % reduction
Dy sulphate deposition 1 1o 50 "o reduction
Wel Phlyo deposition 0.5 to 5 "o reduction
Dy PAY e deposition (o 10 %a reduction
Acrosol optical depth (Ph-related) 1% to & %o merease

55 Summary of Impact of Emissions from Ships on Environment

As deseribed above, emissions from ships contribule 1o an increased deposition of acidifving species
and PM. The designation of the proposed Med 50y ECA would reduce deposition of acidifving and
paﬂiuulﬂtu 5p1.1’::i|.‘11 across the Mediterranean Sea area and lead 1o impfm*cmuuls i \'isib‘ilil}. Thus,
this proposal fulfils the environmental health portion of eriterion 3. 1.4 of Appendix 1T to MARPOL
Annex VI

6 Role of Meteorological Conditions in Influencing Air Pollution

relevant information pertaining to the meteorolopical conditions in the
proposed area of application. to the human populations and eovironmental
Criteriom 3.1.% areas al nisk, i particulsr prevailing wind patterns, or o (opographical,
geclogical, oecanographic. morphological. or other conditions that contribute

1o ambient concentrations of air pollution or adverse environmental 1mpacis:

Meteorological conditions in the Medilermanean Sea area transport to land a significant portion of
emigsions from ships at-sea and the resulting pollutants formed in the stmosphere. The cmissions
from ships of S0k and their derivatives (including PM) can remain airbome for around five to len
days belore they are removed from the almosphere (e.g., by deposition or chemical transformation),
During the time from being emitted inte and removed from the air. pollutants can be Iramsported
hundreds of nautical miles over water and hondreds of Kilometres inland by the winds commonly
abserved m the Mediteranean Sea arca. The analysis conducted for this proposal imdicates that winds
frequently blow enshore in all areas of the Mediterrancan Sea. Some wind paltems are more common
than athers, thus the impact of air pollution from ships at-ses is larger on some areas than on others,
Further. airbarne transport of SCh and PM from ships erosses national boundaries. adversely affecting
large portions of the Mediterrancan coastal States,
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7 Shipping TrafMic in the Proposed Avea of Application

This section presents information that addresses eriterion 3,16 of Appendix I 1o MARPOL Annex
VL as quated:

Criterion 3.1.6 the nature of the ship traffic in the proposed cmission control area, including

the paiterns and density of such wrallic,

7.1 Shipping Traffic Patterns

Geographically, fuel consumplion is daven by regional shipping pattemns. The highest fael
consumption is observed ar the western end of the Mediterranean Sea ot the entrance (o the Straits of
Gibraltar, in the central Mediterranean Sea ofT of the north const of Tunisia. and at the castem end ol
the Meditermanean Sea at the entrance to the Sues Canal (Figure 7.1-1), Belative el consumphion
pattems are unchanged in the various scenario yeirs.
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Figrre 7. 1-1; Baseline 2006 FFC fuel use

Baselme (2016) fuel use mveniories show total finel use of 19.16 million fonnes i the Mediterranean
Sea aren (Table 7.1-1) AlS data show 33,163 unique vessels operating in the Mediterranean in the
haselime 2016 vear,

The dommant fuel used i 2016 was HFO (78.8%). MIX3 was the next most commonly used fuel
(17.2%), and MGO and LNG comprised o snall fraction of overall fuel wsage (28% and 1.3%,
respectively). The STEAM model predicts that under MARPOL V9 the Mediterrancan Sea arca
overall fuel oy wall switch o 95.5% MDO and 3.1% MGO, and 0.8% LNG. HFO fuel use Ralls o
0.6% under MARPOL VI conditions. and eontinues 1o be usad by o small number of vessels currently
cyuipped with EGCSs. STEAM modelling outputs indicate that improvements in power system fuel
goomonmy and vessel cconomies of scale result m 10.8% overall fuel consumption decreases m 2020
from 2016, accompanied by fisel switching.

Under the proposed hMed SOy ECA scenario, the STEAM model estimates total fuel use equivaleni 1o
the MARPOL VI scenaro, but changes to 97 7% MGO and 1% MDO fuel mix. HFO and LNG fuel
wsage is unchanged in the proposed Med 80y ECA scenarios compared 0 the MARPOL V1 fiuel
consumplion (Table 7.1-2).

i
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Fable T0-1. Baselme yvear (2006) fusl wsoage and preojected 2020 fuel neage under MARPOL VT and

the propased Med S0 ECA seenarias

MT Med 2006 Baseline | MARPOL VI 2020 | Proposed Med SOy ECA 2020
Total Fuel 19, 160,000 17, 100,000 17,100,000

MGO 5420040 F22.000 16, 700,000

MO 3,290,000 16,340,000 164,000

HEOQ 13,050,000 94,5900 4, 700

LNG 24300 141,000 138,001

|lll'|r1I\.

and e prapased Med S0 FCA scenarios

1-2 Fuel mix percemtages for the Mediterranean Sed area in 2006 and under MARPOL 1T

Fuel Allocation I’re—.‘h‘I.-tR]'ﬂl. "-I'I l‘l.-‘le’ﬂl‘. vl Prupnm{ Med .HU" ECA
Baseline Fuel Mix Fuel Mix Fuel Mix
MGO 28% 3.1% 91T
MDO 17.2% 95.5% 1.0%%
HF( T8.8% 0.6% L.6%
LNG 1.3% (1.8% L.8%%

T.2

Summary of Shipping Traffic in the Proposed Area of Application

The nature, pattens. and density of ship traffic in the proposed Med S50 ECA have been described
These shipping patierns form the basis for fuel use and emissions inventory modelling, which is an

input to air guality modelling. Thus. this proposal fulfils critenion 3. 1.6 of Appendix I to AMARPOL
Annex VL
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8  Control of Land-Based Sources

This seetion presents mformation that addresses cnterion 3,17 of Appendix IT1 1o MARPOL Annex
V1. as quated:

a deseription of the control measures taken by the propesing Party or Parties
addressing land-hased sources of MOy, 50y and particulate maiter emissions
Criterion 3.1.7 affecting the human populations and envirenmental areas al risk that are in
place and operating concwrent with the consideration of measures to be
:u;lnp[r:d i relation to pm'l.'i.uinns :thrcgul.‘l.h'uns 13 and 14 of Annex VI and

81 An Identification of Existing Land-Based Measures for the Control of S0y and PM
Emissions in the Mediter ranean Coastal States

This section presents a systematic review of air quality and pollution abatement policies undertaken
country-by-country for the Mediterrancan coastal Stales that are Contracting Partics 1o the Barcelona
Convention,

All Mediterrancan coastal States have adopted measures for the control of emissions from land-based
sources. The extent and implementation of these measures vanes across the region, with European
Union (ELT) standards representing the siriclest standards for ambient air quality and emission
reductions. In tofal, the effect of land-based regulations has led emissions from transport and non-
transport sources in the Mediterramean coastal States overall to decline by around half since 1975,
with larger reductions on a country-hby-country basis,

Land-based measures mclude those that regulate stationary and mobile sources of pollution on land.
Analvsis of land-based measurcs 15 presented in three phases. First. a systematic review of available
public policies, laws and regulations identifies the set of policies, by country, aimed at reducing 50
and PM polletion from land-based sources. Land-based sources of pollution include stationary
sources, such as power generation facilities and industrial plants, and mobile sources. such as trucks,
cars, and buses, Land-based emissions also nclude non-poml source emissions. though those are
typically nol relevant for anthropogenic sulphur dioxide (S0 ) and PMy s emissions. Second, analysis
af emission inventory data identifies sectoral reductions in 5O, and PM emissions, Third, analvsis of
regional data from air quality monitoning stations identifies complianee with PAL - standards.

Criterion 31,7 of Appendix [ to MARPOL Annex VI requires a description of the control measures
laken by the proposing parties to address land-based sources of S0y and PM emissions affecting
luman populations. This seclion presents a synthesis of national and intermational-level policies,
describing land-based efforts for S0y and PM abatement m the Mediterrancan coastal States that are
Conlracting Parties to the Barcelona Convention, inclading those relevant to transportation  and
slationary sources. Existing measures are reporied on a country-by-country basis, where available,

The Contracting Parties 1o the Barcelona Convention are Albania, Algena, Bosma and Herzegovina,
Croatia, Cyprus, Egypt. France, Greece, lsrael, laly, Lebanon, Libya. Malta, Monaco, Monlenegro,
Moroceo, Slovenia, Spain. the Synan Arab Republic, Tumsia, Turkey, and the European Union,
There are eight countries that are both Contracting Parties to the Barcelona Convention and Member
States of the Ewropean Union. These countries are Croatia, Cyprus, France, Greeee, ltaly, Malia,
Slovenia, and Spain.

Country-level deseriptions are included in the following sections and summarised in Table 8.1-1.
denoting the presence of laws and regulations related to stationary and mobile source control of S0

and PAL s
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Fahle 8.1- 1. Lond:boayed measures identified of the conntry-level for S0 and FAL: 5 polhition contral

Countey lfe_rn ey Sl““’? "f“hr Transportation Slfni"““r'v
o Furopean Union Sources

Albania Candidate country X x
Alperia N

Bosnia and Herzegovina X X
Croatia X X X
Cyprus = X X
ey pt by X
France X X X
CGrreece X X X
Israel X x
Italy b b X
Lehanon X x
Libva X

Malta X X X
Muonuaco X X
Montenegro Candidate country X X
Maoroeco by X
Slovenia b x x
Spain X X P, ¥
Syrian Arab Republic X

Tumisia X x
Turkey Candidate country X X

811  Albama

Albania 15 in the process of applving to become a Member State of the European Union. Albhama has
been priorilising measures to align national air quality legislation with EU policies and has fully
transposed the EUT Directive 200850/ EC into national law by the adoption al law ne. 16273014 "On
profection the ambient air quality” and DOM Mo, 352 dated 29.04.2015 "On air quality assessments
and requirements conceming carlain pollutants” thal prescribes reference metheds for air quality
assessment. On 21 March 2007 Decision 147, goveming the sulphur content in fuels, was adopted.
Decision 147 limited the sulphur content of fuels to 10 ppm, aligned with the ELT standards,

8.1.2  Algena

The average fuel sulphur content for transportation sasoling fuels s 100 < 130 ppm and diesel s
restricted to 2500 ppm in Algeria®, This is equivalent to Euro 3111 emission standards for gasoline,
and Eure 17 standands for diesel, Only new velueles leaving the Betory are admitled for sale in
Adgerian lerritory.

Ol weddies une s arg bildtreim hand e 20 500 ] 8222533 3 FuelDualiyEm issionSndapd Dy ¢l opaients pdi
'seguenee - 38l owed -4
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813 Bosmaand Herzegovina

Ambient air quality standards in Bosnia and Herzcgoving are aligned with EU standards, though
implementation and enforcement of the legal famework for ar quality are in development (UN
2017y The Law on Air Protection (OG FBIH No, 3303, 4/10) provides for monitoring of cmissions
fram stalionary sources, development of monitormg plans, and the development of momlonng
nelworks, Furthermore, Continuous emissions measurement al large combustion plants is provided for
in Aricle 18.

814 Egypt

The primary law governing air pollution in Egyvpt 18 Law 419947, Under Law 4. Anticle 35, the law
provides that emissions of air pollutants should not exceed those permitied by the regulations. Law 4
doecs ot specify those standards, directly, and they are mstead presenbed by executive regulations.
The Drall Executive Regulation for Law 92009 sets oul the ambient air quality standands Tor Egypt as
shown in Table 8.1-2.

Fahle 8.1-2. PM o and S0 arbient air quality standards 1 Egypt

Pollutant Period Standard
24h 150 pg'm’

My Iyr 100 pgm'
2dh 104 pgm’

PMs Iyr T pgim®
1. Industrial 200 pp'm*

1h, Urhan 350 pg/m’

§0 24h, Industrial 125 pg'm’
o 24h, Urban 125 pg'm’
1vr. Industrial S0 ppm®

1vr. Urhan ) fp'm*

[n 2004 the national air quality strategy framework was formulated by Egyvpt in collaboration with
USAID n order to improve urban ar quabty (Waorld Bank 2013). Egypt mplemented legislation
requiring catalytic converters in imported vehicles and has endorsed the use of compressed natural gas
(CNG) as a transportation fuel due to s lower pollutant emissions profile {Abbass, Komar, and El-
Crendy 2018). Egypt implemented a stralegy o address the ssue of open waste burning and as of 1994
the cement industey has been subject 1o emssions regulations sel by Law 41994 (Abbass, Kumar, and
El-Gendy 2018),
815  European L'nion
The European Union introduced their first air guality directive in 1970 Since then. the ELT has
implemented policymaking to improve air quality. by controlling the emission of pollutants to the
atmosphere, improving  quality of tansport fuels, and cross-sectoral environmental protection
measures, Clean air policy is based on three central lensts:

1. Ambient air quality standards:

2. National emission reduchion commitments; and

3. Emission and energy efficiency standards for key sources of air pallution.

The ar quality legislations of Croatia, Cypros, Frimee, Greece, Italy. Malta, Slovenia, and Spam are
fully aligned and harmonised with European Union legislation. described in this section.

* hbtp: iy eemm oy o en-ts T awsleny vk aspis
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The Clean Air Programme for Europe® 15 aimed at tackling poor air quality in the short term through a
range of measures. including light-duty diesel engines, tightening existing legislation, enhancing
technical capabilities, and the ambient air quality directive, In the long term, the Clean Air
Programme for Furope is expected to reduce premature mortality by 37% and reduce ecosvstem
damage through cutrophication by 21%0 i 20235,

There are eight countries that are both Contracting Parties to the Barcelona Convention and Member
States of the Ewropean Union. These countries are: Croatia, Cyprus, France, Greece, laly. Malta,
Slovenia, and Spain, The national legislations of these countries Tully transpose and are [ully
harmenised with the ELT legal provisions,

Recently, the EUT has undertaken the 2019 European Green Deal (COM2019640 final). Europe's
2030 climate ambition (COM{2020) 562) and the Sustainable and Smart Mobility Stralegy
(COM{2020) 739 final, SWIN2020) 331 final). and undertakes 1o acl on a sel of environmental
policies, including chimate change, biodiversity loss. cireular economy, oceans health, including 1o
reduce pollution from ships. Under the Green deal. the engoing revision of the Ambient Awr Cluality
Directive (AAQD) will sl increasingly stringenl standards for air quality and provide guidanee for
facilitating meeting those standards, A recent report from the Evropean Environment Energy Agency
shows significant proportion of the burden of discase m Eumope continues to be attributed 1o
environmental pollution resulting from human activity®, Te address this, in June 2021 the EU will
adopt the Zere Pollution Action plan,

Marine vessels are ineluded i EU policvmaking. On the sea-going vessel side, the EU Sulphur
Directive ( Directive 2016/802) requires that vessels calling any European ports have an obligation to
switch to 01004 5 m'm at berth for calls longer than 2 hours. This obligation to use less polluting fuc]
oil in the ports, is in force since 2003 (Directive 199932), Additional to the at-berth requirement,
prior to INO 2020 going into effect, passenger vessels on regular service were required to use 1.50%
S mim fuels, On the port stde, the Fuel EU Maritime initiative! and the revision of the Allernative
Fuel Infrastructure Dircctive the Allernative Fuel Directive will contain mandalory provisions for
ghore power and allemative fuels to significantly reduce ship emissions in ports as well as coastal
argas,

8151 EU Ambient Air Quality Standards

The Ambient Awr Cluality Dircetive (200850/EC) seis limits for atmospheric comcentrations: of
pollutant species in the EUL including S0 and airtbome Phho and PML.. These standards are
implizitly linked with transport and stationary source emission standards { EEA 2020b),

Ambient Air Quality Directives require Member States of the European Union to assess air quality in
their territonies and implement plans 10 maimtain compliant air quality or reduce emissions and
improve air quality in regions where standards are not met.

Atmosphieric concentrations of PALyy, PALs, and S0, are each governed by the EUY Ambicnt Air
Cuality Directives and are subject to the temporal standards laid out in Table %1-3,

36
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Table 8 1-3, Selecred EL Ambent Air- Cleality Dhrective pollution concentration standards

Pollutant Period Concentration Moles
PMio 1 Dras 50 pe/m? ]:III'Iil For no more than 35 davs per vear
i Calendar Yer 40 uE'm* Tt
Calendar Year 25 we'm’ limit
PMas 20 ug'm’ Concenlralion expostre obligal
o) M.E m ONCEN (L] ¢!\.}k1&‘1|.|.ﬁ,. Q IEE {1%]4]
1 Heowir 350 pzm? limit For no more than 24 hours per viear
S0 500 pgm’ Alert threshold for 3 hours in 100 km® zone
1 Day 125 pe'm’ limit For noo more than 3 davs per vear

132  ELU Wational Emission Reduction Commitments

Mational emission reduction commitments were established m the 2006 National Emmssion Ceilings
(NEC) Dirgetive (ELT 20163, which require Member States of the European Union to develop air
pollution control measures o meet their commilments''. Under the NEC Directive the FL-2%
committed o dropping 8Os emissions from 24,747 Gg'* in 1990 10 20314 Gg m 20018, and PN s
emissions from 19817 Gg m 19940 10 1,253.5 Gpin 2018 (Figore 8.3-1). These commitments

represent emission reductions of 91.8% for SO, and 36.7% for PM.« (UNECE 2019).
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All Member States of the European Umion are working to remain m comphance with therr NEC
commitments lor S0k, Cyprus is the only Member State of the Evropean Union and Contracting Party
1 the Barcelonn Convention that is pol on track to meet their 2020 commitment for 502
Additionallv, Cyvprus and Slovenin are nol on track o meet their Phss commitments n 2020
(Furopean Commuission 2020). Spam 15 projected o comply wath ther NEC commitments for Phizs
for 2020 under their existing policies and measures, and witl their 2030 commitments under the
additional measures scenano'. The 2' Clean Air Qutlook ' has shown prospects for the air pollution
sttuation in the EL up to 2030 and bevond.
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8.1.53  Emission and Energy Efficiency Standards

EU Directive 98 T0EC lays out initial emission standards for patrol and diesel fusls mended for the
use of vehicle propulsion. Under articles 3 and 4. the directive requires a masamum sulphur content of
10 mp ke { 10 ppm) for petrol and diesel fuels in Member States of the European Union.

Sinee | January 2016, large combustion plants have been regulated in the EU through the Industrial
Emissions Directive (IEDY (201075EU). which imposes minimum requirements for emissions of
mitrogen oxides (NOw), 50 and dust. Under TED 2000/ 75 FL combustion plants are required 1o use
the best available technigques (BATs), or equivalent techniques for emission control. As emission
limits are ticd to BATs, which are spdated over time, there is nol any overarching preseriptive
standard beyond those referenced i BAT reference documents (BREFz),

Energy efficiency is governed by the Energy Efficiency Directive (201227EL) in the ELL which sets
out an energy elficiency goal of 20% hy 2020, relative 1o the 2005 baseline. The Energy Efficiency
Dhirestive was revised upwards in 2018 (EU Directive 201872002), sefting a new energy efficiency
targel af 32.5% by 2050, meluding an annual reduction of 1.5% m national encrgy sales. In 2017, 16
slales were nhgnml with their encrgy consumplion lrajectories, which iff maintamed, would dllow
those states to meet ther 2020 final energy largets. Overall, final energy comumplion in the EU-28
was 5.7 bower in 2017 than in 2005'",

Policies related to large combustion plants (LOPs) decreased total fuel wse in the EU by one fifth,
while thermal capacity increased by one tenth between 2004 and 20135, Facilities: with more 1.OPs
powered by solid and liguid fuels were penerally less efficient than LOPy with & greater share of
bicmmass and natural gas. These policies led to a T o decrease in S0, emissions Fom 2004 to 20015

816 Israel

The: Clean Air Law" came into effeet in January 2011 in Israel (Ministry of Envirenmental Protection
2019). The law provides a comprehensive framework for the reduction and prevention of air pollution
by establishing emission limits. creating a system [or permitting emissions, publishing air quality data
and forecasts, and momitoring air pollutants, The Clean Ar Law sel an average ambient ar
concentration of S0 at an average of 350 pp/m® over an hour. 530 pg/m* over a 24-hour period and 20
pgm’ annoally. ALy average limits were set st 50 pg/m® over a year and 130 pg/'m?® over 24 hours,
(Negev, 2020)

On the transport side. vehicle emission standards are aligned with EU standards, with diesel and petrol
sulphiur content Tmited to 10 ppm.

$.1.7 Lechanon

In the transportation sector, Decree 84422002 defines the sulphur standards for gasoline at 0,05%
(300 ppm) by weight, and diesel ol at 0.035% (330 ppm), as amended by decree No. 3795 dated
30/6:2016 stating the modification of the table No. 3 in the law No. 8442, by requiring an additional
test the ratio/ percentage of FAME biodiesel up to & maximum limil not exceeding 7% volumetric on
the applicable laboratary tests for Dissel Oil according 1o the test method ASTM DT371 or ASTM
D7963; along with additional laws designed to reduece ar pollution from the lransport sector by

i WMMMhmemmmwmmMmum
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discouraging imports of older vehicles (Law 341, Law 380, and Law 453) and incentivise the use of
public transport {Decres 8941°2012)) { Mok 2017).

In the energy and industrial sectors, MoE Decigion 8/1-2001 defines emission limits for stack
emmssions and cffluents from new amd existing combustion planis and mdusinal cstablishments
generaling emissions.

Ambient air quality standards for Lebanon are shown in Table 8.1-4.

Fable 814, PM . and SO0, estbignt air guality standiirds i Lebanon

Pollutant Perind Standard
PAdis 24h Bl ppm!
1h A50 ne'm’

191 24h 1) pg'm’
Tvr &0 pE.'rnJ

818 Libya

Libya has been heavily affected by regime change in recent years. Air pollution in Libya has
previously been regulated under Article 10-17 of law no. 15 of 2003 (UNEP 2015a). Envirenmental
law 15 stipulates that vehicles pass internal combustion and fucl quality tests, though exhaust gas lests
are not performed. UNEP identify a 10,000-ppm sulphur limit in Libya, though they also note that the
dominant fuel in the market has a sulphor content of 1,500 ppm,

819 ANonaco

Sustainable development i Monaco s yeflected in Act No. L4536 of 121272007 concernmg the
Environment Code. which covered all aspects of pollution. energy. and environmental management
(Principaute de Monaco 2019). Under the Kyoto Protocol. Monace set a target of improving energy
efficiency by 0% by 2020 and transitioning 20% of final energy consumplion to renewable sources.
Furthermore, Monaco has sel a goal o be carbon neutral by 2050, with an interim goal of 507 by
2030, compared fo 1990 levels,

In Part I1 of the Code of the Sea. Chapter V' specifies that all ships cquipped with diesel engines must
use fuels compliant with 0.10% 8 m'm standards. or alternatively be equipped with closed loop
EGCS."™

S L10 Alontencgro

Montenegro is 4 candidate country for entry into the EU and & in the process of inteprating EU
legislation o the system of national laws, Onée a member of the EU, air quality policies in
Montenegro will be harmomsed with the EL svstem of laws.

In 2010 Maontenegro enacted the Law on Air Protection (OG 25/10, 40'11) 1o define a framework for
air protection. The law lavs oul a ringe of measures for improving air quality. including selling
emission limits for stationary and mobile sources and setting national cmission ceilings for specilic
pollutants (UNECE 2015), Where air quality largets are nol mel, regional authorities should adopl ar

" bt o ldememico gouy meen Jourmsus/ 201 8 Jowmal -8 393 Crdonnance - Souyemme-n-7 04l y- 20
0] Borelitivei-la-prevention-de-li- -gle-|-atimespheie ol

dispositrons-du-{Upde -de-la-mer

5

- -T Vg-ii- - pr g

il -Cerajifhes-

o

5672/22 ADD 1 AV/pl

ANNEX

TREE.2.A

www.parlament.gv.at

40
FR/EN


https://www.parlament.gv.at/pls/portal/le.link?gp=XXVII&ityp=EU&inr=88324&code1=RAT&code2=&gruppen=Link:5672/22;Nr:5672;Year:22&comp=5672%7C2022%7C

quality plans to mitigate emissions.

Montenegro has also enacted a 2005 law on Integrated Prevention and Contrel of Environmental
Pollution (OG 8005, 5409, 40011), which lays out the policies for penmitting polential sources of
enviranmental pollution.

£ L1 Moroceo

As of 2018, the maximum sulphur content in gasoline fuels in Morocco was 50 ppm. and 15 ppm for
diesel'®, Morocco has also irnpt:rnunlr:rl a set of urban tr:msp-uﬂ.ﬂl:itm imitialives aimed at rt:d!:cing
GHG emissions by up to 50 MMT COhe (carbon dioxide equivalemt). These stratepies include
tramway extensions, modal shifts 1o low carbon transport systems. and expansion of aliemative fucls
anil renewable enerpy.

Though details on the air quality benefits of these programs are not available, they will likely have
beneficial elfects on ar quality in Moerocco, in addition o quantified GHG benefits,

8.1.12 Syrian Arab Republic

The energy sector i the Syrian Arab Republic has been heavily affected by conflicl, which caused
damage and destruction 1o enerpy mfrastructure. mcluding production plants, treatment facilities, and
pipelines, Futhermore, the energy sector has been affected by economic sanctions imposed on the
country, In parallel with these evenis the Swrian Arab Republic has seen CU); emissions from the
encrpy seclor drop from around 75 AMMT COwe in 2001 to areund 3005 MAT COze in 2016,
Similarly. encrgy demand has fallen by over 50% from 25 MMT in 2011 to 10 MMT in 2016

The Syrian Arab Republic adopted national ambienl air quality standards in 20011 and in 2012 under
Environment Law Mo, 12, Though fuel sulphur limits are high in the Syrian Arab Republic (6,504
ppm) (UNEP 2015b), the Syrian Arab Republic is engaging a lransportation stralegy lo mitigate
emisstons in the transport seclor emission slandards, improved fuel guality, and encouraging the use
of gas powered buses and altematively fuelled vehicles (Syrian Arab Republic 2018),

£ 113 Tumisia

Article § of Tunisia’s Air Pollution and Noise Emissions Law No. 88-91 dictates that any industrial,
agricultural, or commercial establishment as well as any individual or corporate enlity carrying oul
activity that may cause pollution 1o the environment is obliged to eliminate or reduce discharges.
Tunisia 15 a member of IS0 and adopied [SO 14,000 serjes standards™.

As of 2018, the maximum sulphur content in gasoline fuels in Tunsia was < 10 ppm?', and diesel
sulphur coptent is limited 1o 50 ppm, Tunsia has an import resinction on vehicles over 5 years old.

5114 Turkey

In the transport sector, Euro 6 vehicle 6 emission standards became applicable in Turkey in 2017, and
fuel sulphur = aligned with EU dircetives and regulated at 10 ppm (UNEP 201 35¢).

According to information provided by Turkey lor this report. the Ministry of Environment and
Urbamization started to prepare strategical air quality maps to facililate the decision-making process.
Clean Adr Action Plans of the provinces are being monitered electronically for the measures taken for
air quality,

I* See footnote 13
n 3,0 YRR fu,
A e footnote 13
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In onder to comply with the EU regulations, Turkey is integrating the policies under the topic of air
guality step-by-step into national legislation. The “Technical Assistance for Transposition of the
Large Combusiton Plants Directive for Better Air Quality™ Project was resulted on addressing the
compliance status and needs of large combustion plants under the scope of the industrial emissions
dirgctive (TED), In this project, an iventory of large combustion plants i Turkey, a. web-hased
database for reporting and RLA report were prepared.

The “Support to the Implementation of Integrated Pollution Prevention and Control Directive in
Turkey™ (IPPC) project, has been conducied by MoEL during 2011-2014. In order (o determine the
compliance status of installations in Turkey with the [ED. sectoral projects (large combustion plants,
gutomotive, cement, iron and steel, glass, and paper) were conducted. According to Turkey's
correspondence for this report. review of the waste management sector is underway.

The “Praject for Determination of Industrial Emissions Strategy of Turkey in Accordance with
Integrated Pollution Prevention and Control (DIES Project)” started in 2020, The DIES Project aims
to increase the technical and institutional capacity of the competent authorities for the effective
implementation of the [PPC approach in Turkey in line with the EU Industrial Emissions Directive,

8.2 Assessment of the SOy and PM Emission Reductions (rom Land- Based Measures

Evaluation of emissions abatements, based on national level inventonies, uses two primary data
sources, the Emissions Database for Global Atmospheric Research (EDGARY (Crippa et al, 2020,
and data from the Ewropean Environment Ageney (EEA)™. EEA consolidated national total and
sectoral mnprﬂﬂmmmwﬂhmeEumpunUmmumpﬁﬂmtuﬂsm
imventory methedology for submission 1o the Convention on Long-range Transboundary Air Pollution
{LRL\.P] Pollutants relevanl to this analysis include both S0y and PAL.. The EEA LRTAP
inventones represent the most up=lo=date and best available estimates for cmissions aclivity by the
Member States of the Ewropean Umon. Both ERDGAR and EEA datasets delineate inventones such
that we can evaluate siali.-unm'}' and mabile source emissions.

EDGAR data are wseful for companng emissions in the Mediterrancan Sea arca for a fow reasons,
First, the data source i consstent, meanmng that sirmlar methodologies are apphed for all regions,
reducing the polential for bias or inaccuracies when comparing emission estimates generated using
different methodelogies, Second, the lime series available from EDGAR is long, with data availible
from 1973 to 2015, While this dala series does not cover the most recenl years. it does allow for
anilysis and discussion of long-run trends in emissions, Third, the data set is highly pedigreed,
developed by the Euwropean Commission Joinl Research Centre (JRC), and peer reviewed (Crppa el
al. 2020% over many years, leading to a high level of confidence in the quality of the data. EDGAR
emission estimates are ealeulated using a technology-based emission faclor approach. where sector-
spegific country-level emissions are estimated by species based on geospatially gridded imventones of
human activity. EDGAR data are used to deseribe time trends in emissions when country-level
inventornies are unavailable. Where EEA LETAP inventory data are available those emission estimales
are presented using solid lines graphs. For the Mediterrancan coastal States where EEA LRTAP data
are not available, EDGAR emission estimates are presented using dashed line graphs,

Land based emission reduction policies, and their associated emission reductions. are then put in the
context of air quality changes, using station-level geospatial data available from the 2018 World
Health Organisation (WHO) Air Quality Database™. Station-level data from 2016, the most recenl
complete year of data available, are plotted geospatially county-by-country to illustrate arcas of
compliance with WHO PAL. guidelines (= 10 pg/m") and EU standards (< 25 pg/m’). Time serics

H‘n« data :.hk[ El:l!ilkH d-u |nzuua|-:+ U\I ASE I HJH ‘1.1'-'.
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data for counfries in the BFuropean Unmion are also evaluated against EUT standards and WHO
suidelines.

83 An Assessment of the S0y and PA Emission Reductions from Land-Based Measures

Criterion 3.1.7 of Appendix 111 1o MARPOL Annex VI (MEPC 1 706{38)) requires a description of the
control measures taken by the propoesing parties (o address land-based sources of SOy and PA
emissions - allecting human populations, This section presents results from analysis of rends- m
nationaldevel emissions, in order 1o describe land-hased efforts for SOy and PAL abatement. The
trends discussed in this section foeus on fand-based transportation specific emissions™, and cmissions
Froen all land-based sources, not ncluding waterbome navigation™ or aviation”™,

FDGAR data show that overall 8O- emissions from all sources, nol including  waterbome
transportation™, are falling among the Mediterrancan coastal States that are Contraciing Parties 10 the
Barcelona Convention. From a peak of 9,367 Gg in 1980, 80 emissions fell to 5,068 Gg in 2015, an
overall reduction of 47% compared (o the peak conissions, Emission reductions are non=uni form in the
region, however, with the downward trend being driven by larger reductions in Member States of the
European Union. Meanwhile. overall emissions of’ 80 from other Mediterrancan coastal Stales are
Mat or slightly increasing since around the vear 2000
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Frenire 8,30 Al sonrces af SC ermsstons among Mediterramean eoastal Stares that arve Comraciing
Parties 1o the Barceloms Comverticn

Lookang m maore detaal a1 the mansporfaion sector, excluding waterbome iransil as well as avinhion,
EDGAR dats show that overall transport reélated S0 emissions have Fallen iy recent vears in the
Mediterrancan coastal States that are Confracting Partiea to the Barcelona Convention. Owverall
emissions of SOk have fallen from 222 Gg m 1978 w0 70 Gg in 2015, an overall reduction of over
H&% o

2IPCC sectors LAIE, LA and T.A 3.,
HIPCC emission sector code 1,434,
T IAOC emission sector code 1A 3.0,
S IMOC emission sector code 1.A.3.4,
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Fignre 8.3-2: Transport emissions of S0 in the Mediterranean coastal States that are Contracting
Parites o the Barcelona Cosventton (excliding waterborne navigation and aviation)

Figure 83-1 and Figure 8.3-2 show a large overall reduction m S0; emissions among the
Mediterrancan coastal States that are Contracting Parties to the Barcelona Convention, both in
stationary sources and the transportation sector, These results show that, regionally, the Mediterrancan
coastal States thet are Contracting Parties 1o the Barcelona Convention are undertaking land-based
measures 1o contral land-based sources of 80 and PM: s ennssions, The [ollowing sections provide a
briel overview of the country-specific trends in emissions.

As shown in Figure 8.3-2, 50 emissions from the transportation sector have Tallen across the region,
in bath the Member States of the Furopean Union and other Mediterrancan coastal States, SO
emissions from the Member States of the European Union have fallen fo very low levels in recemt
vears, and emissions from other Mediterrangan constal States decrensed until 2005 and are not
increasmg since,

£.3.1  Regional Ambicnt Air Quality Observations

o

Fignre 8.3-3: Mean ammial air gualing (PM s gl observed af coastal ebservatian stationy fwithin
TE0 ki af pire coseline)
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Figure 8.3-3 shows mean annual ambien! air quality (PMss pg'm'} observed at stations within 100
km of the coastling of the Mediterranean Sea from the World Health Organization’s Ambient Air
Pollution, Concentrations of fine particulate matter (PMa.) database™, Subsequent sections present
countryv=level observations from the WHO data, where avaifable. and do not linnt obsarvations solely
1o those stations withing 100 km of the coastline. The WHO data are the most complete set of
observations for the Medifermanean coastal Simtes, with 2016 as the most recent vear of data availahle,
All maps shown m this section are based on the WHO Ambient A Quahiy database, As shiown, air
quality in the region varies greatly, with many coastal stations PM: s eoncentrations exceeding WHO
suidelines of 10 pg/m®. Country-level time serics data shown in this secfion ane derived from station-
leviel data provided by the European Environment Agency™

Figure 8.3-4 shows a histogram of station counts by their annual Phs < concentrations, Most coasial
observing stations report ambicnt measurements that do not meet WHO guidelines of 10 pgim®, with
only 19.9% of stations meeting that threshold. The EL standard is set at 25 pg/m’. which 94.4% of
stations do comply with, MNotably, the peographic distnbution of stations is non-unifomm, with a high
concentration of monitering stations i northern and  western Mediterransan coastal States, and
comparatively lower numbers. in southern and eastern Mediterranean coastal States. As such,
measurements al these air quality observations are best taken in confext, with consideration for the
diffizrences in sampling between the Mediterrancan coastal States.
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Fignre 8.3-4: Histogram of WHEO mean ameal air guality (P pgm’] observed al coastal
ahservation statiars fwitlin JO0 ki of the coastline)

£32  Albania

Transportation related emissions of SOqin Albania peaked in 1980 a1 0.94 Gg and have subseguently
declimed 10 very low levels (0008 Ge in 2005 The trend in S0 emission reductions has been
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consistent since 1999 and demonsirates a high level of contral of S0 emissions from fransporiation
sources. In total emissions in 2005 had declined by over 99% relative fo their peak in 1980,
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Fignre & 3-5: Pransport (loff) and non-transport frighil emissons of SO and PAE 5 in Albamia

Transportation related PAl: < emissions have not followed o similar trajectory o SO0, emissions in
Albania. After 1997 PMys emissions grew sharply, though they have remained (lat since the mid-
20005,

All sources of 50= emissions fell sharply in Albania after 19490 and have remained at sinee then.
This reduction in S0; was accompanied by a similar decline i non-transport Pz s which has also
retained Oat in Albania since around e vear 2000 ( Figure 8.3-5).

Mean anmual PM: « concentrations from 2006 (Figure 8.3-6) show that all stations meet ELT PAas
concentrations (<25 pg'm’), though all three stations do exceed WHO PMa « goidelines (<10 pz/m®),
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Figrire 8 360 WHO mean anvnel PG s concentration abserwinions in Al bana (201160

£33 Algera

Transportation related emissions of SOz Algerin peaked in 1991 a8 27.70 Ga followed by o decline
10 8.26 Ggin 2005, a 70% reduction over that time period, The trend in SO- ennissions has heen rising
since 2005, to 1293 Gg i 2015, equivalent to a 33.3% reduction compared to 1991 peaks,
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Transportation related PM < has also grown in Algeria since 1975,

All source emissions of SO, declined in later vears, from 2002 1o 2015, though the general trend in

both S0: and PA; s emissions in Algeria is upward (Figure 8.3-7).
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834 Hosniaand Herzegoving

Lot

Transporiafion relaied emissions of S0:in Bosnia and Herzegovina peaked in 1979 al 1,74 Gg and
have subsequently declined to very low levels (001 Gg o 2005}, The trend m SO comssion
reductions has been consistent since 1999 and demonstrates a high level of control of SO: emissions
froam transportation sources. In 1otal emissions in 2005 had declined by over 99 relalive 1o their peak
i 1979, Transporfation-related enussions of PMa« have declined smee 20000 though they hiave

inercased shghtly sinee 1973,
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Fignire 8,38 Transport (foft] and pom-tramsport (riphtl emissions of SO and PMs s ir Bosmrg and

Herzegovina

Owverall emissions of PMzs have been low in Bosnia and Herzegoving, since 1973, however overall
S0 emissions have been rising steadily since 1994 ( Figure 8.3-8).

Alean annual PAL:« concentrations from 2016 (Figure 8.3-9) show that 1 of 5 smtions i Bosmia and

Herzegovina meets ELT PALy s concentrations (<25 pgm'). and concentrations at all stations exceed
WHO M s guidelines (<10 pgm?).
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Bosnia and Herzegovina
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Frgnre 8.3-9: WHO mean anmmal PMas concemfration ebservaltons i Beosna and Herzegovina
(206

835 Croaha

Transpartation related emissions of SOy in Croafia paiked (over this time series) in 2003 at 5.95 Gp
and have subsequently declined o very low levels (003 Gg in 2018). The trend in 8Oy emission
reductions has been consistent smee 2003 and demonstrafes a ngh level of conirl of S0k emissions
[rom ransportation sources.

Non-transport enissions of PAL s have been flat in Croatia since 1990 and non-transport SOy declined
arcund <90 from 1990 levels. Non-transpont emissions of SOy declined from 16283 Ge in 1990 1o
10,25 G in 2018 (Figure 8.3-10),
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Fignre 8.3-10: Transport fleft) and non-transport (rieht) emissions of S0y and PAL 5 in Cresmma

Mean ambient PA: s concentrations in Croatin { Figure 8.3-11) have been compliant with EL ambient
air quality standards since 2013, though the 95% conlidence interval has had an upper bound above
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25 pg'm? sinee 2014, and countrv-wide average concentralions have been preater than the WHO
suidelines since the data series bepan (EEA 20204}

Looking at station measurements, shown in Flgure $3-12 the daty show that 4 of 12 stations in
Croatin are compliant with WHO puidelines for PAM:< and 8 of 12 stations are compliant with EU
A0 regulations,
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Fignere 8 3-1 10 Ammial mean concentrations of S0 and PM 2 o in Croatia (dhaded areas show 9325 C1)
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Fionre 8 3.0 2; WHO mean ammnal PA 2 5 concentration obrervarions in Croatia (2006)

Bi6  Cyprus

Transportation related emissions of SO in Cyprus peaked in 1999 at 7.32 Gg and have subsequently
dechined W low levels (0.01 Gg in 2018). The trend in SOy emission reductions saw a sharp drop
beginning around the venr 2001, These results demomstrate control of SOy cmissions from
franzportation sources.
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Fignre 8 3-13; Transport {feft) and non-transport (riglt) emissions af S0y and PA s s in Cypries

Non-lransport emissions o SOy also peaked in 1999 a1 42.23 G, and subsequently declined 1o 16.83
i@ in 2018 (Figure 8.3-13),
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Fignre 8, 3-14: Ammial mean concentrattuns of SCs and FM s in Cypray (shaded areas slhow 3% Cf)

As shown in Figure 83-14, countrv-level mean concentrations of 5Cx and PMas in Cyprus are i
compliance with ELT ambient air quality standards, however they do not meet WHO puidelines.
Station-level measurements { Figure 8.3-15), support the annval data, demonstrating that no stations in
Cyvpriis had anmeal mean Py concentrations less than 10 peam’ in 2006,
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Frgnre 83-15;: WHO mean annwal P 25 eorcentration observations in Cypeos { 200 6}
837 Egym

Transportation related emissions of SOqin Algeria peaked in 1991 at 29.73 G [bllowed by a decline
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o 1028 Ggon 2005, a 65.4% rediction over that time period. The frend in SO emissions has been
risimg since 2005, to 13.39 Gg in 2015, equivalent to a $4% reduction compared to 1991 peaks: The
trend in non-fransport emissions of SOk and Phlss has boen growing since 2004 in Egypt (Figure
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Fignre 8.3-16 Transport (leff) and nan-tronsport (right) emtasions af S0 and PAf 1 i Egvpr

8383 France

Transportation related emissions of 30y in France peaked at 15894 Gg in 1993 and have
subsequently declined (o 0.84 Gg in 2018, The rend in SCh; emission reductions has been consistently
downward sinee 1993 These results demonstrate control of SO emissions from fransportation
sources. [n total emissions in 2015 had declined by over 80% relative to 1991, Emissions for SOy
from non-transport gources have declined from 122528 Ggoin 1991 w0 133,36 Gg in 2018 (Figure
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Frgnere 8. 3-17: Transpart (left) amd non-transport (right] emissions of SOy and PA: sin France
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Fronre 8 3-18: Ammial mean comcentrattons of S0 and AL ¢ in Franee (siaded areas show 2585 Cf)

As shown in Flaure 8.3-18. country-level mean concentrations of S0, and PAz . meet ELT ambient ake
guality standards (EEA 2020a). but do not meet WHO PAM. s guidelines. Station-level data show that
all stations in France met EU PMs o standards in 2006, but just 65 of 282 [ 23%0) stations in France met
WHO PA: : guidelines of 10 ug/'m?®. Notably, stations along the southern cost of France saw some of
the highest PAl: s concentrations in the country ( Figure 8.3-19).
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Figmre & 309 IWHC mean armmad PAL 3 s concentratton observations in France (2006}

839 Greece

Transportation related emissions of 50y in Gresce peaked in 1994 at 21.85 Gg and have subseguently
dechined 1o low levels (014 Gg in 2018). These results demonstrate a high level of control of SOy
emissions from fransportation sources. Non transport source gradually inereased until their peak a1
548.41 Gg in 2005, after which emissions fell mpidly to 64.12 Gg in 2018 (Figure 8.3-20).
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Fignre 8,3-21; Annual mean concentrations af S0y and P s in Gireeoe ($iaded areas slow 93%. O

As showm m Figure 8.3-21. countrv-level mean concentrations of S0 and PMz o m Greece meet EL
ambient air quality standards, though the 95% C1 for 2017 does nat meet the EU standard of 25 pp'm”
fior PM=a sind PMzs concentrations do not meet WHO guidelines (EEA 202043, Station-level data
(Figure 83-22) show that all stations in Greece met EUT PM < s standards i 2016, but no stations met
WHO PM: . guidelines of 10 pg/m”,

32

5672/22 ADD 1 AV/pl 53
ANNEX TREE.2.A FR/EN

www.parlament.gv.at


https://www.parlament.gv.at/pls/portal/le.link?gp=XXVII&ityp=EU&inr=88324&code1=RAT&code2=&gruppen=Link:5672/22;Nr:5672;Year:22&comp=5672%7C2022%7C

_ & i & B
200 Wsar Armuial M | Comosnarmon (g ')

Firenre 8 3220 WHC mean anmmad P « concentration observations in Creece (2006)

83100 lsrag]

Prior to 1990, S0, emissions in 1smel were flat. From 1989 fo 1997 S0, emissions increased 0% o
11.84 Gg. Simee 1997 lsracl has seen a strong and consisten! annual decline in-S0; emissions falling
1o 417 Gg in 2015, a 64.8% drop since the 1997 peak. Emissions of Phzs and SO, from transport
sources have both declined in 2000 in Israel, and non-transport S0 emissions have declined overall
by over 80% sinee 2000 { Figure 8.3-23)
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Fignre 8.3-23; Transport fleftl and non-transpeort (right) emissions of S0 and Pz n Lerael
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83,11 Ttaly

tion related emissions of SOx mn Naly peaked in 1992 at 135.71 Ge and have subsequenily
declined 1o very low levels (041 Gg in 2008), The annual frend in SOy emission reductions has been
consistently downward since 1992, These reaulis demonstrate a high level of control of SOy
emissions from ransportation sources, In total emissions i 2018 had declined by over 99% relative 1o
1979, Ennssions for SOy fom pon-transport sourees have declingd sipnificantly, fram 1,574.99 Gg in
1990 10 87.60 Gg in 2018 in Daly (Figure 8.3-24).
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Fignire 8.3-24: Transpart jlefi] and nonaranspert (rahtl emissions of SOy and P 5 i fraly

As shown in Figure 8.3-25, coomimv-level mean concenfrations of 50 and Phlas in ltaly meet EL
ambicnt air guality standards (EEA 2020a), though the country-level annual means do not mest WHO
Phizs puidelines. Stanon-level data (Figure 8.3-26) show that 320 of 334 [(93.8%) stations in [aly
met ELT PMeqstandards in 2006, but just 36 of 334 (100.85) of stations met WHC PMs s puidelings of
10 pg'm®,
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Fignre 8 3-25: Awmual mean concentrattons of S0 and PM: i fraly (shaded areas show 95% C1)
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8312 Lebanon

From 1988 to 1998 SO. emissions from transporiation sources incrensed 184% from 0.90 Ga o 2.56
Cig, Since 1998, annual SO cimissions in Lebanon have mosily declined, 100,97 Gg in 2005, roughly
the same as levels prior to the increase seen in the 19905, While transport SO: emissions have
declined, non-transport emissions have grown in Lebanon since 1975 (Figure 8.3-27).
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Fignre 8 3-27: Transport (left) and aon-trenspont (right] esmissions of SO and PAf » i Lébanan

8313 Libya

Transportaiion related S0: emissions in Libva have seen a strong decline sinee their peak at 12.76 Gg
in 1996, By 2015, transportation S0 emissions in Libva had fallen 1o 4.03 Ge. a decrease of 68%.
Transportation-related PA: . emissions have declined since 2010, and non-transport SO and PAL;
have both shown declines since the mid-2000s in Lilwa (Flgure 8.3-28).
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Fignire 8, 3-28; Transpert flefi) and non-transport (right) emissions of SCh and PM m Libva

£3.14 Alalta

S0k tramsportanion emssions m Malta have heen 0005 Gg per vear smce 2005 Non-transport
emissions of Sk have fallen from 12,61 Gg in 2007 1o 0.15 Gg in 2018 (Figure 8.3-29),
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Fignre 8 3-29: Transport (fefi) and nontransport (right] emissions af S0y amed PAM s in Malta

As shown in Figure 8.3-30, countryv-level mean concentrations of S0 and Phss in Malta meet EL
amhient air quality standards (EEA 20204}, bul with the exeeplion of 2017, excesd WHO guidelines.
Station=level data (Fiomure 8.3-31) show that all 3 stations in Malta mer EU PAlL: - standards in 2016,
but just 1 of § stations met WHO PAL:« puidelines of 10 pgm'.
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8315 Monaco

Wi data were available from EDGAR or EEA regarding enissions estimates for Monaco, Siation
level data (Figure 8.3-32) show that the single monitoring sation reported by the WHO in Monaco
meets EU standards but does not meet the WHO guoideline of 10 pg/m* for annual average PM:s
concentrations,
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Figrre 8.3-32- WHO wean anmial P 5 eoncentration obsenvatons in Mordoa (20106)

£3.16 Montenzgro

Transportation related enssions of 50 in Montenegro peaked m 1979 at 377 Gg and have
subsequently declined to very low levels (0039 Gg in 2015). The overall annual trend in
transportation S0; emission reductions has been downward since 1974, with a few exceptions in the
carly 1990z and 2007, These results demonstrate a high level of control of S0 emissions from
ransportation sources. In total ransportation S0; emissions in 2015 had declined by 99% relative 1o
1979, Non-fransport emissions of $0: have declined in Montencgro singe 1991 (Figure 8.3-33).
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Fignre 8.5-33: Transpart (lefi) and non-transport [right) emissions' of SO and PA 5 i Montenggre

Smation level data (Figure 8.3-34) show that mean annual Mz concentrations at | of 3 reporting
stations in Momtenegromet EL' standards of 25 pgm?® in 2006,
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Figrire 8.3-34: WHO mean annnal PAL y eoneentrafion ohservations in Mamenegre (2016

8317 Morocco

Prior o 1988, 5Ck ¢missions lrom the transport sector in Moroceo were lat, From 19849 10 1995 80,
emissions. increasad 105% 1o 984 Ga. Since 1995 Moroceo has seen & strong decline i 80,
emissions falling to 3.53 Gg in 2003, hefore rising to 4.9 Ge in 2015 Non-transport Puzs has
declined in Morocco singe 2004, though nons-transport S0k anissions have been nsing steadily in
Moroceo sinee 1975 (Figure 8.3-35).

L]
-y A —
P o RDGAR £
10 ., .y Ir'n:rl
& kS ne A
¥ P
_— ! e
5 i Y g T e
& 1 e P
. P
, i .l bl. [H-l' "_.#a
¥ A -
3 o e 4 - ol "
e i e r
Lk e ] -~
e
-
LT L
¥
| ]
DA, 3.0 Berpw Senaees loamey
=| F e Lty AT i Sl ] ot st VIR 4 1 B et [ N vy
i [ (L] L) s o . 1] mrh Ty L] L] i I S Ty FaLs L kY

Fignire 8.3-35; Transpeart (lefil and non-fransport (right) emissions of SO and PA L 3 o Morooeo

Station level data (Figure 8.3-36) show that ne stations i Morocco were compliant with WHO PAL -
ouidelines in 2016, with 3 of 6 stations meeting the 25 ug'm’ standard
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Fignre 8 3-36; WHO mean annngd P20 concentration observations in Moroega (20£6)

8318 Slovenia

S0 emission in the ransportation sector have declined from 7.29 Gg m 1994 1o 0,04 Gg in 2018,
Both transpor! and non-transport Phas have fallen in Slovema since 2008, along with large overall
reductions in SOy, Non-transport SOy fell from 19404 Gg in 1990 1o 474 Gg in 2018 (Figure

B.3-37.
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Fignre 8.3-37; Transport (left) and non-transport (right) emisstons of 80 and P2 s bn Slovemia
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Fignre 8.3-39: WHC mean annad P s coneentrattent obserivateons m Sloverina (2016]

As shown in Flgure 8.3-38, mean concentrations o S0 and PAzs in Slovenia meet EL amibient air
guality standards (EEA 2020&), but exceed WHO guidelines for PMazs (10 pg'm’). Station level dats
(Figure 83-39) show that | of 14 stations in Slovenia met WHO Phlss puidelines in 20016, while 13
of 14 stations met EL standards (25 ppim’).

B3.19 Spain
S50% emission in the iransporiation seetor have declined in Spain since their peak in at 6336 Gg in

1994 10 0.43 Gg in 2018, NonAransport anissions of 50y have fallen significantly since the early
1990z { Figure 8.3-40),
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Frgnre 8,3-40; Transport (lgfil and non-transport (right) emissions of 80y and PAL; 3 in Spain

As shown m Figure 8.3-41. mean country-level concentrations of S0 and FAlas in Spain meet EL
ambient air quality standards {EEA 2020a), and are slightly above WHO gindelines (10 pg'm'), with a
mean anntial concentration of 10,3 pg/m® in 2018, Station-level data (Figure 8.3-42) show that 163 of
252 (64. 7% statons in Spain met WHO guidelines i 2016, and all stations met EL PM. « standards.
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8.3.20 Syrian Arab Republic

S0 emission in the mansportation sector have declined by 84% in the Syman Arab Republic since
their peak in 1991 (10.12 Ge). Emissions of SO from the transport sector were 1.61 Gg in 2015, Both
transport and non-transport related emissions of SC; and PA 5 have Tallen significantly in the Svrian
Arab Republic since around 2008 { Figure 8.3-43).
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Frgnre 8 3-43: Tramsport (lefil and nor-ransport (vightl emizsions of 508 and P2y tn the Syrian
Arab Repubiic

B.3.21 Tunisin

S0 emission in the Iransporfation sector peaked a0 547 Gg o 1995 in Tunisia and have sinee
declined by 656% o 188 Gy in 2015, Emissions of 8Os i the transport and non-transport seclors
have declined significantly in Tunisia siee their respective peaks, though PM s cmissions in have
confimued to grow m both arcas { Figure 8.3-44).
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Fignre 8 344 Transport (leff) and non-transport (right) emissions of SO and PA 5 0 Tundsia

¥.3.22 Turkey

S0. emissions have declined overall in Turkey since 1986, though they did increase slightly from
2011 to 2015, SO emissions from the non-transpon sectors have been lat or slightly declining sinee

the late 2000s, Sumilarly, comssions of Phizs in both the transport and non-fransport sectors have been
Fat since the late 1990s {Flgure 8.3-45).
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Fignre 8 3-435: Trangpert (fefi}and non-transport (right] emisstons ot SO and PAL 5 i Torkey
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Fiprere 8 3-46; WHC wmean grmal P covcentration observations in Dirkey (20161

Station-level data (Figure 8.3-46) show that just 1 of 87 sialions reported by the WHO in Turkey
mieets WHO PM s guidelines, and 29 of 87 (33%) meet EL annual mean PMes standards (25 pp/'m?).

84 Summary of Control of Land-Based Sources

All Meditervancan coasial States have adopled measures in some form for the control of emissions
from land-based sources. The extent and implementation of these measures varies across the region,
with European Union standards representing the strictest standards for ambient air quality and
emission reductions. [n tolal, emissions from ransport and non-transport sources in the Mediteranean
coastial States have nearly halved (decline =36%e) sinco 19735,

Air quality policies enacled by the Contracting Partics to the Harcelona Convention have led o
reduced cmissions and improved air gquality ainomany locations the  Mediterranean  Sea region,
However, coastal monitoring stations near major ports and routes with heavy shipping traflic continue
1o exeeed WHO standards, wath 80 ol the ar quality momtonng stations m the remon within 1043
km of the coastline not meeting WHO puidelines of 10 pg/im® for PA s,
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9 Costs of Reducing Emissions from Ships

Thas seetion presents mformation that addresses eniterion 3, 1.8 of Appendix [11 1o MARPOL Annex
V1L as quoted:

the relative costs of reducing cmissions from ships when compared with land-
Criterion 3.1.8 based controls, and the economic irnp.n:ln on .\hipping engaged in
international trade.

91  Owerview of Estimated Costs in 2020

This document estimated compliance costs for the proposed Med 505 ECA policy scenario using best
available data along with conservative assumplions regarding fuel prices and EGCS costs, as
deseribed n later sections. The results of the cost analysis conducted for this proposal demonstrales
that a movement to the proposed Med SOy ECA using fuel switching would add $1.761 billion/vear
in 2020 (82016) compared o simply meeting the MARPOL standard. Using EGCSs would add
S1.157 billion'vear. These values are highly depending on the assumed price differential between
1.50% S m'm and 0. 10% 5 m'm Fucls, Price differentials are deseribed in Section 9.2,

92  Fuoel Cosits

This section discisses the available history of fie] prices in the Medilerrancan Sea area, and also in a
global context. This section focuses on prices of HFD with a sulphur content of up to 3.50% m/m,
L3FO wath a sulphur content of (L30% m/m that 15 comphant with IMO 2020 MARPOL V]
regulations, and fuels with a sulphur content of 0.10% mim that is compliant with MARPOL VI ECA
repulations, referred o VLSFO or MG, Costs of production and transport are embedded in sale
prices that are used i these analyvaes, Fuel prces here reflect reported MGO pnces, and thus we use
MGO as the termnology to desenbe Med SO ECA compliant fuel prices, though the prices of MGO
and VLSFD are closely aligned. We also include data on price differentials and comparison with
elabal il barrel prnces.

This report uses lerminology from the Intemational Encray Agency (IEA) statistics that include
refinery fuel labels, c.g., gas/dicsel. The tlerm gas'dicsel s used m this report primarily becavse the
fuel availability scope deals necessarily i not centrally with refining supply and demand including
non-maring demand for gas' diesel. Gas dissel includes all distillate marine fucls (DA and distillate
non=marine fucls in Table 1.3-1. For the puposes of clanty, [EA reported statistics for gas/dicsel do
nol include natural gas or natural gas products, which are reported in separate data series.

921 Low Sulphur Fuel Ol {0.30% 5 m'm)

The price nstories desenbed below are for both the Ewrope, Miuddle East, and Afnica (EMEA) area
average as well as the World average. Prices are based on indexes provided by Bunker Index™,

Figure 9.2-1 shows the time senes of LSFO prices for the EMEA region and worldwide avernge: The

two data series track one another closely, with global LSFO prices S46/0 1 ereater than EMEA prices
on average. Though the time series are abbreviated, due to the relatively recent availability of LSFO
in global markets, EMEA LSFO fuel prices varied greatly, ranging from a minimum of S197MT o a
maximum of 366601, The median LSFO price for the EMEA region since November 2011 is
S344MIT

" bbb pindess com
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P A T

Frenre 820 World and EMEA LSFO price Indéxves

922 Muoring Gas Oil (0,10% 5 m/m)

Figure 9.2-2 shows the time series of MGO prices for the EMEA region and worldwide average. As
with LSFO prices, world average MGO prices are tvpically ercater than EMEA MGO prices, The
avernage price dilferential between world and EMEA MGO prices is S50/0T. which 1s closely aligned
with the world and EMEA differential for LSFO prices. MGO fue] prices have been volatile since
2016, ranging from S297/MT o STTTAMT, with a median price of S443MT, and a range of 2.6 rom
the fow to the high values.

!-. A

e - - -

Fignre W 2-2: Warld and EMEA MG price indexes

—— ——

Prior o fhe IMO 2020 0.50% S mm fuel rules going into effect, HFO fuel prices were similarly
volatile, From 2008 0 December 2019, HFO prices ranged lrom SI320T to ST42MT, a range of
4.5 from the lowest price (o the highest price.

923 Pricedifferennals

While total costs are useful to understand total price impacts. fuel price differentials arc important for
evaluating the sdditonal costs of the Med SOy ECA compared 1o 0.50% S m/m fuels, i.e. the delta in
price between (.50% S m'm and 0.10% S mv'm fuels. As shown in Figure 9.2-3, pricing data on LSFO
15 availahle from Movember 2009 EMEA and World price differenbials have been closely aligned
sinee January 2020,

By
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The price diflerential between MGO and LEFO has stabilised since Tune 2020 at around S95MT in
the EMEA region. Chver the period of available data (November 2019 to October 2020). the median
difference is also S95 0T, comesponding with the period of price stabilisation post June 2020,

The ratio of MGO price o LSFO in the EMEA region has ranged from 1.05 to 1.51, with o median
value of 129, ie, the price increass from LSFO o MGO is between 5% and 51%, with a central
value of 29%,

The ratio of prices 1s especially mportant to consider when evaluating the costs of the proposad hed
SOk ECA. While fuel prices are in constant i, following Auctuations in crude oil prices, the price
differential between MGO and LSFO is comparatively stable, post the period of adjustment in carly
2020. Therefore, the price differential between the two fuels allows for robust analvsis of he marginal
costs of the proposed Med S0y ECAL i.e. the additional costs of the proposed regulation,

924 Crude Prices

Crude bamrel prices, which are feedstocks for marme fiels, were also analvsed based on available time
series data from ELA®. Results for two product areas, West Texas Intermediate (WTT) and Brent.
together describe the range of global erude ofl prices. These are shown in Figure 9.2-4. with WT'T and
Brent il prices per bamel shown on the right axis, Note that the axes are scaled™ such that either axas
may be used [orall data senes depending on whether the reader 15 interested m el prices in SMMT or
Shhl.

b - T i e \
B Assuming 1 bhl - 01364 MT.
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Figure ¥.2-4; Warld prices for globa! oil price (Brent, WTT) and muvine fuely ((FC 380, LEFG, MGG

fn ST (feft axds) and S0bbY (right axis)

The data in Flgure 9.2-4 dearly demonstrate the relationship of global oil prices to marine buiker
fuels. The Pearson comrelation coeflicients for marine bunkers and crude oil pnces are shown in Tahle
9.2-1. The correlabon coefficients show a lugh degree of comrelahon between all species in the table,
and a strong comelation between Brent and WTI fugl prices and manne bunker prices

Table $.2-1. Pearsen corvelation cogfficients between marine bunker prices and crude off prices

LSFO MGO
IFO388 | 509 S mm) | (0.10% 8 oy | BTE™ Wil
1FO380 1.000 0.752 0,595 0.566 0,801
LSFO (0.50% S mimy | 0.752 1.000 0,990 0932 0,875
MGO (0.10% S mim) | 0,805 5 000 000 0,961 0913
Brent (1,866 093z 0961 1. Celd 0972
Wl 0.801 0875 0913 0672 1.000

Whle the price dilferential associated wath the transition from 0.50% 5 m/m fuel 10 0.10% 8 m'm
fuels is equivalent to around S9S/MT of fuel, the shapping industry has regulady seen volatility in fuel
prices greater than that fuel prce differential, regulady adjusting freight rates te accommedate foel
price volatility

93215 Statishcal summary of fuel prices

The central fuel prices for 0.50%: 5 m/m fuels and 0.10% 5 m/m flels uzed in this analysis are
S344MT and S443/MT, comesponding to the median values of the common data series available for
the rwo fiel species (Table 9.2-2) These prices will be used as the central éstimates for modelling
voyage costing, freight rate pricing, and commaodity price effects
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ahie .23 Srnstical summary of marise fuef prices evaluared (inclitsove dates)

EMEA USD per 5% 5 mim L50%: 5 m/m 0.10%: S m/m
tonne 10y 380 LSFO MGOVTLSEFO
Date period HHE-04 10 | 2009-11 1o 2009-11 1o 2006-00to | 20019-11 1o
2020113 2020-09 2020-01 202009 202001

Minimum $152 5217 £ 197 S 207 5207
10h pereentils 5269 £2717 5263 £ 409 5363
25th percentile 5342 5317 5308 S482 5 403
Median £ 450 5349 s34 £579 S 443
75th percentile 594 5370 550 S 66d) 5642
Gith pereentile L 645 5398 5 608 % 700 S 666
Maximum S 743 5421 5 Gl S777 S 710

926  Fuel Availability

Sufficient refinery capacity and production exists 1o meet Neet demand for 0.10% 5 m'me fue! ander
the Med 850x ECA Available supply is sufficient to meel demand, even considering a range. of
estimates and growth rates for feet fuel use. This finding is prior o consideration the additional
compliance pathway wsing BEGCS, which may further reduce demand for (0L10% 5 m/m fuels,
Therefore. adoption of EGCS technologics. or altermative fuels among vessels where this is
economically feasible renforces the robustness of the pnmary finding by diversifying demand to
inclode non-compliant petroleum fuels and other fuels with intrnsically lower sulphur content
Projections of excess (or sparc) capacity further indicate that supply will continue to be available,
perhaps with greater spare capacity for production than previously evaluated in earlier studies.

This analysis frames the foel availability question a1 the regional scale, then considers major
hunlwring countries with ports arlji!nun! 1o the Meditermanean Sea arca, then considers afl m.‘s_]'ur
bunkering countries, then considers all countries that are major producers of product relevant 1o
supply. then considers world production and production capacity. We evaluale potential fuel
availabahty at each seale, recognising that intemational shippimg depends on world markets for fuel
availability in the Mediterranean Sea area.

Figure 9.2-5 shows that refinery capacity o produce gas'dicsel™ luel is greater than consumphion
demand {neluding marine bunkers) at all seales. including among the Mediterrancan coastal States.
As ghown, al the regional scales of the Meditertanean coastal States and inclusive of adjacent
neighbouring countrics, Figure 9.2-5 shows that curreni production of gas/diesel is not sufficient 1o
meel curent consumption demand: Mediterranean coastal States that are Contracting Parties o the
Bareelona Convention, in fact, import gas/dissel from other countries to satisfy market demand for
gas/diesel. [n other words, while refinerics in these countries have capacily to produce more middle
distillates. the economicallv optimal configuration produces more of other refining products for
export, allowing the market to purchase gasidicsel on the global market. This 15 typical profit-
maximising behaviour by relineniss in a global petroleum markel. Fimire 9.2-6 shows that refinery
capacity o produce fuel oil and production of fuel eil exceeds demand, consistent with the by-produgt
stalus of residual oils. Refinery production of fuel oil fails 10 meel consumption only under the
conditions where bunker estimates are masximised. Combining fuel oil and gas/diesel, both refinery
capacily estimates and production statistics demonstrate that supply exceeds consumption demand at
all seales except that Mediterranean coastal States that are Conlracting Parties to the Barcelona

M This repart uses tlerminalogy from TEA staustics that melude refinery fuel labels. e p. gasidiesel Gas/diess]
meludes all distillate marine fuels (DM) and distillate non-marme fuels, For the purposes of clanty, 1EA
reparted statistics for gas'diesel do pot include matural pis or natural gas products. which are reported in
separate data series

6o
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Convention must trade products, as shown in Figure 9.2-7, Therefore, sufficient fue] svmlability ol
bl gasidiesel and fuel ol 15 available for provision of 0 10% § m/m fuels for the Med SO ECA
through the combinaton of distllate fuels, and Blended products 1o prodisct low-sulphur residul
fuels.
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9.3 Vessel Costs
931  Exhoust Goas Cleaning Adoption Analysis

EGUSs represent one possible comphance option for the proposed Med 50k ECA. Table 9.3-1
indicates that about 5900 vessels, some 18% of the fleel operating in the Meditermanean Sea area,
coltld adopt PGOSs, under & conservative 1O0-vear investment honzon and 15% investment rate, This
conservative investment horzon may be considered o desenbe the least cost investment option, and
therelore defines the most favourable conditions. for investment in exhaust gas cleamng technology
I'his Ffinding 15 consistent with some, but not all, estimates reported m industoe media or other studies,
fundamentad lv related to investment horteon conditions assumed . Therefore, some sensitivity analvses
are pertormed o fufher explore economically Teasible conditions:

Table 9.3-1, Fleet covris conxidered for exhaust gas eleamng reclmolagy

Fleet Count | Percent of Total Fleet
EGCSs 3915 13%
Mo ECHCSs 27.248 B2%%

Table 9.3-2 shows the expected EGCS investment rates over a range of mvestment horizons.
[mvestment decisions arg fypically confidentinl business information, and thus the  decision 13
paramcterised over a range of investiment lifetimes. 39 vessels ore wdentified as currently operaling
with EGCSs m the Mediterranean Sea arci, and this mumber is not expecied to change under a 1-vear
investiment boreon. 1F BEGOS costs are amortised over 10 vears, the resulls show that BEGCS
nstallations would mcrease by a fmetor of ten, fom 39 o 464 Assuming o [5-vear mvestment
honizon, the results indicate that 2.7% of the Teet might vest ina EGOS and save the Nect over $260
million

Tl
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Fable 9.3-2. Cost analysis relating EGCS capital costs and imestment vears to the percent of the fleet

iesing BOCSs

Feasible EGOS Use, Capital included
Investment I’r;'::le:;li::;ﬂ ::::n]; A Number of | Percent of Fleet
years (SBillions) EGCSs Using EGCSs
MNone Si6l 30 m 2000 0.0
1 S0.00 i 000
3 002 53 0.2%
10 010 46 1.4%
11 013 632 1.9%
12 0,15 767 23%
14 80,19 Lo 3.0
15 Si.26 1.2 3. ™
20 S0.37 1888 5 Me
25 S0.47 2702 & 1%
3} S0.53 4. 155 12.5%
i) S0.60 5,720 17.3%
100 S0.61 5915 17.8%

Table 9.3-3 shows thal EGCS may be feasible for vessels that spend a greater amounl of time inside
the Mediterranean Sea arca (and'or other 3ECA region), EGCSs requine increased capital imvestment
but use lower cost fuels, and economic ﬁ:ﬂ:;ibilil}' mereases with more cosl=5avIng up-::mh'un I.Ising
lower cost fuels. These resulls agree with previous]ly published work (23). These results indicate that,
under and unlimited (100-vear) investment horizon EGCS scenario, 5,900 vessels (~18% of the
Mediterrancan Neet) might be expectad o wmvest in BGCSsS, while most of the fleet (829) may

determine that fuel switching remains the least cost option.
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Ferhle 9.3-3; Ukse of EGCSs by vessel tvpe under the proposed Med S0 BTA scengrio

No EGCS EGOS Adoption
Vissel Ty pe Average Operating Ship Average Operating 0
"nur_ﬁ [h] i the Gttt Huur.s [h] in the Ship Couni
Mediterranean Mediterranean
Cargo ships 1,356 6,875 5172 458
Container ships 756 1146 3464 015
Cruisers 879 62 4400 118
Fishing vessels 1.472 .0 A.683 263
Misc. 1L.202 6,749 4,148 1183
Passenger ships 1,513 645 3457 294
RoPax vesscla 2213 177 G, 04 a6l
Service ships 1265 652 3,910 207
Tankers 1,045 3586 5.090 723
LUnknown AT 5875 2469 1, 15}
Vehicle carriers T49 477 3397 198
Grand Total 1,039 27,248 4,027 505

Efforts continue to investigate polential negative effects of EGCS discharges, particularly untreated
effluents, on the manne eovironment and bicta. These negative impacts may result m near-term and
longderm economic effects by modifving ccosystem balinces.  Publicly available studies are
providing emerging cvidence thatl is confirming concems about untreated effluents from EGCSs,
Studies indicate that EGCS may improve the air quality in harbour cities and at sea but will shift
atmaospheric pollulion to the marine water body (Schmolke et al., 2020), *While a single ship with an
installed scrubber may pose limited. local risk o maring ecosystem health, a global shipping
community employing scrubbers to meet air emission limits is of serious concem™ ( Hasselliv a al.,
20201, EGCS washwater 15 found to be acidic with elevated concentrations of melals and other
contaminants ( Tewchies, Cox. Van Terbecck, Meysman, & Blust, 2020). Increased acidification. i.e..
pH decreases, are recogmized, with larger pll changes ocourmg in areas ol high traffic density on the
scale of climate-related pH changes (Duliére. Baetens. & Lacroix, 20000). From a cost-methodology
perspective, costs are not well differentisted between closed- and open-loop EGCS systems.  The
above adoption rales use cost estimates that may prove optimistic if future EGCS require more costly
design for closed- or hybrid-operations.  Therefore, there is no indication that this quantitative
approach to evaluating socio-economic impacts would produce findings of greater adoplion rates.

932  Alternative Fuels

Allemative luels and advanced power systems may offer economically feasible alternatives for SECA

compliance, particularly if’ the net costs of these systems are lower than switching to SECA fuel. OF

course, additional reasons beyomd costsavings within a SECA may supporl investment in vessels
using advanced fucls, bul this document evaliates only decision eritena for advanced power and fuel
technologies within the scope of evaluating SECA compliance costs, Moreover, some allemative fucls
may present other envirenmental trade-offs beyond SECA compliance through very low sulphur
content in the fisel, which merit consideration bevond the scope of this document,
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Aovartety of fuels and power conligurations could be considered. These include, bul are not limited to:
a) liquefied natural gas (LNG), b) methanol marine fucls;, ) hydrogen fuel: d) hybnd propulsion
syatems thal may include wind-assist. fuel cells. energy storage technologies. ele. Given thal LNG s a
fuel currently used on a significant number of vessels, and actoss many vessel Lypes. data are mosl
available to conduct cconomic feasihility asscssment using LNG as an example.

Increased installation costs are compared with fiuel cost savings based on price differential between
MGO and LNG, This analysis s apphed to older vessels, selectad 1o be al or bevond typical
replacement ages in 2020, Therefore, this analysis is applied to replacement of end-ol-life vessels and
new build vesscls as they enter the Neet. IF a vessel net costs of complyimg with SECA conditions are
Tower using LNG, then that vessel is considenzd to be economically feasible. The fraction of the fect
that is replaced or replacement eligible based on age in 2020 15 evaluated, and the lraction of these
vessels for which LNG would be economically feasible s evaluated.

The approach may be considered to serve as a sereening tool for economic feasibility of LNG
eonversion, which is known through feet adoption expenence to be technically lzasible, Furhicr
analyses of infrastructure, encrgy supply. and regional cconomic conditions would be required for
specilic Neet operator or porl selection of alternative fuels,

The average fuel cost savings for vessels could be greater than 30%, given the higher costs of MGO
fuel and lower costs of LNG used in this document (Table 9.3-4). Where the average LNG
mstallation premium s lower than the present value of the potential capilal investment window
derived from fuel cost savings, this documenl identifies approximately 3.900 vessels o be feasible
candidates for alternative fucls (Table 9.3-5), Some of these vissels included smaller service vessels,
fishing vessels, ete.: it is recognised that conversion of these locally operating and networked vessel
operilions may include mitastructure and co-fleet nvestment decisions nol captured here. Therefore.
this is presenled in a summary of larger commercial transport and cruise vessel considered o be
teasible for allernative fuel operation under the conditions and assumptions applicd in this document,
Fleet adoplion rales shown im Table 9.3-4 exclude hshing vessels, passenger ferries; service ships,
miscellaneous, and unknown vessel types. Table 9.3-5 presents a summary of overall fleet counts
combining all ships. Under the base inpul conditions, about 11%e-12% of the fleet operating i the
Mediterranean Sea area could feasibly consider alternative fuels for cost-saving compliance with the
proposed Med SO, ECAL

Table 93-4. Summary of alternative fuel economie Jeasibifity analvsiz for mapor vessel types in the
Mediterramenn Seq area

: Average | Average LNG Capital
L tofl | P i = :
Vessel Type F:::: h;:- u;{:":ul Average I'tlu'll_{‘nni Ir]:_l alh_itmn Invfm Jnen'l
Vessels Type Ape Savings canium "ﬂrlnl oW
2 (Pereent) (% Million) {5 Million)
Carap ships B0 1% 33 3% S1.0 825
Container ships 130 % 25 33% S0 5119
Crusscrs 45 25% 3 3T §3.5 5200
RoPax vessels 220 41% 33 1% 5.9 S19.0)
Tankecrs il i 30 36% 513 £4.1
Vehicle carriers 79 12% 33 A% S1i 5120
Total® L6324 11%s
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Fable .33, Flegt pounts considared for aitermative fuel replacement, and the mimber that conuld
redhive SECA compliance costs

Feasibility Category Fleet Count | Percent of Total Fleet
Salvage age (=20 yrs ) eirea 200 19,700 59.3%
Allemnative Fuel-cost Feasible 3.900 11.8%,
Other Criteria Necessary 15,800 47.5%

The economic Beasibility of allernative fuels will be sensitive to several inputs, primarily o the fuel-
price differential between SECA compliant fuel and the altemative fuel (LNG in this analysis), Table
9.3-6 illustrates this through sensitivity analysis thal exercises the LNG fuel price from no-cost (S0)
l|'h‘cr|.l.g]1 a price uqu.ﬂ 1o SECA fuel. As illustrated, flest adoption rates from nearly 1% to 0% are
dependent upon the net savings of installing power svstems for and operating alternative fuels. The
shaded row represents the results of this analysis using fugl prices desenibed i Section 9.2, Regional
compliance cost savings with the proposed Med 50y ECA through adoption of economically feasible
alternative fuels could be in the range of S1.4 Billion per yvear based on fuel prices deseribed in
Section 9.2

Fable 9.3-6. Cast analvsis relating LNG price and LNG-MGO price differential fo the percent of the
fleet fall vessed types) adoptimg alternanive fuel

LNG- Proposed Med S0, Proposed Med S0
LNG "&GU ECA Cost with LXG FCA Savings with Fleet Percent
Price! ‘r'-"du.& Alternative LNG Aduoption’
(5 Billion per year) (5 Billion per year)
S £858 5154 2.2 16. %0
S50 SEOE §13.5 2.1 16.1%
S1(H) 758 513.7 £2.0 15.5%
S22 SH58 8139 £1.7 14.0%
S30H) £558 §14.2 514 12.3%
£327 $531 514.2 514 11.8%
S350 5508 514.3 51.3 11.3%
SiH) 5458 5144 $1.2 10.2%
5450 SR S14.6 1.1 0. 2%
SiulM) 5258 S514.9 0.7 5.1%
ST} S158 5152 50,4 2.5%
SEM) 558 81535 $0.2 0.2%
858 S S15.6 SI00 1.0%

933  Comparson of Vessel-Speafic Cosls

Costs of comphance for different types of vessels can also be estimated, Table 9.3-7 provides results
of these costs for MARPOL VI, the proposed Med 30y ECA, and the proposed Med SCyx ECA with
EGCSs. Results show that per vessel costs are largest for the biggest most powerful vessels. which
include eruise ships. Rol®ax vessels, containers, and vehicle carriers. The columns represent total costs
under esch scenario; annual cost inereases would be the difference between column prices, e.g., for
Cruisers the differcnce between the proposed Med 50y ECA average cost and MARPOL V1 average
cost would be about S350k per vear, As noted win Table 93-7, the additional per-vessel average cost
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increase compared 1o compliance with MARPOL 2020 & modest and would likely not impose any
undue burden of comphiance on industry.

Fable 9.3-7, Surwnary of average annual compliance cost per vessel by tvpe

i Proposed Ned Proposed Med S0,
Vessel Type SUIE | SRENEARE . 551 ECA | ECA EGCS Average
Count V1 Averape Cost Avernts € Cos
Average Cost i
Cargo ships 333 S200), 00K £327.000 5325 000
Mase. 7932 S48, 400 S34.000 552,200
Passenger ships 943 STOLO00 579,300 574,100
Tankers 4,300 SO%1.000 ST03,000 S750,000
[ 'nknown 7065 S24.500) 527400 526,300
Sarvice ships E50 S1 10,000 £123_000 S1IR.000
Fishing vesscls 1.268 530,500 S34.100 532.900
Vehicle camers 675 1530000 51,760,001 £1.650,000
Crniisers 180k B3, 280,000 S3 H300 kN S3,540,000)
RoPax vessels 538 £2.920,000 83,280, (M) S2.070,000)
Container ships 2,061 82,340,000 52,6400 (0 S22 540,000

9.4  Cost to Shipping Industry in Comparison with Land-Based Measures

Criterion 3.1.8 of Appendix I to MARPOL Annex VI requires a description of the relative costs of
mr,lun:ing emssions from Shi.]'l\'.‘i when compared with land-based controls, This section presents resulis
fronn international experience with pollution abatement control costs. Detailed information on control
costs 1% not available on a country=by=country basis, and analysis of results from intermational studics
show that the range of expected control costs, on a per-umil pollution abated basis, are generally in
sood agreement, indicating that international experiences with contral costs are similar,

94.1 Estimates of Cost Effectivencss

There 1= a large variely of technalogy and operational choices available for pollution abutement. For
sulphur abatement, these options £all under four broad categories: the use of low sulphur fuel. fuel
desulphurisation, combustion processes. and desulphurisation of the exhaust gasses. The costs of these
technologies, and the associated emission reductions, may be estimaled in a range of ways. First,
enginecering estimates look specifically at technology and operating costs, and associated changes in
emisstons levels. Engineering approaches are useful when applied to speeific plants bul can raise
issues when applicd broadly to an industry, due to the many and varied compositions of individual
plants. Another method of estimaling envirommental regulatory compliance costs 18 Lo survey
industry, asking facilities® their direct capital and operational costs to reduce pollution, Again, this
methodology 15 challenged, a5 issues with sample size, response rale, and difliculty in accurately
separaling costs associaled with different pollution species challenge the resulls.

A 1999 report by [IASA for the European Commission {European Commussion 1 99), estimates that
the costs of abating 50 range from S586 1o S860/MT S0:. Recent work in Chana (Zhang et al. 2020)
estimates polential emissions abatement of 19.2 million tonnes of 50 from switching o renewable
encrgy tethnologmes at a cost of 92.5 llion CNY (Chinese Yuan), or 4818 ONY/AMT 50, abated,
equivilent to around ST3ALT S0; abated.

The United States Frvironmental Protection Agency (EPA) s in the process of updating thew Air

Pollution Contrel Cost Manual, Section 5 of that report identifies the most recently available
technologics and costs for removing acidifving gases, such as 50y, from amissions. The U5, EPA
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manual provides an engineéering example of the cost effeetivencss, akin o the MAC, of a wetl FGD
(1lue gas desulphurisation) unit on a 500 MW coal Facility at S681UAT 50: abated, and S9450T S0,
for a dry FGD unit on a similar sized plant. For 3 wet-packed tower absorber the ULS. EPA repont
estimates S636MT 50, Notably, these engineering examples are just that, calculations for specilic
example Facilities. bul they align well with other litetature estimates to provide an additional reference
for the abatement costs,

4.7  Shadow Prices of Pollution

Another :|p|111n::|1 Loy uitim;l.ling costs of ]'rulluL:'l.'ln conitrols 15 (0 measure ndirect and revealed costs,
Using ceonometric technigues to identify revealed rather than stated pollution abatement costs,
abatement costs: which are more indicative of the total cost of regulatory compliance may be
estimated. One such approach that 1s widely applied i to wse shadow prices.

The shadow price is the opportunily cost of incremental reductions in pollutant specics in terms of
reductions in production output. Shadow prces in the USA for S0; abatement from coal power plants
range from S1E06 - SIX018 / MT 80, (Swinton 1998; Fiire e al. 2005) and from S2,044 - 21,749
AT S0y for industrial processes in the USA, Korea and China (Coggins and Swinton 1996; Tumer
1995; Boyd, Molburg, and Prinee 1996: Leg, Park and Kim 2002; Tw 2009 Heand Cu 2017)

UL Delft publishes a Shadow Price Handbook (CE Delft 20100 which finds SOy shadow prices of
S6.461 - 312943/ MT 50x and PMyo shadow prices of €2,300 = 50,000 [ AT Phie. The CE Delft
Emvironmental Prices Handbook cshimates that the environmental cost, not the abatement cost, of S0
pollution is €24.900 / AT S0, while the environmental cost of PAl:s is €79,500 / MT SO: (CZ Delfl
2018). values which well-execed the land-side abatement costs.

A 2014 study of OECD economies found that the shadow prices for PM. abatement were highly
variable. ranging from $5.07% M1 P 1o 5295832 / MT PMe (in 2005%), with 4 mean and median
of 99,500 / MT Phdis and $82.161 / MT Piie, respectively (Dang and Mourougane 2014),

Tehle -1, Margingl 50 ghatement costy (30T adapeed from Mekaroonrenng and Sodnsan (200 2)

: Average Price of 8O-
Sy ahatgfm‘m (S/tan)
(Fire el al. 2005) o= 142
{Mekarconreung and Tohnson 2012) 2001 =343
{ Coggins and Swinton 1996) 292
(EPA 2009) - Stationary 200 — 6,000
{Mekarconreung and Johnson 20012) 509 =2.020
{European Commission 1999) 586 = 860
{Zhang et al. 2020) EEL
(Tumer 1993) 826
(Fare ¢ al. 2005) 1L117= 1974
(Boyd, Molburg. and Prince 1996) 1703
{Lee, Park. and Kim 2002) 3107
(EPA 2004 — Om-Road 0,400 — 6,600
{CE Delft 2000) G461 = 12.943

Table 9.4-1 shows the range of identified SO: abatement costs from the literature, discussed above.
The range in abatement costs is wade. ranmng from ST6/MT S0, abated (o S6600MNT S0, abated.
Ranges this wide are consistent with the litemture, a5 they represent a suite of technalogy and
operational measures possible to reduce S0; emissions, as well as a suite of sectors, including
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stationary and mobile sources, for which abatement technologies can vary greatly.

9.4.3  Estimates of Cost-Effectnveness from Pnor ECA Applhications

The MNorth Amencan ECA application (EPA 2009) lsts a get of land-based source controls. The dates
of the control costs span a wide range. and so may be best thought of as descriplive rather than
prc:m'ipl‘.it:: of current abatement costs, which are H]J.:I!,' different due to Imlicy c'.1.1nngm in recent
years and technology improvements. The report list costs of between S1 10600 — S16,000 / MT PA,,
(20065) for non- and on-road diesel and gasoline enging applications and a range of 54,000 10
46,000 7 AT P, (20068) for stationary diesel engines. Locomotive and harbour craft costs range
from 59,300 ©MT P (20065) for new builds up to S50,000 / AT PA,q (2006%) for retrofits, S0y
emission abatemenl costs estimated by the U.S. EPA are generally lower than Phio abatement costs.
Stationary source S0k abatement costs range from 5300 to S6.000 / MT SOy, whereas on-road 50y
abatement costs are estimated at S6.400 ' MT SOy for heavy-duty diesel engines. and S6,600 / AMT
S0 for light duty gasoling/dicsel engines.

944 Cost Effectiveness of the Med 50, ECA

Findings from independent peer reviewed and grey hiterature find that ranges for Phhp and S0y
abatement costs are broad and overlapping. The costs assigned to removal of any single species (of
either 50 or PA) cannol be treated as fully independent, as PM and SOx pollutant species are
entwined. Therefore, though the costs are attributed to a single pollutant. in reality there will likely be
co-reductions for both S0y and PA with any abatement measure. As shown in Table 9.4-2, the
marginal abatement costs of the proposed Med S0« ECA are aligned with the S0 and PM marginal
abatement costs for both the base case. and the proposed S0y ECA with EGCSs,

Table 04-2. Cost effectivencss of the Med S0y ECA from the Teclmical and Feasibilite Stid)

Proposed NMed SOy Proposed Med SOy

Benefit Ty pe MARPOL VI ECA ECA with EGCSs

Control Target

Abated 50 cmissions £7.730 | MT S0 S13.4007 MT 50 58,750 / MT 50y

Abated PAL « emissions SR0.300 / MT PAM: . | S135.0007 MT PM. STOL0 [ MT PAL -

The Techmical and Feasibility Study to examine the possibility of designating the Mediterrancan Sea,
or parts thereoll as sulphur oxides (50.) emission control area(s) (ECA(£)) under MARPOL Annex
VI (Corbett & Carr, 20090, heremnafter refemed to as the Techmical and Feasiality Study, found that
the proposed Med SOy ECA has a cost effectiveness of around S8.750 - 13.4000MT SOk abated
(Table 92.4-2). For comparison, the North Amencan ECA cost effectivencss was estimated al
S1,200/MT 50k, However, it must be remembered that the North American ECA was implemented al
a time when the global fuel sulphur cap was 3.50% 8 m/m. and thus step down to 0.10Fa 8 m/m
represented a larger step than the proposed Med S50, ECA,

The benefit-cost ratio of the proposed Med SOy ECA estimated in the Technical and Feasibality Study
15 51,58 million per avoided morality. Parallel stodics from France (Rouil et al, 2009) and the
European Commission (Cofala etal 2018) find benefit-cost ratios of 3 and 4.8 respectively. The cost
effectivencss of the proposed Med 50y ECA 5 at the upper end of many of the stationary source
abatement costs identified. However, as noled by the benefil cost-ratios. the heallh and envirenmental
benefits of the proposed Med SOy ECA are far larger than the costs,
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9.5  Cost-Effectiveness of Quantified Benefits

Similar to previous SECA analvses, the same cost was mssigned across each of these dimensions.
which over-assigns the cost per unit benefit given that the same cost is achieving all of these benefits,
Table 9.5-1. Figure 9.5-1. and Figure 9.5-2 summanse the results. For example. the proposed Ahed
S0y ECA without EGCSs is shown 1o cost aboul S1.38M per aveided annual death, if all the costs of
the proposed Med 50y ECA are assigned o the avoided mortality estimates, This cost comes down 1o
510330 ‘avoided death under a EGCS scenanio,

Table W51 Cast-egffectivencss of gruentified benefits

T I M R NS
Control Target
Abated SOy emissions £7.730 MT S0y S135,400 NT S0 SE. 750 AT S0,
Abated PMas emissions SO, I00 MT PM. s S155,000 MIT PM: | S100.000 /A1T PM:s
Health Outcome
Avoided mortality $0.263 M/A Mortality | 51,580 M/A Mortality | $1.035 M/A Mortality
Avoided childhood asthma S14 kA Mﬂbldlm $763 k /A w E £500 k/A Mﬂ-ﬂ‘lid‘ﬂ

Marmginal Cost per Reducad Tonne S0« (SMonne)

E16000
£14 000 B55% Reduction, -S13.400
5% Fadctan
é ok 10,530
40,000 T5% Reduclion,
g 5770
S8.000
(=
E 56,000
54000
S2.000
50
MARFOL W Med ECA Med ECA
10 5% 3 (0 1% 8} Iveith senabbvers]
Marginal Costi per Reduced Tonne PM2.5 (31onne)
510,000 2% Reduction,
§160,000 $155.000
1 G2% Reduction.
= ST $122.000
126,000
100,000 5% Raductan,
lg 380001 e
i $60.000
540,000
$20,000
5
MARPDL VI Med ECA Med ECA
RS%5) 0.1% 5) mith serubbers]

Fiemre 9.5- 1 Control coxt-gffectiveness of SOy and PV reductions based on prives in this docgament
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Gt per Avodded Premadure Deam st per dwvoided Asthra

525 SE00 §763
700
520 ke 502
- 5800
518 - i 3500
£1 245 ETi
5 E 5484
10 5304
Lk 2200
3 g
S0 263 S100 o
300 80
MRRPOL W Med ECA Med ECA WARPOL W Mo ECA Keg ECA
e, Bt iR wilh sciablefg 5% E) 1% 53 ity seribbarn)

Figure 9.3-2: Cenr-gffectvensss of health cwfcones in ferms of avoided premanire mortality cond
erverigled childfiond asthn

951  Mortality benefit-cost analysis {Lung Cancer and Cardiovascular causes)

A benelit-cost analysis should compare the net monetised benelits Gor all miligation and costs for all
compliance actions. No prior proposal to designate a SECA under MARPOL V1 have presented
analyses that monetise all benelits. Prior proposals o designate regional SECAs under MARPOL
Annex VI have generally presented costellectiveness justilications for benefits of dommant conesin
or made reference to a concept termed “critical loads", which generally means the maximum tolerable
environmental exposure that a region’s ecosystem (in whole or part),

VEL i the monetary value of small changes in monality risks. scaled wp to reflect the value
associated with one expected fatality in a large population. This analysis identified a key resource,
puhlished in the peer-reviewed literatwre m 2007, that performs a stale-of~practice analysis of VSL
that includes neardy all Mediterranean coastal Stales ( 20), as described in Figure 9.5-3.

Cosl per Avojded Fremalure Death

25 Morality-welghted VSL
far Mediterranaan rations
S20
51,580

g 515
= 51 245
= &40

e $0263

—_—

MARPCL Y| Med ECA Med ECA
D 5% 5) (0 1% 5] [with serubbars)

Figure 2.3-3; Comparion of the proposed Med S0 ECA cost per averded martality and the
Mediterranean weighted 751
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10 Econamic Impacts on Shipping Engaged in International Trade
10,1 Alarine freight and passenger rates
10,1, Freight rate asscssment

Cargo-based freight eates include vovage-based fuel costs and much more: Cargo freight rales
represent the cost from origin to destination incheding cargo handling. storage dunng fransil,
intermediate mode transfiers, and mode. Voyvage fuel costs are divided h}' the cargo load {in net tons or
in net TEUs, as appropriate). The cost model multiplies by two {2) this value 1o account for fuel costs
associated with an empty return top. Sensitivity analvsis can adjust this emply-return adjustment
between a minimum value of zero {fully loaded revenue back-haul voyage) and two (no revenue back-
haul). The use of the empty return adjustment, therefore, ensures more robust analysis (e.g.. estimate
cost impacts that may better test the null hypotheses),

Where a scenario depicts a pori-o-port cargo movement, these approaches desenbe the nel costs
based on vovage costs and bransfer costs. Where 3 scenanio depicls origin-to-deslinalion cargo
movements that require land transport modes, the model would sum costs across the waler leg amd the
land mode legls) of the route, The model provides generalised rates in cosls per cargo distance (cargo
tonne=kilometre or tkm), These generalised rates allow for eflicient application to route scenarios and
facilitate sensitivity analysis.

Carga rales are denved from the Martime Transpont Costs (MTCs) statisties database mamtained by
the Statistics and Data Directorale of the Organisation for Economic Co-operation and Development
(OECD),

“The Meritine Transport Casts (MTC) dutabase contains data from 1990 to the most recént ivailable
vear of bilateral martime transport costs, Transport casts are available for 43 imparting countries
i’.rm'ﬁm‘.rng EUTS contrtries as a custom union) fram 208 countries r.f'ungm it the detailed ('m'ﬂmrx.fl{‘g'
6 digith fevel of the Harmenized Svstem 19887

The database is built on data for “a combination af .-.'Jrrfpfl;ng rates achally eharged data with the UN

Comirade statistics have been wsed to estimate acthual transport costs at the product level, The
Shipping raves frave been collected from selected sowrces, such as: The United Nations Conference on
Frade and Development (ENCEAD), Contaimerisation International, Drewry Shipping Censultanis;
Intermational Grains Conncil (1GC), and the Baltic Fxcharnge™.

For this work, MTCs data were extracted from the MTC database for agriculore, manufactunng. and
raw material commodities for the countries and country groups listed in Table 10.1-1, We attempted
e include all avmlable data for Medilerranean coastal States that are Contracling Parlics 1o the
Barcelona Convention. or their representative country group.

Table 10, 1-1, Lisr of conniries fand EL 13 conntey gromgpd forwillich MOC dati was queried

Countries or counlry group
Adbania Malta
Algeria Monlencgro
Egvpl Slovenia
European Union (EL' 15) | Svrian Arab Eepublic
Israel Tunisia
Lebanon Turkey
Libya
%1
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Using the MTCs mparted by OECDStat, we updated reported fraaglt mades o 2020 dollas and
comerted the uwits to costs per boome-km so that these could be apphed b roate distarces to yield
waterthome feizht bansport costs. Figure 10.1-1 preserds the wedian freight rates (dashmades ], m
beost-and-wlisher plots repeserting 2% and 75* pacentiles (bosces) and 10* and 50 percentiles
(whiskers). Table 10.1-2 presents the avemgze freizht mbe across by selecled commodities in the
exbacted dats Table IL1-3 presents a stabis teal sunonary of freizht mies melhding upper ad lower
rages. The fipare dhstrates that cortameshup freizht mies are typcally hugher than bulk shup freight
rates (althouzh there 15 overlap), and that cleanbulk rates are lizher than dirty bulk mies, Tlos sebs an
expectabon that commvodibes with hizher Geight rates may be less mfluenced than commodities
associated with lower freaz et rates by voyage costs (orthe nfluence of voyage fiel cost differenhals),

MTC ranges (USD per tonne-km)

o 1a00
0.1200
0.1000
s E] EJ
00600
00400
o s
00000 — =

& & " d & o &

F 5 - el 4 4

[ b.\t "IJF \_3” 9‘&* ) L}\P - ‘fn - ‘f
,;?Q; o - & & ¥ “._‘,
o o
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Feble 10.1-2, Summary af MTCs by tvpe of vessel for a selected range of conmmodities

MTC by type of vessel
{average U'SD per tonne-km )

Commudity Clean bulk | Containers | Dirty bulk
General Aericuliure 0.0397 002949
07: Edible vegetables and eertain roots and tubers L0257
0%: Edikle fruit, nuis, peel of citrous froit, melons 0.0354
09 ColTee, ten, mate, and spices (0.0278
1 Cereals 0.0246
12: Ol seed, oleagic fruits, grain, seed, (ruil, ete, ne 00549
19: Cereal, Mour, starch, milk preparations and products 00286
22: Beverages, spirits, and vinegar (.0211
General Manufacturing L0794 M0
31 Fertilizers 00,0060
47: Pulp of wood, librous cellulosic material, waste eic (0164
48: Paper & paperboard, articles of pulp, paper, and 0.0308
hoard S
52: Cotton (L0486
61: Articles of apparel, accessories, knit or crochet 01252
62: Articles of apparel, accessories, notl knit or crochet 0,1501
6 Footwear, gaiters and the like, parts thercol (L1483
73: Articles of iron or steel (L0354
84 Nuclear reactors, boilers, machinery, ele 0.0522
#5: Electrical, electronic equipment (L0616
87: Vehicles other than railway, tramway (L0702
95: Toys, Sarmnes, sporls requisiles 0.0ET3
General Raw material 0128
25: Kalt, sulphur, carth, stone, plaster, lime, and cement 00116
72: Llron and steel 142
Table 10.1-3, Sepitivity analvsts af MITCS by commadity group and vessel tvpe
U'SD per Agriculiure Manuflaciuring - 'R:m_
tonne-km Combined | Containers Clean Combined | Containers sy | Mueria
Bulk Bulk |
Minimum (000 (LR O0 D032 (3,0000 .00 00,0042 0,005 23
10th percentile 00145 0.0172 00139 01,0075 00188 .0042 00,0040
25th percentile 0V 1RD 0a1es 0.0152 (,0343 0.0393 (Long3 00073
Median (L0253 (0.0266 0.0173 0.0740 (L0784 0.0060 | 00128
Tath percentile 00334 (.0339 0.0213 0.0057 (L2 00074 | 00199
HNith percentile (0434 0.0421 (.0570 0.1287 (. 1289 (008G 00214
Maximum (12461 (. 1044 0.2461 0.4348 (.4348 D009 | 00233
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10.1.2 Passenger rale assessment

Passenger rales for marme transportabion i this work relers to fomy senvice. We do not evaluate
eruise vessel passenger service because those excursions compare more with hospitality and vacation
teavel. Typical factors in a mode choice context inelude:
#» Waterbome transport of passengers is typically a “premium mode”, priced higher than road
travel by personal vehicle or transit. (Perhaps priced similarly or higher than rail.)
®  ‘Walerbome passenper transport is often a complement 1o rail and road travel. offering
connechivity via Ro-Pax. ( Waterborne passenger transporl rarely & competing with land-side
modes. )
& (Costs for passenger travel per tnit { per passenger ) % l_'l.]'.rll::l“}' grealer than cost per il cargo,
Therefore, the expected price effect from higher priced 0.10% 5 m/m el would necessarily
be smaller than the price cffects evaluated per umil cargo,

Therelore, analysis 15 focused on remole arcas and island communilies where modal shifi is nol an
aption for remole or island arcas, 25 intermodal connections do not exist, or are limited, As such, all
goods and passenger movements must cecur gither by sea or by air. Adr transportation costs are higher
than all other modes, and for many goods transport by air is impractizal.

Passenger ferries, including RoPax vessels, operate along numerous routes in the Mediterranean Sea,
as-shown in Figure 10.1-2 and Figure 1001-3. As shown by the intensity of emissions in the two
figures, RoPax vessels are far higher emitters of ©0y, and therefore consume greater quanities of
fuel.

This work analyses a sel of ten ferry roules m the Medilaranean Sea, meluding four national and two
intermational routes, All ferry routes analysed are between the mainland mnd islands, with one
additional coastwise route. One-way prices for a single adult booking deck passage were retrieved
from published fare schedules for cach of the routes shown in Table 10.1-4 The RoPax vesscls
serving each roule were identified and representative vessel categories in the final report of the Fourth
MO GHG Study 2020 (MEPC 75 715) (Faber et al.. 202A00, heramafter refemed 1o as the Fourth
MO GHG Study 2020, for fuel consumplion were matched with ferry vessel chameteristies (e.g.,
gross Livms ),

Table W14, Ferry routes, distances, prices, number of passengers

. Distance | One-way Cost Cost 5
sl ke (NM) | cost (EUR) | (EUR/p-km) | (USDIp-km) | Fosengers
Maples - Cagliari 282 42.41% €0.0812 S0.0967 1.845
Rarcelona = Porto Torres 307 35% € 00616 S0.0733 2,794
Mamseille - Algias 421 198 €0.2539 503023 2 M)
Piragus - Paros 107 33" €0.1665 80,1982 1.715
Piracus - kos 203 5254 £0.1396 S0.1662 2,000
Piraeus - Rhodes 256 a1.5% €0.1297 S0.1544 200000
Valetla - Pozzallo 53 68" € 0.6928 508247 1120
Myvkonos - Naxos 26 14.5% €0.3011 $0.3585 2 400
M httpes o en trrenia. L ferry -sardinis/ naples-cae | an indes hitm |
”j bt ovewew grmmalili-lines com!
* hitpswww corsicalings com
B bitpe el ferrvhiopeed o
# hip e vidufemes com
#4
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Famagusa - Mersin 112 42034 €0.2070 S.2464 343
Barcelona - Genoa 52 4t € 0.0752 50,0895 2,230
- . m - = - -
mrs _‘3 1 arvm = !‘
w |= o i
- e o Ty, -w -
e 3 -".‘l' - B &
18 e Anf X - e
- £ ﬁ-—" . i
- g ; iy
;- ¢ - % l
|'l'.|;_;'|'lh;' fo 20 Internaticrmal |-.'.l.‘.'f rmn-'.l.'.'..ll?‘."‘i’r-.:”u'l' ..r.c"n'.':':{l g
- “ : : . o
. . C ]
- - f="!
- . - - 1 —
e are " _i
¥
- - - 1
s i | § -
|

Frenre 10, 1-3: Internatonal and maliona

10,2 Land-side freight amd passenger rafes

Operating ¢osts for land-side modes vary by made, by country and by route, Using an analysis of

{ paassermper vexssel acliviy

transportation operating costs in the European Union and the U8 produced by research collaboration
funded by the Furopean Commission (Maibach, Peter, et al., 2006}, this analves updated costs 1o
2020 equivalents in LS. dollars and selected costs representative of Meditesrancan coastal States for
which this analvsis provided data { Table 10.2-1)

¥ hap s woww blussiarferries com.
W itpss e akpunlerbilel gom,
12 btk pevew g gt
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Fable 10.2-1, Average conls per passenger-km (rail), freseht ton-kom (rand, LOV and HDV reaid)

Hail Raoad
Passenger | Freight in | Buses{in | Coaches (in | LIV freight I'n'[i:{: (in
Country {in 2020 2020 2020 2020 {in 2020 2020
USIVp<km) | USDA-km) | USIVp-km) | USIVp-km) | USDA-km) USD/t-km)
Greece S0.3410 £0.3875 S0, 0930 S0.0930 §4.2160 80,1395
Spain S0, 1860 S0, 1085 S0.1395 S0, 1085 6. 7113 S0, 18640
France 03100 S0.0930 50,2325 80,2325 80 2535 80,2633
Italia 80,3100 8101550 50.1705 50.1395 £8.5250 S0.1864
Slovenia S0, 1240 50,1085 S0.04635 50.0310 54,619 20,2015
FUI25™ S0.2635 S0.1705 £0.1705 £0.1393 57.8275 S0.2170
Rail Hoal
gy ; i . ; et HDV
Passenger Freight (in | Buses (in | Coaches (in | LDY Treight fruight (in
Country {in 2020 . 2020 1 .ZDIEI [ 2020 1(E|1 2020 2020
USDYp-km) | USD¥t-km) | USD/p-km) | USD/p-km) | USIM-km) USD/t-km)
Max S0.2875 S0_4495 S0, 200 S0, 1900 £12.9270 S0 2045
Median S0.3100 801550 S0.1100 SO.1000 56,8045 $0.2015
Mean 50,2550 80,2015 50,1064 S0.0968 £6.9680 80,2071
Alin S0.0620 S0.0620 S0.0200 S0.0100 $2.433 S0, 10085

103 O-D Pair Distances

This section discusses the set of route distances between identified Origin and Destination (0-13)
pairs, (-1 pairs were selected based on a set of eriteria, first evaluating the level of observed marine
trafTic between origin and destination based on AIS observations, and second evaluating the cconomic
viability of a route based on published commercial schedules between origin and destination. either
independently or as part of a vovage string. calling at several other ports along the way.

Route distances for water, rail. and road routes are shown in Table 103-1. All O-D pairs were
selected as having a viable waler roule between the two ports. however not all instances had viable
rail or road conmections between the ports. in cases where a viable road or rail roule was unavailable
the distance is shown as ot available (NA), O-D routes include short-sea routes, island country
roules, intra-Mediterranean routes, and roules transiting the Medilerranean. Note that while O-I3 port
pairs are identified, these routes are intended to be representative and not deterministic or prescriptive.
The routes inside, to, through, and arcund the Mediterranean Sea are many amd varied. with the total
set of O-D paurs bemng impossible to model.

Feble [0.3-1, Water, rocd, and rail distances between arigin and destiation pairs (ki

B
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Water Distance (km)
Orighi Destiation | In-Med | Ex-Mad | Tow | 4 Distance: | Road Distance
(k) ikm)
Port Said sibraltar 3.591 L] 3.501 MiA T431
Algeciras Fog-sur-Mer 1.367 0 1,367 1.997 1.781
Algeciras Koper 3,126 0 3,126 3,283 3007
Gienoa Criona Taoro 2 h 1] Q09 1.277 1,348
hoper Malta Freepont 1.422 0 1422 NA 1.955
hopar Sineapore 2471 9325 11.795 MNA 12987
Port Saud Koper 2471 L] 2471 MIA 3408
Lisbon Jeddah 3,591 1.917 5,508 MIA 8602
Piracus Limassol 083 L] Q83 MEA 2633
Port Said Beirut 432 1] 432 MA 710
Shanghai Rotierdam 3591 15904 | 19.555 15,267 10,881
Shangha Fos=sur-Mer 2,895 3386 | 16281 15982 11,671
Port Said Fos=sur-Ner 2895 0 2,805 MIA 4413
Singaporg New York 3,591 15177 | 18.768 MIA NIA
Tangicr Ovan 485 (L 485 1,022 T45
Tangicr Tumis 1.515 0 1.515 2.531 2221
Thessalomiki Piracus SO0 1] 00 597 S50
Niamen Beirut 432 12323 | 12,755 13,9466 MNA

104 Commodity Prices

Feod commodity prices are available from UNCTAD, as shown in Table 10.4-1 These commadity
prices represent a range of common commodities at different cconomic endpoints, from raw materials.
to manulfzeturmg, building, and lextile mputs, to food prices, Commodities are shown in their uni
prices in LIS and converted to price per metric tonne for the purposes of unit=based comparisons

between commaoditics, Unil mass conversions are straightforward, and the mass of 2 91 em x 182 am
% 4 mm sheel of lauan plywood was assumed to be 3 kg,

Teable NO4-1. Selected food, beverags, and cammodine prices (3200 9 from UNCTAL

—
Commuodity Llnit Unit Price (;“,r,:f:'l
Salmon, fresh, fish-farm  bred, export price, {S/ke) .54 $6.940.0
MNorway o
Illannnas.lf..cntm] and South America, FOT, LS. (k) 114 $1.140.0
impert price i
Coflee, other mild Arabicas, ex-dock EU i elh.) 125.52 £2.767.2
Tea, Kenva Mombasa ™arobi. auchion price (Skak 2.2 £2.200.0
Tobacco, unmanufaciured, LS. impor unil value (SMT) 4373.65 54.578.7
Phosphate rock, Khowribga, 70% BPL. contract, ’
FAS Casablancs (S/MT) 3795 SR80
Zine, Prime Westemn, delivered, North America ielb 124.13 £2.736.6
Rubber, TSR 20, New Yark CIF (SMT) 166217 51.662.2
Plywood, Africa & SE Asia, Lavan, 3-ply, 91 em e
5 182 em x 4 mm, whiolesale Tokyvo® (pisliee) 300,93 $1562:%
Fine wool, 19 Micron, AWEX auction price. R p
it (SMT) 14183, 514.1832
* assumes ang F-mm pliwoad sheet = 3 ke
105 Soecio-ceonomic effects modelling
87
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This section describes the methodological approach for deseribing fuel consumption and changes in
fuegl costs, identifving major shipping langs and corridors, and evaluating mode shift potential and
economic costs alfect marine freight rates, provide coonomie signal related to potential mode shift.

Methods in this analysis are grounded in econemic principles that:
i) cost changes may be reflected in the rates that suppliers present to demanders. e supplicr
couts dre passed on to the buvers embedded within market prices: and
i) demand may be affected where the price signal changes along with demand clasticity for
transport service and'or for the delivered product

There are three stages of analysis available to evaluate socio-cconomic impact of price changes
resulting from adoption of Med S0, ECA fuels complying with 0.109% 5 m/m limits. This section
describes each of these three stages. First, the relative cffect of fuel price is evaluated in lerms of
vovage costs. which engages the EERA cost model (Section 10.5.1). The second stage considers how
freight rates, which generally are mclusive of services and transport in addition o waterborne voyage
costs, may be impacted by changes in voyage costs. To do this, we assemble published data on freight
rates and evaluale how vovage costs are reflected in freight rates {Section 10.5.2). Third. freight rates
embedded in the purchase prices of a commaodity or product need 1o be evaluated for potential direct
change in product prices and potential for indirect effects on consumption demand (Section 10.6).

10.5.1 Voyage cost evaluation

EERA applied its cost model for vessel and altemative mode costs under changing fuel cost scenarios
(Wincbrake et al.. 20000, Evaleating changing fuel costs for marine transport enables comparison
with cost statisties for land-based transportation modes meluding truck and rail trans portation,

Fuel consumption and fuel price data are used in the codt model 1o inforn cost-based Freight rates.
Maring fuels can account for 30-50% of voyage costs depending on vessel capital financing costs,
Marine fuels have also shown a large amounl of valatility in recent vears, largely tied o volatility in
erude oil prices, For road freight, fuel accounts for around 20-25% of truck trip costs®, and for about
H0-45% of rail costs™. In addition. freight rates based on transportation costs would include per-cargo
based allocation of transfer costs related 1o loadmgunloading {cargo handling) and storage: demand-
premium freight rates would be higher than cost-based freight rates. Also, freight rates vary by
commodity based on cargo densities, utilisation of payload space, perishability, cte, Importantly,
including more cost elements reduces the fuel-price effects. Fuel prices reporied in Seetion 9.2.5 are
applied in 2 Base Cose (using 0.50% 5 m'm fuel prices) and the Med 80 ECA Case (using 0.10% 5
m/'m fuel prices). This meremental fuel cost 15 then added 1o the estimated vovage costs 1o estimate
new voyage cost under Med 30y ECA conditions,

Using a fuel price ratio of 1.29 {representing a 2% difference in observed prices between 0.50%
mmy and 0.10% 5 m'm feels during the Iatter months of 20207, tvpical fuel costs represent about 22%
1o 38% of daily vovage costs for containerships and less for bulk ships ( Tahle 10.5-1),

wmwmm _

L rélated documents

bt
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We observe that the vovage costs per tonne-km éstimated by the EERA cosl model are in good
agreement with other work, such as the COMPETE Report (Maibach, Martin, & Sufter,
20067 Maibach, Martin, ¢t al.. 2006), Table 6. which reports short-sea costs per tonne-km. Sensitivity
analysis on the cost impact is presented in Table 10.5-2, where the base fuel price is vanied from S150
toS T per tonne fuel (lefl column). and the Med 505 ECA fuel price eatio between 0.10% 5 m/m to
(,50% 5 m'm is varicd from equal to double the price of base fuel,

Fabfe NES-1. Estimated datly vestiege fuel cost and increase cost 1sing .29 ECA fuel price ratic

e . : = : Bulk
Vissel Fuel Price Lﬂlllumi:r L uulﬁmfr C nnlm_ner' (30,000
(2800 TELY | (4800 TELT) | (10,000 TEL) DWT)
Base Voyage Cost $0.0022 S 0,0021 $0.0012 $ 0.00079
L'SE) per tonne-km
Base case
Fuel Cost as (Median AT 6% 53% 25%
pereent of 2020 price}
Daily Vovage | Med S0
Cost ECA case 43%% 6% 5Py 30%%
1.29x Base
Inereased Vevage Cost ;
UISD per tonne-ka 50,0025 S 002G S0.0014 S 000084
Percent Change in Daily
Vovage Cost with Med LI 6% 16.2% 152% T1%
S0y ECA Tud

Fable 10.5-2. Relationsfip Betwedn venvge casl increase (table valuis in percent), fued base price
feeennl, and BCA fuel price ratio (row) wing the JO000 TEL containershin example from Table

To5-1

———Price Ratio =

IR i) 1 1.2 .29 1.4 1.6 LR 2
£130 1.0 6.5% 9.4% 13.1% 19.6%% 26.1% 320
S200 0.0%% T.9% 11.3% 15.7% 23 6% 3l.4% 39 3%
5250 0.0 3.9% 12.9% 17.9% 26.8% 35.8% 44. 7%
300 0L0% 9.8% 14.2% 19.7% 20.5% 30.4% 49. 2%
5344 ih0%% 10,50 15.2% 21.1% 31.6% 42.1% 52.7%
5330 0.0% 10.6% 15.3% 21.2% 31.E% 42.5% 33.1%
S 00" 11.3% 16.2% 22.6% 33.8% 45, 1% 56.4%
S450 .01 11.9% 17.1% 23.7% 35.6% 47.4% 50,395
S500 00" 12.4% 17.8% 24.7%% 37.1% 40 4% 61.8%
£330 0.0% 12.8% 18.4% 25.6% 38.4% 51.2% 64.0%
AN 0.0% 13.2% 19.0% 26.4% 39.6% S2.8% 6.0%%
630 0.0 13.6% 19,5% 21.1% 0, 7% 34, 2% 67.8%
K700 0.0%% 13.9% 20,0% 27.1% 41.6% 55,.5% 6H0.4%

10,52 Marine freight rate evaluation

While voyage cost inereases are estimaled to be on the order af 7.1 = 16.2%. the percent increase in
freight rate associated with the proposed Med S0x FCA s modest, ranging from 0.3% to 1.4% across

59
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the median estimales, depending on commodily { Table 10.5-3). The elfect for specific commodities
can vary more widely within the range of prices observed in the commodity group, as illustrated in

Table 10.5-4.

Fabie 10.3-3: Percent increave i MTCs fram higher el costs by commodity proup and vessel type

il iculiure Manufaciuring Raw
A e 0 o TN Clean | .- Y Dirty | Materia
tonne-km Combined | Contamers 3 Combined | Containers ¥
_ Bulk Bulk I
10th percentile 2.5% 21% 4% 4. %% 1.9% 1.3% 1.4%
25th percentile 207 1.8% 0.4% 1.1% (0.9 1.3% 0.8%
Median 1.4% 1.4% 0.3% 0.3% 0.5% 0.9% 0.4%%
T5th percentile 1.1% 1.1% 0.3% 0.4% 0, 4% 01,8% 0.3%
h pun:mlilu 0, 8% 0,0y 0. 1% 1.3% 0,30, 0.6%a {1.3%,

Fable 10.5-4, Fuel cost impact en MTCs by lvpe of vessed for o sélected range of conmodities

MTC by iy pe of vessel
{average U'SD per lonne-km)
Commodity Clean bulk | Containers | Dirty bulk

Ceneral Agricultiure 0.1% (.9%%

07; Edible vegetables and certain roots and tubers 1.0%

08: Edible fruit, nuts, peel of citrus firuit, melons 0.7

04 Colffee, ten, male, and spices 0,90

1 Cercals 1L.2%

12: Ohl seed, oleagic Mruits, srain, seed, Mruil, elc, ne .1%

19: Cereal. Mour, starch, milk preparations and prodicts 1.9%

22: Beverages, spirits, and vineoar 1.2%

Creneral Manufacturing (1.3% 0,9%
31: Fertilizers 0.9%
47: Pulp of wood, fibrous cellulosic material, waste eic 1.6%

48: Paper & paperboard, articles of pulp, paper, and (1.8%

board i
52: Cotton 11.3%

61: Ariicles of apparel, accessories, knil or crochel (1.2%
62: Articles of apparel, accessories, not knit or crochet 0.2%
el Footwear, maiters and the like, parts thercol 0.2%
T3: Articles of iron or steel 0.7
84: MNuclear reactors, boilers, machinery, elc 0:5%
85: Electrical, electronic equipment U
87: Vehicles other than railway, tramway 1.4%
U5 Toys, games, sporis reguisites 0.3%

General Raw material 0.4%
25: Sal, sulphur, earih, sione, plasier, lime, and cemeni ).5%
72: Iron and steel 4%

10.5.3 Potential for freight mode shift

This analysis does nol find signilicant evidence of pressure 1o mode shift with estimated voyvage costs

M
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associated with the proposed Med S0y ECA

As shown in Table 10.1-2 and Table 10.2-1; MTCs are an order of magnitude lower than land -based

costs, by rail or by truck. Ships benelit from significant cconomies of scale, efficiently moving tens of

thousands of containers, or tonnes of carge along waterborne trade routes. With the proposed Med
S0y ECA, astimated changes in MTCs range from 0.3% 1o L4% per tonne-km cargo. The maximum
total cost change estimated, for the full transit of the Medilermnean from entrance o the Suez Canal
at Port Said to the Straits of Gabraltar is $1.31 per lonne cargo (Table 10L5-5). For shorter route
segments within the Mediterrancan, the estimated change in costs is comespondingly lower. as
changes in cost seale with changes in vessel transil distance n the proposed Med 50y ECA

Teble [0.3-3, Baselme frerght eosts between arieimn and destimation paivs (S lonme carpal

Raw Ciost change
Dirigin Destination Agriculture | Manufacturing F with 0.10%
material

E S mim Tuel
Part Said Cribraltar 9086 S265.00 S46.11 £1.31
Algeciras Foz-sur-Mler 3458 S101.11 £17.55 S0.50
Alpegiras Koper 57910 5231.27 S 14 5114
Cienia Chiota Tauro 52301 56727 STLGS 5033
hoper Malta Freeport £35.99 L105.22 S18.26 £0.52
booper Singapore 5208 46 LX72.61 S151.46 S04
Porl Said koper 86251 S182.97 £31.72 S0.90
Lishon Jeidah $139.37 S407 46 S70.72 131
Pirncus Laimassol 52458 87275 £12.63 B0.36
Port Said Beinul £10.92 £31.92 £5.54 &0, 16
Shanghai Fotterdam Sd0d.81 S1ddibons S251.10 51.3]
Shanehai Fos-sur=Nler 41196 £1.204.44 S209.06 5105
Port Said Fos-sur-Mer 573,24 521414 £37.17 £1.05
Singapare New York 5474.90 51.388.45 S241.00 %131
Tangier Ciran S12.2% £33.00 023 5018
Tangicr Tunis £38.33 511207 S19.45 80,55
Thessaloniki Piracus 812.65 836,99 642 80,18
Xiamen Beirut 31274 S943.58 S163.78 S0.16

Considering these higher vessel costs embeddad in the freight rate and compared to the least cost
feasible land-side made, all routes studied show that the water route remains the least-cost oplion
compared to the lowest cost all-land aliernative route {Table 10.5-6).

Analysis of the marine freight rale increase necessany 10 break even with the lowest cest all-land
alternative, e the point al which mode shifl becomes economically feasible, is presenied in Table
10.5-7. These estimates show that waterbome freight rates would need to increase by 1.6 — 3235 in
order for the all-land altermative o become cconomically feasible. The ratios are generally lower for
manufactured goods. typically transported using containerised modes. ranging from 1.6 1o 4.3, As
such, contamerised transport costs would need to increase by L6x to 4.3x before all-land transport
modes became feasible, Raw material and agriculture break even ratios are considerably higher,
making the potential for mode switeh from bulk vessels to all-land allernatives less feasible than for
containerised goods.

Given the estimated changes in fuel prices associated with the proposed Med 50y ECAL this work
does not find evidence of potential mode shifling.

F‘jl
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Table 10.5-6. Higher freioht costy between O-IF pairs compared with land-side srode (USIVianne

cargal
Origin Destination Agrisiier Manufacturing Rawt l'md'_”d"' Jiepnta
= e umt_frmt cost muode
Port Said Cribraltar S92.17 5266.97 54742 1.151.%31 Foad
Adoeciras Fos-sur-her S35.08 £101.61 S18.05 27606 Road
Adgeciras koper £30.24 S232.41 L4128 466,09 Raoad
(renoa Chiera Tauro £23.34 S67.60 £12.01 197.94 Rail
boper Maliz Frecport 836,51 S105.74 S18.78 303,05 Foad
Koper Singapore S299.36 87351 S152.36 2012.99 Road
Port Saud kaper S63.41 S183.67 S32.62 542,19 Road
Lishon Jeddah S140.68 S408.77 L7203 133331 Road
Piracus Limassal 52524 573,11 51299 408,12 Road
Poart Said Bewrul S11.08 53208 £5.70 110,03 Road
Shanghai Rotterdam 496,12 S1.447.98 £252.41 236639 Rail
Shangliai Fos-sur-Mer £413.02 S1.205.50 £210.11 247737 Rail
Port Said Fos=sur=Ner 57430 5215320 $38.22 GE4.02 Faoad
Singapore MNew York 621 21,359,735 £242.30 NONE
Tangier Chran 12,45 S36.07 S6.41 11548 Road
Tangier Tums LigEg S112.63 20,00 344, 26 Road
Thessaloniki Piracus 1283 53717 86,60 $9.90 Fead
XNiamen Beirul 532289 594374 S163.94 216473 Rail

Fably 10.3-7, Break-even freigit voate between ortgin and destingrran pairs (LS ionge carga)

Route-specific break-even freight rate ratios
necessary G equil land-side mode costs
Break-vven Raw
Origin Destination MTC rate | Agriculture | Manufacturing il
(USD/t-km) materia

Fort Said Giibraltar 0.3207 2.7 4.3 25.0

Alpeciras Fos-sur=Mer (0. 20020 8.0 27 15.7

Alpeciras Foper 014 5.9 2.0 11.6

Grenaa Crona Tauro 0.2177 g0 29 17.0
Koper Malta Freeport (12130 Mot applicahle

koper Singapore 01707 6.7 2.3 13.3

Port Said Koper 02195 &7 30 17.1

Lishon Jeddah 0.2421 2.6 33 18.9
Piraeus Limassol (0.4130 Mot applicable

Porl Sand Berl 0.2550 10,1 3.4 199

Shangha Rotterdam 01210 4.8 1.6 o4

Shanha Fos-sur-Mer 0.1522 .0 2.1 11.9

Port Said Fos-sur-her 0.2363 2.3 32 18.4
Singapore Mew York NONE Mot applicable

Tangicr Clran (0.2380 9.4 i 18.5

Tanwmer Tumis 0. 2272 (b 3.1 17.7

Thessalomki Pirgeus 01798 Tl 24 14.0

Xiamen Beirut (0, 16597 .7 2.3 13.2

1.6 Commaodity and product price effects
a2
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10061 Fuel price mmpact on freight sarace to rem ote aress and igland comm imities

Analyas of the impacts of remote ereas and 1sland commuritiss ravobres around mmalyras of changes
in marine freight costs. Modal shift i3 not an option for remote or island areas as indennodal
cormectons do not exist, or are himited As such all goodsmovements must occur either by sea or by
mir, Additionsl costs of marme freight transportation are discussedin Section 1053, and we do not
find evidence supporting the polentisd for mode shufi The work in Section 106 provides evidence
that carge transport serving islands and remots areas will not be disproportionally affected by the
change in costs associated with the Med 304 ECA

An example sang the commodity coffee transported by containershep con demonstrate the cascade
effect of embedded fuel pnce changes. [n Takle 106-1 and in Fizure 106-1, we follow the change of
USD $99 per tonne fuel price (USD $344 for 0.30% 3 m/m fuel inoreaang to USD $443 for 0.10% 3
mim Fuell. The fitel prnce moreases by about 20%, whach represerts a ~16% nerease 1o the duly al-
sea voyage cost(refer to Table 105.1 in Section 105.1). Adding the thcrease in the voyage cost to
e median freaght rale (refer to Tahle 1053 in Section 1052) wereases the freight rate for
transporbng agnculture cargos like coffes bar =1 4% Civen that coffes by the tanne costs more than
$2,700 per tonne (refer to Table 104-1 in Section 10.4), the fusl-related price charge per tonne of
coffes 15 1ess than one-tenth of a percent (0.05%)

Fuelprice change per tarne fue! - ™

Change i daiy a-sea ool <cot - T S
Vorsge costchange per - YT S
Freight rate change per t-km LA™
Route cost change per tonne carge [
Ao costcrange per T YT
Price change pér lonne product m
0.0% 0.1% LO% 10.0% 100.0%
Figire 10& ] Erample for coffee of fuel price embedded in vovage cost, freight rates, rouse cosis,

aned product prices

Table 10 6-1. Example for coffee fow fuel price changes voyage cost, rates, route cost, ard prodict

price
Different comiexis for price effeci Price/cosi change U miis Percent of cost
Fuel price change per tomne fuel 99 USDAonne 23 TE%
a3
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Change in daily at-sea fuel cost 820,356 LSDyday 28.78%
Vovage cost change per t-km S0.00030 LISy t-kom 16.22%
Freight rate change per Lkm S0,00036 USD/-km 1.37%

Route cost change per lonne cargo 5131 USI¥tonne cargo L4+%
Roule cost change per TEU S13.08 USIVTEL 1.44%
Price change per tonne product S1.31 LSDonne product (0.05%

10.6.2 Fuel price impact on passenger service 1o remole areas and island communities

Analvsis of the impacts of remote arcas and 1sland communitics revolves around analvsis of changes
in manne passenger costs. Modal shifl is nol an option for remote or island areds, as mtermodal
connections do nol exist. or are limited. As such, all passenger movements must occur either by sea or
by air. Hased on the data developed in Section 10.1.2. we evaluate whether passenger transpor
serving islamds and remole areas may be duproporhionally affected by the change in costs associated
with the Med SOy ECA

Passenger Fervies. including Rolax vessels. operale along numerous roules in the Mediterranean Sea,
as shown in Figure 10.1-2 and Figure 10.1-3. As shown by the intensity of emissions in the two

Fgures, ROPAX vessels are far higher emitters of CO. and therefore consume greater quantitics of

fuel, Ths work .:|n:|1_'r54.::s a sel of ten im‘n rouites in the Medileranemn Sei. Ferry roules Jn:i_’l.n.ml werg
selected for routes between the mainland and islands, as well as inter-izland routes and a coasbwise
moute, Ung-way prices for a single adull booking deck passage were retrieved from published fare
schedules for each of the routes shown in Table 10.6-2.

These estimate show that ferry prices may rise by between €0.8 and €2.1 per passenger ticket, a ticket
increase of .8% to 5.0% per passenger. The literatre indicates that the PED for ferry travel is
significant and inelastic, with a coefficient of 0.3 (Adler, Dehghani, & Gihring, 20000, Az such. using
the demand elasticily equation {Equation 1), we can estimate thal demand for fary transport may be
affected by between (.25% on the Marseille -Algiers route. 1.4%% on the Naples — Cagliani route. and
1.45% on the Famagusa — Mersin route, all else equal. Interpretabion of these cocflicients
demonstrates the inelastic relattonship of femry tansport and ticket prices, with demand changing
disproportionally. and less. than estimated price mereases,

Fable 10.6-2, Ferry rovtes, distances, prices, and ticket price change with shift 1o 0.0 0% 8 mim fuel

Veri iine Disafam'n One-way Passengers Ticket |1ri|!:l: Yo
# (NM) cost (ELR) change (EUR) | Change |

Naples - Caglian 282 42.41 1843 21 5.0%
Bareelona - Porto Torres 07 35 27194 1.4 4.0%0
Marseille - Almers 421 198 2400 1.6 8%
Piracus - Paros 107 33 1L.715 (.8 2.5%
Piragus - kos 203 505 2000 1.1 2.1%%
Piragus - Rhodes 2506 G615 2000 1.1 1.8%
Valeita - Pozeallo 53 [ 1,120 0.2 3%
Mykonos - Naxos 0 14.5 LA .02 0,1%
Famagusa - Mersin 112 42.93 343 L6 1.5%
Barcelona - Genoa 352 449 230 .7 35%

OFf the routes studied, the inter-island route between Mykonos and Naxos represents the smallest price
change of the routes studied, in absolute tlerms, and the smallest percent change in price,

While the above table includes estimated changes in price across a sel of routes belween specific part
pairs, the routes were selected 1o be representative of the possible set of routes transited by femies in

o
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the Mediterrancan, The routes in Table 10.6-2 include both mainland —island routes and inter-island
roules, representative of the whole Meditarranean, and may be used for comparison of expected
changes in costs across roules wilth similar parameters.

Coastwise ferry transits. such as the Barcelona — Genoa roule. are shown in Figure 1001-2. The
ceonomics of land-based transportation costs mean that water transit by ferry typically offfers lowest
cost roule, for equivalent transil distances. The dafa in Table 102-1 show that transil by coach
typically costs around S0.10 per p-km. From Table 10.6-2 the data show that ferry transit on the
Barcelona = Genoa route costs SO00895 per p-km (assuming 31 = €0.84) with estimated price changes
expected 1o increase the route costs o $0.0926 per p-km. As shown this price differential from the
proposed Med SO, ECA is small in terms of absolute price. and in terms of price per p-lm. and is
unlikely to induce mode shifl te the land-bassd alternative route.

For islands and remote areas, air travel offers the only mode option other than water for ransil of
passengers to and from those regions. Air prices are typically more vanable than forry moede prices,
responding dynamically 1o changes in demand by reallocating resources 1o high demand and priority
routes, Un the other hand, ferries typically operale transil operations, with fixed schedules and
resourees allowing for more stable prices.

A review of airfares™ among the Greek Islands show Might prices from Athens 1o Paros, Kos and
Rhodes were 597, 866, and 357 respectively (E80.6, €54.9, and €47.4). Flights from Athens to Paros
and Kos are higher priced than the respective Ferry routes, while the Rhodes ferry is higher priced
than the comesponding air fare. It 1s important to consider that mode selection for passengers depends
on a sel of factors i addition to price. including travel time, roule availability, convenience, and
capacity (e vehicle transpont). Considering transil price. estimated changes in forry prices as a result
ol the proposed Med SOy ECA do nol nduce modal switchover inany of the routes studied.

1.7 Price Elasticity of Demand for Goods and Commodities

The price elasticity of demand (PED) measures the change in the quantity of a good demanded when
the price of that good changes, i.c., it may be thought of as the ratio of the percent change in quantity
demand to the percent change in the price of the good, PED is estimated based on the fermula in
Equation 1, where e s the price clasticity of demand, ) is the quantity of the good demanded, and P
i% the price of the good.

f:}ﬂn:mrm L Price elasticiny of desrand

_ dQ/Q
) = Ipp

Price elasticity of demand s typically negative, i, when the price of a good gocs wp the quantity
demanded poes down, following the law of demand. Conventionally. though PED estimates are
typically negative. PED coefficients are typically discussed as positive, omitting the negative sign on
the coeflicient. For goods that show elastic demand, the change m gquantity demanded is proportional,
or more than proportional, to the change in price. and the elasticity is preater than or equal to 1. For
goods that show inelastic demand, the change in quantity demanded changes less than proportionally
1o the change in price, and the elasticity is less than 1,

The United States Department of Agriculture (USDA) provides access o a set ol commaodily
clasticities through their “Commodity and Food Elasticitics™ database. These data include elasticitics
for 115 countries, including for 8 commaodity groups m 13 countries thal are Contracting Partics 1o the
Barcelona Convention. These commodities and ther clasticihies are shown in Table 10.7-1 and
Fizgure 10.7-1. The clasticity data from USDA arc supplemented with estimates compiled by Fally

* Ome-way econamy, single passenger, 21-day advance ticket, cheapest Night of day in March 2021
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and Sayre, 2018 for additional commoditics {Table 10.7-2), For the purposes of this analysis, the
upper bound elasticity is assumed as a conservalive estimate for the maximum possible effect on
demand For goods and commoditics based on increased costs associated with the proposed Mal 50

ECA,

Table f00=1, Price elasticity of deniand for & faod and feverage commadity gravps i available
Vediterranean constal States that are Contraciing Parties to the Barceloms Comvention from USDA

Beveraee and | Bread and . r Food Fruit and il
fm hn?m cereal Daiey Fish other \.'n-gﬂnhhe Wies and i
couni 13,000 12,000 13,0000 1300000 13,0600 13,0060 13.(WH) 13,0040
mean 0,594 (.259 0493 0.512 0,456 11,366 0457 0,251
sl 171 0,091 0,126 0,133 113 LKL 114 0,09
min (L3337 0,129 0,204 0,303 0274 0.217 0.275 (.150
2594 0,469 0,187 0.407 0,420 0,370 {300 0,380 0,213
S0 (GG 0.294 0,529 (L5552 485 0,393 0487 (0, 3)
5% 0. 726 0.332 (1.599 0.623 0.552 0445 {1,354 (1.354
max (L8311 0.385 0,641 0,671 521 476 0,593 (1,401

Tahle 10,72 Price elosticity of demend for selected consumable and durable commedities (Fally and
Savre, 20158

Commuodity | Price Elasticity of Demand
Hananas 1,504 to 4,738
Cobalt <L, 0250 (o 40,5
Coffes 0,07 to <), 54
Cotton (k684
Manganese 1.1
Nickel U038
96
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Tl TP TR

oa

Bavrage aivd fobaces
Bread acad Corsal
Dairy

Fiak

Tood ol

Frudt and wegelakie
Heat

04 andd Hat

Frgnre 100712 Price elasticity of demand for & commodity growps in avalfable Mediterranean coastal
States that are Contracting Farties fo the Barceloma Conventian

As discussed in Table 10.5-5 the maximum price fnerease. along the roule from Port Said o
Gibraltar, 4 full trmnsit of the Mediterrangan, per ton cargo is 5131 Assuming s 51,3 1o price
increase is fully transferred to the end user price of the group of commodities sdied, the estimated
change in demand is shown in Table 1L7-3. Applving the maximum clasticity by commodity group
we show that the larpest change in demand is for phosphate rock, where demand 15 estimated o
decrease by 0.755%. Phosphate rock, a primary ingredient of fertilisers, is the lowest cost per metric
tonme commodity on the list, therefore projected changes in price of fransit per ton cargo have the
largest eflict on the prce of the commodity i kermes of percent change,

All estimated changes i demand are less than 1%, and less tham 0.1% in all cases stadied other than
phosphate rock and bananas. As discussed above, all elasticities show inelastic demand lor the goods
and commadities studiad, Given inclastic demand, and the relatively small changes in commodity
prices eshimated with the proposed Med 50y ECAL the anheipated changs in demand fiw goods and
commoditics is generally very small.

{J T

5672/22 ADD 1

ANNEX

AV/pl
TREE.2.A

www.parlament.gv.at

08
FR/EN


https://www.parlament.gv.at/pls/portal/le.link?gp=XXVII&ityp=EU&inr=88324&code1=RAT&code2=&gruppen=Link:5672/22;Nr:5672;Year:22&comp=5672%7C2022%7C

Teble [0.7-3, Estimpted change mi deniond for commedities based on estimated ehange i price and
prrice elastrein: of demarnd

] F ice ¥ y % C Max %o Chanpe
e s {s[:rr.\r iy ] v PrI:::gE ['Ja:ﬁciw u.m?.:ﬁt

Salmon. fresh 6.940.0 6.941.31 0.019%% 0671 0.013%
Bananas 1.140.0 1.141.31 0.115% 0,738 0.085%
Coffee 2.767.2 2.768.55 0.047T%% 0831 035
Tea 2.200.0 220131 (10060 % 0831 (LRI L
Tobaceo 4.578.7 4.579.96 0.02Pa 0.331 0.024%,
ﬁmsphal.r.: rock B850 80,26 1489 0509 0. 755
Zinc 2.730.6 2.37.950 0.048% 0.5 0.024%
Rubber 16622 | 166348 | 0.07%% 0.91 0.072%
Plywood L6698 | 167108 | 0.07%% 091 0.071%

Fine woal 14,183.2 14. 18454 0009 s M.684 (G0

TS Total costs discussion

Using the most recently available fuel prices the esiimated additional costs of the Med 50y ECA
would be S1.761 billion per vear.

Among Mediterranean coastal States, the contaimer throughpul in 2009 was 73,892 million TEUs. As
a fist=order example. if all additional costs of the Med S0y ECA were bome by container vessels,
which make up 35% of the total fuel wsage in the Medilerrancan, then the additional cost per TELT
would be SE30TEL or SO.83AT, assuming 10 MT per TEU. This example demonstrates upper
bounds in costs per conlainerised tonne of freighl, and is very consistenl with the resultz in Table
10.55 in Section 10.53, which report route specific cost incresses averaging ST.30TEL or
SO.T3MT.

The estimated changes in transport costs will have both shori-term transitienal, and long-term effects.
In the short term, the price change associated with 0.10% S m'm fuels will affect the markel m much
the same way that the changes in observed fuel prices have doene previously. by adjusting freight rates
Ly accommpdate changing fuel prices. Those freight rates are embedded in market prices for products
as deseribed in Section 106, The analysis shows that these costs are not large, bui they are
computable, and economic theotry suggests a range of markel responses other than decreasing demand
or substitution. Long-run cost changes can be expected 1o signal an adjustment in the market, that
might include cost cufting clsewhere in supply chain, cargo handling efMiciency improvements, and
innovation in transport, intermodal. and cargo handling procedures and technology,

109 Summary of Costs of Reducing Emissions from Ships
In conclusion, the proposed Mead 50k ECA will be effective at achieving 50y and PA emissions

reductions for the given costs, imposing reasonable economic impacts (o the international shipping
industry. Therefore. this proposal fulfils eriterion 3.1.8 of Appendix [T 1o MARPOL Annex VL
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