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Abstract

This report presents information on the environaleimpact of vessels
during their general operation. It is shown that ¢émissions from vessels
can substantially contribute to local air qualitpldems over land and
also impact the climate change process.

Up to now, the contribution of the maritime sedimir quality
problems in Latin American and Caribbean coast&shas received
little or no attention. Studies for the United $ttand Europe show
that the contribution of this sector may howeverslgmificant. Given
the persistence of air quality problems in Latin éioa, it appears
worthwhile to consider this sector in emission megies and
mitigation policies.

The recommendations at the end of the report irclsleral
measures that may be implemented at little or rgis¢dout that do
provide incentives to improve the environmentalf@enance of the
sector. Based on further research on the partiagdatribution of the
shipping sector to air quality problems, more faaahing measures
may have to be considered. With respect to clintdtange, it is
recommended to stimulate participation in trialthwihe IMO CQ
index that is under development.
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|. Introduction

The aim of this report is to provide a general geaknd on the impact
maritime transport has on the environment. We digituss the different
emissions caused by vessels and how they may itpan health, local
and global environment. Best practice measuregalicy developments
from around the world aimed at limiting the impa€tshipping on the
environment will be discussed. Special attentiolh lva given to the role
Latin America can play in these processes.

In the past, discussions on the impact of maritihigpping on
the environment have often been in conjecture widtussions on
maritime safety. Pollution from the maritime shipgisector was
mainly seen as a safety problem. From an histopeespective, this is
not altogether incorrect bringing into remembrarthe enormous
environmental impacts from oil spills resulting o accidents.
Examples are the incident with the Exxon Valdez mdaska in 1989,
and from more recent times the sunken Erika (129@) the Prestige
(2002) near the coasts of Europe.

In this report, however, the focus will be on thmpact of
maritime shipping on the environment as a resulttr@ general
operation of the vessel. This is further refinedhe impact on local
air quality of the emissions of local air pollutargnd the impact on
climate change due to emission of greenhouse (G4¢S).

The impacts from collisions and other safety aspedtl not be
considered, nor will sewage, ballast water anchtrabis is not to say
that these are very important issues, but theynaitlbe dealt with in
this report.
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Maritime shipping is generally regarded as an emvirentally friendly mode of transport.
Compared to other transport modes, emissions @nh@i@ise gases are often much lower per ton
kilometer! For this reason, shifting freight transport bydda sea is in some regions regarded
desirable from an environmental perspective armbisetimes an official policy aim. However, the
impact of maritime transport on the environmentésy substantial due to the sheer size of the
sector. Mitigation of greenhouse gases is becomaingiore and more important topic in the
international policy scene. It is said that marigtieely cheap mitigation measures can be taken in
the maritime shipping sector.

The shipping sector is often thought to play onlyiaor role in local air pollution, because
most emissions take place at sea. However, esfyeicialensely populated coastal areas and ports,
the impact of shipping may be substantial. Thisubstantiated by numerous studies for United
States and European Unit ports.

In general it appears however, that knowledge erettvironmental impact of shipping is not
widespread yet in Latin America and the Caribbdmis report aims to partially rectify this. There
are several reasons why this may be an interestibppct for this region.

First of all, in Latin America and the Caribbeaert are significant problems with local air
quality in large (coastal) cities. So far, the cimition of the shipping sector to these problems h
hardly been analyzed or reviewed for the Latin Apger situation. Based on research for United
States and European Unit ports, it appears plaudiit the shipping sector may contribute
substantially to problems. This implies that meastin this sector may offer part of the solution.

Second, if indeed the shipping sector contributdedal air quality problems, now may be a
very appropriate moment to take measures. The rsicgrowing rapidly (UNCTAD, 2005) and
requires new investments in infrastructure. It ifotacheaper to be able to take environmental
issues into account when designing new infrastrectthan having to adjust for it after the
infrastructure has been taken in use. Moreovetimas of expansions and investment the support
for measures may be larger than in times of ovexcipand tight markets.

Third, especially in the United States and the peam Unit, increased attention is being
paid to the shipping sector as contributing suliithyr to greenhouse gases and local air quality
problems. Mitigation measures in many other sedoesbeing implemented. Despite these efforts,
also in the other transport modes, problems remBierefore the contribution from short sea
shipping and ships movements inside or near port®dal air pollution is receiving increased
attention. Because the shipping sector has sodan lsomewhat overlooked, it is expected that
relatively cheap abatement measures are availabthei sector. Such regional United States or
European Unit regulations will impact Latin Amenicship owners and shippers.

In the fourth place the developments within the IM@buld be regarded. Although Latin
American countries do not have any GHG emissiorugtdn commitments under the Kyoto
Protocol, it may be wise to actively participatecimrrent discussions so to influence the design of
future policy measures.

1 Clearly, this depends on the specific circumstanEor a comparison, see e.g. CE Delft (2003).

8
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BOX 1
UN MILLENNIUM DEVELOPMENT GOALS

The impact of shipping on the environment is related to the following Millennium Development Goals specified by the
United Nations:

Millennium Development Goal 4: Reduce child mortality
Millennium Development Goal 7: Ensure environmental sustainability
Millennium Development Goal 28: Carbon dioxide emissions per capita

As will be clarified in this report, emissions from shipping have a substantial impact on local air pollution. Air pollution
itself has been associated with infant mortality, low birth weight, children’s emergency room visits and wheezing bronchitis
for infants. Maternal exposure to air pollutants during pregnancy has also been linked to adverse affects on fetus growthz.
Clearly, air pollution has also an impact on less than 5 mortality rate and infant mortality rate (indicators 13 and 14 of the
Millennium development goals).

The relation with development goals 7 and 28 is less straightforward. Maritime transport uses fossil fuels and one would
thus expect a relation with millennium goal 28, ‘carbon dioxide emissions per capita’. Emissions from maritime transport (as
holds for international aviation) are not included in country’s totals due to lack of agreement on how to allocate emissions
from international transport between countries. Therefore there is no direct link with indicator 28. Nonetheless, clearly,
environmental sustainability is enhanced when CO; emissions from maritime transport are reduced.
In the section | of this report provides a backgion the history of environmental issues in

the maritime shipping sector.

Sections Il to V deal with the emissions from rtiare shipping. In section Il it is discussed
which emissions come free during operation of a&kfiow they come about and how they impact
human health and the environment. Section Il prissestimates for the total amount of emissions
from maritime transport, where they take place hoda they relate to other sources of emissions.
In section V we discuss the potential impact ofssiains from the shipping sector. A distinction is
made between the impact on local air quality amditfippact on climate change. With regard local
air quality (section 5.1), we first discuss theugtton in the region in general. Next, we discuss h
environmental impacts can be valuated and thenisausk briefly the impact of emissions from
the shipping sector on the local air quality sitat This approach is taken because there are no
studies available that focus on the impact of thip@ng sector on the local air quality in Latin
America and the Caribbean. In section 5.4 we ds¢he impact of shipping on climate change.
Because climate change is a global problem, noifspelcscussion with respect to Latin America
and the Caribbean is included.

After having discussed the problems, sections Vlitpresent potential solutions. Section V
relates to air pollutants. In 5.1. technical andragional measures to limit the ship emissionsiof a
pollutants are presented. Next, international yotlevelopments that may induce such measures
are discussed. Section 6.3 deals with regionalldereents. Chapter 5.2 has a similar structure but
focuses on measures related to the climate imgastipping. Recommendations for greening the
shipping sector in Latin America and the Caribbasnprovided in section VI.

2 For an overview of studies on the health effeftair pollution in Latin America and the Caribbeaee PAHO (2005) and Bell et
al. (2006).






CEPAL - Serie Recursos naturales e infraestrudtiii27 Report on maritime transport and the envirortrf@ri_atin America

Il. Background on environmental
Issues in maritime shipping
sector

This chapter provides a general overview on enwienrtal concerns
related to shipping activities. This section istlgpabased on Farthing
(1993), Farthing & Brownrigg (1998), Ma (2002) ainfbrmation from

the IMO website.

Shipping is by its nature a very international bess’ The
first initiatives towards some form of regulatiof this international
business, emerged in the time of the Phoeniciansthan first
millennium BC. As Farthing (1993) points out, thessgulations
included ‘elements of insurance law, rules relatiogsalvage and to
the carriage of goods by sea, compensation for eedost of injured
and the like.” With the Greeks a low governing céritime matters
began to develop and this was continued underdiga of the island
of Rhodes and, in a later stage, the Romans.

Although regulation of transport by sea has sutiimg history,
regulations to control for environmental polluti@me very recent.
Clearly, before the change from sail to the steagire and later the
diesel engine and before the transportation of Hlazes goods, there
was very limited need for environmental control.

3

See http://college.hmco/history/readerscomp/ghipg/sh.092600 torreycanyon.htm and www.lboro.ktdepartaments/
hu/ergsinhu/aboutergs/torrey.html (consulted Felyr@a2006).

11
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The first initiative towards prevention of polluticctems from 1922. After the First World
War governments first began to be concerned abibygtotlution because of the increase in the
number of ships not only carrying oil as cargo, &sb burning oil rather than coal in their engines
This led to the British Oil in Navigable Waters.

The discharge of oil and oily mixtures within Urdt&ingdom territorial waters is an Act
which is prohibited. Several years later ship ovseoluntary adopted similar rules in the United
States, United Kingdom, Sweden, Norway, the Neamei$ and Belgium.

Not until the 1950, these voluntary agreements wsreceeded with a more regulative
approach by the first international convention aflytion from ships, the 1954 Oil Pollution
Convention (OILPOL). OILPOL only posed restrictiofts discharges of oil in certain areas and
left unrestricted discharges of oil over large e of the oceans.

The necessity of increased international regulatiecame clear with the grounding of the
Torrey Canyorf. The Torrey Canyon was one of the first large croifiéankers to sail the seas. It
grounded in broad daylight of the coast of Cornw@lteat Britain on March 18, 1967, carrying
118.000 tons of crude oil. Within three days, itire cargo of oil (an estimated 37 million gallons
of oil) had spilled into the sea. Efforts to lintlite environmental impact included hitting the ship
with 1000 tons bombs and dumping aviation fuel aapalm on the wreck attempting to start a fire
before the oil could spread. Despite these effanfs,to 115 km of beaches were seriously
contaminated with in some cases sludge up to adieep. The spilled oil contaminated over 20.000
sea birds.

The disaster with the Torrey Canyon led to rapidetigpments with respect to liability and
compensation schemes. The Inter-Governmental MuaitConsultative Organization (IMCO, in
1982 changed to become the IM@}tablished a Legal Committee to deal with lipitjuestions.
IMCO also convened a conference on marine pollytidrich gave rise to the 1973 Convention for
the Prevention of Pollution by Ships (MARPOL). Whthe Conference recognized that accidental
pollution was significant, it considered that opinaal pollution was still the bigger threkt.
Furthermore, in 1975 IMCO formed the Marine Envirant Protection Committee (MEPC) and
prevention and control of marine pollution fromghbecame an integral part of the work program
of the IMCO.

Apart from oil pollution, MARPOL 1973 also intendéal address other forms of pollution
from ships, such as chemicals, harmful substanaeged in packaged form, sewage and garbage.
With only three ratifications received by 1976,1i678 a new Conference was held. This resulted
in some adaptations and additional measures, ahdn MARPOL 73/78, which finally entered
into force in 1983.

To illustrate the point that shipping is an intional business: The Torrey Canyon was originiallift in the US with a cargo
capacity of 60.000 tons. In Japan, it was lateraegied to twice that size. The owner was a Libebased subsidiary (the
Barracuda Tanker Corporation) of the US based UflibtCompany. The vessel was on its way from Kui@iEngland, under the
charter to the British Petroleum Company and marnyeah Italian crew.

The convention establishing this UN body was aeliin 1948. Its main aims were originally relategconomic action to promote
‘freedom’ and end ‘discrimination’. The IMCO wasfihitely established in 1959 after Egypt had ratifithe Convention as $1
State twelve months earlier.

During normal operations, oil tankers discharge the sea a certain amount of oil contained éntthllast and tank washing water.
Both OILPOL and MARPOL conventions currently setitis to the amount of oil and the rate at whicis idischarged. Note that in
1985, the share of accidental spillages in totaidportation losses were estimated at about 28%C(NR85, total transportation
losses 1.45 mta, spills due to accidents 0.41 mta).

This holds for the main Convention and annexéprévention of oil pollution) and Il (control of Rmus liquid substances).
Annexes lll (harmful substances in packaged fotih)sewage) and V (garbage) entered into force betw1988 and 2003.

12
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In response to new incidents with oil tankers, eiply the Exxon ValdeZincident, the
United States Congress passed in 1990 the Oil tRwilédct (OPA). This act requires the US Coast
Guard to strengthen its regulations on oil tankseésand oil tank operators and owners.

In 1997 a new annex to MARPOL 73/78 was negotialis Annex VI relates to emissions
of air pollutants during the general operation lod ship. Limits are posed to the emissions of
sulphur and nitrogen oxides from ship exhaustgldb prohibits deliberate emissions of ozone
depleting substances. This Annex entered into for@)05 and will be described in more detail in
chapter VI of the underlying report.

In the next sections, we describe the emissiorigdka place during the general operation of
vessels in more detail.

8 The Exxon Valdez grounded for the coast of Alaisk#989. In total, 37,000 tones of crude oil wepéled in the sea.

13






CEPAL - Serie Recursos naturales e infraestrudtiii27 Report on maritime transport and the envirortrf@ri_atin America

lll. The type of emissions caused
by maritime shipping

Shipping is generally regarded as an environmgntaéndly mode of
transport. Indeed, maritime transport is a ven}-éfficient manner of
transporting goods. For some gases, however, tanbp ship causes
more emissions per ton kilometer than transport otlyer modes.
Moreover, maritime transport takes up the lion'swrshof all freight
transport, and therefore absolute emission levelsubstantial.

In this section we will discuss.

« Which emissions take place during the operatioa wéssel
« How they come about

« How they may affect the environment

Estimates for the total amount of emissions andstbe of their
actual impact are discussed in sections IV ande$pectively.

In the main and auxiliary engines of vessels fas@ldmbusted to
deliver energy. Directly related to combustion afsdil fuels are
emissions of carbon dioxide. Apart from these, castibn engines
can emit'°

< Nitrogen oxides

* Carbon monoxides

®  The information presented is based on variouscssyincluding CICERO (2004), WHO (2003), Eyrirtgae (2005), Marintek et

al. (2000) and the websites of Wikipedia and Edeigre
10 n the literature different classifications ardninologies can be encountered. The terminology fudlows Eyring et al. (2005a).

15
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e Sulphur dioxides
e Hydrocarbons
» Particulate matter

On top of the emissions from the main and auxilemgines of vessels, emissions may arise
from the cargo carried or loaded or be relatedht® tooling system in case of refrigerated
transport. Emissions may have an impact on humaifthhethe local environment and also the
global environment by impacting climate change. Wiefly describe the main types of emissions
and their potential impact on the environment amehdn health.

Carbon dioxide (Cg) is an important greenhouse gas. Emissions aeettiirrelated to the
carbon content of fuel. Gan stay in the atmosphere for centuries. Duditolong lifetime, the
impacts of CQare global and do not depend on where it is ethitB®), absorbs infrared radiation
and therefore has an important warming effect erglbbal atmosphere.

The amount of nitrogen oxides (WOemitted depends on the engine characteristics. In
general, combustion at a higher temperature createe NQ. At lower temperatures, the
combustion process will be less fuel-efficient andre fuel will be required to obtain the same
energy. This would in turn increase the amount©f €missions. Moreover, combustion at a lower
temperature will be less complete, increasing tmmumt of soot and unburned hydrocarbons,
which are discussed below.

NOx emissions can impact human health, the envieminand also have an impact on
climate change. Short-term exposure to,N@n result in severe pulmonary damage. Long-term
exposure may lead to respiratory probléfhiEhe lifetime of NQ in the troposphere is in the order
of hours to days. However, N@missions can oxidize in the atmosphere to formmate, which
leads to acidification and eutrophication, impagtitme local environment. NOs a so-called
precursor for ozone, whose climate impact will lscdssed below. Apart from these effects,yNO
emissions also affect the amount and lifetime ofivaiee in the atmosphere. Because methane itself
is a strong greenhouse gas, the losses of methahe atmosphere due to N@missions provoke
a cooling effect.

Carbon monoxides (CO) are formed through the indetepcombustion of fossil fuel
(complete combustion forms carbon dioxide). Highaantrations of CO in the air can have severe
health impacts, such as headache, dizziness, phestand even unconsciousness and death. CO
contributes to climate change by reacting with pttleemical compounds that would otherwise
destroy methane and ozone in the atmosphere.

The emissions of sulphur oxides (SOXx) are relabettheé amount of sulphur in the fuel used.
High-speed vessels generally make use of Marindillgs Oil (MDO). The quality is relatively
good and SOx concentration is relatively low. Lowpeed vessels generally run on heavy fuel olil
(HFO, or sometimes called heavy grade oil), withigher SOx concentration. Where regulations
require, vessels may shift to combustible withvadosulphur dioxide (SO2) concentration.

SO2 in the air leads to diseases of the lung ahdrdung disorders such as shortness of
breath. Sulphur dioxides can oxidize in the atmespland cause acid rain. Acid deposition can be
harmful for the environment. SO2 is also a preaufeo sulfate aerosols (S04, see below). SO2
has a lifetime of 0.5 to 2 days in the atmosphleu¢ sulfates have a longer lifetime varying from a
few days to several weeks.

1 For an overview of health aspects associated emitissions of NOx, ozone and particulate matter VgelO (2003).

16
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Hydrocarbon (HC) emissions take place through imgete combustion of fuel and
evaporation. Hydrocarbons are often called volatiganic compounds (VOC), which is actually a
somewhat wider group of molecules. HC can be dplitwo groups, methane (GHand non-
methane hydrocarbons (NMHC).

The quantity of exhaust HC depends on many fachoctding engine design, condition of
the engine, operating temperature etc. About Halbtal emissions of HC from shipping take place
during tanker loading operations in ports, by evapon. NMHC can cause irritation of the eye,
nose and throat. In the long run, some of thensaspected to cause damage to the liver and other
parts of the body. Emissions of HC also play a moldhe formation of ozone, see below.

Methane itself is a strong greenhouse gas withranimg effect on climate, but has no direct
effects on human health. The level of methane éomisof maritime transport is relatively low and
the net effect on the methane concentration inathesphere is dominated by the impact of,NO
emissions on methane concentrations.

The term particulate matter (P refers to many fine particles of different elersen
organic and inorganic. Primary fine particles amaiteed directly from the combustion engine.
Secondary particles such as sulphates may be fdognedemical reactions in the air.

Particles suspended in the atmosphere are oftéedcadrosols. In general, the lifetime of
aerosols in the atmosphere depends on their stze.sinaller the particles are, the longer their
lifetime in the atmosphere. A longer lifetime al®vor transportation in the air, extending the
range of impacts from local to regional or everbglo

Following Eyring et al. (2005a), the main determitsaof particulate matter emissions from
shipping are:

» Black carbon

e Organic carbon

e Flyash

* Sulfate

e Other particulate matter

Black carbon or soot is the effect of incompletenbastion. It tends to have a warming
effect on climate. It absorbs outgoing infrarediatidn due to its black color.

Organic carbon is also called white smoke and ctflsunlight. It therefore has a cooling
effect.

Sulfates (SQ) are formed by a chemical reaction involving,SQulfate has two cooling
effects on climate. Its direct effect is back smaitly of solar radiation, due to its white colohel
indirect effect is that the sulfate particulatedpheo create more low-level clouds through the
introduction of more cloud condensation nuclei (§@han would otherwise have been there. All
cloud droplets must nucleate on a particle, becaadger vapor does generally not self nucleate. As
a result, there are more clouds and they haveteehidroplet density of smaller size. These clouds
are ‘optically bright” and back scatter solar raidia (Lee, 2006).

When breathed in, (both primary and secondary)iquéates can reach into the lungs and
settle there. The smaller the particulates, ththéurthey reach and the more dangerous they may

12 At many instances one will find a number righteafPM, such as PM10 or PM2.5. The number indicaites maximum
aerodynamic diameter ym. PM10 refers to all particles with a diametef6fum or less.

17
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be. Very small particles may even enter the bloedst. Long-term exposure to PM may lead to a
marked reduction in life expectancy through camlitmonary and lung cancer mortality. Short-
term exposure has been associated with asthm&satiad myocardial infarctions.

To understand the effects of ozong)(Gn the environment and on human health, we need t
distinguish several layers of the atmosphere. Theosphere is the lowermost layer of the
atmosphere, ranging from 8 to 16 kilometers dedy [ayer around the troposphere is called the
stratosphere.

In the troposphere, ozone is considered both aiaoit and a greenhouse gas. It damages
human long tissue, causing increases in respiralisgrders such as asthma. Also irritations to the
eye are increased. There are also some non-hunatth lrepacts. Ozone can reduce crop yields of
agriculture and may damage forests. Troposphedo@has different climate impacts. Ozone itself
is a greenhouse gas and leads to global warmingadta relatively short lifespan. When it is
broken down, chemicals are released that it shetten lifetime of other greenhouse gases such as
methane.

Ozone is not emitted directly into the troposphers,is formed from N@in the presence of
sunlight. The availability of HC affects the effcicy with which this process takes plat&zone
is subject to long-range atmospheric transport thedefore not just a local problem, but a trans-
boundary problem. NQemissions from ships often take place in areas #ma relatively
unpolluted. Here they can have a particularly laffect on ozone formation, much larger than for
example, the same amount of NOx emissions from n@dfic would have (CICERO, 2004).

In contrast to ozone in the troposphere, ozoneeérstratosphere is generally a ‘good thing'.
Here ozone protects the surface of the earth frammful ultraviolet radiation.

In addition to the emissions related to the comibogbrocess and the secondary gases thus
induced, the refrigeration equipment of maritimesads causes fluorinated gas emissions, which is
a strong greenhouse gas. Average leakage ratesekatévely high in maritime refrigeration
equipment, compared to similar emissions from otfarsport modes or stationary sources. These
emissions are not further discussed here, but Eedlft (2006) and IPCC (2005).

13 For a more elaborate and precise descriptidnisjptocess, consult Marintek et al. (2000), Cu{2687), or Endresen et al. (2003).
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V. The amount of emissions caused
by maritime shipping

In the previous section we discussed which emissamtur during the

general operation of vessels. We furthermore expthhow they could

influence the environment, both locally throughgotiution and globally

through their impact on climate change. In this pthia we discuss

information on the quantity of emissions. How meafissions are caused
by maritime transport and how does this relate tteerosources of

emissions?

We will start this section with discussing estinsaté global
emissions from maritime transport. Next, we pressmrhe numbers
for the emissions that may be related to Latin Aoaer and Caribbean
countries. In section V we will discuss the imptet these emissions
may have on local air quality and climate change.

4.1 Global emission levels from maritime
transport

Estimates for the global emissions from maritimangport differ
substantially. Basically, two different approaches/e been applied to
estimate emission levels. In the first place, toprd methodologies have
been applied. Based on the total amount of fuel &l shipping (from
bunker statistics), emissions of £€€an be determined. Other emissions
can then be estimated by using average emissitarddor the shipping
sector. An alternative method works bottom up, daimg traffic and fleet
data with average emission factors to estingtabal fuel use and
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CO2 emissions. Other emissions are estimated blyiagpspecific emission factors for different
vessel types. Table 1 provides an overview of dselts from different studies.

TABLE 1
ESTIMATES OF GLOBAL EMISSIONS FROM MARITIME TRANSPO RT
Source Year Method Million metric | Tg** CO, | TgNOx | TgSO, | TgPMio
tones fuel
Marintek et al. 1996 | Energy statistics 138 438 10.3 5.8 n.a
(2000)*®
EDGAR (2005) 2000 | Extrapolation of 1995 n.a. 428 9.6 7.3 n.a.
energy statistics
Endresen et 2000 | Energy statistics 166 526 125 7.1 0.96
al.(2003)*
Corbett & Koehler 2001 | Activity-based 289 912 22.6 13.0 1.64
(2003)""
Eyring et al. 2001 | Activity-based 280 813 21.4 12.0 1.67
(2005a)

Note: Studies differ somewhat in their exact scope, regarding military and fishing fleet, passenger fleet, domestic and
inland shipping, fuel use of auxiliary engines and cut off value of vessels included.

It is clear that there is a large difference betwgures based on bunker fuel statistics and
activity-based figures. It appears that some bufikels used for international maritime transport
are not reported as such. It is beyond the ainhisfdtudy to discuss the relative merits of each of
these studies. The main points are:

a) Emissions from maritime transport are very satsl,
b) Uncertainty remains about exact emission levels.

IEA (2004) estimated the emissions from the shiggector in 2002 on 460 Tg GMased
on recorded fuel sales. According to IEA, this anmted to a contribution to the global GHG
emissions from fossil fuels of 2.5%. The actualtdbation may be up to almost twice as high, if
the higher estimates from table 1 proof to be arre

Below, we will discuss the results of more detadadlyses from some of these studies, such
as the contribution of different shipping segmeartd historical developments. Please hold in mind
that the numbers presented in the tables belovinatigyfrom the studies presented in table 1. There
are substantial uncertainties with regard abs@uaieunts of emissions, and the presented numbers
should only be used as indicators of the relativedrtance of different sectors / countries etc.

In their study for the IMO, Marintek et al. (200@ovide an overview of the contribution of
different maritime sectors to total emissions. Thierview is represented in table 2.

14
15
16
17

Tg = Teragram. One Tg corresponds to 1 megatpriyalent to thousand gigagram (Gg) or thousantdsil.
Presented numbers relate to mid-estimates bas€wdnair emission factors.

Including a correction factor of 5% for emissiorkated to port operations, as indicated in Eredrex al. (2003).
Note that estimates in the original paper for(XID and SQ are presented in Tg of C, N and S respectively.
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TABLE 2
OVERVIEW OF CONTRIBUTION OF DIFFERENT SHIPPING SECTORS TO EMISSION LEVELS
(Results from statistical emission model for 1996, emissions only for main engines)

Ship type Fuel supply (Tg) CO2 (Tg) NOx (Tg) S02 (Tg)
Liquid gas tanker 4.2 13.4 0.29 0.20
Chemical tanker 4.5 14.2 0.32 0.20
Oil tanker 29.4 93.2 2.00 1.44
Bulk carrier 30.3 96.0 2.60 1.58
General cargo 25.7 81.5 1.77 0.70
Container 20.3 64.4 1.63 0.89
Ro-Ro cargo 9.7 30.9 0.66 0.24
Passenger 4.2 13.4 0.29 0.11
Refrigerated cargo 3.9 12.3 0.27 0.11
Sum 132.3 419.3 9.82 5.46

Source: Marintek et al. (2000), table 1-2

Note: the sum totals do not match with table 1. The reason is that Marintek et al. applied two methodologies, one including
also the emissions of auxiliary engines, the results of which are represented in table 1. This table represents emissions
estimated according to the alternative methodology. No results including emissions of auxiliary engines were provided for
different vessel types.

The oil tankers, bulk carriers, general cargo shipd container ships are responsible for the
most emissions. Noteworthy, although emissions ©% @re in the same range for these four
segments, emissions of g@re substantially higher for bulk and oil trangpirappears container
ships and general cargo ships use relatively lojwhsm fuel compared to bulk carriers and oil
tankers.

Eyring et al. (2005a) have studied the developnaénnaritime transport over the period
1950-2001. Figure 1 shows the historic developroémship emissions since the 1950s. The index
for the emissions of SOCand NQ is equal to the index for GOEmissions have grown more
rapidly than the number of ships, which may be aix@d by the deployment of increasingly larger
ships.

FIGURE 1
HISTORIC DEVELOPMENT OF MARITIME EMISSIONS

500
450

400 /K
350 | /’.
300 —e— ships
250 | /‘/’_—_‘ —m—NO2
200 —X¥—CO2

150 A
100
50

Index

1950 1960 1970 1980 1995 2001

Source: Eyring et al. (2005a)
Note: Index numbers are used with 1950 as base year.
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Eyring et al. (2005b) is a companion study presenthe impact of future technologies on
emission scenarios until 2050. For this purposeréuship traffic demand scenarios were combined
with future technology scenarios. Outcomes for sioisvary widely along with the scenarios. For
more information, we refer to the original document

4.2 Location of emissions

To provide an indication of the impact of emissiammslocal air pollution in Latin America, we
need to know where the emissions of air pollutéaite place. In this section we present some data
on this subject, before discussing the impactlémiext chapter.

Apart from estimating the total amount of emissjansest of the studies listed in table 1 also
provide an indication of where emissions take pl&ased on updated data, Figure 2 provides an
overview of the location of nitrogen emissions frehips'®

FIGURE 2
GLOBAL SHIP NITROGEN EMISSIONS
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Source: Figure based on information from AMVER (2005), Corbett et al. (1999), Corbett & Koehler
(2003), Wang et al. (2006) and ICOADS (2005)

Note: Value of each 0.1 by 0.1 degree cell is the number of metric tons of ship nitrogen emissions
in that grid cell in 2002.

Most maritime traffic takes place on the Northeemisphere. Figure 2 illustrates that most
nitrogen emissions from maritime traffic take plabere. According to Marintek et al. (2000),
about 85% of total emissions from maritime transgake place on the Northern hemisphere.
Emissions are clearly concentrated along the miaippsg routes. Especially in Europe and the
coasts of the US and Asia, emissions levels ate hig

18 There are several studies that provide similgurfis with in some cases more detailed informatian. example, the studies by
Eyring et al. (2005a, 2005b) both contain figuréthwgridded emission data. Similarly, Corbett et(&B99) contains figures with
gridded sulphur and nitrogen emissions. Endresah €003) also includes several interesting gsaph
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FIGURE 3
SHIP SULPHUR EMISSIONS IN LATIN AMERICA
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Source: Figure based on information from AMVER (2005), Corbett et al. (1999), Corbett & Koehler (2003),
Wang et al. (2006) and ICOADS.

Note: Value of each 0.1 by 0.1 degree cell is the number of metric tons of ship sulfur emissions in that grid
cell in 2002.

Figures 3 and 4 focus in more detail on emission&dtin America and the Caribbean.
Emissions levels are particularly high in the GolfMexico (see figure 4), the Caribbean Sea,
along the west coast of Central America and thé @zest of Brazil. In general, it becomes clear
that a substantial share of maritime traffic tagksce relatively close to the coast. Problems with
air pollution from maritime traffic can be expectenl be worst where emission levels are the
highest.

23



CEPAL - Serie Recursos naturales e infraestrudtidt27 Report on maritime transport and the environtrf@ri_atin America

FIGURE 4
SHIP NITROGEN EMISSIONS IN THE GULF OF MEXICO
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Source: Figure based on information from AMVER (2005), Corbett et al. (1999), Corbett
& Koehler (2003), Wang et al. (2006) and ICOADS (2005).

Note: Value of each 0.1 by 0.1 degree cell is the number of metric tons of ship nitrogen
emissions in that grid cell in 2002.

An alternative source of information is provided lynker fuel statistics. Tables 3 and 4
represent some of the data from the EDGAR datafas¢he year 2000 (EDGAR, 2005). It
provides information on emissions from differentuses worldwide. One of the sources
distinguished is maritime transport. €@missions are based on bunker fuel statisticss&arns
are allocated to the country where the bunker fua$ sold. By specific emission factors the
emissions for the other pollutants were calcula#¥d. mention once more that it should be noted
that these numbers may be underestimating the lamtuiasion levels of emissions from shipping
and hence also the share of maritime transpodtai émissions.

Table 3 shows for 13 regions of the world the eioiss associated with the purchase of
bunker fuels for maritime transport and the shdréhese emissions in total emissions. It can be
seen that the share in total emissions varies autistiy worldwide.
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TABLE 3
OVERVIEW OF EMISSIONS OF MARITIME TRANSPORT AROUND THE WORLD
CO2 NOx SO2

Share in Share in Share in
Maritime total CO2 Maritime total NOx Maritime total SO2
transport emissions transport emissions transport emissions

Tg CO2 % Tg NOx % Tg SO2 %
Canada 1.95 0.33 0.04 1.79 0.03 1.14
USA 85.99 1.38 1.93 9.95 1.42 7.96
OECD Europe 114.98 2.98 2.58 17.80 1.89 13.39
Oceania 3.90 0.91 0.09 2.58 0.06 2.36
Japan 19.38 1.47 0.43 13.07 0.37 14.16
Eastern Europe 1.61 0.17 0.04 1.25 0.03 0.26
Former USSR 20.26 0.73 0.46 4.89 0.32 2.18
Latin America 27.26 1.00 0.61 3.91 0.45 3.46
Africa 24.86 1.20 0.56 3.36 0.42 4.81
Middle East 47.98 3.30 1.07 18.16 0.92 11.41
South Asia 2.83 0.19 0.06 0.78 0.04 0.49
East Asia 37.28 0.78 0.84 4.68 0.62 1.50
Southeast Asia 39.43 3.11 0.88 11.98 0.71 13.36
Total 427.72 1.43 9.57 7.56 7.29 4.85

Source: EDGAR 3.2 Fast Track 2000, EDGAR (2005).
Note: For the exact definitions of the regions, see EDGAR (2005).

We have not included the emissions of CO and VOtimtable. According to the database,
maritime transport only contributes about 0.01%\erall emissions of these pollutants. Therefore
these pollutants are not extensively discussetiduin this report.

For most of the emissions in table 3, the contrdrubf maritime transport to global and
regional emission levels is relatively modest.hivsld however be remembered that these numbers
are based on bunker fuel statistics and not neclysisalicate where emissions actually take place.
Other more detailed sources indicate that in aeregions emissions from maritime transport do in
fact contribute considerably to total emission Isv&or example, EC (2002) indicates that ships
emissions in EU seas may compare to 78% of all &ld lkemissions of Sy 2010, and 68% of
all land emissions of NOIn 2020, ship emissions may be higher than tlod$and based sources
(EC, 2005). Global NOx emissions from ships mayasehigh as the entire amount of NOx
emissions from the US.

European studies further show that maritime trarispay emit more NOx and S@han all
land-based sources combined in 2020 (EC, 2005). 9éone seabordering countries such as
Denmark, emissions from ships sailing near the doadready surpass emissions from all land
based sources. Emissions from ships may bring & mitrogen oxide to the atmosphere as the
total amount of emissions coming from the US. A &han study (GVRD, 2002) indicates that
marine transport is responsible for 22% of all Ngnissions, 33% of SGemissions and 7% of
PM10 emissions in the Lower Fraser Valley Airshéacl(iding natural emission sources).
Moreover, the bulk shipping terminals are respdeditr a further 9% of PM10 emissions. Marine
transport is responsible for 12% of the more damgePM2.5 emissions.

18 For a clear distinction of the contribution of icars types of vessels, see the underlying repentliton, 2002).
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Unfortunately, for Latin America and the Caribbeanch detailed information is not
available and our analysis will be based on bufikelr statistics. Table 4 presents estimates for all
the countries included in the Latin American catggo the EDGAR database.

For some countries it is reported that emissiomszaro. For land-locked countries this is
correct, for other countries such as for examplbaCiti appears unlikely. Possibly information on
bunker fuel statistics for maritime transport was available for these countries.

TABLE 4
OVERVIEW OF EMISSIONS OF MARITIME TRANSPORT IN LATIN AMERICAN COUNTRIES
CO2 NOXx SO2
Share in total Share in total Share in total

Maritime CO2 Maritime NOx Maritime SO2

transport emissions transport emissions transport emissions

Gg CO2 % Gg NOx % Gg SO2 %
Aruba 51 5.12 11 22.74 0.8 16.11
Anguilla 0 0.00 0.0 0.00 0.0 0.00
Netherlands
Antilles 5313 47.82 118.6 80.77 95.6 64.25
Argentina 1751 1.14 39.5 3.44 26.1 5.71
Antigua and
Barbuda 9 5.14 0.2 8.55 0.2 1.30
Bahamas 48 5.14 11 28.07 0.8 17.31
Belize 12 0.20 0.3 0.91 0.2 2.94
Bermuda 13 5.50 0.3 23.90 0.2 17.64
Bolivia 0 0.00 0.0 0.00 0.0 0.00
Brazil 7 567 0.67 169.8 2.43 124.9 4.38
Barbados 21 3.32 0.5 13.64 0.3 14.08
Bouvet Island 0 0.00 0.0 0.00 0.0 0.00
Chile 1177 2.01 26.1 7.03 23.1 0.75
Colombia 449 0.32 10.4 1.64 34 1.27
Costa Rica 0 0.00 0.0 0.00 0.0 0.00
Cuba 0 0.00 0.0 0.00 0.0 0.00
Cayman Islands 9 4.95 0.2 21.55 0.1 15.98
Dominica 2 3.34 0.1 10.30 0.0 16.18
Dominican
Republic 0 0.00 0.0 0.00 0.0 0.00
Ecuador 1146 4.93 25.1 15.69 21.0 14.65
Falklands Islands
(Malvinas) 1 5.82 0.0 30.19 0.0 14.55
Guadeloupe 40 4.19 0.9 20.61 0.7 15.88
Grenada 5 4.44 0.1 19.80 0.1 17.77
Guatemala 381 1.03 8.8 4.18 2.6 3.19
French Guiana 24 2.53 0.6 17.41 0.4 13.87
Guyana 26 0.52 0.6 2.08 0.4 5.84
Honduras 0 0.00 0.0 0.00 0.0 0.00
Haiti 0 0.00 0.0 0.00 0.0 0.00
Jamaica 117 1.00 2.7 4.58 0.8 0.65
St Kitts & Nevis
(St Christopher) 3 4.67 0.1 18.61 0.0 16.91
St Lucia 5 4.01 0.1 14.94 0.1 16.17
Mexico 1918 0.39 44.4 1.97 14.7 0.50

26



CEPAL - Serie Recursos naturales e infraestrudtiii27 Report on maritime transport and the envirortrf@ri_atin America

TABLE 4 (CONCLUSION)

CO2 NOx SO2
Share in total Share in total Share in total

Maritime CO2 Maritime NOx Maritime S0O2

transport emissions transport emissions transport emissions

Gg CO2 % Gg NOx % Gg SO2 %
Montserrat 1 3.27 0.0 28.20 0.0 9.79
Martinique 54 4.75 1.2 23.40 0.9 16.34
Nicaragua 0 0.00 0.0 0.00 0.0 0.00
Panama 3269 33.31 72.7 49.77 61.6 65.11
Peru 20 0.16 2.0 0.52 1.8 0.16
Puerto Rico 0 0.00 0.0 0.00 0.0 0.00
Paraguay 0 0.00 0.0 0.00 0.0 0.00
El Salvador 0 0.00 0.0 0.00 0.0 0.00
Suriname 60 0.90 1.3 7.74 1.0 12.24
Turks & Caicos
Islands 0 0.00 0.0 0.00 0.0 0.00
Trinidad and
Tobago 159 0.75 3.6 6.47 2.6 6.59
Uruguay 1181 14.15 26.6 28.41 18.8 35.18
St Vincent & The
Grenadines 4 3.26 0.1 10.94 0.1 16.01
Venezuela 2 052 0.92 45.8 4,73 37.3 5.82
British Virgin
Islands 1 0.16 0.0 0.37 0.0 2.04
Virgin Islands
(Us) 303 7.64 6.8 29.72 5.0 25.89
Total 27 260 1.00 611.4 3.91 445.6 3.46

Source: EDGAR 3.2 Fast Track 2000, EDGAR (2005).

Note: Countries included are those as defined in EDGAR to be part of Latin America.

It can be seen from this table that based on tleealon to countries by bunker fuel sales,
emissions from maritime transport can be substantenpared to the emissions from all land-
based sources (transport and non-transport).

So far we have discussed the types of emissionsatkacaused by maritime transport, and
how these emissions may impact on human healthth@denvironment. We then discussed
estimates for the global amount of emissions oritima transport and presented graphs that
indicate where these emissions take place.

In the next chapters we will provide information e actual impact of emissions on local
air quality and climate change, and discuss whettrtieal and policy measures can be taken to
limit emissions.
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V. Impact of emissions

In the previous sections we described the diffeesnissions caused by
maritime transport and the total amount of emissioaused. In this

section, we go into more details regarding the ghjgese emissions may
have. The first part of this chapter deals wittal@ir pollution and the last

part with climate change impacts.

The section on local air pollution starts off wahbackground
on the current situation with respect to local qirality in Latin
America and the Caribbean. We then provide soméeece on the
contribution of ship emissions to air pollutant centrations over
land. Next we describe how the impact of emissioiair pollutants
may be economically valuated.

Finally, in section 5.4 the impact of ship emissian climate
change will be discussed. Although scientific knesge is currently
not able to provide any definite answers, somecatihns about the
size of the different effects of shipping on climathange are
presented.

5.1 Air quality in Latin America and the
Caribbean

In this section we briefly describe the differentikes of air pollution.
Next, we discuss the general situation in Latin Acae For a good
overview of studies on the impact of air pollution health in Latin
America and the Caribbean, see PAHO (2005) andeBall (2006).
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Air pollution is a broad term and is both causednayural processes and anthropogenic
sources (human activity). Natural sources includst,dmethane from food digestion by animals,
volatile organic compounds from pine trees andlauiand particulates from volcanic activity. For
an overview of ‘natural sources’ of air pollutianliatin America, see PAHO (2005).

Air pollution caused by human activity is primaritglated with the burning of different
kinds of fuels. This can relate to internal commrsengines in vehicles, but also to fuel burned in
power plants, fireplaces, stoves, incinerators €ontrolled fires in agriculture and forest
management also contribute to air pollution. Otheman activities that are not related to the
burning of fuel but do contribute to air pollutiamclude oil refining, fumes from paints and waste
deposition in landfills, which generates methane.

Air pollution is a very serious problem. Worldwiéggposure to particulate matter alone is
estimated to cause 800,000 premature deaths apnuadial air quality problems in Latin America
have roused attention since the 1990s. Due to udmwelopment and industrialization, air
pollution became a serious problem, especially Ha major cities of the region with large
populations. Examples are Mexico City, Santiagay®a, Sao Paulo, Lima and Quifo.

In many instances, the specific geographical anteonelogical situations of these cities
play a significant role in enhancing the proble@sitside of urban areas, air pollution has been
less of a problem.

According to PAHO (2005) ambient concentrationgalfticles and other pollutants exceed
national air quality standards in many cities ofiha@America and the Caribbean. Over 110 million
people in Latin America and the Caribbean liverigaa with air pollution concentrations above the
health-based WHO guidelines (WHO, 2000). This iero21% of the total population in Latin
America and the Caribbean. ECLAC (2003) providesase detailed overview of air pollution in
Mexico City, Santiago and Sao Padto.

Exposure to the type of pollutants and level of camrations commonly found in urban
areas has been linked to an increased of moriatity morbidity. It is estimated that every year,
35,000 people in Latin America die prematurely tluair pollution. However, PAHO (2005) that
this is most probably an underestimation and tla¢ member is likely to be higher. Clearly, the
costs to society associated with air pollution amech larger than the burden from premature
deaths alone. People are ill and cannot go to vibel; are less productive, there are medical costs
etc. Moreover, air pollutants also affect the emwiment by causing acidification and
eutrophication and damaging ecosystems. In sebti®mve discuss ways to valuate the costs of air
pollution to society.

In general, emission inventories on the emissioos fdifferent sectors are relatively scarce
for cities in Latin America and the Caribbean. 3amiy, reliable measurements of concentrations
of air pollutants are not generally available. Tdeta that are available indicate clearly however
that exhaust gases from road traffic are oftenntlaén source of air pollution in Latin American
cities. For example, it is estimated that the dbation of the transportation sector to emissiohs o
particles (PM10) is 40% in Mexico City and up t&?86n Santiago. In both cities, road transport
contributes over 75% of all emissions of NOx (O’Ry&a Larraguibel, 2000).

Since some time now attention has been paid toetipesblems, focusing primarily on
reducing emissions from road traffic, one of theyémt single sources of emissions. In the last
decade, progress has been made and concentrafiaispmllutants have gone down gradually.

20 It should be noted, that also in other largessitihe air is often polluted, sometimes up to @melevel. However, civil society is

often unaware of the existence or seriousnesseditbation, possibly due to a lack of monitoriregad see e.g. ECLAC (2003).
21 On the website of the ECLAC further informaticancbe found for Buenos Aires, Lima and Rio de Janei
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The Clean Air Initiative for Latin American citi€€leanairnet, 2006) established under guidance
of the Worldbank is one of the (international) imiitves to improve air quality in Latin America.
Despite these efforts, in many instances recommkenddues of the WHO are still frequently
exceeded.

5.2 Impact of ship emissions on air quality overla  nd

We have seen in chapter IV, that the contributiénstiipping emissions to overall emission
inventories can be substantial. As noted, thesgribotions were based on statistics on bunker
fuel sales, and are in general not a good indiaaftarhere emissions actually take place.

To be able to determine whether emissions fromtimaitransport are an important source
of air pollution in Latin America and the Caribbeatetailed information on the contribution of
different emission sources to concentrations ofpaifutants over land would be required. Such
information is not available. Up to our knowledgfgere do not exist detailed emission inventories
for Latin American cities that include the shippiegctor. Nor is information available on the
contribution of emissions of maritime transportthe concentrations of pollutants. To provide an
indication of the potential impact of the shippisgctor nonetheless, we present information for
other regions.

Emissions from maritime transport cannot be digectmpared to emissions over land or
even within cities. The impact of emissions depdandsart on where they take place and on where
emissions are depositioned. One argument ofterdhigdinat the emissions from maritime transport
take place at sea and that therefore the impadoaal air quality over land is negligible. This
argument is not generally valid. The majority ofiesions from ships take place close to the coast.
Although different gases have different lifetimdsthe wind direction is inland, these gases may
reach land. Moreover, a substantial part of thessimins from maritime transport (up to 10%, Entec
2002), takes place during operations within p&rtslany ports are located within or near large
cities and emissions from vessels during port dfmrs.may contribute significantly to air quality
within these cities.

ARB (2005) provides ample evidence of the impacbffi§hore emissions on onshore air
quality. We present here some of the issues dieduss that documerf. Approximately
80% of global emissions from vessels take place theacoast. Traces studies have shown that off
shore emissions can be transported over water,switietimes very little dispersion (depending on
meteorological conditions). The distance that affghpollutants can be transported depends on
their lifetime in the atmosphere, the models usetithe meteorology of the coastal area.

A study* using 10 years of hourly surface wind data wasfopered to estimate the
probability that offshore emissions will impact tafrom specified distances. The study showed
that for California the probability that emissioinem 50 nautical miles offshore would reach the
coast within 96 hours was over 80%.

Further evidence of the impact of offshore emission onshore air quality was collected
during a strike in the ports of Los Angeles and dedeach (US). Because of the strike, port
operations shut down and 200 ships were idlinghendoast. Researchers analyzing air quality
before, during and after the strike found statiljc significant increases in concentrations of
particles, NOx and CO during the strike.

22 For more details about in port emissions in Esespports, see Entec (2002).

Z Please refer to ARB (2005) for the primary refiees.
24 ARB (2005) refers to Eddington & Rosenthal (2Q@2) references. We have not been able to Iduatadte.
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A Danish study (Saxe & Larsen, 2004) has speclfidabked at the dispersion of emissions
from ships in Danish ports. In the Copenhagen hifp emissions caused concentrations of NOx
exceeding the European legal limit. In the por&tdinore, ferries contributed significantly to the
NO, pollution in the neighborhood around the harbartiBulate emissions contribute 8 to 15% of
that of all urban road traffic to the background EMlevels in the harbor neighborhoods of
Copenhagen.

Two further papers show that the impact of shiffficaamissions to the concentrations of
pollutants in European coastal regions may be denaie. Fagerli & Tarrason (2001) carried out
model calculations to show that the contributionsbfp emissions to concentrations of nitrate,
sulphate and ammonium varies between 20 to 30% det iwestern European coastal areas.
Secondary particulates formed from ,S&hd NQ emitted to the atmosphere may be deposited
several hundreds of kilometers away from the ship.

According to NMI (2000), also based on model caltiohs, the relative contribution of
international shipping to the deposition of sulpluEuropean countries may be as high as 15 %.
Especially countries bordering to the sea are &ftecThe relative contribution to deposition of
oxidized nitrogen is slightly higher, with outliersf 38 and 24% for Malta and Cyprus
respectively’> More important than these relative contributiangiiobably the notion that for most
countries bordering the sea, international shipgnane of the largest single contributors, both fo
oxidized sulphur as for oxidized nitrog&h.

Capaldo et al. (1999) note that nearly 70% of oggang ship emissions occur within 400
kms of land. Ship emissions often contribute miw@nt5% and as much as 30% to the modeled
SO, concentrations in coastal regions.

With tightening regulations on cars and light véddcin the EU and the US, emissions from
shipping become more and more an important corntibto local air quality problems. It is
expected that this trend will further be strengttbin the future due to significant increases in
maritime transport. For example, shipping trafficand from the US is projected to double by
2020. Entec (2005d) assumes a 2,6% annual growd¢hofamaritime transport for Europe up to
2020. Examples of where emissions from shippingedacal problems in the US are Southern
California, Houston and Galveston, Pittsburgh drel@olumbia River Gorge between Oregon and
Washingtorf.

There is a thus a lot of evidence that emissionmfships have an impact on local air
quality. This holds especially for port cities, kalso in general for coastal regions. We have not
been able to find specific studies for Latin Amarend the Caribbean, but there is no reason to
suspect that matters will be different.

Of the seven Latin American cities with over 5 mifl inhabitants in 2002, S&o Paulo,
Buenos Aires, Rio de Janeiro and Lima/Callao afeait cities. Santiago is at least in theory
located near enough to the coast to be affectesiigsions from maritime transpéftAll of these
cities struggle with air quality problems. Examptésther coastal and port cities in Latin America
that may be affected are Puerto Santos (Venezugdatps (Brazil), Panama, Havana, Montevideo
and Guayaquil.

%5 Clearly, the relative contribution of internatanshipping depends both on the emissions fromsttipping sector and on the

emissions from land based sources. For this red@lserpercentage contribution of countries with méaad based sources, such as
the Netherlands, Belgium and the UK may be a betticator. For these countries, contributions épasited oxidized nitrogen are
13, 9 and 11% respectively.

NMI (2000) also models the impact of ship emission ozone levels. We do not go into this here.

For an extensive article on ship pollution in &, see USA Today (2004).

28 Whether this is actually the case should be stlidjespecified models.
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5.3 Economic valuation of air pollution

In some situations it can be useful to expresdrtpact on environment in monetary values. This
can be useful when trying to get attention to thkosisness of a problem. Alternatively, it may be
useful when in doubt about whether to implemenostlg mitigation measure. Do the benefits of
reduced emissions weigh up against the cost ainsure? Also, in some cases one has to make a
choice between for example reducing the,@issions or the CQemissions. One then wants to
know what is better for society.

In this section we briefly discuss different wagspiut a monetary value on the costs of air
pollution. The focus will be on the costs assodatéth the impacts on human health.

Subsequently, we discuss several studies in whadlration methods have been applied for
the environmental costs of air pollution for Lafimerica and the Caribbean.

Air pollution leads to different costs for sociefyirst, there are costs associated with the
impact on human health. These include the costsealical treatment and human suffering of both
patient and family, but also the costs of reducetividy. A person that is ill or has died
prematurely cannot contribute to the economy. Sarihnehese costs can be related to actual
expenditures, such as for example the expenditumesiedical treatment and other costs such as
the costs of human suffering cannot.

Second, there are costs for society due to thedhpathe environment. For example, ozone
and hydrocarbons may affect crop production. Aifytants in general may affect ecosystems and
cultural heritage. Buildings may also be affected.

In general, shadow prices may be used to deterthmneconomic value of goods for which
no market value exists. Shadow prices can be baisdlde valuation of damage costs, but also on
other methods such as for example willingness tepi; the compensation costs and hedonic
pricing. The preferred method depends on the dpesitfiation.

It is not straightforward to determine the shadaiggoof air pollution. In the first place, one
needs to know exactly to what extent air pollutioas actually caused the costs above. For
example, which respiratory problems can be assatiaith air pollution, and which are caused by
other factors? Crop loss may be the effect of aitugon, but can also be costs by lack or
abundance of rainfall.

In the second place, one needs to put monetargsan the impacts caused by air pollution.
For some things this may be easy (e.g. the costsedlicines, the costs of crop loss), for others
such as premature deaths, human suffering and dhtgra of ecosystems this is much more
difficult.

Bottom up evaluation of health costs may take tilwWing approach. In a first step, the
amount of emissions is estimated. Next, the impattese emission levels on the concentration of
air pollutants needs to be estimated. Dose-responsencentration-response functions are then
used to determine the probability of different ledainpacts (e.g. acute mortality, acute respiratory
hospital admission, chronic adult bronchitis) ocitig. This results in estimates for the number or
premature deaths etc. and also in a number fopénson-days of work loss or other restricted
activity.?® By putting a value on these different medical ioipathe costs per unit of emission can
be estimated. Such a value can be determined byagistg the productivity loss, or the cost of

2 see for example Cifuentes et al. (2001).
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medical expenditures. Alternatives are hedonicatidn and contingent valuation methd8&or
more information on economic valuation of healtipéots, see also CAI-LAI (2002).

Table 5 provides examples of shadow prices foediffit pollutants. Information on shadow
prices for air pollutants that apply to Latin Anezriand the Caribbean is scarce.

TABLE 5
EXAMPLES OF SHADOW PRICES (IN € PER TON)

Region SOx NOx PM2.5 voC
BeTa database EU hypothetical port (2 95,000 1,500 — 8,200 509,000 490 —7,200
million inhabitants)
Beta database EU hypothetical port 11,500 1,500 — 8,200 47,000 490 —7,200
(100.000 inhabitants)
BeTa database EU, at sea in Eastern 4,500 4,800 9,100 1,500
Atlantic
Worldbank Santiago, Chile $82 $ 12,336 $3,831 $ 33,167
(1994) (PM10)

Note: values are in Euros of the year 2000, dollars relate to 1994.

The Benefits Table for the EU (Netcen, 2001) dgishes emissions in ports, emissions
close to the shore and emissions somewhat furtber the shore. Emissions wide at sea in oceans
have not been considered. It should be noted thabers cannot be used for other regions. We
refer to Netcen (2001) for a discussion of the @fahat have been taken into account. The study
by the World Bank is relatively old and since tHemowledge of health impacts of emissions has
increased enormously. Shadow prices were calculadsdd on the potential health gains certain
control programs were expected to deliver. Makirsg wf dose-response functions related to
concentrations of pollutants, shadow prices weterdened.

Estimates differ regionally for various reasonsistiin densely populated areas, more
people are exposed and more people are likely taffeeted. Table 5 indicates that the cost of
emissions of SQand PM2.5 vary widely with the population density the area where the
emissions take place. This is not so much the t@s& O, and VOC, because the quantified
impacts are linked to the formation of secondafjupants such as ozone in the atmosphere. Given
that these take time to be generated in the atmeosplthe impacts will take place more
geographically dispersed and local variation inpafon density has little effect on the costs.
Second, in different regions health may be valu#dréntly, and also the prices of health care may
be different

Although shadow prices per unit of emission are adilable for Latin America and the
Caribbean, some studies have related changes ootteentration of pollutants to health costs. We
briefly discuss two studies.

Cifuentes et al. (2005) evaluate the benefits toesp of a uniform reduction of 10% in the
annual ambient concentration of PM10 in 41 Latinedican cities. The study makes use of the
integrated assessment approach. Changes in coao@msr of pollutants are related to changes in
human exposure to pollutants. The changes in expaae related to changes in health effects by
applying concentration-response functions. In alfgtep, valuation models are applied to value the
changes in health effects. For the valuation oftha@wo different methods are applied. According
to this study, the total premature deaths avoidegdilution control could be in the order of 2 to
2.6% of total annual deaths in the cities considle¥aluation of health benefits by either method

30
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For a short overview and suggested readingsGkeer (1995).
Impacts also depend on meteorological conditaansbackground concentrations. These effects dracladed in the estimates.
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indicates that the benefits of pollution controlyniee more that $ 1.5 billion per year. Benefits of
this order clearly warrant significant investmeimtgollution control.

Bell et al. (2006) studied the health effects afollution in three Latin American cities,
namely Santiago, Sado Paulo and Mexico City. Thesetestimated the impact of a control policy
aimed at lowering air pollution emissions in theipé 2000 to 2020. The economic value of
avoided health impacts resulting from lower annertls of ozone and particulate matter for these
three cities alone were estimated at $21 to $1E6b{US) over the period 2000 to 2020.

5.4 Impacts of ship emissions on climate change

To induce the overall effect of ship emissions bmate chang® is not an easy task. As we have
seen in chapter lll, many gases interact in theogpmere and a lot of the effects are highly non-
linear. Impacts do not only depend on current eoniskevels, but due to the long lifetimes of some
of the gases, also depend on past and future emiksiels (and of emissions from other sources).
Some gases have fore mostly a local impact, whateasmpact of others is global. For these
reasons, very complicated climate models are netxledaluate the impact of emission scenarios.
Despite these models, scientific uncertainty alsmme of the effects remains, because not all of
the scientific processes are yet well understood.

Overall, the net impact of ship emissions on clangitange may well be a cooling effect and
thus counteract global warming. The emissions dbaa dioxides have a warming effect, just as
the ozone formed from NOThe reduction in methane levels in the atmospimeheced by the NQ
emissions may be in the same order as the ozonactmput in opposite direction. The direct
impact of sulfates is cooling, and especially theirect impact of sulfates is expected to be very
large and cooling. The climate impact of black cartand organic carbon from shipping is very
small.

Figure 5 collects best estimates of impacts fromphg. It should be kept in mind the
scientific uncertainty with respect to the level the impacts is large. These stem both from
uncertainties with respect to the emission levamfshipping (as indicated in section 4.1) and the
science of the climate system.

32 For an extensive background on the problem dfajlevarming and the evidences thereof, visit thesite of the UNFCCC at:

http://unfccc.int/essential_background/feeling_theat/items/2902.php
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FIGURE 5
ESTIMATES OF GLOBAL RADIATIVE FORCINF EFFECTS FROM SHIPPING
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Source: Carbon dioxide, ozone, methane and direct sulphate from Endresen et al (2003), indirect sulphate effect
from Capaldo et. al (1999).

Could we conclude that maritime transport is aggugdod for the environment because of the
net cooling effect, counteracting global warmingisTis definitely not the case. First of all, some
impacts are local and regional ($Qvhereas others (GPare global. Thaet global radiative forcing
may be negative, however most scientists do na\Jmethat the cooling and warming effects actually
cancel out in terms of climate. Radiative forciagelated to temperature changes, but there ase als
other climate effects such as change of winds,gd®sim precipitation etc.

Second, shipping has an impact on local air poltutiThis cannot be compared directly to the
climate impact. The cooling effect of $@ith respect to climate change cannot be weighgainst
the negative impact of the $@missions on the local environment and human health
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VI. Policies and measures

In this part of the report we discuss how the amvinental impact of
maritime transport can be reduced by so-called samsmitigation
measures. We will distinguish between policies @tgd at local air
pollutants and those that aim to limit the climatgwact of maritime
transport. As will be clear by now, the distinctimmnot always so
clear-cut and many measures aimed at for examglecigy emissions
of CO, will also influence emission levels of other gaddereover,
air pollutants also have climate impacts. Poli@es often primarily
targeted at either local air pollutants or greersieogases.

In section 6.1, we describe what measures can ken téo
reduce emissions of local air pollutants from niuét shipping. These
include both technical measures such as instabinfuel-efficient
engine, and operational measures such as increttgénipad factor,
reducing speed and using low-sulfur féfelWhere available, an
indication of the emission reduction potential bgde measures will
be provided. Next, we discuss international andonat / regional
policies to incentive the application and implenagion of the
mitigation measures. Section 6.1.2 discusses dewvelnts within the
international framework and in section 6.1.3 nadifmegional
measures and best practices will be discussed.

3% This may also be regarded a technical measureinéleded it under operational measures becauseeis not alter the technical
layout of the ship.

37



CEPAL - Serie Recursos naturales e infraestrudtidt27 Report on maritime transport and the environtrf@ri_atin America

The section on climate change has a similar seWpfirst discuss concrete technological
and operational measures to reduce emissionsdsd2.1). Then, international actions within the
UNFCCC and the IMO on this subject are presentedt,Lregional and national policies and best
practices are discussed.

Based on these discussions, we provide some recodatiens with regard to environmental
policy for maritime transport in Latin America atite Caribbean in the final chapter.

6.1. Local air quality

6.1.1 Technical and operational mitigation measures

In this section we discuss the actual technical@petational measures that can be implemented to
influence emissions from shipping. Where availatie, potential emission reduction and costs of
measures are also provided. The information predeimt primarily based on studies by Entec
(2005) for the European Commission and a study hytiktek et al. (2000) for the IMO. For more
information concerning mitigation options, we refeithe original studies.

It should be noted first, though, that there is arkad difference between the impact of
technical measures on emission levels of the witglt and the impact of operational measures. In
general, it may be some time before technical nreaswlated to new ships impact emission levels
substantially. The useful life of ships reacheslwegkr twenty years. Changes to new ships will
therefore take a long time to be adapted by thdeviheet. Technical measures that can be applied
‘retrofit’, i.e. after a ship has been taken inveee, will generally have an impact sooner.

Operational measures, in contrast to technical ureasmay be implemented within a very
short timeframe and can therefore directly impheteémissions of the fleet. Changes in speed, load
factor and routes may be implemented almost directl

The study for the IMO (Marintek et al., 2000) prde$ a good overview of the possibilities
to reduce emissions. Some results are presented Farthe workings of the different techniques,
we refer to the original document.

TABLE 6
SEVERAL MEASURES FOR DIESEL ENGINES ON NEW SHIPS IM PACTING EMISSIONS

Measure Impact
Reducing fuel consumption Reduction of HC and CO
Retarded timing Reduced NO¥, increased CO2

Low NOx combustion
Water injection
Water emulsion
Humid air motor / Reduced NOx, minor impact on CO2
Exhaust gas re-circulation
Selective catalytic reduction
Miller cycle

Seawater scrubbing

Fuel specification Reduction of sulphur

Source: Marintek et al. (2000).
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To some extent, these measures can also be appliexisting ships. Retarded timing on
existing ships can reduce N®missions by about 10% at little financial cosist CQ, emissions
will increase by about 10%. Low N@ombustion processes may reduce, E@issions by up to
30%, and has the benefit of reducing JCénissions by 2 to 5%. Water injection and water
emulsion come at medium costs, and may reducgby®0 and 25% respectively. The humid air
motor, exhaust gas re-circulation and selectivalgit reduction can effectively reduce Ny
60, 20 and 90% respectively), but would requireittstallation of new space. This would imply
extra investments and additional operating costs.

The fuel specifications have an impact on the donissof various gasses. Different fuel
types can be distinguished:

e marine gas oil (MGO)

* marine diesel oil (MDO)

« intermediate fuel oil (IFO)

« heavy fuel oil (or residual fuel oil, HFO)

About 80% of the fuel consumption for shipping iIE® This is the product that results at
the end of the processing line in a refinery. Miadnet al. (2000) note that over the years refinery
plants have been introduced that enable to extnace and more light distillates from the crude
oil. The result has been that the quality of theidee of this process, HFO, has deteriorated. HFO
needs to be heated onboard a ship before it carsé@ for combustion. The sulphur content of
HFO lies between 2.5 and 4.5%.

Intermediate fuel oil, marine diesel oil and marges oil are lighter fuels that contain less
sulphur and do not require heating before use.drR@OMDO can be mixtures of heavy fuel oil and
distillates. The maximum sulphur content of MDQLi§%. For coastal shipping, the use of MDO
with a sulphur content of around 0.5% is graduiltreasing.

The main environmental benefit from replacing HF@ @ lighter fuel is the reduced
emissions of sulphur. There are some additiondbasmefits as well. Marintek et al. (2000) note
that the combustion properties of light fuel oieagood, and therefore the production of N©
somewhat lower than that of HFOs. £€nissions may also be reduced by as much as 5éte Th
is further evidence that the use of MDO insteadiBD reduce the maintenance costs of engines,
since MDO is cleaner the HFO. The workload of tingiee crew and second engineer may be
reduced by as much as 65% or m3re.

Heavy fuel oil is however cheaper than lighter $ughat contains less sulphur.
Desulphurization of oil is expensive and energystmning. Acid Rain (2003) noted that the price
differential between low-sulphur bunker fuel (<1¥phur) and high-sulphur fuel (3.5%) averaged
around $19 per ton in the period 1990 — 2001. TimdfEean Commission estimated the costs as a
result of new investments in desulphurization atréfineries at € 50 to € 90 per ton of fuel.

In a series of studies for the European Commisdimtec studied the potential of specific
NO, and SQ emission reduction measures. Some of these measere also included in Marintek
et al. (2000). We briefly present the results below

For measures targeting NOx emissions, the estimathaction potentials are listed in table
7. Most of these measures are still at an earbestd development.

34 Information from the website of Wallenius: httpsw.walleniusmarine.com/gse.jsp?art_id=37.
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ESTIMATED EMISSION REDUCTIONS FOR DIFFERENT MEASURE S TARGETING NOx

TABLE 7

Measure NOy SO, PM HC
Basic internal engine modifications -20 0 0 0
Advanced internal engine modifications -30 0 0 0
Direct water injection -50 0 0 0
Humid air motors -70 0 0 0
Exhaust gas recirculation -35 -93 >-63 ?
Selective catalytic reduction (2.7% HFQ)? -90 0 0 0
Selective catalytic reduction (1.5% HFO) -90 -44 -18 ?
Selective catalytic reduction (0.1% MDO) -90 -96 >-63 ?

Source: Entec (2005b)

& the impact of this measure depends on the fuel used. Therefore this measures is included thrice, with different fuel

assumptions. The 2.7% sulphur content coincides with the average sulphur content of fuel used for shipping.

Apart from the emission reduction potential of #helifferent measures, Entec (2005b) also
lists cost estimates in €'s per ton of NWoided. Costs differ between small and large Vssgéth
costs for large vessels typically lower per tonNgd, avoided. Similarly, retrofit application is
generally more expensive than application to neipsshCosts of internal engine modifications
(IEM) vary between € 9 and € 19 per ton of NOx dedi for large ships. For small vessels, costs of
IEM vary between € 12 and € 98 per ton of NOx. Aqgdion of any of the other measures will cost
more than € 200 per ton of NOx avoided. Note thasé¢ cost estimates do not take account of any
co-benefits such as in the case of exhaust gascudation and selective catalytic reduction. For

more details, see Entec (2005b).

With regard to the reduction of $€&missions, three specific measures were investigate

e Sea water scrubbing

* Fuel switching from 2.7% sulphur HFO to 1.5% sulpR&O
¢ Fuel switching from 2.7% sulphur HFO to 0.5% sulpRE&EO

The emission reduction potential of these meadgarksted in table 8.

ESTIMATED EMISSION REDUCTIONS FOR DIFFERENT MEASIRE S TARGETING SO

TABLE 8

Measure

NOx

SOz

PM

HC

Sea water scrubbing
Fuel switch from 2.7% to 1.5% sulphur
Fuel switch from 2.7% to 0.5% sulphur

0%
?

?

-75%
-44%
-81%

-25%
-18%
-20%

Source: Entec (2005c).

The costs of these measures, expressed in € pesftamoided S@ emission, were also
calculated. The costs of applying sea water scngbbh new ships varied between € 320 per ton of
avoided S@ emissions for a large vessel to € 390 for a snesbel. Retrofit costs were about €
180 per ton of SPmore. The costs of fuel switching are independdnihe size of the vessel
whether it applies to new or existing ships. Estesavaried however considerably depending on
the source of the average fuel price differeniifle costs of the fuel switch from 2.7% sulphur to
1.5% sulphur vary between € 1,230 and € 2,053 qgept SQ avoided. For the switch from 2.7%
sulphur to 0.5% cost estimates ranged between3®hdd € 1,690.
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Another option to reduce the emissions of local @itlutants is to provide shore-side
electricity to vessels in the port. Instead of gsmwxiliary engines to provide electricity for
hotelling, unloading and loading activities, shiias then utilize the electricity offered from ashor
(cold ironing). There are several examples of partaund the world that have implemented this
measure, such as Pittsburg, Gothenburg and Loslésge

Table 9 presents the emission reductions that ncayrp as estimated in Entec (2005a).
These relate to vessels that can indeed make w®ad-side electricity.

TABLE 9
ESTIMATED EMISSION REDUCTIONS FOR USING SHORE SIDE ELECTRICITY

Measure NOy SO, PM HC
Shore-side electricity compared to 2.7% sulphur -97% -96% -96% -94%
Shore-side electricity compared to 0.1% sulphur -97% 0% -89% -94%

Source: Entec (2005a).

There are still emissions related to the produgtiaf electricity, but these take place
somewhere else, often in less densely populateasafdoreover, electricity plants may have
implemented more emission reduction measures. Becalectricity plants are generally much
more efficient in producing power, G@missions associated with in port activities maydduced
by 50%.

The costs of shore-side electricity vary widelypeileding on the electricity infrastructure
near the port and the whether the port infrastnects existing or whether installation can take
place at the time of construction. Moreover, it e®s on prices of fuel and electricity. According
to Entec (2005a), it may become a financially ativ@ option for fuel prices above € 450 per ton
(even without accounting for the benefits to socielt reduced S©emissions). For specific cost
estimate¥ and practicalities of providing shore-side elextyi to vessels docking in ports, see
Entec (2005a).

Apart from these techniques that are to some exatmeiady available, fuel cells are
extensively being studied. One of the pioneeringEanies is Wartsila that unveiled a prototype
fuel cell in 2005. This system uses a combinatiomethanol, natural gas and liquefied natural gas
as fuel. According to the company, compared to MBRissions of C@can be reduced by 20%,
NO, by 80% and SOcompletely. The company expects that initiallylfaells will mainly be
suitable for auxiliary engines on relatively smadssels. A problem of fuel cell technology is that
there are high initial investment costs and thd &tierage tanks require substantially more space
than the tanks for traditional fuels.

In theory, we could now determine whether the im@atation of mitigation measures
would be desirable from a social point of view.skection 5.3 shadow prices of emissions were
listed. These reflect the costs to society of eimiss Above we have listed estimates for the costs
of reducing these emissions. If the costs of tlduecBon measures were below the benefits to
society of reducing emissions, implementing redurctneasures would make sense from a social
point of view. We will however not carry out thengparison of costs and benefits because of the
large uncertainties in both estimates and the laickpecific data for Latin America and the
Caribbean.

35 We have not included these here for two read@inst, the uncertainty regarding the estimatesids.hSecond, cost estimates were
presented as costs per ton of specific avoided lpautant, while we think all local pollutants @hld be accounted for by
weighting in the cost estimates.
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6.1.2 International policies

In this section we describe the action undertak&hinvthe IMO to limit the emission of air
pollutants from ships. Although local air pollutignby definition a local problem, policies may be
more effective when coordinated internationallyeTieason is that maritime transport is a very
international business. Unilateral policies maydiicult to enforce. National policies can be
made to apply to nationally flagged vessels, buatékting the requirements of the policies becomes
too costly, ship owners may flag out. This woultbstantially reduce the environmental impact of
the policy. Moreover, treating different vesseletiently may lead to economic distortions. This is
often regarded as unfair. For these reasons, mtiemally coordinated actions may be more
effective. A disadvantage of internationally cooatied action is however that many parties have to
reach agreement before any measure can be impledthefit not all parties agree, the
implementation of environmental policy may be stdll

The Marine Environmental Protection Committee (MEBECthe IMO included air pollution

in its work program in 1988. Two years later Norvgpmitted a number of papers to the MEPC
giving an overview of air pollution by ships. Enm@ss of sulphur were then estimated at 4.5 to 6.5
million tons per year, and those of NOx at 5 millitons annually (for current estimates, see
section 4.1). The aroused attention gave riserteva Annex to the Marpol convention, Annex VI
on the prevention of air pollution from ships. Tisnex, which was adopted in September 1997,
only entered into force May 19, 2005. It sets Igyon sulphur oxide and nitrogen oxide emissions
from ship exhausts and prohibits deliberate emissfoom ozone depleting substances.

Annex VI sets a global cap of 4,5% nifnon the sulphur content of fuel oil and calls on
IMO to monitor the worldwide average sulphur comteihfuel once the Protocol comes into force.
Over the period 2002-2004 the average sulphur obniged on board of ships was 2.67%, so the
impact of the 4.5% global cap may in practice by Vienited. The annex also contains provisions
allowing for special ‘SQ Emission Control Areas’ to be established. In ¢haseas, the sulphur
content of fuel oil used on board of ships mayexateed 1,5%. Alternatively, ships are required to
fit an exhaust gas cleaning system or another tdoby to limit SOx emissions as to such a level
as would have been achieved when using fuel wahighur content of 1.5%.

Suppliers of fuel in a country that signed Annex afk legally required to comply with
Annex VI. Fuel suppliers in other countries are. htdwever, vessels that purchase fuel of one of
these suppliers will need to ensure that the fagigdies if they intend to call at a port in onetloé
signatory countries within three years of purchafsthe fuel.

Annex VI furthermore poses limits to the emissiarfsNOx from diesel engines. The
mandatory NOx technical code developed by IMO defihow this is done. Standards apply to
diesel engines with a power output greater than R8O installed on ships constructed (or
undergoing a major conversion) on or after Jani090. Annex VI furthermore lays down
(voluntary) provisions for the regulation of em@ss$ of volatile organic compounds that come free
during the loading and unloading of oil tankers.

6.1.3 Regional policies and best practices

In this section we describe regional and natiopgreaches to reduce pollutant emissions of the
shipping sector. Also some best practice approasfielse presented.

36 45,000 parts per million.
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European Union
Air pollution is a serious problem in Europe. Alilgaa lot of attention has been paid to emissicn® fr
land-based sources. More and more attention igy kit to emissions from maritime transport now.
The reason is that the contribution of this se@onow relatively high and many relatively cheap
abatement measures may be available. Althoughuhe Eeen on remaining working within the IMO to
improve local air quality, many Member States redzg that EU measures would be a good way to
deliver local air quality improvements and to imge momentum towards more stringent international
standards at the IMO (EC, 2003). The EU does ndttfie NOx standards and the global sulphur cap
agreed within IMO sufficiently stringent.

Under EU regulation (directive 1999/32/EC), magae oils within the territoy of EU Member
States may not exceed 0,2% sulphur as of 20000d8d from 1 January 2008). No regulation exists
however for marine heavy fuel oil, which is usedhmy large majority of seagoing ships.

Two European regions, the Baltic Sea and the Negth& English Channel have been marked as
SQ, Emission Control Area under IMO regulations. Qmdbthese areas, directive 2005/33/EC requires
EU Member States to take all necessary measureshthaulphur content of marine fuels shall not
exceed 1.5% within territorial seas and exclusaaemic zones as well. Ships at berth in EU podg m
not use marine fuels with a sulphur content exegpdil% as of 2010.

United States
The US Environmental Protection Agency (EPA) isvaty targets emission reductions from maritime
transport® Following regulations on the sulphur content aflfused in road vehicles, the sulphur
content of fuel for the non-road sector is beirgutated. The current regulations only refer toiltists
used in ships and do not yet apply to heavy fueESA is of the opinion that standards for fudtiso
the US do not necessarily ensure the use of lgghsufuel in US waters. Instead, the US EPA plans t
investigate the designation of one or more aretiwitS are SCemission control area under the IMO.

Emission standards for new vessels with engings @@ liters per cylinder are in place and are
scheduled to be further strengthened (see EPA,a2806d EPA, 2004b). Emission standards for new
ocean going vessels with an engine of over 3Glper cylinder are discussed in EPA (2003). These
relate to vessels flagged or registered in the tBaae in line with IMO standards. However, a sdcon
tier of standards in future rulemaking is fores@ris will be completed before April $72007. For this
future rules, EPA ‘will consider the state of teglugy that may permit deeper emission reductioms an
the status of international action for more striviggtandards. [...EPA] will also consider the appica
of such a second tier of standards to enginesreigfovessels that enter U.S. ports’ (EPA, 2008wN
standards may be up to 30% stricter than the dumgems.

Apart from obligatory standards, the EPA has degexlothe Blue Sky voluntary program. An
engine qualifies as a Blue Sky engine when emissioe at least 80 percent below Marpol Annex VI
levels. Incentive programs to develop and appliy &mgines can be put in place by users and stdte an
local governments.

For more information on developments in the US tiseg@roceeds of two workshops on this issue
that are provided on the MARAD website (NMREC, 20@ther sources of information are the Clean
ports workshop (Northeast, 2006) and an EPA work¢B&A, 2006).

37T Territorial waters including seas 12 nauticalasifrom shore and in land waterways.
8 See also the website: http://www.epa.gov/otag/nesiitm
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BOX 2
COST EFFECTIVENESS OF POLICY MEASURES

Various sources provide information on the potential cost effectiveness of reduction measures in the maritime transport
sector. It should be noted that such information relates to the specific situation studied. Acid Rain (2003) reports on EU
calculations related to a strategy for combating acidification. If the EU interim target were to be attained solely by technical
measures on land, the annual costs would be around 7 billion Euros in 2010. The overall cost could be brought down by 2.1
billion Euros annually, if more cost-effective measures to reduce emissions of NOx and SO» from ships in the Baltic, North
Sea and northeastern Atlantic.

The European Commission accompanied the EU sulphur strategy outlined in EC (2002) with some estimates of the cost
effectiveness. According to the Commissions’ calculations, the benefits of the strategy outweighed the costs by more than
2:1. Costs of reduced sulphur emissions were estimated at € 50 per ton of fuel, with total annual costs of € 1.1 billion. The
proposal was expected to cut SO, emissions by about 10% or 507,000 metric tons and PM emissions by 8,000 metric tons.
The benefits of the proposal included annually 2,000 fewer life years lost due to long term exposure, 750 fewer deaths from
short-term exposure and 300 fewer hospital admissions for respiratory illnesses. Excluding the benefits from reduced
acidification, which could not be monetized, annual total benefits were estimated at € 2.7 billion.

The US EPA put forward highway and non-road diesel programs to reduce emissions from diesel engines. These programs are
expected to cut 90% of all harmful pollutants from these engines. The annual costs of these programs were estimated to come down
to $ 4.2 billion and $ 2 billion respectively, in 2030. At the same time, the public health and welfare benefits were estimated at over
$ 70 billion and $ 83 hillion for the highway and non-road program respectively (EPA, 2004a).

Best practices
The state of California (US) has introduced reduiist additional to those that apply for the B\l
vessels that are within 24 nautical miles of thestof California are required to use low sulplugi fn
their auxiliary engines. As of 2007, emissions akikary engines may not exceed emission levels of
engines using marine gas oil or marine diesel il & sulphur content of 0.5%. As of 2010, the tlimi
will be set by marine gas oil with a sulphur coht&r0.1%.

The port of Los Angeles has introduced a volurggsed reduction program or commercial cargo
ships. Within a 20 nautical mile range of the partoluntary speed restriction of 12-knots appiies,
order to reduce air pollutant emissions. Thereeisetplly good compliance with this measure. The
emission reduction has been estimated at 1 tdN©gfper day (SeattlePl, 2004).

In Norway the tonnage tax, payable by Norwegiamgéal vessels only, is differentiated
depending on the environmental rating of the sbairest several criteria.

In 1998 a system of environmentally differentiafedway dues was introduced in Sweden.
Fairway dues are a national levy payable by sHipdl lags visiting Swedish ports, based on tigeoss
tonnage and the volume of cargo transported. Si888 these dues are differentiated with respeat to
ships’ emissions of NOand SQ. Ships that installed NOreduction technologies and/or used low
sulphur fuel are liable to reduced dues.

The North Sea Conference held in Gothenburg in 2@06d in a declaration for a 40% cut in
NOy emissions from shipping in the long term, anddaicgon in the permitted sulphur content of fuel to
1%. Ministers also launched the Clean Ship conaspler which criteria for the evaluation of the
environmental performance of ships will be devetbped used as an incentive for to encourage
sustainable shipping. Furthermore, tax incentigesricourage the use of shore-side electricity lvell
put forward®® In a following EU recommendation, the EU called gnvernments to offer economic
incentives to port operators such as electrickyréguctions to incentivice supply and use of sisaie
electricity (ENDS, 2006).

The Green Award (see www.greenaward.org) is anatiieé that offers incentives for
socially responsible shipping. Ship owners thateaellto standards in the field of quality, safety
and environmental protection can apply for a Gréeward. With this award, they receive
beneficial treatment, such as a reduction in peescat around 50 ports around the world.

39
40

See: http://www.arb.ca.gov/regact/marine2005/ne2005.htm
See press release: http://www.sweden.gov.seft838/a/63463;jsessionid=aARgKpnjscMf, consulted Niay2006.
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EcoPorts (www.ecoports.org) is an EU sponsoredarebeproject aiming to harmonize the
environmental management approach of ports in Europ

Apart from countries and regions, some shipping mames have implemented progressive
environmental policies. For example, Wallenius Marhas been able to reduce Ngnissions by
the fleet by 19.9% since 1998 and the average sulggntent of the fuel is 1.16%. N@ductions
were achieved by installing low N@uxiliary engines on new ships and installing N®x valves
of sliding type on existing ships. $@eductions came about by adjusting the fuel usethé
vessels. Speed adjustments and route planningldemreintroduced to reduce €@missions, see
Wallenius (2005). Wallenius uses MDO in the auxjli@ngines, thus reducing PM emissions
substantially while at berth and hence a partitplarge number of people could be exposed.

Wallenius  Wilhelmsen (see http://www.2wglobal.corpe2005/english/index.jsp) is
working on the development of a zero emissiongaatier, combining all sorts of environmentally
friendly techniques.

Examples of progressive techniques that have ajrbagn applied can be found on the
Clean Marine website (http://europa.eu.int/commitemment/clean_marine/). Clean Marine is an
initiative by the European Commission, providingaagls to EU ship operators, EU shippers and
EU authorities that are engaged in environmentaiponsible shipping.

As discussed before, several ports furthermorer aif@re-side electricity to reduce in port
emissions.

6.2 Climate change

6.2.1 Technical and operational mitigation measures

In this section we describe technical and operatioptions to limit the amount of G@missions
from shipping. As discussed before, £@€missions are directly associated with fuel uselyO
technical measures that improve the efficiency tef power production will be of use. Such
measures will generally also reduce the emissibiiCoand CO. Operational measures that reduce
fuel use will also reduce GCemissions. Clearly, operational reduction measuorest probably
reduce pollutant emissions as well. Most of thermfation presented here stems from Marintek et
al. (2000).

Marintek et al. (2000) present a number of tecHmoaasures that can be implemented on
either existing and new ships, see tables 10 anBdrlthe exact specifications of these options, we
refer to original study.

45



CEPAL - Serie Recursos naturales e infraestrudtidt27 Report on maritime transport and the environtrf@ri_atin America

TABLE 10
CO2 REDUCTION POTENTIAL BY TECHNICAL MEASURES FOR N EW SHIPS
(Percentage)
Measure Reduction potential fuel / CO» Combined?® Total®
Optimized hull shape 5-20
Choice of propeller 5-10 5-30
Efficiency optimized 10-12°
2-5° 14-17" 5-30
Fuel (HFO to MDO) 4-5 6-10°
Plant concepts 4-6
Fuel (HFO to MDO) 4-5 8-11
Machinery monitoring 05-1

Source: Marintek et al. (2000)

& Where potential for reduction from individual measures are well documented by different sources, potential for
combination of measures is based on estimates only.

P State of art technique in new medium speed engines running on HFO.

¢ Slow speed engines when trade-off with NOx is accepted.

TABLE 11
CO2 REDUCTION POTENTIAL BY TECHNICAL MEASURES FOR E XISTING SHIPS
(Percentage)
Measure Reduction Combined?® Total®
potential fuel /
CO2
Optimal hull maintenance 3-5
Propeller maintenance 1-3 -
Fuel injection 1-2 -
Fuel (HFO to MDO) 4-5 4-20
Efficiency rating 3-5
Fuel (HFO to MDO) 4-5 7-10
Eff. Rating + TC upgrade 5-7
Fuel (HFO to MDO) 4-5 9-12

Source: Marintek et al. (2000)

& Where potential for reduction from individual measures are well documented by different sources, potential for
combination of measures is based on estimates only.

The emission reduction potential on new ships messhat larger than on existing ships.
Switching from HFO to MDO reduces the €@missions by about 5%. Additional to the retrofit
options listed in table 11, measures regardingtbpeller may also be an option, depending on the
ship specifications. The reduction potential depeioda large extent on the vessels’ specifications.

Apart from these technical measures, operationasomres may also be implemented. An
overview of the potential is provided in table 12.
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TABLE 12
CO2 REDUCTION POTENTIAL BY OPERATIONAL MEASURES
(Percentage)

Measure Reduction potential fuel / CO, Combined® Total®
Operational planning / speed selection
Fleet planning 5-40
‘Just in time’ routing 1-5 1-40
Weather routing 2-4
Miscellaneous measures
Constant RPM
Optimal trim
Minimum ballast
Optimal propeller pitch -
Optimal rudder 0-0.
Reduced time in port
Optimal cargo handling 1-5
Optimal berthing, mooring and 1-2
anchoring

Source: Marintek et al. (2000)

& Where potential for reduction from individual measures are well documented by different sources, potential for
combination of measures is based on estimates only.

It should be noted that, especially given the hiséuel prices lately, some of the measures
mentioned are actually already profitable to imptain For more details regarding the options, see
Marintek et al. (2000). In some cases, more infdionaon the costs of measures is also included
therein.

Much the same measures are discussed in SOF (28QFH. (2000) also discusses the
potential of speed reductions to reduce,@@issions. The impact of a 10% reduction in spesed
estimated at a reduction of fuel (and hence &@issions) of 10 to 20%.

BOX 3
THE IMPACT OF TECHNOLOGICAL CHANGE ON FUEL EFFICIEN CY

Technological improvements can make sea transport more efficient. Improvements can speed up the loading and
unloading of ships, the routing of trips, but can also make ships more fuel efficient. In this case, there are clearly not only
financial benefits, but also environmental benefits. If less fuel is required for the same trip, the carbon dioxide emissions are
reduced and hence the impacts on climate change.

There is some incidental evidence on the fuel efficiency of ships over time. Data for tankers is presented in figure @.
Ships constructed in the 1990s are more fuel efficient than ships constructed in the 70s.
FIGURE

FUEL EFFICIENCY OF NEWLY BUILT TANKERS

140
100 —— 25-50 dwt
> 80 50-80 dwt
© 80-100 dwt
E 60 ——100-120 dwt
ko] 40 ——120-200 dwt
g 20 —200-320 dwt
F o
-1978 1979- 1984- 1989- 1994-
1983 1988 1993 1998
Year of construction

Source: Based on data from SOF (2000).

UNCTAD (2005, table 51) makes very clear that the fleet of Latin America and the Caribbean is relatively old compared
to the world fleet. Modernizing the fleet could increase efficiency, reduce fuel costs and reduce CO; emissions substantially.
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6.2.2 International policy framework

The primary international policy framework for theevention of climate change is laid down in
the United Nations Framework Convention of Clim&bkange (UNFCCC). It sets an overall
framework for intergovernmental efforts to tackihe tchallenge posed by climate change. Under
the Convention, governments:

e Gather and share information on carbon dioxide atigr greenhouse gas emissions,
national policies and best practice measures,

e Launch national strategies for addressing GHG eanissand adapting to expected
impacts, including the provision of financial anethinological support to developing
countries

« Cooperate in preparing for adaptation to the ingpattlimate change
The Convention entered in force in 1984 and has beified by 189 countrie¥.

More recently, a number of nations have approveddatition to the UNFCCC treaty, which
is named the Kyoto Protocol (KP). Under the KP, samations have committed themselves to
more powerful and legally binding measures. The tiy®rotocol entered into force in 2005 and
has been ratified by 162 countries.

Part of the Protocol is the establishment of thne@vative mechanisms, namely emissions
trading, joint implementation (JI) and the cleanvalepment mechanism (CDM). These
mechanisms are designed to help Annex | partieghmuttost of meeting their targets by taking
advantage of opportunities to reduce emissionscibsttless in other countries than at home.

BOX 4
DIFFERENTIATED RESPONSIBILITIES

One of the main features of both the UNFCCC and the KP is the notion of common but differentiated responsibilities.
Three groups of parties are distinguished under the UNFCCC, depending partly on their stage of economic development:

Annex |
Annex Il
Non-Annex |

Annex Il parties include the industrialized countries that were members of the OECD in 1992. Annex |l parties are
required under the Kyoto Protocol to provide financial resources to enable developing countries to undertake emission
reduction activities.

The list of Annex | countries consists of the Annex Il countries, plus countries with economies in transition, such as the
Russian Federation, the Baltic States and several Central and Eastern European States. Annex | countries have emission
reduction commitments under the Kyoto Protocol.

Non-Annex | parties are mostly developing states and include almost all Latin American States. These parties do not
have specific emission reduction commitments.

Under JI, an Annex | party may reduce emissionthinterritory of another Annex | party,
counting the resulting emission reduction credggimst its own target. Under CDM, Annex |
parties may implement emission reduction projectadn-Annex | parties. The resulting certified
emission reductions may be counted against itstavget.

With respect to the underlying report, it is of ionfance to note that the commitments of
Annex | parties under the Kyoto Protocol do noatelto the emissions from international aviation
and maritime transport. The reason is that no ageeehas so far been reached on how to allocate

41 For more information, see http://unfccc.int/2§8(h
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these emissions to particular countfieShe Kyoto Protocol does require Annex | partieptiosue
limitation or reduction of emissions of GHG frome#ie sectors working through two specialized
UN agencies, the International Civil Aviation Orggation (ICAO) and IMO.

Before discussing the developments under the IM@, finst briefly discuss a second
international policy framework, the Asia-Pacificrership on Clean Development and Climate
(the Partnership). The six signatory countriestaecAustralia, India, Japan, the People’'s Republic
of China, South Korea and the United States. Thikintary non-legally binding Partnership
launched in 2006 focuses on working together indéneclopment and transfer of technology. This
agreement allows member countries to set theirsgomalreducing emissions individually, with no
mandatory enforcement mechanism such as under EheAK to our knowledge, no concrete
measures directed at the climate change impactasitime transport have been included in its
work program.

The first work within the IMO on climate change esfrom 19972 Just before the adoption
of the Kyoto Protocol, an IMO conference adoptedesolution calling for a study on GO
emissions from ships and the MEPC to identify flel@sCQ reduction strategies. This resulted in
2000 in the previously referenced study by Maringtkal. (2000). It identified a number of
proposals for limiting or reducing GHG emissionenfr ships, including voluntary agreements,
environmental indexing, emission standards for aad existing vessels and emissions trading.

In March 2002 the MEPC established a correspondegroeip to prepare an IMO
strategy/policy on GHG emissions from ships. Thisutted in interim guidelines for voluntary ship
CO, emission indexing for use in tridfsIndustry, organizations and administrations ariceraed
to submit their experiences with indexing so to atpdthe draft guidelines. These interim
guidelines form the most concrete policy actionthaf IMO with respect to the limitation of GHG
emissions from the shipping sector.

We will briefly discuss the COindex. In the interim guidelines the Carbon Diaxid
Transport Efficiency Index is defined. It providas indicator of the energy efficiency of a ship in
operation. It is defined as the ratio of mass of, @itted per unit of transport work, where
transport work is defined as the product of distased cargo mass transported.

To be able to calculate the index for a specifig, tinformation is required on the type and
amount of fuel used during the trip, the distanaided and the mass of the cargo transported.
Because cargo levels can vary over different tnastly due to the imbalance in the international
freight market, the index can vary widely betwedfedent trips. Therefore it is recommended that
the CQ index should represent an average value of theygmdficiency of the ship operation over
the period of one year.

First results from India, Germany and Norway subeditat the 53st and 84neeting of the
MEPC (MEPC, 2005a, 2005b, 2006a and 2006b) inditetethe index may vary according to the
type, size and operational speed of a ship. Enmigsidices for bulk carriers differ from those for
tankers, and both differ from those for passenggids. In general, the index is lower for ships of
higher dead weight tonnage. Also, high-speed passdarries have a higher index that ferries that
travel more slowly. None of these results is vamgpssing. More information is expected to be
submitted at MEPC 55 in October 2006.

42 For a background, see http://unfccc.int/adaptétiethodologies_for/vulnerability_and_adaptati@wfis/3416.php The options
under discussion are: 1 no allocation; 2 allocatiooording to the country where the bunker fuel 8ald; 3 allocation according to
nationality of transporting company; 4 allocatiamterding to the country of departure or destinatbthe vessel and 5 allocation
according to the country of departure or destimatibthe cargo or passenger.

4 For a background of developments on GHG withiDllsihd its interaction with other institutions, &mlogic (2003).

44 A draft of which can be found in annex | of MEB&/WP.11, see MEPC (2005c).
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The work on GHG emissions within IMO has been jullglww on several accounts; see e.g.
Ecologic (2003). One of the reasons is that furieps require the support of all parties. Some
non-Annex | countries under the KP have urged thatprincipal of common but differentiated
commitments is also incorporated in any action d#tGGemissions under the IMO. Meanwhile
Annex | countries fear for distortions of competitiis policies only apply to them. This impasse
may have stalled developments of concrete poli¢ipog within IMO.

6.2.3 Regional policies and best practices

Some countries and regions have instigated ormaessfigating national or regional policies
to reduce the GHG emissions from maritime transpidre reason may be that they judge the rate
of developments within the IMO as not quick enougthmay want to take the lead given the idea
of common but differentiated responsibilities.

In this section we present some of the regionallzast practice developments from around
the world. It should be noted that many initiativeentioned in 6.1.3 also impact emissions of
GHGs. These initiatives and policies are not regebaere.

European Union

The European Commission intends to work with theIltb ensure that IMO’s greenhouse gas
strategy is concrete and ambitious. At the same,tinowever, the Commission is investigating
specific EU actions to reduce GHGs from shippinhisTsplit strategy is reflected in the current
research program. A report prepared for the Coniarnigs due in 2007 inter alia describing current
practical experiences with the ¢lddex and making recommendations for possible avgments.
This study will however also look at alternativaxete policies for international shipping. Options
under study are:

¢ voluntary commitments

e arequirement to use and report on the IMO CO2xnde

e arequirement to meet a unitary CO2 index limitavget

« differentiation of port infrastructure charges b€@2 element

« inclusion of shipping in the EU emissions tradiggtem

« Future policies will most likely depend on the arte of the study

Canada

As part of its commitment to reduce GHG emissiomdan the Kyoto protocol, the Canadian
government developed an action (3fafi. Part of this plan was directed at freight tramspmder
which a freight sustainability demonstration pragravas set up. Several different innovative

measures that aimed at reducing GHG emissions famitime transport have been financially
supported. These are listed below.

A project determining the impact of best practioasuel consumption and engine emissions
from ferries. The project identified the best opieraal parameters for ferry maneuvers, engine
setting and cargo loading. As such, informationbtained about the optimal vessel draft and trim,
engine dynamic settings and rudder utilization.

4 It should be noted that the after the changeavemment, Canada no longer intends to meet itswioments under the Kyoto
Protocol.
4 The information here is based on the website:Mttww.tc.gc.ca/programs/environment/Freight/méaim.
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A project to demonstrate the potential reductiof©@b, NO, and PM emissions through use
of system that injects water in the into the contibnsair in the engine.

A project to evaluate and quantify the impact onissions of operational measures,
including the overhaul of propulsion engines, ampent in transit operation and presence of
performance indicators on ships.

A project to demonstrate the use of biodiesel intaimer ships. Biodiesel is made from
organic materials that sequestrate,@Q0ring growth. In this way, the net emissions &,Can be
substantially reducet.

A pilot project to demonstrate the potential usesoftware to facilitate the use of tidal
current to reduce fuel consumption.

Best practices

In general, fairly little policies and best praetimeasures have so far been implemented that
directly target the CoOemissions of the shipping sector. Some of the oreasaimed at improving
local air quality will also reduce G@missions, such as the voluntary speed reduatidhe port
of Los Angeles and the development of a zero eomsship. Also, shore-side electricity has the
potential to reduce C{emissions.

47 They are generally not climate neutral, becatiskeoCQ that is related to the production process.
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VIl.Conclusions and
recommendations

Ships emit many different gases that can have wsertealth and

environmental impacts. Although there is some uairtdy about the total

amount of emissions, it is clear that the shipgiector is a large emitter.
With respect to emissions of air pollutants, thgogihg sector can be
compared to the US. The emissions of carbon diaxidg surpass those
of Australia. Moreover, emissions of the shippiegter are expected to
grow due to increased levels of transport.

A majority of the maritime transport takes placese enough to
the coast for emissions to reach land. Emissiongoi furthermore
may make up 5 to 10% of all emissions of maritinansport.
Scientific studies provide ample evidence that ekssscontribute
substantially to air quality problems over landtlie US and Europe.
No studies for Latin America and the Caribbean Haaen carried out.

Based on the literature for other regions, it appdi&ely that
also in Latin America and the Caribbean, the shigpisector
contributes to the problem of air pollution. Based graphs
specifically elaborated for this study, especialbuntries around the
Gulf of Mexico, the Caribbean Sea, along the westst of Central
America and the east coast of Brazil may be aftecte

There are very serious problems with air quality Liatin
American cities and policies have been implemeimiesspecially the
road traffic sector. So far, the emissions fromghipping sector have
not appeared in the emission inventories availtdi¢atin American
and Caribbean cities. Possibly as a restilthis, no national or
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regional policies that target air pollution by shipave been implemented. There are many
examples of policy instruments that can be intreduto reduce the impact of shipping on the local
air quality. These policies can be implementedtidé lor no cost to the regional economy.

Measures taken elsewhere in the world may havefitefar the air quality in Latin America
as well. To the extent that N@missions from the engines are reduced, or SCipptied on a
vessel in reaction to local policies elsewhere ssinns of ships will be reduced also when cruising
in Latin American and Caribbean waters. Howevehepteffective measures, such as the use of
low sulphur fuel and voluntary speed restrictiomsed to be introduced in Latin America and the
Caribbean in order to reduce emissions locally.

We have the following recommendations with resp@ctenvironmental policy for the
shipping sector in Latin America and the Caribbean.

« Consideration of policy measures that have profieir effectiveness elsewhere and that
can be implemented at little or no additional costéhe sector, such as:

— Voluntary speed restrictions within a certain radiwmound the port

— Require use of low-sulphur fuel within a certaidites around the port

— Join the Green Award scheme and introduce benkfie@ment.

- Introduce differentiated port dues based on thérenmental performance of shifs.

« Include the shipping sector when making emissieetitories for large coastal cities with
ports that have air quality problems

« Based on the outcomes, implement more far-reaghatigies to reduce emissions from
the shipping sector. A cost benefit analysis cdodctarried out to investigate the options
of shore-side electricity, low-sulphur fuel requivents in a larger region and a possible
installment of SQemission control area under IMO regulation. Othent side measures
may also be considered.

Where deemed necessarily to reduce the potentiadvfersive behavior by avoiding ports
with environmental policies in place, measures rbayimplemented nationally or regionally.
Negative affects may be very limited. Differenthfgort dues for example, can be introduced with
a closed budget. Dues for relatively dirty ships dae increased, whereas dues for with
environmentally friendly behavior can be reduced.

With respect to C@emissions of maritime transport, it may be judgedair to introduce
measures in the absence of similar measures fromeXAm countries. On the other hand, the
shipping sector is a very international sector iaiglnot easy to imagine measures that would only
affect Annex | countries without inducing unfairomomic competition. From this perspective,
pilot schemes for the IMO GOndex may be stimulated, possible by offering tlport dues for
vessels that participate in such projects.

8 This could be based on the Green Award to limitsof implementation and control.
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