


Figure 2 - Energy efficiency of various modes
(Source: National Waterways Foundation, 2007)

3. ENVIRONMENTAL ADVANTAGES
OF INLAND NAVIGATION

3.1 Energy Efficiency

Several studies have demonstrated the energy ef-
ficiency of the inland waterway. The inland water-
way system requires less energy per tonne mile in
many cases. It can reduce congestion on the alter-
nate modes; can reduce total transportation related
emissions and has fewer injuries and fatalities per
tonne mile than either rail or truck.

Figure 2 displays the energy efficiency of truck,
rail and barge for typical U.S. carriers. Barges are
more than three times as efficient as truck and 40
percent more efficient than rail.

3.2 Emissions Reduction

Lower emissions are the direct result of energy ef-
ficiency. Emissions data from US sources (Table 1)
illustrates the environmental advantage of barge
transportation. When compared on a tonne-mile
basis, barge transport produces fewer emissions
when either rail or truck. Hence, a greater reliance
on barge transportation is seen to offer environ-
mental benefits.

Table 1 - Emissions by transport mode in the US
(Source: Texas Transportation Institute (2007))
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Mode CO, g/tonne-km

Road (Heavy Goods Vehicle) 108
Rail 21
Inland waterway 31
Maritime shipping 14

Table 2 - CO,-emissions for freight transport in Europe 2009
(Source: Specific CO,-emissions data for road, rail and inland shipping transport from
TREMOVE v3.1. Specific CO,-emissions data for air and maritime transport,
1995-2009 from TRENDS)

On the other hand, Table 2, from a European source, the apparent contradiction is that towboat-pro-
would indicate that rail emissions for CO, are lesson  pelled barge tows in the US are significantly
a per weight-distance basis than inland waterways.  |arger than the self-propelled barges of the EU,

making them more efficient and less emissions-

Taking into account that the data above are hiensive on a per weight-distance basis.

based on one source only and that the rail is
more or less electrified a likely explanation for

Is the Inland Waterway Always More Emissions Efficient?

The U.S. Army Corps of Engineers has evaluated the expansion of seven locks on the
Upper Mississippi river. As part of this investigation, Tolliver (2004) conducted a study to
compare the expected emissions resulting from moving grain from the Upper Mississippi
region to port for export. Stylised movements for waterway and rail movements where de-
veloped to represent the varied origins. Emissions were estimated based on commodity
forecast and fuel consumption (with and without lock expansion) for the year 2025. Tolliver
concluded: “It is unlikely that the improvements would have a material effect on the emis-
sion of air pollutants.”

Tolliver sites three primary reasons for this finding. First, on the Upper Mississippi river
power vessels have larger engines then are typical for their size. Second, railroads had
made great gains in revenue tonne-miles per gallon (RTMG), going from 332 RTMG in
1990 to 404 in 2002. Finally, EPA regulations requiring improvements in diesel engine
technology for both locomotive and marine engines greatly reduces the relative difference
between these engines.

While this case is an exception, it highlights the fact that each situation is unique and that
claims of reduced emissions need to be evaluated and documented on a case-by-case
basis. It also puts the navigation industry on notice that this traditional environmental ad-
vantage is being challenged by rail.

(Source: Analysis of the Energy, Safety, and Traffic Effects of Proposed Upper Missis-
sippi River-lllinois Waterway System Navigation Improvements, Tolliver, 2004)
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3.3 Congestion Alleviation

A fundamental issue facing the global economy to-
day is congestion of road transportation, with asso-
ciated conflicts arising from people-freight competi-
tion for road capacity, as well as land use conflicts
arising from expanding road infrastructure.

AASHTO has cited congestion in freight transport
as the newest “barrier to trade” in the US [AASH-
TO, 2007]. They attribute this growing congestion
to four factors:

+ Traffic volumes and freight movements are rising
with economic growth;

» Despite a decline in manufacturing employment,
manufacturing output continues to grow;

» Shipments are growing because of the efficiency
of the US’ ‘just-in-time’ logistics strategies; and

* Growth of international trade stimulates ever-
growing imports and exports.

AASHTO calls for a seamless and flexible system
of transportation modes to accommodate a frenetic
and competitive global marketplace.

In much of Europe and in certain US geographies,
rail transport systems are also experiencing con-
gestion issues and associated conflicts with grade
crossings of roads, as well as competition between
freight and passenger rail.

Freight transport trends in Europe over the past

decade have shown an overall marked increase
in freight transportation, with much of the gains in
road, air and ocean-going transport modes [IUR &
CER, 2008], as shown in Figure 3 below.

Comparing the relative shares of road, rail and in-
land waterway freight transport, increases in road
freight transport (38 %) have far outstripped those
of rail and inland waterways (9.2 and 10.2 %, re-
spectively). This translates to significant increases
in road congestion associated with additional trucks
carrying this freight. This is exacerbated by the larg-
er number of trucks necessary to carry the equiva-
lent cargo of a train or a barge. Congestion costs,
while not often measured directly, have significant
impacts in terms of traffic increase, air pollution,
energy consumption, generation of greenhouse
gases and accidents. All of these negative effects
could be reduced with a greater reliance on the in-
land waterway system. A sustainable transportation
system will need to reduce its reliance on trucks to
significantly reduce its environmental impact.

3.4 Noise Reduction

The rivers that make up the inland waterway sys-
tem have often been called ‘silent highways’. This
stands in great contrast to railway ‘whistle stops’
and the roar of the 18 wheeler going down the high-
way. Yet while the inland waterways provide ‘silent
highways’, noise at seaports can be disruptive in
urban areas.

Freight transport (EU 25)

1000 mio tonne-kilometres

Road | Rail w;::;:ys
2005 1724 392 129
2000 1487 374 130
1995 1250 358
1995 -2005 37.9% 9.2% 10.2%
per year 3.3% 0.9% 1.0%

Pipelines | Sea Air Total
131 1525 2,5 3903
124 1345 2,1 3462
112 1133 1591 B2 972
17.5% 34.6% 31.1% 313%
1.6% 3.0% 2.7% 2.8%

Source: DG TREN Energy and Transport in figures 2006

Figure 3 - Freight transportation trends in Europe, 1995-2005
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Chicago’s CREATE Programme*

The nation’s Atlantic, Pacific and Canadian railroads meet in Chicago — a development pattern that
exists from the 1800s. Critical linkages between these railroads are missing which creates inefficient
truck movements across Chicago to move cargo from one rail yard to another. The Chicago Region
Environmental and Transportation Efficiency (CREATE) programme seeks to modernise this net-
work by connecting 27 major rail yards that perform 5.5 million lifts annually. More than 14,000 daily
truck movements serve these lifts. An estimated $ 350 billion a year in freight movements traverse
Chicago, with more than 60 percent of it as high-value traffic such as intermodal and finished ve-
hicles.

As critical as these rail yards are, they are not interconnected, requiring containerised cargo to be
trucked between them. The State of lllinois, the City of Chicago, the seven Class 1 railroads, Amtrak,
and Metra, the region’s commuter rail system, have committed to a program of $ 1.5 billion in im-
provements, with state, local, industry and Federal financing proportioned to the estimated benefits
of the project. In September 2006, Federal, state and local officials announced an agreement to
supply $ 330 million of that sum over three years. The agreement includes $ 100 million in Federal
funds, $ 100 million from the railroads, $ 100 million from the State of lllinois and $ 30 million from
the City of Chicago.

Slated improvements include 15 new overpasses to separate motor vehicles from train tracks, 6
new overpasses to separate freight-rail trains from passenger-rail trains and extensive upgrades to
tracks, switches and signals.

The railroads connected by the CREATE project all have port terminals on the east and west coasts
of North America and in some cases on the Great Lakes. By improving the efficiency of a critical part
the rail systems, CREATE is helping to improve the efficiency of the transportation systems which
serve the rail port terminals and subsequently the waterborne transportation networks which use the
ports.

The CREATE project demonstrates a commitment to intermodal transport in the US and the inher-
ently sustainable mode of transport which this represents. The massive investment needed to carry
out a project of this nature can only be achieved through a joint public-private partnership (PPP),
such as CREATE.

(Source: AASHTO “Transportation: Invest in Our Future — America’s Freight Challenge”, May 2007)

3.4.1 Human Exposure to Noise

Noise from ships operating on sea routes or barges
transiting the inland water way are hardly ever con-
sidered an environmental problem for people. Ship
related noise is noteworthy at ports, port access
channels and at inland ports. Noise is caused by
ship engines, exhaust and propellers, cargo han-
dling and use of loudspeakers and horns. Noise is
a particular issue when ports and shipping routes
are located very close to residential areas [NoME-
Ports 2008].
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Bickel et al. (2006b) present rough calculations on
the environmental costs of noise for six European
ports, where housing is located close to quays. The
impacted populations (noise levels above 50 dB(A))
range between approximately 100 and 3,400.
Thus, annual costs of noise are between € 4,000
and € 240,000 respectively. When the ports’ annual
turnovers are taken into account, the average noise
cost per containers or per tonnes of cargo handled
is very low.
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There are operational and regulatory measures
available for reducing port noise. One example that
is gaining favour in The Netherlands and the US
west coast is the use of shore-side electricity for
reducing emissions at berth (‘cold-ironing’). This
practice also reduces noise, since it allows for shut-
ting down vessel engines.

3.4.2 Noise in Aquatic Environment

Ambient noise in the marine aquatic environment is
increasing quickly due to increasing transportation,
larger ships and higher speeds. Noise level assess-
ments and projections of future development have
been made [e.g. Ross, 2005], as well as descrip-
tions of the impacts of noise on marine habitats [e.qg.
Cummings, 2007]. However, the general picture on
the significance of aquatic noise from ships is still
unclear and there are also other sources of noise
at sea that need to be considered, e.g. oil drilling,
seismic surveys and military sonar operation.

3.5 Reduced Barrier Impacts
and Fragmentation

Waterways and shipping routes on natural pas-
sages are not fixed barriers and do not form vi-
sual intrusion like land infrastructures. Waterways
can be crossed by vessels and boats. Navigation
marks and beacons are not particularly disturbing
for scenery. The vast majority of waterways and
shipping routes on natural passages (seas, rivers

or lakes) are virtually lines drawn on water. Except
for port infrastructure, locks and canals, water-
borne transport infrastructure consumes little land
area and construction does not require earthworks
like the construction of motorways. Furthermore,
most waterways are old infrastructure that can of-
fer capacity without additional construction. Alter-
natively, new land infrastructure is constantly under
construction.

There are some underwater barrier impacts. Flow
of water and movement of fish can be impacted
by waterway structures such as locks and dams.
These may cause reproduction and ecological im-
pacts, which can be minimised through planning
and regulation.

The European Environment Agency (2002) reports
that in 1998, land take by road and rail infrastruc-
tures was 1.3 % of all land area in the EU15 and
0.8 % for accession countries. These figures rise
in the EU25 due to intensive development of road
infrastructures in particular in eastern and southern
Member States.

Land infrastructures are the main cause of frag-
mentation of natural areas. Although built partly
on existing corridors, new infrastructures are of-
ten aligned so that fragmentation increases. In the
most densely built EU countries, the average sizes
of unfragmented land areas are below 100 square
kilometres.

NESP - Partnering for Success

The Navigation and Ecosystem Sustainability Programme (NESP) is a long-term programme of navi-
gation improvements and ecological restoration for the Upper Mississippi River System (UMRS) over
a 50-year period that will be implemented in increments through integrated, adaptive management.

The primary opportunities are to reduce or eliminate commercial traffic delays and improve the na-
tional and regional economic conditions while restoring, protecting and enhancing the environment.
The primary goal of the programme is implementation of an integrated, dual-purpose plan to ensure
the economic and environmental sustainability of the UMRS.

NESP does not directly affect authorisation and funding of other programmes addressing the needs of
the UMRS, but management of NESP will be integrated with the management of other programmes
to enhance efficiency and effectiveness across programmes.

PIANC EnviCom TG 2
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Land take by transport infrastructures, Average hectare/km
Transport Mode Direct Total (with indirect)
Motorway 2.5 7.5
Other roads 0.7-2.0 2-6
Railways 1 3
Canal 5 10

Table 3 - Land take by transport infrastructures
(Source: European Environment Agency, 2002)

With a total land take of 2,450 ha, the 106 km long,
54 m wide and 4.5 m deep Seine-Nord Canal will
run from Compiégne to Aubencheul-au-Bac. It will
comprise 7 locks, 59 road and railway bridges, 3 ag-
ueducts and 2 storage reservoirs. It is also planned
to build 7 transhipment quays, 5 boat harbours and
4 multimodal platforms. This project has an average
take of 23 hectares/km [PIANC, 2010].

SUMMARY

Inland waterways offer significant environmental
advantages over competing modes of road and rail.
Foremost in this regard is energy efficiency, with
freight shipped on the inland waterway system for
less energy per tonne mile than either rail or road
transport. Barges are more than three times as ef-
ficient as trucks and 40 percent more efficient than
rail.

A second advantage is related to lower air emis-
sions, of greenhouse gases and pollutants, which
are the direct result of energy efficiency. When com-
pared on a tonne-mile basis, waterborne transport
produces fewer emissions than either rail or truck.

Congestion of road and rail transport networks
brings significant environmental costs that are often
not measured directly. Shifting of freight to water-
way modes can yield significant benefits in terms of
traffic, air pollution, energy consumption, generation
of greenhouse gases and public safety.

Making beneficial use of natural waterways yields a
reduction in land use and ecosystem fragmentation
impacts when compared to either road or rail. The
construction of waterborne transport infrastructure
is thus often quite inexpensive compared to land
transport infrastructure.
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In short, growth in trade and transportation demand
will continue to present challenges to sustainable
economic development and waterborne transporta-
tion systems have a unique ability and opportunity
to meet these challenges in the context of a sustain-
able transportation system.

4. WATERBORNE TRANSPORT
INDUSTRY CHALLENGES

All transport activities have noteworthy environ-
mental impacts. The environmental performance
of waterborne transport is superior in energy ef-
ficiency and infrastructure impacts and yet, chal-
lenges are faced in emissions and discharges from
vessels.

The main environmental impacts and environmental
characteristics of waterborne transport can be cat-
egorised as:

» Infrastructure impacts: land take, use of other
natural resources, barrier impacts and fragmen-
tation.

Operational impacts: air pollution, water pol-
lution, noise, waste, transfer of harmful aquatic
organisms with ballast water and risks related to
accidents.

The next sections characterise the environmental
impacts of waterway infrastructures and waterborne
freight both in physical and economical terms. Com-
parisons of different modes are presented. Also, the
issue of infrastructure capacity is considered. The
progress for improving the environmental perfor-
mance of waterborne transport is highlighted, as
well as some of the benefits that could be gained
are appraised.
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4.1 Infrastructure Impacts
4.1.1 Costs

“A green or sustainable transport system causes no
or few costs to the economy. Costs to the economy
are often signs of distorted markets, which may
increase transport demand through artificially low
prices, lead to inequity within and between genera-
tions, or have other undesirable effects. Indicators
for costs to the economy are public subsidies, infra-
structure costs, or external transport costs.” [Pauli,
2010]

The Rhine river system is one of the busiest inland
waterways in the world in terms of freight volume. It
is also the oldest centrally regulated system in the
world and in consequence it is able to provide use-
ful data on the environmental sustainability benefits
of navigation on this system. It is also able to pro-
vide data to show shortfall in the aim of sustainable
transport.

The construction of waterborne transport infra-
structure is often quite inexpensive compared to
land transport infrastructure. Pauli in his study of
the sustainability of the Rhine system [Pauli, 2010]
has shown that while inland navigation has lower
infrastructure costs than rail and road transport, it
also receives the highest percentage public sub-
sidy. However, if all subsidies were removed and
true costs were used, inland navigation would im-
pose the lowest costs to the economy and, in that
respect, would offer the most sustainable mode of
transport.

The US experience, however, tells quite a different
story. Despite the fact that the American Society of
Civil Engineers has graded the US inland navigation
systema ‘D-'inits Infrastructure Report Card [ASCE,
2009], there continues to be inadequate funding
for maintenance, rehabilitation or replacement of
the waterways infrastructure. ASCE notes that:

The average tow barge can carry the equiv-
alent of 870 tractor trailer loads. Of the 257
locks still in use on the nation’s inland water-
ways, 30 were built in the 1800s and another
92 are more than 60 years old. The average
age of all federally owned or operated locks is
nearly 60 years, well past their planned design
life of 50 years. The cost to replace the pres-
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ent system of locks is estimated at more than
$125 billion.

While the reasons for this are varied and complex, it
boils down to lack of consistent policy at the federal
level on how transportation modes are valued and
subsidised. A proposed $ 50 billion federal initiative
to upgrade transportation infrastructure across the
US is focused on road, rail and air transport and in-
cludes zero dollars for navigation [www.thehill.com,
2010].

4.1.2 Construction and Maintenance

Waterways require very little maintenance, so
natural or economic resources are not consumed.
Dredging is necessary on some coastal waterways,
rivers, canals and harbour entrances. Otherwise,
maintenance mainly consists of taking care of navi-
gational appliances.

Land infrastructures require constant renewals due
to physical wear and tear. A Finnish study on the
material intensity (MI) of transport estimated that
during a 60-year period the construction and up-
keeping of one metre of highway consumes ap-
proximately 155 tonnes of non-renewable natural
resources (mainly gravel and oil). The maijority of
this consists of establishing and maintaining the
road structure and its surface [Ministry of the Envi-
ronment in Finland, 2006].

On roads, wear and tear and the need for renewals
increase with vehicle traffic. This so-called margin-
al infrastructure cost is very low for waterways. In
a study on several Dutch and German sections of
the Rhine, only very weak links between ship traffic
and waterway maintenance costs were found [van
Donselaar & Carmigchelt, 2001]. Obviously, there
are no additional infrastructure costs associated
with ships moving on fairways at sea. In most cas-
es shipping volumes can increase without increas-
ing maintenance costs on waterways.

However, if navigation routes have locks and bridg-
es, an increase is ship traffic does cause additional
infrastructure costs. Particularly if traffic is dense,
marginal infrastructure costs can rise very quickly.
Bickel et al. (2006a) report case studies from locks
in The Netherlands, where marginal infrastructure
costs at locks were on average € 0.53 per vessel-
kilometre in 2002.



For comparison, e.g. Link (2005) reports marginal
costs of road wear and tear to be between € 0.08
and 1.87 per vehicle-kilometre for heavy goods ve-
hicles on German motorways for all renewals. Lind-
berg (2002) reports costs between 0.77 and 1.86
cents€ per vehicle-kilometre for heavy goods ve-
hicles on the entire Swedish road network for pave-
ment renewals (both results in prices of 2000).

4.1.3 Infrastructure Capacity

Waterborne transport can offer great potential to the
capacity and efficient functioning of the transport
system. Waterways are comparatively free of con-
gestion and the additional environmental impacts
that are typical of congested roads. Scarcity of ca-
pacity is an issue at some ports and locks and bridg-
es on inland waterways, but hardly ever on fairways
and routes.

Waterways offer capacity for increasing freight flows
at a very low infrastructure cost and with very little
additional use of land or other natural resources.
This is important when, at the same time, land in-
frastructures and roads in particular face increasing
problems of scarce capacity. Capacity expansions
are problematic due to high construction costs and
physical limitations.

Road construction is limited by competing uses of
land, such as development of residential areas and
business districts, as well as nature preservation. If
the modal share of inland navigation and short sea
shipping would rise and relieve road capacity, also

congestion costs would fall and energy would be
saved.

The U.S. Maritime Administration (2008) highlights
that a barge carrying 456 containers (size 40 feet),
replaces 228 rail cars or 456 trucks. If the potential
of waterborne transport is utilised, heavily congest-
ed roads and bottlenecks will enjoy the economic
benefits of congestion relief. As a reference, it is re-
ported that rush hour travellers in the 10 most con-
gested urban areas in the US are annually losing
time equivalent to eight working days, and they are
paying up to $ 1,600 for extra fuel consumption.

4.1.4 Unintended Consequences
of Waterway Projects

The reversal of the Chicago River in the early 20"
century is one of the most iconic and important en-
gineering feats in lllinois history. For decades, resi-
dents of Chicago dumped their personal and indus-
trial sewage into the river, which flowed directly into
Lake Michigan, the area’s primary source of drinking
water. By building the Chicago Sanitary and Ship
Canal in 1900 — the only shipping link between the
Great Lakes and the Mississippi River system — and
forcing wastewater away from the lake using a se-
ries of navigation locks, civil engineers were able to
protect the population from waterborne disease and
establish Chicago as a national shipping hub.

But the river reversal had one unintended con-
sequence: by connecting the Great Lakes with
the Mississippi River basin, engineers created an

Feasibility Study ‘COLD’ — COntainer Liner Service Danube

In contrast to other rivers in Europe, the volume of container transport on the Danube has not been
of much significance up to now. In the light of the double digit growth rates in the global transport of
goods and the chronic capacity bottlenecks at Europe’s major ports and connecting routes in their
hinterland, now would be the right time for establishing container transport along the Danube. The
COLD study confirms this assessment: the cost benefits of using adequate inland vessels special-
ised in container transport are significant. Alook at the entire supply chain for Europe-Asia shipments
shows that the frequently mentioned setback of long transport times is not that severe. Moreover, as
the environmental impact balance is good, a win-win situation is possible for all actors.

(Source:Via Donau, 2006)
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‘aquatic superhighway’, providing an avenue for
migration of the invasive Asian carp into the Great
Lakes ecosystem.

A native of China, four species of Asian carp (whose
weight can exceed 100 pounds) were originally im-
ported to America by southern catfish farmers in
the 1970s to eat pond algae. After the flood of 1993
caused some ponds in Arkansas to overflow, the
fish escaped and have slowly curled their way up
the Mississippi, leaping over and slipping through
man-made barriers. Over time, they even made
their way into the lllinois Waterway, threatening to
enter Lake Michigan. If the carp infest the lake, they
are expected to have a major negative impact on
the region’s ecosystem. By eating massive amounts
of plankton and algae, the fish would essentially
knock out the lowest species in the water’s food
chain, crowding out smaller fish. They also repro-
duce at blistering speeds; one female can produce
upwards of 1 million eggs in her lifetime.

While it might take years for the carp to establish a
firm presence, the potential threat to the region’s $
7 billion fishing industry, as well as the $ 16 billion
recreational boating industry, are major.

One potential solution is the White House’s $ 78.5
million Asian carp deterrence plan. Under this pro-
posal, there would be funding for the construction
of new barriers to protect against flooding, as well
as expanded research into DNA monitoring and
analysis. The administration hinted for the first time
it would consider periodically closing the two navi-
gational locks along the canal several times each
month — perhaps for as long as a week. The envi-
ronmental community is arguing in favour of what is
called ‘ecological separation’. That is, permanently
separating the Great Lakes from Mississippi River
Basin by shutting down the locks immediately and
fully.

llinois lawmakers and barge operators are opposed
to the ‘separation’ approach, suggesting that lock
closures will hurt state-wide commerce. Yet, eco-
nomic research from Wayne State University in De-
troit noted that only 7 million tonnes of cargo moves
through the locks annually, representing less than 1
per cent of all Chicago-area freight traffic. That load
could be addressed by adding two trains to the fleet
of over 500 that (slowly) work themselves around
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the city each day — a fix that would cost $ 70 million
per year.

4.2 Operational Impacts
4.2.1 Energy Consumption

In 2002, world total petroleum product consumption
was 3.5 Gtoe (Gigatonnes of Qil Equivalent) [IFP,
2005]. Of this the transport sector’s share was 50
% (1.75 Gtoe). In 1973 the transport sector’s share
was 42 %. The OECD countries consumed 75 %
(1.31 Gtoe) of the petroleum products globally used
by the transport sector.

Increase in global fuel consumption has been driv-
en particularly by road transport, but also air trans-
port’s share has grown significantly. According to
IFP (2005), road transport consumed over 80 % of
all transport fuels globally in 2001. Aviation’s share
was 13 % and the share of international maritime
transport was 2 %.

In the EU25, transport has risen to lead energy
consumption among all sectors. The European En-
vironment Agency reports that in 2004, the trans-
port sector consumed 31 % of all final energy, while
the industry’s share was 28 % and the household
sector’s share was 26 %.

In an analysis of the transport sector withinthe EU15
(and Norway and Switzerland) in 2000, road trans-
port accounted for 72 % (263 Mtoe (Million Tonnes
of Oil Equivalent)) of all energy consumption (365
Mtoe). Marine bunker’s share together with inland
navigation was 12 % (44 Mtoe). The volume of
marine bunkering had grown by 26 % (8 Mtoe) in
1990-2000. The volume of aviation bunkering had
reached the volume of marine bunkering due to a
58 % increase in aviation energy consumption in
1990-2000.

Rises in the price of crude oil can be expected to
stimulate changes in fuel consumption and trans-
portation patterns and favour energy efficient forms
of transport. In 2004, the price of a barrel was $ 40
to $ 50 and in 2008 the price ranged between $ 100
and $ 140. In 2010 oil trades near $ 80 per barrel.
Maersk, one of the major maritime shipping compa-
nies, elected to respond to the combination of a down-
turn in the world economy and rising fuel prices by
adopting ‘slow steaming’ as an operational practice.



Maersk Says Slow Steaming Here To Stay

Slow steaming by container ships, introduced during the recession to absorb capacity and cut costs,
is here to stay, according to Maersk Line, the world’s largest ocean carrier. Even as the global econo-
my recovers slow steaming “remains a win-win-win situation”, said Maersk Line CEO Eivind Kolding.
“It is better for our customers, better for the environment and better for our business”, Kolding said.

Maersk’s management liner board has agreed to continue slow steaming because it will improve
scheduled reliability, cap fuel costs and reduce the carrier’s carbon foot print. The cost savings also
will enable Maersk to increase spending on innovation and improved service, including enhanced
efficiency at its terminals, Kolding said. “While some customers have complained about longer in-
ventory time — in essence, with Maersk Line ships as floating warehouses — the analysis is that slow
steaming helps prevent bottlenecks on terminals.”

A ship that reduces its speed by 20 % will use 40 % less fuel, thereby reducing CO,-emissions, Mae-
rsk said in a briefing on slow steaming. To maintain the same service frequency and compensate
for lower average speed, one to two extra vessels are added per route or string. Despite the extra
ships, Maersk has cut its CO_-emissions by around 7 % per container transported over the past 18
months.

Maersk argues that schedule reliability improves because slow speed allows ships to continuously
adjust speed in order to deliver cargo exactly on time. The carrier said the concept of slow steaming
was originally a hard sell to engine manufacturers. It took off in 2007 and was a key factor in Maersk
cutting its CO,-emissions 12.5 % per container from 2007 to 2009.

Maersk said its goal is to reduce CO_-emissions by 25 % in 2020.

(Source: Bruce Barnard, The Journal of Commerce)

Footnote: It has recently been reported that Maersk and shipbuilder Daewoo are working together
to design new mega-vessels that are powered by liquefied natural gas (LNG), helping the carrier to

further reduce the overall CO,-emission and better implement the slow steaming strategy to cut fuel
costs.

Waterborne transport and maritime shipping in par-
ticular is a very energy efficient mode of freight.
Studies provide different figures for comparison, but
the general message is that waterborne transport
consumes significantly less energy per tonne-km
compared to road transport, and only the railways
can compete with waterborne transport in energy
efficiency.

The Swedish Maritime Administration reports that
energy consumption in Swedish shipping was be-
tween 0.02 and 0.2 kWh/tonne-km in 2007 (tanker
and ferry respectively), which is equivalent to ap-
proximately 5 to 55 grams of CO, per tonne-kilome-
tre [Swedish Maritime Administration, 2007].
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The energy intensity of waterborne transport de-
pends very much on the carrying capacities and
the load factors of the vessels performing the trans-
port task. This applies in general for all transport
modes.

4.2.2 Air Emissions

Emissions to air are the most significant environmen-
tal impact of waterborne transport. Overall volumes
of transport are very large and growing. The age of
vessels varies and fuels used are often distinctly of
lower quality in environmental respects compared
to land transport. Only recently has the existence of
emissions reduction technologies been recognised
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in shipping and the literature on greenhouse gas
emissions is constantly developing and evolving.
Pauli (2010) cites some relevant literature but it is
not the purpose of this report to provide a compre-
hensive overview. Rather, the reader with an in-
terest in climate change issues is encouraged to
explore sources such as the IPCC AR4 Working
Group 3 and the PIANC Task Group 3 Report.

According to UNCTAD (2007), shipbuilding has
been at a record high in recent years with 7-8 %
annual increases in seaborne world tonnage (dwt).
However, the annual demolition rate of older ships
is lower than one percent of the world tonnage
(dwt). The ships demolished are getting older on
the average. Approximately 58 % of ships are more
than 19 years old. Thus, old technology continues
to be widely used.

The sulphur content of marine fuels can be as high
as 4.5 %, which is the current IMO upper limit. A
DNV study on the world marine bunker fuels states
that average sulphur content was 2.8 % in 2004
[DNV, 2005]. Fuels used in short-sea shipping and
on inland waterways are usually of better quality
due to more stringent legislation and also public
awareness.

Corbett et al. (2007a) present a global inventory
on ship emissions at sea. The share of ship emis-
sions from global combustion sources is estimated
to be 14 % for nitrogen (N) emissions and 16 %
for sulphur (S). According to IMO (2000) 85 % of
the emissions of shipping take place on the North-
ern hemisphere and 70 % of these emissions take
place closer than 400 kilometres to land.’

Corbett et al. (2007b) estimate that shipping-relat-

ed particulate (PM) emissions are globally respon-
sible for approximately 60,000 heart disease and
lung cancer deaths every year. Most deaths oc-
cur near coastlines along major trading routes in
Europe, East Asia and South Asia. The study also
points out that, with current regulation and the ex-
pected growth in shipping, annual mortalities could
increase by 40 % by 2012.

4.2.3 Emission Costs and Unit Emissions

The environmental costs of transport emissions
have been extensively studied using the Impact
Pathway Method and comparative study results are
available.

HEATCO (2004) states that emission costs (emis-
sions other than CO,) on inland waterways in Ger-
many are between € 8.22 and € 12.64 per ship-ki-
lometre. Climate change costs for inland navigation
are € 0.10 to € 0.60 per ship-kilometre.

Bickel et al. (2006a) report air pollution costs (NO,
S0,, CO,, HC and PM2.5) of several different types
of ships on sections of the Rhine and the Danube to
be between 0.17 and 0.41 cents€/tonne-km.

Bickel et al. (2006a) also report air pollution
costs (NO, SO,, CO,, HC, PM2.5) together
with oil spill costs for different types of ships
travelling between European seaports on six
different routes to range between 0.15 and
1.80 cents€/tonne-mile. The share of oil spill
costs varies between 2 and 18 %. Emissions
costs vary by the location of routes in relation
to population density and by fuel consumption
and engine type of the vessels.

Mode tonnes (metric)
NOx (N) 5,000,000
SO« (S) 4,720,000
HC (CH4) 574,000
PM (PM,y) 1,190,000
CO 1,080,000
BC (black carbon) 71,400
CO,(O) 176,000,000

Table 4 - Annual global ship emissions 2000-2002
(Source: Corbett et al., 2007b)

" E.g., Entec (2002) or Maes et al. (2006) present figures on emission volumes in Europe.
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The Cleanest Ship

The Cleanest Ship Project originates from and is a part of the EU project CREATING (FP6). CREAT-
ING aims at stimulating waterborne transport within logistic chains, paying attention to both economi-
cal, environmental and safety aspects. The Cleanest Ship Project is implemented as demonstration
on the motor tank vessel ‘Victoria’, owned by BP and managed by Verenigde Tankrederij (VT), which
is operating in the Port of Rotterdam and Antwerp areas.

The demonstration lasted one year from November 2007 to November 2008. Fuel consumption and
NO,-emissions were directly measured: CO,- and SO,-emissions were calculated from the fuel con-
sumption, whereas particulate matter (PM10) emissions were evaluated using the emission reduc-
tion potential estimated on the test stand. The latter is done because accurate measurement of PM
emissions at service conditions is difficult.

The emission reduction results, including a comparison with road transport, were monitored and pre-
sented on a regular basis on the project website [www.cleanestship.eu]. On average, CO,-emissions
of an inland vessel are only about 1/3 of what a truck emits per tonne-kilometre (tkm), due to a higher
energy efficiency. However, SO,-emissions are actually much higher than those resulting from road
transport, even when related to tkm. With respect to NO, - and PM-emissions, inland navigation may
lose its advantage over road transport in the future, unless technological developments are under-
taken.

The Cleanest Ship Project shows how inland navigation can improve its environmental performance
significantly using emission reduction technologies that are already available.

By comparison, e.g. HEATCO (2004) report
emission costs of heavy goods vehicles on
German motorways to be between € 0.034 and
€ 0.26 per vehicle-kilometre depending on the
size and emission norm of the vehicle. In urban
areas, costs are between € 0.11 and € 0.51 per
vehicle-kilometre.

Whilst the results herein are not presented in
a directly comparable form (such comparisons
can be found, for example, in PLANCO (2007)),
it is clear deep draft waterborne transport does

not have a competitive advantage when emis-
sion costs are considered. The need for im-
proving the emissions performance of ships
is evident when emissions other than CO, are
compared between ships and road transport in
relation to transportation output. In a Finnish
comparison of unit emissions per tonne-kilo-
metre carried (Table 5) even older semitrailers
perform better than ships. This highlights the
need for cleaner fuels, modernisation of en-
gines and installation of emissions reduction
technologies on ships.

g/tonne- CO HC NOy PM SO,

km

Ships* 0.021- 0.011- 0.44- 0.011- 0.16-0.32
0.039 0.022 0.90 0.024

HGV** 0.0084- 0.0038- 0.34- 0.0033- 0.00028-

Semitrailer 0.011 0.0055 045 0.0043 0.00037

Table 5 - Unit emissions (grams per tonne-kilometre) in Finnish goods transport

*  Source: VTT 2011. Different types of ferries, container ships, bulk and other dry cargo ships and tankers in average load.
** A vehicle with gross mass 40 tonnes (payload capacity 25 tonnes) and emission norms EURO1, EURO2, EURO3, EURO4,

EUROS5 and EUROG; average for 2009, vehicle in 70 % to 100 % payload travelling on highway.
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4.2.4 Limiting Emissions

Pressure on reducing emissions from waterborne
transport encourages the adoption of stronger
regulation and investment into new technologies.
New ships are fitted with cleaner propulsion and
emissions reduction technologies such as catalytic
converters and particulate filters. Converters and
filters can also be retrofitted on ships already in
service. Also, fuel quality standards are gradually
tightened.

As first steps on fuel quality, the IMO has declared
that in particular sensitive sea areas (SECA) such
as the North Sea, the English Channel and the Bal-
tic Sea, the maximum sulphur content of fuel is 1.5
%, while the global limit is 4.5 %. On sensitive ar-
eas the IMO limit will be tightened gradually to 0.1
by 2015. IMO targets on global progress consist of
limiting sulphur content to 3.5 % as of 2012 and to
0.5 % in all traffic by 2020, if only allowed by fuel
supply chains.

EU ports will limit vessel fuel sulphur content to
0.1 %, beginning in 2010. Similarly, European
Union DIRECTIVE 2009/30/EC requires that begin-
ning January 2011, the maximum permissible sul-
phur content of gas oils used by vessels on inland
waterways is 10 mg/kg. Thus, sulphur content of
fuel in inland navigation will equal fuel used in land
transport in the EU.

The IMO proposals for the reduction of nitrogen
(NO,) emissions consist of stricter emissions lim-
its separately for new ships and engines and for
ones already operational. First, the NO -emission
limits for all new engines (as of 2011) with power
of 130 kW and more would be tightened by 2-3.5
grams of NO, /kWh (Tier Il). This would limit emis-
sions approximately by 20 %. Next, nitrogen emis-
sions would be limited by 80 % compared to the
current level for new engines installed as of 2016
and used on particular control areas not yet named
(Tier III). Current limits (Tier 1) would be extended
to engines with power above 5,000 kW that have
been installed between 1990 and 1999, provided
that compliance is not excessively expensive to
shipping companies.

Some European maritime authorities (e.g. the
Swedish Maritime Administration) apply environ-
mentally differentiated fairway dues with respect to
emissions (sulphur and nitrogen). Some ports apply
differentiated fees or other regulation to enhance
the use of cleaner fuels in ports and on port routes.
Ports also offer shore-side electricity, which allows
shutting off engines at berth. MariTerm (2004) es-
timated that for different types of ships the envi-
ronmental costs of using ship engines at berth can
be 15 to 75 times higher than for using shore-side
electricity.

4.2.5 Waste and Sewage

Discharging of waste has been limited by MARPOL
by a total ban on any kind of plastics and additional
limitations on other solid waste apply on special
sensitive areas. Other measures consist of regula-
tion for ships carrying more than 400 gross tonnes
(or more than 15 people) to be equipped with sew-
age treatment and disinfecting systems or holding
tanks. Waste generation and treatment is required
to be documented for control purposes. In the Eu-
ropean Union, e.g. Directive 2000/59/EC aims at
boosting the efficiency of the MARPOL by enhanc-
ing waste reception services at ports.

Burdens of the past are evident and there is need
for a stricter grasp on the issue in the future. For ex-
ample, the so-called Great Pacific Garbage Patch,
a giant garbage vortex, is estimated to carry sever-
al millions of tonnes of waste, mainly plastic debris,
perhaps 20 % of which originates from ships.?

Waste management policies in maritime shipping
need to be aligned with modern waste manage-
ment policy applied in land based economic activ-
ity. Short-sea shipping and inland navigation have
already had to comply with stricter standards.

Since securing the enforcement of regulation at sea
is challenging for authorities, the improvements in
waste management rely on the willingness of the
industry to perform according to modern standards.
The awareness of the general public and the us-
ers of shipping services may have more effect than
regulation. Voluntary examples of good practices

2 See e.g. http://www.naturalhistorymag.com/1103/1103_feature.html
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by the industry itself are important. Ports play a vi-
tal role in providing a good operating environment
for up-to-date waste management. Shipping com-
panies can also be encouraged by incentive-based
port and fairway dues.

4.2.6 Bilge Oil and Oil Spills

Discharging of untreated or inefficiently treated oily
bilge water together with other oil spills is a sig-
nificant environmental problem of shipping. As re-
ferred to by Bickel et al. (2006a), the US National
Research Council reported that in the early 1980’s
the volume of annual world-wide oil spills from ma-
rine transportation was 570,000 tonnes. The dis-
charges came from tanker operations, bilge, fuels
and accidents.

Bickel et al. (2006a) estimate that the environmen-
tal cost of a tonne of oil spilled is € 15,000, when the
costs of natural resource damages, costs imposed
on the users of the marine environment and costs
of cleaning up are considered. Thus, the total cost
of oil spills from maritime transport can be annually
€ 8.55 billion, taken that there are uncertainties to
the estimate.

Huijer (2006) analysed spills from oil tanker ac-
cidents for vessels of 7,000 tonnes or more. The
number of tanker accidents and average size of
spills have decreased over the years significantly.
The annual average volume of spills according
to the data analysed was 15,800 tonnes over the
years 2000 to 2004. The reduction is large, since in
previous decades there have been annual spillage
peaks between 400,000 to 650,000 tonnes. The re-
duction in spills has taken place in the presence
of growth in seaborne oil trade, which testifies to
improved operations.

Nevertheless, there is room for further improve-
ments. Qily bilge, as well as used lubrication oils
and sludge, should be discharged only at ports with
appropriate reception facilities. With new regulation
more ports are obligated to offer reception services.
Also, on-board treatment facilities reduce the vol-
ume of liquids and allow longer on-board storage.

Regarding inland navigation, e.g. in the Rhine basin
area, there is a strong legal basis for the collection
and treatment of bilge water and other waste. The
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Central Commission for the Navigation of the Rhine
(CCNR) is the governing body for the navigation of
the Rhine. In this capacity, CCNR provides finan-
cial incentives to reduce the amount of bilge water
produced in individual vessels [Pauli, 2010].

4.2.7 Ballast

Ships can carry large volumes of ballast water in
great distances. Ballast water contains aquatic or-
ganisms (bacteria, plants and animals) which can
be harmful or dangerous when released at destina-
tion. Habitats can be taken over from indigenous
species and marine fauna can change dramatically.
The problem has been recognised [e.g. IMO Inter-
national Convention for the Control and Manage-
ment of Ships’ Ballast Water and Sediments, 2004]
and methods for treating and managing ballast wa-
ters for preventing the migration of organisms are
being developed.

4.2.8 Anti-Fouling

Anti-fouling paints and chemicals are used for pre-
venting organisms from attaching on ships’ hulls.
The most environmentally harmful treatments are
being banned. A total ban on organotin compounds
was enforced in 2008 by IMO, as well as by the
European Union.

4.2.9 Oil Spills and Leakages

The main environmental risks of shipping accidents
are leakages and spills of cargo oil or fuel oil and
discharges of dangerous cargo substances. The
risks of harmful outcomes and even catastrophes
are real, since accidents take place in natural en-
vironments where instantaneous prevention mea-
sures are not always available.

Measures are routinely taken for reducing accident
risks and for preventing the unfavourable outcomes
of accidents. With improving standards ships are
structurally designed and built to endure accidents
so that discharges do not take place (e.g. compul-
sory double hulls of tankers and strengthened fuel
tanks). Also, navigational devices have improved
and fairway authorities have invested in traffic mon-
itoring systems, both of which have led to improved
safety and reduced accidents. As a result of the
measures taken, incidences of large oil spills have
reduced significantly since the previous decades.
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4.2.10 Traffic Safety

If traffic safety is considered, transportation of heavy
cargo is safer by waterborne freight than by road.
Serious accidents with other traffic on waterways
are relatively rare and lives are usually not lost in
case of accidents. Other accident types, such as
strandings, bottom contacts or collisions with fixed
objects usually only causes material damages (and
environmental risks). If road freight is transferred to
short sea shipping and inland navigation, it is cer-
tain that lives are saved by a reduction in road traf-
fic accidents involving heavy goods vehicles.

4.3 Summary

The main environmental strengths of waterborne
transport consist of the limited resource use in es-
tablishing and maintaining infrastructures and the
benchmark in energy use in relation to the volume
of freight carried.

Waterway infrastructures also offer capacity with
little additional infrastructure costs associated
with increases in use of waterways. Increases in
the modal share of short sea shipping and inland
navigation can relieve congestion and pressure on
constructing more land infrastructures, which both
save economical and natural resources.

The main environmental challenges of waterborne
transport consist of emissions reduction and reduc-
tion of discharges to the sea. Fuel quality standards
are already gradually tightening, but emissions
abatement technologies should be adopted quickly,
if not by regulation, by voluntary action by shipping
companies. Otherwise, the emissions from water-
borne transport will be increasingly emphasised as
land transport continues to improve its benchmark.
Also the standard of practices for managing and
discharging of solid and liquid wastes need to be
aligned with modern practices in land based waste
and sewage management.

Taken the challenges, it is clear that if the water-
borne transport industry and its stakeholders are
willing to invest into technologies and management
systems that reduce emissions and eliminate dis-
charges to the sea, waterborne transport can gain
a strong enduring position in environmental compe-
tition between transport modes.
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5. INDUSTRY OPPORTUNITIES

5.1Introduction

The waterborne transport industry has a suite of
opportunities that present themselves as means to
enhance the use of inland waterways as sustain-
able transportation systems. Fundamentally, these
opportunities revolve around enhancing the envi-
ronmental benefits and addressing the challenges,
as presented in the earlier chapters of this report.
Key opportunities include:

» Greater use of green technology to improve envi-
ronmental performance;

Improved communication and outreach to non-
technical stakeholders regarding the benefits —
and challenges being met — of our industry; and
Concerted effort to educate and influence policy-
making bodies responsible for setting regulatory
and fiscal guidelines that affect our industry.

Specific initiatives in each of these categories are
detailed below.

5.2 Greater Use of Green Technology

To build a sustainable transportation system, it is
critical to increase the use of clean technology. As
trade is forecasted to increase given the growing
global economy in the coming years, so is the pollu-
tion it causes. As stated earlier, all modes of trans-
portation have environmental impacts. Changes
to or improvements in vessel engine design, fuel
quality, landside operational practices and landside
vehicles used can greatly reduce waterborne com-
merce’s environmental footprint. Changes in recent
years have helped reduce emissions from vessels,
but the technology is available to achieve reduc-
tions far greater than those realised and called for
thus far.

Currently, from an environmental perspective, ves-
sels emit less CO, than other transport modes (per
t’/km) making shipping relatively ‘green’. In the fu-
ture, however, navigation technology must be util-
ised for vessels to operate in a more environment-
friendly manner. If improvements are not made, it
is estimated that by 2020 ships will emit more SO_
and NO_ than all other land based sources in the
EU combined. According to the US EPA, emissions



from marine diesel engines currently account for
about 4.4 % of total mobile source NO -emissions
nation-wide and about 1 % of PM-emissions. Ac-
cording to the US Coast Guard:

“In 2001, oceangoing vessels contributed
nearly 6 percent of mobile source NO,
more than 10 percent of mobile source
PM2.5 and about 40 percent of mobile
source SO,. Without further controls, the
contribution of maritime engines to pollu-
tion is estimated to increase to about 34
percent of mobile source NO , 45 percent
of mobile source PM2.5 and 94 percent of
mobile source SO, by 2030.”

[Cgnews, 2008]

Technologies to mitigate these potential impacts
must address emissions from a wide variety of
sources, including:

 Inland Vessels (self-propelled barges, towboats,
dredges)

Riverine Ports (landside vehicles, equipment,
and related infrastructure)

Oceangoing Vessels (container ships, tanker
ships, bulk carriers, cruise ships, reefer ships,
roll on/roll off ships, vehicle carrier ships)
Harbour vessels (tugboats and pushboats, fer-
ries, excursion vessels, fishing vessels, dredging
equipment)

Cargo handling equipment (terminal tractors, top
and side loaders, forklifts, wharf cranes, rubber
tire gantry cranes, skid loaders)

Locomotives (line haul locomotives, switch yard
locomotives)

Vehicles (on-road trucks, tractors, buses, other
port vehicles)

For discussion purposes, these can be broadly di-
vided into landside and waterside technologies.

5.3 Navigation Technologies to Reduce
Environmental Impacts

5.3.1 Landside

5.3.1.1 Cold lroning and Alternative
Marine Power Alternatives

Alternate Marine Power (AMP), better known as

25

‘cold ironing’, is an alternative to using diesel en-
gines while ships are anchored at port to power
auxiliary systems. Cold ironing uses shore-supplied
electricity which reduces diesel-engine emissions.
When power is supplied from cleaner shore side
sources instead of diesel engines, fuel is saved and
wear on machinery is reduced. The main obstacle
cold ironing faces is equipment compatibility by
both vessels and ports. Also, the landside power
grid must be able to meet the power needed by
vessels. ldeally, vessels would have the same volt-
age and equipment requirements, but this is not the
case. Currently, there is no universal standard for
shore power systems which creates compatibility
problems. Environmental stakeholders are excited
by AMP’s potential, but shippers do not like the cost
of retrofitting ships and maintaining the electric sys-
tems required. Cold ironing is not a new technology,
but it does require significant investments to update
ships that are not compatible. For example, retrofit-
ting container vessels for cold ironing can run from
$ 200,000 to $ 500,000 per ship [Bill, 2008].

How suitable a vessel is to cold ironing depends on
the type of vessel. Containerships are more suit-
able than tankers for AMP because of the way they
load and unload in port using shore side cranes
which allows them to turn off diesel engines. Alter-
natively, tankers use boilers to produce steam that
runs a turbine-driven pump system for loading and
unloading. Adapting tankers to use AMP would be
costly and require a rebuilding of power systems,
where containerships would not. Hybrid diesel-
electric tankers could be used in vessels produced
in the future to make them more suitable to cold
ironing, but they would require a large amount of
electricity.

Future designs in AMP technology will allow ships
to plug directly into power sources at ports instead
of needing a barge intermediary. Dual Frequency
Multi Voltage (DFMV) Cold Ironing has the ability to
service ships that otherwise likely would not have
the equipment necessary to plug into local electric-
ity grids. DFMV Cold Ironing uses power from a tur-
bocharged diesel driven generator instead of hav-
ing vessels plug into a local power grid. This system
is both versatile and cleaner than grid-based sys-
tems that can only be as clean as their source of
power, which in some cases are coal plants. The
generator also has the ability to run on cleaner
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natural gas or propane. Power from the generator
can be easily changed in voltage and frequency to
adapt to vessel needs.

Currently, because not all vessels are suitable for
cold ironing, alternatives will be discussed in detail
under vessel technologies.

5.3.1.2 Vehicles

Cleaner vehicles using hybrid-electric or liquid
natural gas for power can be effective in reducing
landside emissions. Ports can require all vehicles
meet the strictest environmental standards, includ-
ing trucks and railcars that haul cargo to final des-
tinations. Portside hybrid technology is expected to
reduce or eliminate emissions during idling, which
can represent more than 50 % of the yard hostler
duty cycle.

5.3.1.3 Trucks and Tractors

Tractors (or ‘Yard Hostlers’) that are used to move
cargo from vessels to warehouses can be changed
from diesel engines to hybrid electric tractors. Hos-
tlers that do not currently meet emissions standards
can be retrofitted. In order to convert Hostler diesel
engines to LPG, a kit costs only $ 20,000 according
to the EPA, thus making it very cost-effective.

Trucks travelling to and from the port also produce
emissions. Fee structures can be set up in such a
way as to favour those using cleaner trucks. Op-
erational regulations can be put in place to reduce
emissions. These might include idle time limits on
trucks waiting to unload cargo and automatic shut
offs for diesel engines after idling for a given period
of time.

New York/New Jersey Hybrid Yard Hostlers

Reducing exposure to diesel exhaust in and around marine ports is an important public health issue
and air quality concern. The U.S. Environmental Protection Agency (EPA) has developed the ‘Clean
Ports USA’ programme. It is an incentive-based non-regulatory programme designed to reduce emis-
sions from existing diesel engines and non-road equipment at ports with comprehensive strategies
and information for the diverse range of ports and their staff. Because EPA's diesel engine regula-
tions only apply to newly manufactured engines, the Clean Ports USA programme was developed
to help ports and fleet owners to reduce emissions from the older engines that are in port operation
today. EPA expects reductions in diesel exhaust at ports to lower the incidence of health effects, as
well as contribute to improvements in regional haze and other environmental impacts associated with
air emissions from diesel engines’.

The port authorities of New York & New Jersey, Long Beach and Seattle-Tacoma are teaming with
EPA to conduct demonstration projects involving hybrid hostlers?. After trucks, hybrid hostlers and
other cargo handling equipment are the second largest source of greenhouse gases and criteria air
pollutants. A hybrid hostler vehicle, in addition to its main engine, has a drive train that can recover
and reuse energy. Hybrid hostler equipped with regenerative brakes and engine auto-stop can dra-
matically improve air quality and fuel economy by using a kind of transmission that can recover, store
and reuse power hydraulically (rather than electrically). The projects hope to demonstrate the viabil-
ity of this technology from both operational and commercial perspectives. If successful, the hydraulic
hybrid yard hostler could significantly reduce health related criteria air pollutant (CAP) emissions,
green house gas (GHG) emissions and energy consumption at the ports marine terminals and other
cargo-handling facilities in the US and around the world?®.

" http://www.epa.gov/cleandiesel/ports/

2 Environmental Report: First Hybrid Technology Application to Port’s Yard Hostlers, PortsViews Spring 2008

3 Clean terminal Equipment — Hybrid Yard Hostlers, Richard M. Larrabee presentation to World Ports Climate Conference,
Rotterdam, 9-11 July 2008
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The Portof Los Angeles has introduced hybrid trucks
into its operations, citing the following energy and
emissions advantages [Port of Los Angeles, 2007]:

Energy Consumption and Costs
Diesel Truck with 5 miles-per-gallon

Operation cost: 80-90 cents per mile
Electrical equivalent of 8 kilowatt hours/mile

Electric Truck
Operation cost: 20 cents per mile
2 kilowatt hours of energy units per mile

Emissions

If the estimated 1.2 million truck trips taken in 2006
between the LA port and rail yards were made with
zero emission electric trucks, an estimated 35,600
tonnes of tailpipe emissions would be eliminated in
the following manner:

22 tonnes per year of Diesel Particulate Matter (DPM)

428 tonnes per year of localised Nitrogen Oxide (NO,) emissions
168 tonnes per year of Carbon (CO)

34,982 tonnes per year of Carbon Dioxide (CO,)

”

= 35,600 tonnes/year emissions

5.3.1.4 Cranes

Shipyard cranes are being designed to capture and
reuse power. These cranes use a flywheel system
to recapture the kinetic energy produced by crane
movements. These cranes experience a 66 %-re-
duction in particulate matter, a 26 %-cut in NO and
a 23 %-reduction in hydrocarbons, as well as up to
a 25 %-gain in fuel economy.

5.3.1.5 Railcars

Many of the same technologies developed for ships
are adaptable for railcars, as well including the use
of ultra-low-sulphur fuel. After-treatment systems
and multiple engine technology allows locomotives
to maximise fuel efficiency and minimise idle times
by cutting off engines that are not necessary for all
operations.

5.3.1.6 Developmental Landside Technologies

Other advanced technologies being investigated
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include: linear induction motor systems that use
magnetic fields and coils for propulsion, electric
container conveyor systems including ‘mag-lev’
systems that use magnetic levitation to suspend
and move objects, freight shuttle systems and air-
ship (dirigible) freight options.

For all landside emissions reduction programmes, it
is important to document the extent to which reduc-
tion programmes have been successful. Initial Emis-
sions Inventories are taken to serve as a baseline
condition for emissions reductions programmes.
Changes in emissions can then be measured and
evaluated for cost-effectiveness and benefits.

5.3.2 Waterside - Vessel Engines

Most of the activity on seaside technologies is di-
rected at vessel engines. In moving forward with
engine technologies, shipping companies and en-
gine designers seek to balance cost-effectiveness
with emission controls. The focus of marine engine
design companies has been on improving the ef-
ficiency with which engines operate, thus reduc-
ing emissions. Optimisation of hull (i.e. reduced
drag) and propeller design also reduces the power
needed for propulsion and emissions generated. In
a 2006 study, Anthony Fournier from the University
of California Santa Barbara categorises vessel en-
gine technologies as: (1) in-engine modifications
and operational modifications; (2) water-based
controls; and (3) after-treatment & on-board con-
trols [Fournier, A. 20086].

See Appendix B for Fournier’s discussion of the
various vessel engine technologies.

5.3.3 Other Vessel Measures
Fuel Switching

The use of ultra-low-sulphur diesel (ULSD) fuels
in and around port waters can also play a role in
emissions reductions. The maijority of vessels use
residual oil in main engines with reserves for ma-
rine diesel oil and gas used in auxiliary engines.
Residual oil is cheaper than low-sulphur fuels, but it
does not burn as cleanly. Approximate reductions in
emissions from burning low-sulphur fuels are given
on the next page.
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Switching fuels from 2.7 % to 1.5 % sulphur content

Additional O&M costs $ 1,602,796: (cost based
on running low-sulphur fuel all the time, 25,000
kW engine)

Reductions: 18 % PM-reduction, 44 % SO,-re-
duction

Switching fuels from 2.7 % to 0.5 % sulphur content

Additional O&M costs $ 2,060,738 (25,000 kW
engine)
Reductions: 20 % PM-reduction, 81 % SO,-re-
duction

While using low-sulphur fuels all the time would
result in large emissions reductions, it is not very
cost-effective for shippers. Not all older ves-
sel are able to burn ULSD fuels and switching
to newer engines could not only be costly, but a
lengthy process. The argument favouring after-
treatment technologies is also strengthened giv-
en that there would be a rise in CO,-levels from
refining the amount of fuel necessary to meet the
demand of all vessels operating on ULSD at all
times.

Hull Design

Air cavity systems are being designed that reduce
the friction between a vessel’s hull and the water.
Air cavity systems fill hull compartments with com-
pressed air which reduces friction. When friction is
reduced, less power is needed to move a vessel for
any given speed, thus reducing fuel consumption
and the resulting emissions produced. Lag times of
roughly one to two years between order and actual
delivery of new vessels creates a large obstacle in
the short run of having vessel design significantly
reduce emissions. Vessel design technologies are
also not available to achieve the level of emissions
reductions necessary to have a material impact.

Speed Reduction Programmes

Speed reductions programmes that generally limit
maritime vessel speeds to 12 knots, out to a dis-
tance of 20 nautical miles, have helped lower emis-
sions. Lowering speeds reduces emissions and the
amount of fuel consumed by vessels during opera-
tions. There are no laws enforcing lower speeds
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to the degree suggested above. As a result, The
Port of LA started a ‘Green Flag Programme’ in
which companies whose vessels have voluntarily
observed and met the reduced speed suggestions
are given reduced docking fees when calling at the
port. Incentive programmes such as this have been
effective and could be used by more ports globally
to encourage shippers to be environmentally con-
scious.

5.4 Improved Communication
and Outreach

Advances in environmental awareness, commu-
nications technology, forces of globalisation and,
indeed, enhanced transportation linkages have all
contributed to marked changes in the way trans-
portation modes are viewed, utilised and funded.
Technical societies and organisations such as PI-
ANC provide a vital forum for the exchange of infor-
mation and advancement of public welfare through
the efforts and initiatives of their professional mem-
bers. This rightfully should continue to be the pri-
mary focus and mission of such bodies. However,
the dialogue and debate has been mono-modal
and must be extended to the broader public, to the
external audience of stakeholders, in the context
of a sustainable transportation system and naviga-
tions role in it.

Dealing effectively with the external audience of
stakeholders requires that the technical profession-
als broaden their perspective to better understand
other stakeholders concerns. In order to fully ac-
tualise the potential of the waterborne industry, a
better job of reaching out and communicating (two-
way) with this external audience of stakeholders,
who arguably have more levers to influence our
success than we ourselves do, is required.

A suggested approach might involve:

» Outreach to engineering professionals dedicated
to road and rail transport, who are doubtless writ-
ing comparable technical papers on the ‘benefits’
of road or rail transport for internal consumption,
without truly listening or engaging other modal
interests, such as ours;

Electronic communications and media directed
at non-technical audiences, including regulatory,



financial, non-governmental, and other influential
public groups outside the waterborne industry. To
the extent this is done in a two-way manner, we
stand to gain key insights into how our industry is
viewed, and what me can and must do to change
perspectives in a positive way. Making meaning-
ful steps toward improving our environmental
performance will go a long way toward enhanc-
ing our credibility with such groups; and

» Within PIANC, devoting more resources and
time at Congresses toward external outreach
and communications to non-technical stakehold-
ers outside of our normal audience.

5.5 Concerted Efforts
Toward Policy-Making

Chapters 6 and 7 of this report provide a discussion
of the considerations for policies that affect water-
borne transport, along with recommendations for
initiatives to influence such policies in a beneficial
way.

5.6 Summary

The technology is currently available to greatly re-
duce emissions from the navigation transportation
system. Moving forward it is important to increase
the use of available technologies, while at the same
time making them cost-effective. Hybrid technolo-
gies for ground transportation, coupled with ves-
sel engine design improvements and after treat-
ment systems, can dramatically reduce emissions.
Whether reduction is achieved voluntary or through
regulatory requirements, using a combination of all
the available technologies may be best for achiev-
ing long term sustainable reductions in maritime
emissions. Implementation of these technologies
will enhance the navigation industry’s ability to con-
tribute to a sustainable navigation system.

Communication and outreach to stakeholders out-
side of PIANC'’s traditional audience is essential for
getting our message across and, equally important,
understanding how our industry is viewed so that
necessary change can be identified, validated and
achieved.

Armed with the positive outcomes of technology
improvements and better external communications,
the industry will be able to speak authoritatively
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with policy and decision makers to make meaning-
ful change in the way waterborne transportation is
regulated, funded and valued by society.

6. CONSIDERATIONS FOR POLICY

Road congestion, rail competition between pas-
sengers and freight and physical and institutional
constraints on water transport make the choice of
transport modes particularly complex. Modal shifts
to water from rail and to rail from road are occurring
globally, with recognition of barriers and constraints
to the shifts.

Key policy considerations aimed at migrating the
global transportation system to a sustainable level
fall into three categories:

. Institutional and regulatory frameworks;
Supply chain logistics; and

Guiding principles.

6.1 Institutional & Regulatory
Framework

A fundamental aim of any transportation policy is to
promote the free flow of trade between and within
countries, without causing social, economic or en-
vironmental dislocations. Yet, local, national, and
international bodies are making decisions indepen-
dently that can have far-reaching impacts.

Three examples are illustrative in this regard.

State of California, USA. In 2006, the state of
California issued new emission regulations for ves-
sels calling on the ports of Los Angeles and Long
Beach. The regulations require auxiliary diesel en-
gines and diesel-electric engines to use fuels with
sulphur content at or below 0.5 % starting Janu-
ary 1, 2007, and reducing to 0.1 % by 2010. These
rules extend to vessels operating within 24 miles
of the California coast and include penalties for
non-compliance. With the global reach of these two
major ports, this regulation has far-reaching impli-
cations.

In response to this regulation, the ports jointly de-
veloped the San Pedro Bay Clean Air Action Plan
(CAAP), in cooperation with the U.S. Environmental
Protection Agency (EPA), California Air Resources
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Board (CARB) and South CoastAir Quality Manage-
ment District (SCAQMD), to define implementation
strategies to meet shared air quality improvement
goals. The plan includes measures for achieving
emission reductions from various port operations
over a period of next five years.

European Union. The French government has ap-
proved the construction of a new high-capacity ca-
nal connecting the Seine and Scheldt Rivers, the
‘Seine-Nord Europe’ canal, linking Paris and north-
ern France with the extensive waterways systems
of Belgium and The Netherlands. The project will
cost an estimated $ 6.3 billion, with construction ex-
pected to start in 2011 and take five years to com-
plete. It is likely that this new transportation artery
will shift regional trade patterns in the northern EU
zone as the economics dictate.

International Maritime Organisation. The IMO
is a specialised agency of the United Nations with
a mission to improve maritime safety and prevent
pollution from ships. It promulgates ship pollution
rules in its ‘International Convention on the Preven-
tion of Pollution from Ships (MARPOL 2008)’. In
2008, IMO agreed upon new sulphur content limits
for bunker fuels, lowering the global limit to 3.5 %
in 2012 and further to 0.5 % in 2020. For specific
emission control areas, like the Baltic Sea, sulphur
limit will be 1.0 % from 2010 and 0.1 % from 2015,
which in practice means changing from heavy fuel
oils to marine gas oil. This will lead to a radical de-
crease in SOX-emissions, but also to considerable
additional costs due to the large price difference
between the different fuel qualities.

Each of these local (California), regional (EU) and
international (IMO) bodies is enacting rules or pro-
moting investments that support their individual
goals. Yet, the implications go well beyond their in-
dividual spheres of influence. There is no common
institutional or regulatory umbrella that is empow-
ered to consider the broader ramifications of these
policies on the system as a whole. As a result, in-
vestments and industry actions in response to these
policies are unlikely to be as effective as they could
be under more coordinated policy environment.

This is just one example involving three governing

bodies. Each body has its own priorities and guide-
lines for setting and implementing transportation
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policy, many of which are in conflict or target differ-
ent parts of the issue, with no overarching frame-
work for common goals or objectives.

Building the sustainable transportation system of
the future will require as appropriate to maritime or
inland navigation, regulatory compatibility at global
(e.g. IMO), regional (e.g. EU) and/or national insti-
tutions. The navigation industry must work through
the relevant institutions to reduce conflicts and
ensure that sustainability goals are achieved in a
cost-effective manner with a healthy navigation
transportation industry. The industry is faced with
demands from developed regions (e.g. EU, Califor-
nia) that are progressive in environmental matters
and from the IMO which, as a global body, must be
pragmatic and take account of the requirements of
the less-developed economies of the world, whose
priorities may be different.

When designing policies or implementing projects it
is important to take a systems approach to ensure
the policies and projects have the desired effects.

6.2 Supply Chain Logistics

Transportation policy initiatives should be based on
a clear understanding of supply chain logistics. A
supply chain involves the handling of materials and
the corresponding information flow from source to
end user.

A supply chain may involve:

» Raw material, e.qg. oil, coal, timber and ore trans-
ported from source to refinery, power plant, fac-
tory or smelter;

Several stages in the transport route between
the source of the raw materials and production of
the finished product;

Transport of the finished product from factory to
distributer; and

» Transport from distributer to customer.

The fixed points in this chain are the source of raw
materials and the location of the customer, e.g.
from oil well to car owner.

Supply chains are often intermodal (i.e. involving
road, rail and/or waterborne transport in a single
chain). Waterborne transport is frequently a part of
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such intermodal supply chains. While waterborne
transport may in some instances be the only trans-
port mode available (e.g. maritime), there is often a
choice of alternative methods (e.g. road, rail or air.)
for shipping goods. Figure 4 depicts an abstraction
of the intermodal supply chain.

Shipping decisions are typically made on three
attributes: cost, time to deliver and reliability. The
dominant of these is cost. Currently the cost that
shippers face does not reflect total societal cast,
environmental and societal externalities are not re-
flected in the shipment cost. This leads to a miss
allocation of demand across the transportation
modes. It is necessary that all cost, including envi-
ronmental impacts, be reflected in the final cost to
shippers.

6.3 Guiding Principles

Policies and regulations should be designed to in-
corporate all elements of the cost associated with
a shipment. In this way the consumer of the trans-
portation service will face alternative mode costs
which fully reflect the cost of the shipment. As the
consumer is the ultimate cause and beneficiary
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of the transportation service, policies and regu-
lations which force the consumer to pay a price
which fully reflects total societal cost is consistent
with both the ‘polluter and the beneficiary pays’
principles. Only in this way will consumer choices
reflect and encourage sustainable enterprises.

At present, the total societal costs of road transport,
in terms of energy consumption, emissions, con-
gestion, safety, noise, etc. are not being realised
or passed along to the consumer. Instead, second-
ary effects associated with these unaccounted-for
costs are absorbed into the system, leading to inef-
fective use of resources and poor decisions.

If the inland navigation industry is to exploit its envi-
ronmental and societal advantages over alternative
modes of transport, then the true costs and benefits
of all competing modes must be made transparent
and real. Only in this way can policymakers rea-
lise the true benefit of shifting freight from the other
modes onto the waterway, thereby moving un-
equivocally towards a more sustainable transporta-
tion system. One that fully accounts for the societal
cost of each shipment.
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Engine Environmental Performance Comparison — Inland Barge vs. Truck

A study was commissioned by the Dutch Transport Agency in 2006 to assess the environmental
performance of different inland vessels in comparison with road transport. The study showed that
that the environmental performance of both road transport and inland transport are dependent on a
large amount of parameters. These parameters differ widely between transport cases and because
of this wide variety it is difficult to make a general comparison of the environmental performance of
road transport and inland shipping. However, the study shows definite benefits for specific case stud-
ies and demonstrates the importance of examining specific transport cases in detail before making
a decision on transport mode.

The study covered a time horizon from 2010 to 2020 and followed on from the study by the Dutch
National Institute for Public Health and the Environment (RIVM) study ‘To Shift or Not to Shift’, which
assessed whether modal shift towards inland shipping does or does not contribute to improvement
of the environmental performance of the entire transport chain.

The general environmental performance of a transport modality constitutes a large number of en-
vironmental parameters. The four most significant parameters in inland shipping are the Nitrogen
Oxides (NO,), Carbon Dioxide (CO,), Particle Matter (PM10) and Sulphur Dioxide (SO,) emissions
from propulsion engines. The study assessed these four types of emissions for different types of
inland vessels. Assessments were made for the year 2000 (based on data from different studies)
and projections for 2010 and 2020 based on changes in legislation and technical development. The
projections were based on conservative assumptions. The SCR-catalyst was taken into account as a
promising technique. Other new possible revolutionary techniques for improvements in efficiency of
propulsion (Z-drive and whale tail), the reduction of friction (air lubrication of ships) and the reduction
of emissions (such as the development of the fuel cell and steamjet aerosol collector (sjac)), were not
taken into account. The performance of inland transport was compared with ‘best case’ calculations
from other studies for road transport.

In most of the cases studied, it was concluded that modal shift towards inland shipping does contrib-
ute to an improvement of the environmental performance of the transport chain.

7. POLICY INITIATIVES -

Environmental differentiation of public dues and

charges

7.1 Economic Incentives ° Trading of emissions permits

Economic incentives can be used for reducing en-
vironmental impacts from economic activity. Incen-
tives promote choices in production and consump-
tion that are favourable to the environment, both for
people and the nature. Economic incentives are an
alternative to normative regulation, or they can be
used jointly.

Environmental economic incentives include, for ex-
ample:

» Taxes or charges added to prices of e.g. energy
or waste disposal
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* Subsidisation of environmentally favourable
technology

» Environmental labelling of production processes,
goods and services

* Environmental indexes

* Environmental awards

» Sanctions

The effectiveness of some incentives is based on
the direct cost outcome of environmentally signifi-
cant choices, whereas the effectiveness of other in-
centives is based on the market value and competi-
tive advantage that companies gain from displaying
environmental achievements. Subsidies lower the
threshold of investing into new technologies. Sanc-



tions raise the threshold for braking rules.

Legislative norms are the predominant form of en-
vironmental regulation. The drawback of norms is
inflexibility and yet, flexibility is needed in transition
to environmentally favourable technologies or work-
ing methods. For some companies compliance to
new norms may be difficult or even insurmountable
due to the associated costs.

Economic incentives steer companies and con-
sumers to environmentally favourable choices with
flexibility. Old techniques and working methods can
be sustained for a time, while early adoption of new
ones is economically rewarded. Thus, incentives
offer a less costly path to compliance. Economic
incentives can be quickly introduced into local or
national regulation compared to lengthy negotia-
tions that take place when new norms are set for
global sectors.

The use of economic incentives would make the
technically and financially diverse shipping compa-
nies more equal regarding environmental challeng-
es. Potential lies particularly in reducing emissions
to air, but also in e.g. waste management. Incen-
tive-based regulation allows companies to plan
their environmental investments better compared
to the abrupt inception of new norms. Economic in-
centives also offer port and fairway authorities the
possibility to act independently and according to
local considerations in steering the environmental
performance of ships.

There are, however, limits to the efficiency of eco-
nomic incentives due to the geographically limited
impact of e.g. port and fairway dues. Thus, incen-
tive structures that are global should be designed
for waterborne transport. Such incentives include,
for example, global environmental taxes, emission
trading and the market value of companies which
display benchmark performance.

7.2 Practical examples

7.2.1 Emissions on Territorial Waters and
in Ports

The Swedish Maritime Administration’s fairway
dues are (since 2004) differentiated by emissions of
sulphur and nitrogen oxides [Sjofartsverket, 2004].
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The sulphur charge is zero for ships using fuels
with sulphur content less that 0.2 %. A low charge
is set for fuels with sulphur content of 0.2-0.5 %,
and a higher charge for higher sulphur contents.
Ships that can present certification on low nitrogen
emissions (grams of NO /kWh) receive a discount
on fairway dues. The discount increases with the
reduction in emissions level. The discounts are
also differentiated by ship type (ferries, passenger
ships, tankers and other cargo ships). The sulphur
charge and the nitrogen discounts have been ad-
justed after evaluations of the system’s effective-
ness. Also several Swedish ports (e.g. Helsingborg
and Goteborg) apply similar discounts on port dues
for low emission levels. Finland is also contemplat-
ing a similar differentiation for the Finnish fairway
dues.

The Norwegian nitrogen oxide tax was introduced
in 2007 [Sjofartsdirektoratet, 2008]. Shipping com-
panies are taxed directly by the volume of emis-
sions on Norwegian territorial waters. The tax is 15
Norwegian kronor per kg of NO . The tax per ship
is calculated by fuel usage, engine type and tak-
ing into account emissions reduction techniques in
use. As a complementary measure, companies are
compensated for implementing emissions reduc-
tion measures.

In the Port of Helsinki, ferries that maintain regular
liner traffic for at least three months and use fuel
with a maximum sulphur content of 1 % by weight
while in Finnish territorial waters and in port are
charged € 19.95 per each 100 net tonnage mea-
surement unit [Port of Helsinki, 2008]. Other ferries
are charged € 26.85.

Also in Finland, the Port of Mariehamn discounts
harbour charges for ferries up to 8 % for low levels
of nitrogen oxide emissions (grams/kWh) [Port of
Mariehamn, 2008]. A ferry using bunker oil with sul-
phur content less than 0.5 % is granted a 4 % dis-
count and with less than 0.1 % it is granted an 8 %
discount. Furthermore, ferries with NO -emissions
less than 1 gram/kWh of the power of all engines
and also using fuel with sulphur content less than
0.5 % are granted a bonus discount of 8 %.

The Port of Long Beach in California runs a Vol-

untary Ship Speed Reduction Programme urging
ships to travel at 12 knots maximum within 20 miles
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of the coast’. Complying ships are rewarded with
environmental recognition (Green Flag) and lower
dockage fees. If the annual compliance rate of a
ship is above 90 %, a 15 % discount is given from
fees the next year.

The Port of Vancouver in Canada has differentiated
port dues into four categories, a basic category and
three discount categories by reduced emission lev-
els (sulphur, nitrogen and vapour control) either at
anchor or dock or within 24 nautical miles from the
port [Vancouver Port Authority, 2007].

7.2.2 Waste Disposal in EU Ports

According to the Directive 2000/59/EC* ships are
charged for waste disposal in EU ports regardless
if the ship is actually disposing waste or not. This
provides an incentive to discharge waste at ports,
and not at sea, since the charge cannot be avoided.
The obligatory charge has also led to improvement
of waste reception facilities in ports. For example,
in the Port of Helsinki, a charge from € 170.65 to €
1130.80 is applied depending on ship size to every
visit unless the ship is exempted from obligatory
waste disposal [Port of Helsinki, 2008]. In many Eu-
ropean ports discounts or exemptions may be ap-
plied to waste charges if a ship can verify efficient
on-board waste management procedures.

7.2.3 Ballast, Pipe Storage and
Double Hull

Some ports, such as the Port of Goteborg in Swe-
den, award discounts to tankers with segregated
tanks constructed solely for water ballast [Port of
Goteborg, 2008]. Other discounts are applied in
case a tanker has a weather-protected trunk for
cargo-handling pipes and if the tanker is double
hulled.

7.2.4 The Green Award

The Green Award Flag® is a certificate that can be
awarded to ships of certain size and type that are
extra safe and green. Environmental audit criteria
include emissions monitoring, ballast water man-
agement and waste management. The idea is that

3 Port of Long Beach www.polb.com

high quality ships are recognised and that they re-
ceive special rates and other benefits from port and
nautical authorities. Also customers appreciate do-
ing business with a certified company. At 2008, ap-
proximately 200 tankers and bulk carriers belonging
to 38 ship owners operate under the certificate.

7.3 Examples from Literature

7.3.1 Emission Trading for Sulphur
and Nitrogen Oxides

The idea of emission trading is to take stock of
emissions and their sources, e.g. for a region or an
industry, and set a cap for total emissions. Emis-
sions quotas are then distributed or sold to the
participants, countries or companies. From there
on the cap and the quotas are gradually reduced.
Companies have to trade for emissions allowances
in order to comply with emission reductions. Those
that possess excess allowances sell them to those
craving for allowances. Allowances become trad-
able goods, and the economic returns of emission
reduction rise.

The European Union Emission Trading Scheme
(the EU-ETS) on carbon dioxide is the largest exist-
ing emission trading system covering all large land-
based energy and industrial installations in the EU.
However, the only transport sector to be included
for now is aviation (in 2012). Nevertheless, the in-
clusion of waterborne transport is likely to be exam-
ined sooner or later.

The Swedish Maritime Administration [Sjofarts-
verket, 2007] analyses the potentials of emissions
trading for reducing sulphur and nitrogen oxide
emissions from shipping jointly with land-based
emissions sources either for the Baltic Sea region
or the North Sea region. Since land-based sourc-
es have already invested into the most easy to do
emissions reduction, further reductions are com-
paratively cheaper at sea. Thus, shipping’s emis-
sions reductions could be at least partially financed
by land-based industries purchasing emissions
allowances from shipping companies that invest
into emissions reduction installations or switch to
cleaner fuels.

4 Directive 2000/59/EC of the European Parliament and of the Council of 27 November 2000 on port reception facilities for ship5-

generated waste and cargo residues
5 The Green Award Foundation www.greenaward.org
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Although trading of emissions allowances for sul-
phur and nitrogen is seen administratively feasible,
the study brings up a potential controversy concern-
ing the interchangeability of emissions reductions
at different far-off locations. Since both sulphur and
nitrogen cause local and regional damages, it may
not be justified to reduce emissions at one loca-
tion and continue polluting at another, particularly
if damages of pollution may be higher at the latter
location.

NERA (2005) examines a particular type of emis-
sion trading named consortium benchmarking, in
which ships or companies as a group voluntarily
commit to achieving a particular emissions rate.
This benchmark replaces establishing an emis-
sions baseline as in e.g. the EU-ETS. Ultimately,
the system would allow participants to outperform
other companies and gain benefits from mutual fi-
nancing of emission reductions, as well as competi-
tive advantage provided by a good environmental
record.

7.3.2 Subsidies to Clean Shipping

Environmental subsidies are financial support to
the adoption of cleaner technologies. Subsidies can
include e.g. grants, low-interest loans, tax refunds
or funding of R&D. According to NERA (2005),
e.g. existing government subsidies to shipbuilding
could be made contingent on the environmental
performance of the products. However, subsidies
are more likely to be environmentally effective and
less distortive for the markets when applied as a
supportive measure within e.g. large energy effi-
ciency and emission reduction programmes. It is
important to subsidise only measures that yield ad-
ditional environmental benefits, not ones that are
part of business-as-usual development.

8. CONCLUSIONS AND
RECOMMENDATIONS

Trade, both global and regional creates challenges
for the transportation industry as economics, con-
gestion, energy consumption and climate change
impacts demand the attention of the both policy-
makers and the public. Transportation is being
called to play its part in the drive to make human
activities sustainable. Waterborne transportation
provides huge benefits towards this goal and has
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the potential to make an even greater contribution.
However, the industry should not be complacent.
While the benefits are large there are issues which
must be addressed if these benefits are to be pre-
served and enhanced.

One of the fundamental issues facing the global
economy today is congestion of road transporta-
tion and the conflicts arising from people-freight
competition for road capacity, as well as land use
conflicts arising from expanding road infrastruc-
ture. Congestion costs, while not often measured
directly, have significant impacts in terms of traffic
increase, air pollution, energy consumption, gen-
eration of greenhouse gases and accidents. All
of these negative effects could be reduced with a
greater reliance on the inland waterway system. A
sustainable transportation system will need to re-
duce its reliance on trucks to significantly reduce its
environmental impact.

Environmental benefits of waterborne trans-
portation. Several studies have demonstrated the
energy efficiency of inland waterways. The inland
waterway system often requires less energy per
tonne-mile; can reduce congestion on the alternate
modes; reduces total transportation related emis-
sions and has fewer injuries and fatalities per tonne-
mile than either rail or truck. Barges are more than
three times as efficient as truck and 40 % more ef-
ficient than rail.

Lower emissions can be the direct result of energy
efficiency. When compared on a tonne-mile basis,
barge transport produces fewer emissions than ei-
ther rail or truck in many cases. A greater reliance
on barge transportation can offer environmental
benefits.

Waterways and ocean shipping routes on natural
passages are not fixed barriers and do not form vi-
sual intrusion like land infrastructures. Waterways
can be crossed by vessels and boats. Navigation
marks and beacons are not particularly disturbing
for scenery. The vast majority of waterways and
shipping routes are on natural passages (seas,
rivers or lakes) and are virtually lines drawn on
water. Except for port infrastructure, locks and ca-
nals, waterborne transport infrastructure consumes
little land area and construction does not require
earthworks like the construction of motorways. The
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construction of waterborne transport infrastructure
is thus often quite inexpensive compared to land
transport infrastructure.

Despite the recent economic downturn, growth in
trade and transportation demand is expected to re-
sume and continue to present challenges to sus-
tainable economic development. Waterborne trans-
portation systems can provide opportunities to meet
these demands while reducing congestion, emis-
sions and fragmentation; all necessary conditions
for a sustainable transportation system. However,
the waterborne industry must face up to several
challenges if its full potential is to be achieved.

Some current trends are not sustainable. Navi-
gation’s share of airborne emissions is increasing
at a time when competing modes are reducing their
emissions footprint. The current economic structure
of the industry does not provide the correct incen-
tives for early adaption of technologies that would
reduce the industry’s environmental footprint. The
navigation industry has a responsibility to support
sustainable development by doing its utmost to be
an economically, environmentally and socially pre-
ferred mode of transport. To fulfil this responsibility,
the industry must accept and overcome challenges
in all three arenas.

A coherent, robust policy framework at interna-
tional, regional and national level as appropriate
will help ensure that both maritime and inland
waterborne transport can contribute effectively
to providing the sustainable solutions which
are essential for our global future. A myriad of
institutions around the world are devoted to the
management and regulation of transportation infra-
structure. There is a pressing need for regulatory
compatibility as appropriate to inland and maritime
navigation respectively, among global (IMO), re-
gional (EU) and country (USA and Europe) institu-
tions. The navigation industry must work to inform,
rationalise and influence these institutions so that
public policy goals are achieved in a manner that
promotes and sustains a healthy navigation trans-
portation industry.

» The policy framework must address both inland
and deep draft navigation.

* Ways must be found to gather the resources
needed to maintain and expand the inland wa-
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terways around the world.

Fees and dues, which are often misinterpreted
and inconsistent, must be standardised.
Navigation administrative and regulatory policies
should be both transparent and consistent, while
recognising true costs of alternate transport sys-
tems.

The legal and regulatory framework enacted
should not distort the competitive advantages
shared by navigation. The legal frameworks
must be made clear, consistent, transparent and
efficient.

Emissions from ocean-going ships, which are
increasing with increased trade and will reach
unacceptable levels without intervention, must
be addressed. Clean engine technology already
exists, both for new engines and to retrofit existing
engines. Technological advances and innovations
have traditionally driven change in the industry and
they can do so in this arena as well. Use of cleaner
fuels for existing engines is another measure. Slow-
steaming of vessels, a practice adopted by some
carriers during the recent economic downturn, is
an operational measure that may buy time for the
industry as other measures evolve.

Modal decisions must reflect the true total cost
of transportation alternatives.

The policy framework must be based on a ‘polluter
pays’-principle. All transport modes and transport
users must pay for all costs — economic, environ-
mental and social.

The policy framework must create incentives
which lead to sustainable choices by the trans-
port industry and its customers based on the true
cost of transport.

The policy framework must recognise that the
regions of the world are at different stages of de-
velopment and have differing priorities.
Economic structures must be designed to allow
progress in developing countries while reducing
the environmental impact.

The policy framework must be multi-modal. Con-
nectivity between modes is an essential aspect
of a sustainable policy.

Policies should be used to create incentives for
positive change and not to perpetuate current
harmful practices.



Chronic underinvestment in waterway infra-
structure must be reversed. Strategic investment
in lock modernisation, container-on-barge facili-
ties and ‘smart’ systems are vital if future growth in
waterborne freight transportation is to be realised.
Sound policy decisions are needed to facilitate
these strategic investments.

Education and public awareness has a long
way to go. Waterways have historically been ‘out
of sight — out of mind’ to the consuming public.
Unsustainable business practices in the past may
have benefitted from such a low profile. It is time for
the industry to educate the public on its legitimate
issues, challenges and opportunities, thereby cast-
ing waterways as an integral part of a sustainable
transportation future.

None of the above will happen without a con-
certed policy and public education initiative.
Waterborne transportation is an essential part
the drive towards transportation sustainability
but there is much more to be done. Navigation
industry professionals of PIANC are uniquely
positioned to take a leadership role in promot-
ing and driving this initiative.
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APPENDIX A
- TASK GROUP 2
TERMS OF REFERENCE

The Terms of Reference call for an examination of
the inherent benefits of waterborne transportation
over other competing modes by:

» Establishing baseline conditions;

Evaluating direct and indirect environmental ben-
efits;

Investigating inland port/waterway connectivity;
and

Investigating maritime seaports and shipping.

In recent years intermodality has swung heavily in
the favour of road distribution as the most flexible,
amenable, cost efficient mode of transport due to
its fast ‘door-to-door-service’. This has inevitably
lead to marginal costs in terms of road congestion
and environmental impacts.

The development of automated systems has signifi-
cantly improved ports and shipping’s ability to move
towards seamless transportation. This push for effi-
ciency within the shipping sector combined with the
use of containers and Ro/Ro traffic has boosted the
credentials of intermodal transport. This means wa-
terborne transport now offers a more sustainable
option for transportation.

A review of impacts and savings based on industry
recognised measures will highlight the benefits in-
herent in moving freight, goods and passengers by
water. In addition to these assessments, the role of
modern ports and inland waterways requires em-
phasis as ports have to be seen as a hub for link-
age in any integrated transport system. It is consid-
ered that any study of the environmental benefits of
waterborne transport should include:

ESTABLISHING BASELINE
CONDITIONS

Pollution Associated with the Transport
Industry

The quantification of impacts to the environment
for all transport modes requires establishing using
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up-to-date research. This will establish a baseline
to allow the further assessment of environmental
impacts associated exclusively with waterborne
transport and hence the relative merits over other
modes of transport.

The following areas form the basis for comparison
and evaluation of the different transport modes with
respect to their environmental impact:

a) Emissions. Overview of the impact of exhaust
gases concentrating on carbon dioxide and
monoxide, nitrogen, sulphur, water vapor and
particulate matter;

b) Waste Disposal. Waste from the transport in-
dustry requires evaluation; such areas include
oil and other hydrocarbons, as well as waste
and disposal costs of transport equipment at the
end of the lifecycle;

c) Modality. Review of transport modes in outline,
focusing on the split between different modes in
the current freight movement statistics;

d) Supply Chain. Review of the whole transport
cycle from producer to customer; and

e) Infrastructure. Relative infrastructure require-
ments (e.g. channel dredging against highway
maintenance etc.) of the various modes should
also be considered.

EVALUATING ENVIRONMENTAL
BENEFITS OF WATERBORNE
TRANSPORT

Direct Environmental Benefit

Descriptive account of savings using waterborne
transport, statements are to be highlighted with
case studies (where possible). Areas for study in-
clude:

+ Air quality (emissions);

Pollution and waste savings (marine, land waste,
noise etc.);

Fuel and energy efficiency calculated using in-
dustry standards (i.e. megajoules/tonne-km);
Reduced wear and tear on landside infrastruc-
ture; and

Disturbance and threat to wildlife due to acci-
dents and pollution.



Indirect Environmental Benefit

Descriptive account of indirect environmental sav-
ings associated with waterborne transport. Areas
for study:

» Safety record (using the low incident rates asso-
ciated with waterborne transport in comparison
with other modes of transport);

Road congestion reduction (short sea shipping
and inland waterways transport); and
Timetabling benefits (speed, punctuality and de-
lays versus programmed delivery times achiev-
able with waterborne transport).

INLAND PORTS AND INLAND
WATERWAY CONNECTIVITY

Areas for study include:

a) The role of inland waterways cannot be under-
estimated in the context of waterborne transport,
with the environmental benefits associated with
energy consumption and atmospheric pollution
requiring quantification to establish the case;

b) Barriers to inland waterways development need
establishing. This point specifically relates to
connectivity at interchange points, i.e. canal/riv-
er barge to ship, or ship to shore (port facilities).
These barriers may also include efficiency of
infrastructure (locks, etc.), investment require-
ments, attitudes to road alternatives amongst
distribution managers, constraint on routes and
appropriate inland ports; and

c) Maintenance of navigation depths (flow regula-
tion, dredging, etc.) and the associated impacts
shall also be addressed.

SEAPORTS AND SHIPPING
Areas for study include:

a) The automated port environment presents pos-
sibilities for increased efficiency and environ-
mental benefits relating to safety (reduction in
pollution and marine related risk), fuel savings
and reduced exhaust emissions for auxiliary ma-
chinery, etc.;

b) Port intermodality offers an efficient interchange
point as cargo can be readily shifted between
ships, road vehicles and rail trucks;
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c) Planning of port developments in context with
other transport developments, this is to include
road, rail, air and seaport development assessed
on an even criteria assessment basis, balancing
both the positive and negative environmental ef-
fects. The impact (in general terms) on the envi-
ronment can be assessed; and

d) Port estates also offer the potential of added
values logistics by concentration of material pro-
cessing works at the ports to eliminate additional
transport before and after manufacture/process-

ing.
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APPENDIX B
— VESSEL ENGINE
TECHNOLOGIES

Vessel and Engine Design

In moving forward with engine technologies, ship-
ping companies and engine designers seek to bal-
ance cost effectiveness with emission controls. The
focus of marine engine design companies has been
on improving the efficiency with which engines op-
erate, thus reducing emissions. Optimisation of
hull (i.e. reduced drag) and propeller design also
reduces the power needed for propulsion and cor-
respondingly the emissions generated.

In a 2006 study, Anthony Fournier from the Univer-
sity of California Santa Barbara categorised ves-
sel technologies as (1) In-engine modifications and
operational modifications (2) Water-based con-
trols and (3) After-treatment and on-board controls
[Fournier, 2006]. These are described in detail be-
low.

(1) In-engine modifications and operational
modifications

Operational modifications that could be made to
reduce emissions include: increasing the compres-
sion ratio; increasing the turbo efficiency; use of a
fuel injection system that can be easily adjusted
(e.g. common - rail, flexible injection system, etc.);
increase in cylinder pressure; and decrease in the
engine’s air intake temperature.

Fuel Delivery Systems Technology

Slide-valve technology uses fuel injection valves
installed on a vessels’ main engine that have spray
patterns that differ from traditional valves. The im-
proved spray pattern reduces the fuel dripping from
the injector into the combustion zone after the ini-
tial injection. Because Particulate Matter (PM) is a
result of un-burnt fuel and incomplete combustion,
this technology can reduce PM emissions by 25
% and NO,-emissions by 20 %. The capital start
up cost for slide-valve technology is approximately
$ 91,0008, Slide-valve technology can be easily

used by older vessels simply by replacing existing
valves.

Other examples of fuel system improvements in-
clude Caterpillar’'s Common Rail (CCR) technology.
CCR uses injection mapping to inject the optimal
amount of fuel for each specified engine operating
point, causing a reduction in soot and emissions.

Exhaust Gas Recirculation (EGR)

Exhaust Gas Recirculation (EGR) takes the exhaust
gas from the engine and cools and re-routes it back
into the engines air intake. Using the exhaust gas
as intake air reduces the oxygen content (from 21
% for typical air to 13 % for exhaust air) of the air
going into the cylinder which limits the NO,_ that can
be formed and reduces the amount of combustion
that can take place. The EGR process of injecting
exhaust gas into the intake air also increases the
specific heat capacity of the intake air; therefore re-
ducing the combustion temperature and reducing
NO -formation. The use of EGR can amountto a 70
% NO,-reduction.

(2) Water-based controls

The Humid Air Motor (HAM)

The Humid Air Motor (HAM) uses heated intake air,
saturated with water vapour typically produced by
the evaporation of seawater. This technology util-
ises the heat generated by the engine to produce
the temperatures needed to vaporise the seawater.
The quantity of water introduced into the engine is
about three times the amount of fuel. This ratio of
water to fuel would yield NO -reductions on the or-
der of 70-80 %. Given the large amount of water
vapour needed for this control measure, the vessel
may need to use its boilers or install new boilers to
ensure the effectiveness of the design. The cost to
retrofit vessels is $ 4,055,000 and $ 3,430,000 to
install in new vessels. An approximate 30 % reduc-
tion in NO_-emissions can be expected.

Fuel/Water Emulsion

Fuel/Water Emulsion systems combine water and
fuel (approx. 30 % water 70 % fuel) before it is

6 All cost estimates in this section are for large engines (25,000 KW). All estimates on estimated reductions and costs are taken

from ‘Controlling Air Emissions from Marine Vessels’
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injected in the combustion cylinder. The water va-
pour reduces the maximum peak combustion tem-
perature, where NO_forms as a by-product of high
cylinder temperatures. Water evaporates in the cyl-
inder improving atomisation of the fuel and result-
ing in @ more complete burn. Typically this control
method will yield a 1 % reduction in NO,_ for 1 %
concentration of water in the emulsion. This system
uses fresh water instead of seawater so there is a
need for distillers or tanks of fresh water. The cost
of the equipment can range from $ 550,000 to $
750,000 per vessel.

Water Injection

Water Injection injects water directly into combus-
tion cylinder as combustion takes place. This water
to fuel ratio would reduce NO -formation by 50-60
%. As with fuel/water emulsion, there is a large
need for fresh water.

(3) After-Treatment and On-Board Controls

The main advantages of after-treatment technolo-
gies include: little to no ship modification; efficient
removal of emissions while vessels are docked;
and the ability to be fitted to any type of vessel.
Emissions are unobtrusively captured and treated
while in port from a system located on a service
barge or on the dock.

Selective Catalytic Reduction (SCR)

Selective Catalytic Reduction (SCR) requires in-
jecting a reagent, most often ammonia or urea, into
vessel exhaust before passing through a catalyst
that reduces approximately 90 % of NO -emissions.
One downside to SCR is that there can be excess
runoff produced that must be captured before it
contaminates surrounding waters. SCR systems
also take up large amounts of vessel space for the
catalyst systems and reagent tanks that could oth-
erwise be used for cargo. Annual operating costs
are around $ 1 million and the cost to integrate the
system into new vessel designs is $ 1.5 million.

Seawater Scrubbing

Seawater scrubbing uses the alkalinity of salt wa-
ter to reduce SO_in vessel exhaust. Seawater is
mixed with exhaust gas to create solid particles that
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are then removed. Seawater is easily disposed of
in back into the ocean. The advantage of seawa-
ter scrubbing is that vessels are able to burn high-
sulphur fuels and still fully comply with regulations,
rather than having to switch to low sulphur fuels.
The seawater scrubbing technology has been
found to reduce exhaust gas SO,-levels by 69 to
94 % from vessels operating on fuel with a sulphur
content of 2.5 %. The cost to retrofit vessels is $
6,048,000 and the cost to build the technology into
new vessels is $ 4,233,600. Annual operation and
maintenance is approximately $ 40,000.
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