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ABSTRACT

Truck traffic is expected to increase by 50% between now and 2021 generated primarily

by container trades. Road congestion currently costs the Lower Mainland economy up to $1.5

billion a year. The Be government has carried out the Gateway project aiming to decrease road

congestion and air pollution from idling automobiles. However, building roads and bridges

cannot be a long term solution. An alternative to road transport if possible must be found.

This paper revisits the feasibility of Short Sea Shipping using the Fraser River. It carries

out an economic impact study of the benefits and costs, including environmental costs; and it

includes a comparative study when SSS becomes feasible compared to trucking as truck idling

time on roads and at the deep-sea terminals increases. Not only is SSS more environmental

friendly, but also price competitive when congestion is taken into account.
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CHAPTER 1

INTRODUCTION

The object.ive of t.his project is to carry out a cost.-benefit analysis of utilizing the

Fraser River as a Short-Sea Shipping (SSS) cOlTidor. SSS on the Fraser River involves

the transport of intra-regional container traffic via tug and barge between Metro

Vancouver's deep sea container terminals and remote container nodes on t.he Fraser

Rivcr1• Using a river as a commercial highway for containers is not a new concept;

t.he operations have proven successful in many parts of the world, especially in Europe

and Asia. SSS is one of the most successful transportation modes in the European

Union, and accounts for about 40% of all freight moved in Europe. In 2003, t.he

U.S. formed the Short Sea Shipping Cooperative Program committed towards the

development of the inter-modal coa.<;tal trades and improving transportation mobility

through short-sea shipping.

The t.rans-Pacific container trade has grown dramatically in recent years. Metro

Vancouver hosts one of the largest ports in North America and some of the most

modern container terminals in the world. In order for Metro Vancouver to capture a

large share of the forecasted 250% growth in container traffic between Asia and North

America over the next 20 years, the three container terminals located in Vancouver's

Inner Harbour, at. Roberts Bank in Delta and Fraser Surrey Docks in Surrey are

J Container nodes are smaller versions of container terminals. usually located inland along a river.

1
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undergoing capacity expansion and are expected to handle 5.8 million TEUs2 by 2020,

more than double the 2.5 million TEUs transactions in 2007. However, effectively

processing containers at the terminal is not enough to attract container traffic, efficient

land transportation infrastructure must also be in place to move containers to and

from their ultimate destinations.

Currently, containers are moved inland by train and truck with a 65% to 35%

ratio. The ratio is not expected to change in the future as major throughput expansion

occurs. Both rail and highway are reaching their capacity and the cost to expand that

capacity is enormous. Metro Vancouver's road and highway network is becoming

more congested, especially during peak periods and primarily because of increasing

commuter traffic. The population in the Lower Mainland has grown by 750,000 people

over the past 20 years and is anticipated to grow an additional 2.3 million to over

three million by 2031. The number of automobiles is increasing at a rate of 20,000 per

year. Road congestion currently costs the Lower Mainland economy up to $1.5 billion

a year, while trucking costs account for $500 million of this figure. The BC Trucking

As.."lociation estimates trucks are stopped or slowed in the Lower Mainland 75% of

the time and truck traffic is expected to increase by 50 per cent between now and

2021, generated primarily by the Vancouver International Airport, the Deltaport and

Fra.ser Surrey Docks;). Dt'Aspite the major road transportation improvements carried

2In discussing container volumes, this report makes references to TEUs. A TEU, or twenty
foot equivalent unit, is a standard unit for measuring container volumes based on a container with
dimensions 20 feet long, eight feet wide and 8.5 feet high. Most containers used for transporting
goods are 40 feet long which are equal to two TEUs.

:\ All figures are from Gateway Program. http://www.th.gov.bc.ca/gateway/
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out by the Pacific Gateway Project council, trucking companies are facing increasing

challenges in the future to move containers in a timely manner and at reasonable rates.

An alternative to the current rail and highway system that is capable of complimenting

the existing modes with added capacity must be cOll..,idered.

This paper tries to compare both the economic and social costs and benefits

between the current trucking mode and the proposed SSS mode. Since importers and

exporters prefer to deliver some containerized goods by truck instead of rail because

of time savings, and trucks are one of the main causes of road congestion, this paper

will leave rail out of the comparison. This article begins with a literature review on

SSS. While most of the studies focus on the technical and commercial viabilities of

SSS, this paper emphasizes the social and economic benefits and costs of SSS. Then

a detailed review of the impacts of containerization growth on the Lower Mainland is

concluded, followed by a discussion of costs and benefits of SSS on the Fraser River.



CHAPTER 2

LITERATURE REVIEW

An economic literature on SSS is searce, and most of the existing papers focus on the

commercial viability or operational parameters of inland waterway transportation.

The study done by Hahn Dam Le-Griffin and James E. Moore evaluated the poten-

tial of SSS in the context of the U.S. West Coast l
. The Southern California port

region differs from the Fraser River in that the region is mainly along deep sea lanes

that experience fairly strong currents, and therefore instead of the push-pull barge op-

eratiolls, RO-RO (Container-Roll-on-Roll-off2) vessels with containers on chassis are

used. The authors approached the subject by identifying the potential target markets

and operational cost. They concluded that an initial bi-weekly SSS operation would

be capable of re-directing 2,400 containers a week (this equates to about 6,400 truck

trips) away from the most congested cormnercial corridors, such as the 1-710, or about

3% of the current daily truck traffic on the 1-710. Their research indicated that SSS

is economically viable within regional port systems along the West Coast and would

likely have a positive effect on urban congestion and regional air quality.

In the same year, a survey based study of SSS opportunities and issues along the

East Coa.st of North America was conducted by Dalhousie Universitl. The aim of the

1Le-Griffin. Hahn Dam and James E. Moore. (2007)
2nO-HO vessels have built-in ramps which allow the cargo to be efficiently "rolled on" and "rolled

off' the vessel.
:1 Brooks. M.. J. Richard Hodgson, and .James D. Frost. (2006)

4
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study was to advance the Federal Government's appreciation of the potential for SSS

activities on the East Coast of Canada and the U.S. The paper listed four key points

for SSS to be successful: the demand for the SSS services must be large enough;

the service must meet the requirements of shippers; commercial potential must be

convincing to short sea operators; and the busine.ss and regulatory climates must

support its development. In the survey, shippers were asked to assess the impact

of trucking and short sea shipping on the environment and the results indicated

that many shippers are not well-informed about the environmental issues associated

with each mode of transport. More companies were able to judge the perceived

impact of trucking while few were able to judge the impact of SSS. Also vessels

of different speed were discussed as shippers' demand was mainly differentiated by

delivering time. Again, RO-RO was suggested to be the most suitable vessel. It

was concluded that SSS was quite cost competitive in some areas, especially with

further travelling distance. The study suggested several aspects where governmental

involvement would be required. For example, the scale of road congestion might only

be sufficient today to stimulate diversion of a limited amount of cargo, an amount

likely below that needed to support the viability of a new SSS services, however, if the

solution was only initiated when congestion had become severe, it might well then be

too late to introduce and develop an efficient SSS service. Thus there was a timing

disconnect between the need to initiate diversion to SSS now and the evolution of

sufficiently problematic commercial circumstance.s to stimulate such diversion later.

Some incentive programs are required to encourage shippers to divert now in order

to achieve objectives that may only become important at a later date. They also
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recognized the role for government to educate industry on the environmental impacts

of their freight mode choices.

Different from all the papers discussing the technical and commercial viability

of SSS, is the work done by H.E. Haralambides in 19964• He focused more on the

economic impact of SSS. The author applied the Input-Output (I/O) Analysis derived

by Leontief to SSS services. The I/O model deals with the interdependence of a

country's industrial sectors. The principle behind I/O analysis is that each industry's

output (say, the merchant marine) is not only a final good, but also a an input in

many other industries, or even for that industry itself. In turn, the output of many

other industries will enter into the merchant marine as inputs. For example, the

merchant marine requires services of seagoing and landed employees. Port services

are also required. Manufactured products like bunker fuel, paint, and processed foods

are required, as well as the vessels themselves. Whenever the demand for merchant

marine services increases, the activities of the industries that provide these additional

services and manufacture these additional products are also stimulated. Thus any

exogenous change in the final demand for any industry's output will have an impact

both on the industry itself and on all other sectors whose product the industry requires

as an input. An increase in final demand for one industry's output will generate a

multiplier effect and the effect is dispersed throughout the economy. By the time

the multiplier effect subsides, total spending exceeds the initial amount spent, total

production exceeds production for final consumption, and total employment exceeds

employment in the production of goods or services for final consumption. The I/O

I Haralambides, H.E. (1996)
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analysis captures and summarizes these multiplicative effects on output, household

incomes and employments. However, without sufficient data, the multiplicative effects

cannot be calculated.

Two studics on utilizing the Fraser River as a SSS corridor were carried out by

NovaCorp International in 2005, and by BClT Centrc of Excellence in Summer 20075 .

NovaCorp group did a. detailed pre-feasibility analysis on the commercial opportunity

of SSS, by comparing pricing, transport time, and emissions between trucking and

SSS. The main contributions of this report are that it identified potential node ports,

and estimated both investment and operational costs of SSS services in Metro Van-

couver. The results of the study revealed that intra-regional SSS in Metro Vancouver

would offcr commercially viable private sector opportunities in several proposed node

ports if route volume could be secured in the range of 200 containers per round trip

or greatcr(;; SSS on selected routes with sufficient volume could potentially offer price

competitiveness with trucking and some competitive advantages in the areas of deliv-

ery time and delivery reliability; short-sea operations would absorb some of the future

growth in environmental emissions from the intra-regional transfer of containers by

truck, particularly of the key greenhouse gas emission (C02) and VOCs7
. However,

because the oil price ha.c; been inflated over the years, the reports' comparison of pric-

ing between the trucking and SSS modc may not be accurate any more. Compared to

the NovaCorp group, BCIT worked more on stakeholders' implications and surveyed

"NovaCorp International. (2005)
Centre of Excellence, BCIT. (2007)
,; i.e. a minimum of 20.000 to 40,000 containers annually.
IVOCs-Volatile organic compounds, when released into the environment, they can damage soil

and groundwater. VOCs are an important outdoor air pollutant.
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t.wo of t.he most successful SSS systems in the world, the Yangtze River in China and

t.he Rhine River in Germany.



CHAPTER 3

THE IMPACT OF GLOBAL FREIGHT TRANSPORT ON

THE LOWER MAINLAND

Growth in the container trade is ultimately driven by economic growth. Economic

trends, such as trade liberalization, have greatly stimulated the demand for container

transport. Not only are ports around the world expanding in order to accommodate

the ever-larger container ships, but also the growth in containerization is challenging

the capacity of inland transportation in every port city.

3.1 THE GLOBAL CONTAINERIZATION TREND

North American markets are final dec;tinations for many of the goods produced

in Asia. West Coast ports, as the closest off-loading and transfer points for these

goods, are under considerable pressure to accommodate Asia's massive container traf

fic growth. Substantial expansion of port capacity in China, Taiwan, South Korea,

Hong Kong and Singapore calls for corresponding adequate port infrastructure on

North America's west coast. In 2005, the Port of Shanghai in China started the expan

sion project, the 52nd berth, adding 25 million TEUs to its 18.9 million throughput.

The Hong Kong Port Authority is considering building a tenth container terminal

and Busan Port in Korea is adding 30 berths to handle up to 8.04 million containers

9



3.1. THE GLOBAL CONTAINERIZATION TREND

by 2011.

10

The growth in container traffic around the world has exceeded 10% annually

over the past 15 years. It has been forecasted that the global volumes of container

shipments will rise from 332.2 million TEUs in 2004 to 647.3 million TEUs in 2015

(Table 1) I., a 8.6% increase per year; while the traffic in North America is expected

to reach 71.6 million TEUs by 2015, a 6.7% increase per year as shown in Figure

12 . Growth rates vary from port to port, not only depending on the terminals'

ability to accommodate increases in traffic, but also on the efficiency of rail and road

transportation to move containers to their final destinations.

The impmssive growth in containerization leads to the deployment of ever-larger

ships, due to the significant efficiency gains and cost savings associated with operat-

ing larger ships which are capable of carrying significantly more freight containers.

Currently, container ships are able to carry up to 9,200 TEUs, compared to the 3,400

TEU capa.city in the 1980's. Container ship sizes are classified according to whether

the Panama and Suez Canal are able to accommodate the vessels. The Panamax is

able to carry up to 4,500/5,000 TEUs; the Post-Panamax takes up to 10,000 TEUs;

the Suezmax and the Super Post-Panarnax are between 10,000 and 12,000 TEUs; and

the Post-Suezmax carrieq more than 12,000 TEUs. As of 2007, the largest container

ship in the world is the Emma IVlaersk, which has a capacity of almost 15,000 TEUs.

Its major route is between Asia and Europe. Even bigger ships, as large as 18,000

TEUs, the Malaccamax, are already being planned3 . The transport cost per container

IOcean Shipping Consultants Ltd. (2005). p3
20eean Shipping Consultants Ltd. (2003), p3
:\ http://www.americanshipper.com/paid/MAYOI/how_ much _ bigger.asp
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on the 18,000 TED Malaccamax will be 30% less than on a 4,800 TED Panamax,

attributable to economi{'~., of scale.

The evolution in ship siz{'$ places considerable strain on port facilities. Bigger

ships require not only deeper channel and vaster turning radius, but also efficient and

sufficient equipment to load and unload, and enough space to store the containers. It is

estimated that over 40% of major North American container ports already experience

congestion during peak periods of the year4
. Port authorities around the world put

enormous amount of funds and effort into maximizing container-handling capacity.

3.2 THE LOWER. MAINLAND PORTS EXPANSION

The geography of the west coa'3t discourages the development of deep-sea ports.

Currently, most West Coast ports can handle Post-Panamax and some are able to

take in SuperPost-Panamax. The three major ports in southern BC, Port Vancouver,

Frac;cr River Port and North Fraser Port in the Lower Mainland can handle Panamax,

Post- and Super Post-Panamax. As of January 1, 2008, the three lower mainland port

authorities Fraser River Port Authority, North Fraser Port Authority and Vancouver

Port Authority amalgamated to continue as the Vancouver Fraser Port Authority

(VFPA). The three ports together border on 16 municipalities, cover nearly 600 kilo

metres of shoreline, extend from Point Roberts at the Canada/U.S. border through

Burrard Inlet to Port. Moody and Indian Arm, and from the mouth of the Fraser

River, eastward to the Fraser Valley, north along the Pitt River to Pitt Lake, and

include the north and middle arms of the Fraser river. VFPA is now Canada's largest

IMaloni. Michael and Eric C. Jackson. (2005)
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and busiest. port, trading more than $53 billion in goods with more than 100 trading

economies annually and generating an estimated $6.3 billion in GDps.

The three ports together have great impact on the national and provincial economies.

The economic impact of a port includes direct, indirect and induced impacts. Direct

economic impact includes employment and economic output created by marine ter-

minals, tug boats, trucking, rail and other marine related services. It also includes

manufacturers, sawmills, and warehouses that are located on the port land. Indirect

economic impact is employment and economic output created in industries that sup-

ply goods and services to the port; and induced economic impact includc.s employment

and economic output generated because of expenditures by individuals employed di-

rectly or indirectly by the port. In 2004, the Port of Vancouver generated 26,500

full time equivalents (FTEs)G, 34,150 indirect and induced FTEs; the port also con-

tributed $1.8 billion direct GDP and $4.1 billion in direct economic output to the

Canadian economy. GDP reflects the contribution of a company's labour and capital

which doe<; not include the input costs, while economic output measures the gross

revenues. Including indirect and induced effects, the Port of Vancouver contributed

a total of $4.0 billion in GDP and $8.9 billion in economic output. A total of $762.7

million of Tax revenues was generak>d. by the Port of Vancouver in 2004, out of which

provincial governments received $263 million and municipal governments received $89

miHioll7
. III 2006, Fraser River Port generated 15,000 direct FTEs with total direct

"Vancouver Fraser Port Authority. www.vfpa.ca
(j FTEs are the hours spent at a full time job per year. Part-time and seasonal jobs have been

converted to full-time equivalents.
7InterVISTAS Consulting Inc. (2005), piii-iv
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wages amounting to over $730 million. The indirect and induced employment im-

pacts were 22,000 FTEs in British Columbia. The direct GDP contributed by Fraser

River Port was $1.3 billion and the direct economic output was $3.7 billion. Including

indirect and induced impacts, Fraser River Port genera.ted $2.8 billion in GDP and

$7.2 billion in economic output for British Columbia. The tax impact of Fraser River

Port was $275 millioll, out of which $70.5 millioll went to provincial governments and

$6.4 million went to municipal governments.

3.2.1 Port of Vancouver:

• Handled 82.7 million tonnes of cargo in 2007, up 3.9% from the previous year's

79.6 million tonnes, in which containers had increased to 2,307,289 TEUs (equiv-

alent to 19,239,000 tonnes), up 5% from 2006's 2,207,289 TEUs (equivalent to

17,652,000 tonnes).

• Top five trading partners in containerized goode;: China (8,938,000 tonnes),

Japan (2,821,000 tonnes), South Korea (1,458,000 tonnes), Taiwan (1,356,000

tonnes) and Hong Kong (954,000 tonnes)~.

• Three container terminals, Centerm and Vanterm in Burrard Inlet and Delta-

port at Roberts Bank.

- Centerm is a 73-acres, two-berths container terminal, with on-dock rail,

serviced by CN and CPR!), and 12 incoming lane truck transfer facilities.

XVancouver Port Authority. "Vancouver Port Authority Statistics Overview 2007." p6, p9
(JCanadian National and Canadian Pacific Railway.
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Current container storage capacity is 12,000 TEUs. Centerm accommo-

dates Post-Panamax and its container handling capacity has been doubled

to approximately 780,000 TEUs.

Vanterm is a 76-acre, two-berths container terminal, with on-dock five-

track rail, serviced by CN and CPR, and 9 incoming lane truck transfer

facilities. Current container yard capacity is 7,000 TEUs. Vanterm has

two Super Post-Panamax crane.c; and its container handling capacity is

approximately 600,000 TEUs.

- Deltaport is the Port of Vancouver's largest container terminal, located

35 kilometres south of Vancouver's inner harbour. The port has a total

area of 160 acres, two berths with third berth under construction, on dock

rail and truck services, and a container storage capacity of 24,000 TEUs.

Deltaport features 7 Super Post-Panamax cranes and a container handling

capacity of 900,000 TEUs. Plans are under way to develop a new three-

berth container terminal and to increase capacity to 3.2 million TEUs lO
.

3.2.2 Fraser River Port:

• Handled 4,157,947 tonnes of international shipping in 2007, up 3.9% from the

previous year's 4,000,870 tonnes, in which containers had increased to 191,402

TEUs, up 102.2% from the previous year's 94,651 TEUsll . Historically, Fraser

ill Vancouver Port Authority. www.portvancouver.com/tradc_ shipping/terminals/
I J In 2006 the Fraser River Port handled 94.651 TEes. which represents a significant decrease from

the 2005 volume of 372.844 TElJs. This drop can be pinpointed to consolidation of shipping lines
in late 2005 and the rellocation of container traffic to other Pacific Northwest ports.

Fraser River Port Authority.•. 5 Year International Summary."
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River Port has specialized in handling bulk and break bulk cargos; increasingly,

container shipments are being handled by Fraser River Port.

• Fra.<;er Surrey Docks terminal is strat.egically located 28 kilometers from the

mouth of the Fraser River. Fraser Surrey Docks features six deep-sea berths,

8.8-acres of covered storage, and direct connection to three transcontinental

railways. Currently, Fraser Surrey Docks can accommodate deep-sea vessels up

to Panamax size and its capacity is approximately 415,000 TEUs, with a second

pha.se of expansion aimed at boosting capacity to about 600,000 TEUs12
.

3.2.3 The North Fraser Port:

• Covers 90 kilometers of shore along the north and middle arm of the Fraser

River and it serves a<; a secondary trade and transportation route connecting

coastal and international markets. The port handles mainly forestry products

and 100% of its cargo is domestic. In 2007, it handled 10,330,042 tonnes of cargo,

a 25% decrease from 2006's 13,418,678 tonn{'.-S. In 2006 the Port continued to

contribute over one hillion dollars each year to the provincial GDP and provided

indirect employment for over 9,000 peoplel~.

Metro Vancouver should see greater economic benefit from the expansion of the

Lower Mainland ports if the expansion is accompanied with fast and efficient in-

land transportation. Not only does container trade require time efficiency inside and

I:.! Fraser River Port Authority. Surrey Properties. www.fraserportauthority.comjfacilitiesjsurrey.html
Fraser Surrey Docks LP www.fsd.bc.ca
LlPort North Fraser. "1913-2006 The Working River-2006 Annual Report."
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outside of ports, containers certainly move to ports which connect to cost efficient

transportation modes.

3.3 HvlPACT ON INDUSTRIAL REAL ESTATE PRICES

The current and the inevitable future port expansions driven by the trans-Pacific

container traffic growth raise the concern of a shortage of "well-locatedll industrial

land and the rapidly rising industrial real estate price. A study by Avison Young

Commercial Real Estate in 2005 suggested that container expansion could generate

the need for an additional warehouse space between 260,000 and 1,200,000 square

feet annually. Metro Vancouver is land constrained, with the lowc..st industrial real

estate vacancy rate in North America at 2.2%. The region's population is expected

to reach approximately 3 million by 2020, demand for land for a variety of uses will

increase, which will put pressure on providing enough industrial land to meet the

needs of container expansion. Given prt>,sent shortage of labour and materials, as well

as land, this could further drive up construction costs and lease costs. As a result,

rental rates on existing facilities is expected to edge upwards.

The Avison Young study was based on container traffic data from 2004, 1.9 million

TEUs and a forecasted container growth to 5 or 7 million TEUs by 2020. In 2004, half

of the containers that arrived at and departed from Metro Vancouver were transported

by trucks. Since only truck-hauled containers have destinations or origins within B.C.,

the vast majority within the Lower Mainland, 90% of these truck-hauled TEUs are

assumed to be processed in Metro Vancouver. Thus, only the 90% of truck-hauled

containers require warehouse space. Warehouse space in 2005 was estimated to be
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between 380 and !}50 acres and estimated port operation land, excluding rail yards,

was between 819 and 1:391 acres. Over the next 15 years, it is assumed in the study

that 25% to 35% of container growth will be transferred by trucks, and thus would

require industrial land. The total estimated warehouse space required by 2020 for

container-related use is between 11.5 and 38 million square feet. The paper also

assumes 7 to 9 additional container berths would be expected at Lynnterm, Roberts

Bank Phase II, Delta Port Terminal 3, and Richmond Fraser Docks. Inner city ports

like Vanterm and Centerm face expansion challenges. Total acres of industrial land

directly related to container shipping in 2020 was forecasted to be between 1450 to

2750 acreslt . The Avison Young report did not include the land demand by rail yards,

raihvay rights-of-way and road rights-of-way in port expansions, and the impacts of

the current Gateway Program on industrial land prices.

The high warehouse rental costs may lead to firms leaving the Lower Mainland

resulting a negative impact on the local economy. And the scarcity of industrial land

also puts a constraint on the ability to expand the current road infrastructure in the

future. According to the New Partners for Sma.rt Growth Conference, 80% of the

undeveloped industrial land located south of the Fraser River. Thus seeking another

transportation mode to transport containers to the undeveloped industrial area for

processing without pressuring the already tense industrial real estate market and road

infrastructure would benefit the Lower Mainland economy in the long run.

11 Avison Young Commercial Real Estate. (2005)
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Metro Vancouver's population and economic growth combined with changing re

gional travel patterns and expanding trade has placed considerable strain on the

transportation system. Congestion on regional roads and highways is increasing,

with growing impacts to residents, communities, the environment and the economy.

The impacts are mainly in the form of higher travel costs, associated with longer com

mute time, longer travel distance if alternate routes are used, higher fuel consumption,

espcc.ially with the higher gasoline price, and higher probability of accidents.

Over the next 25 years, Metro Vancouver's population is expected to grow by

about 900,000 re.sidents and the number of automobiles is increasing at a rate of

20,000 per year. On top of that, with continued growth in employment outside of the

traditional core of Vancouver, new commuting patterns are emerging. Metro Vancou

ver no longer,exhibits the predominant "suburb-ta-downtown" commuting pattern;

commuting within and between Greater Vancouver Regional District municipalities

has increased substantially. This is in part due to significant growth in business park

development over the past ten years. During this period only 7% of new office jobs

have been based in regional town centres while almost 50% have gone into subur

ban business parks, locak>d primarily in Burnaby, New We.stminister and Richmond.

Other social and demographic trend" also influence how and when people travel.

For example, the region's aging population is resulting in greater demand for midday

travel, and more households have two primary income earners, creating multiple daily

commute destinations.
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Even though the increase in eongp..stion is caused mainly by commuters, trucking

traffic from container trade worsens the situation. Currently, 65% of containers which

leave from or arrive at the Lower Mainland deep-sea terminals are transported by rail.

The railways are best suited to hauling large, heavy, low value loads (due to thefts

and damages) that are not time-sensitive over distance greater than 700km. And

the remaining 35% of containers are lighter, smaller and time-sensitive goods which

are usually moved by trucks. In 2007, container traffic was about 2.5 million TEUs

and that means 875,000 TEUs were transported by trucks. With the most efficient

truck transport configuration, 2 TEUs per truck, there were about 437,500 container

trucks on road in 2007, a conservative e.'ltimate. The BC Trucking Association esti

mate.<; trucks are stopped or slowed in the Lower ivlainland 75% of the time and with

the forecasted increase in container growth, B.C.'s road network will soon reach its

capacity.

Transport Canada estimated the economic impact of conge.<;tion on all traffic in

the region is up to $1.5 billion per year, and trucking counts for one third of that

amount, more than four times the $110 million per year just over 10 years ago. In

order to address congestion and to accommodate the growth in container trades, the

B.C. Ministry of 'fransportation carried out the Gateway Program in three priority

corridors: along the south shore of the Fraser River, along the north shore of the

Fraser River, and the Highway 1 corridor from Vancouver to Langley. The initial

cost estimate of the program was in the range of $3 billion (2005 $). The Gateway

Program would provide road and bridge user benefits primarily in the form of travel

time savings, reduced vehicle operating costs and improved safety of $8 billion (2005
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$)E'. However, more highways and bridges actually encourage commuter traffic, and

growth in population and immigration to the Lower Mainland area (thus the increase

in traffic) will not stop. Thus the Gateway Program can only be a solution for the

short run. The cost of building more highways in the future will only increase with

respect to the expected upswing in demand of industrial lands. Slower and more

expensive inland transportation drives away demands for the Lower Mainland deep-

sea ports and in turn decreases the potential economic benefits.

3.5 ENVIRONMENTAL IMPACTS

Congestion not only costs the economy but also the environment. The Greater

Vancouver Regional District, situated within the Lower Fraser Valley, is surrounded

by moutainous terrain on three sides. \Vhile generally keeping airborne pollutants

outside of the region from entering, the geography acts as a barrier to the dispersion

of particulates within the region. Clean air and climate change are the two main

environmental issues related to transportation. Clean air issues, such as smog and

acid rain, are issues that primarily influence the 10we.Bt part of the atmosphere, which

is also the zone of air people breathe. Adverse effects include damages to respiratory

immune and circulatory systems leading to an increase in respiratory diseases such as

asthma and possible premature death. Individuals who are sick, elderly or very young

are particularly vulnerable to air pollution. Climate change refers to changes in the

climate or long-term, average weather for a particular location. Climate change can

[r'Gateway Program. "Improving Roads and Bridges for People, Goods and Transit Throughout
Greater Vancouver-Program Definition Report Summary." (2006)
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be caused by the build-up of greenhouse gaseB (GHGs). Collectively, GHGs act like

a blanket and trap heat t.hat. comes from the earth. Climate change is accompanied

by an increa.<;e in t.emperature which leads to increased frequency and severity of

heat waves, droughts, floods and storms, change.s to sea leveL'3 and water quality and

in the distribution of diseases. Plants and animals may not able to adapt, leading

to reduced biodiversity and agricultural viability. Emissions from heavy trucks and

cargo vessels include carbon dioxide (C02 ), particulate matter (PM), sulphur dioxide

(S02), nitrogen oxides (NO.d and volatile organic compounds (VOCs ). CO2 is the

most commonly referenced GRGs; S02 and NOx are causes of acid rain; and PM is

one of the primary pollutants in smog.

According to the National Inventory Report, RCo's total GHGs had increased by

29.9% over t.he period of 1990 to 2004. Over the same period, GRGs emissions from

road transportation had increased by 37%, while GRGs emissions from heavy-duty

die.'3cl vehicles had increased by 92.9% caused not only by the increasing amount of

container traffic, but also the longer on-road travelling time1(j. On January 1, 2004,

the new On Road Vehicle and Engine Emission Regulations came into effect. For

heavy-duty diesel vehicle.<;, the regulation sets stringent standard for smog forming

emissions between 2004 and 2010 which results in a reduction of nitrogen oxides and

particulate matter emissions from new vehicle.s by 95% and 90% respectively. In

June 2006, the Sulphur in Diesel Fuel Regulations requires that the sulphur level

ill Canadian on-road diesel fuel be reduced to a maximum of 15 parts per million.

Environment Canada also recognizes that emissions from marine vessels can be of

1(; Environment Canada. (2006)
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particular concern near port citif''s. In B.C.'s Lower Fraser Valley, marine emissions

account for 33% of total sulphur oxide emissions, 22% of nitrogen oxide emissions and

12% of fine particulate emissions. Cargo vessels are known to produce less carbon

dioxide when compared with heavy-duty trucks, but the other emissions, particu

late matter, sulphur dioxide and nitrogen oxides, are significantly more than trucks.

However, with more federal regulations for more strict emission controls on Cana

dian registered vessels implemented, the comparative emissions can be expected to

improve on a ton-kilometre ba.<;is in favour of short-sea operations.



CHAPTER 4

SHORT-SEA SillPPING BENEFITS AND COSTS

ANALYSIS

The Fraser River's all year round navigability and its acc('-ss to many industrial areas

make it suitable for SSS operations. The concept here is that when container ships

arrive at deep-sea terminals, tug-boats unload some of the containers from the ocean

side and transport them along t.he Fraser River to a node port. where either rail or

trucks will do the final delivery. And for export, containers are delivered by either

trucks or rail from their origin to node ports and are transferred by tug-boats to

deep-sea vessels. Under the most efficient arrangement, SSS not only takes some

of the container trucks off the road, but also saves some container storage space

at the deep-sea terminals. Since time sensitive and valuable containerized goods

are transported by trucks instead of rail, the study compares only the benefit and

cost between trucking and SSS. This part of analysis will focus only on t.he social

and economic costs and benefits of SSS; thus technical feasibility of SSS is assumed

throughout of the analysis. All technical assumptions will be drawn from NovaCorp's

pre-fea.sibility studyl.

Out of a total of 18 potential nodes sites that were identified and inw-stigated by

I NovaCorp International. (2005)
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the pre-feasibility study group, five have been picked out as priority sites according

to their existing infrastructures, available land size for related industry development,

and distance to deep-sea container terminals. The five sit<.>$ or site areas are Coast

2000, Delta Tilbury-Seaspau, Fraser Surrey Docks Area, Pitt Meadows Airport Area,

and Port Kells/Parsons Channel Area, reprfl.3ented by E, D, .1, Q and P /N respec

tively in Figure 2. The barge terminals were 8.'3sumed to be 10 acres each with annual

throughput of 40,000 moves capacity. The operational cost comparison of SSS and

trucks done by NovaCorp were based on the travel to and from the deep-sea terminals,

Vanterm and Centerm at the Inner Harbour, Deltaport and Terminal 2 at Roberts

Bank and l'raser Surrey Docks, from and to the five potential nodes ports. The oper

ational cost of SSS included a 15% profit and a short-haul truck drayage cost of $50

for each container movLu to and from the barge terminal, and the dray cost reflected

the industrial price in 2004 for trucks2 . The pre-feasibility study considered two sce

narios, where the munber of containers transported each direction is different. Since

the focus of this paper is not the commercial viability of SSS but a cost comparison

between two established transportation modes, only data relating to scenario A from

the pre-fe8.'3ibility study is extracted. In Scenario A, 100 containers were transported

each direction. Also since there is the substantial difference in height between the

barge and the deep-sea terminals at low tide, RO-RO is not practical.

2 All costs are in Canadian dollars.



4.1. FUEL MATTERS

4.1 FUEL MATTERS

25

The fuel cost mainly exists in tug operations. The pre-feasibility study kept tug

and barge operating costs constant a.<; shown in Table 2, and if associated with Table

3, the emission comparison with trucking under different barge volume levels, it can

be concluded that in the pre-feasibility study, a tug boat with 200 TEUs or less on

board is assumed to consume 136 litres of bunker fuel per hour. Thus the fuel cost

for a barge with 50 TEUs is assumed to be the same as a barge with 200 TEUs.

As shown in Table 4 and 5, diesel fuel consumption thus fuel costs increase with the

number of trucks while bunker fuellitre.s and costs stay constant within the 200TEU

capacity. The fuel consumption comparison between truck and tow boat per 2 TEUs

is given in Table 6. The calculation was based on a 2-TEU haul by truck, the most

efficient configuration, and a olle 100-TEU haul by tug boat. Shaded cells designate

routines where short-sea fuel consumption are lower than those for truck transport

on a per two TED ba.<;is. The study's assumption of a barge load of 100 containers is

conservative because the focus of the study is to compare SSS to trucking, especially

the feasibility of privately operated SSS when demand for SSS is low. If the amount

of containers arc increased on a barge to 200 TEUs, the results will favour SSS even

more, Table 7. Now SSS becomes fuel efficient on every route comparing to trucks.

To account for the upswing in oil price, fuel costs need to be isolated from the

operational cost estimates. The truck operational cost estimate.s per container by

route in 2004 dollars with diesel fuel prices in 2004 are presented in Table 8. The

average diesel fuel price (tax included) at self service stations in Vancouver, B.C. was
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80.8 cents per litre (0.808 dollars per litre) in 2004:i. Diesel fuel costs per two TEUs

moved can be calculated by multiplying the number in parentheses from Table 4 by

0.808 dollars; results for every TEU4 moved are given in Table 9. And the truck

operational cost estimates without fuel costs are given by taking away the diesel fuel

costs from total operational estimates as shown in Table 10. With an annual inflation

rate of 2%:', all cost estimates in Table 10 are converted to 2007 dollars as shown in

Table 11. Average diesel fuel price in 2007 jumped up to 1.022 dollars (low $0.99 and

high $1.11). Now trucking costs in 2007 are given in Table 12.

Given that SSS uses high sulphur diesel fuel, the average price (tax included) was

57.69 cents per litre in 2004°. Since marine diesel fuel margin is confidential and only

weekly Be racks pricec; are available for this study, a 15% margin is assumed. With

the price of marine diesel fuel up to 82.6 cents per litre in 2007, similar rec;ults are

obtained for SSS in Table 137
. As shown SSS becomes even less competitive on some

routes when compared to trucking. Table 14 and 15 show the 2004 and 2007 cost

comparison between the two transport modes. The route between Inner Harbour and

Fraser Surrey Docks remains the same where SSS costs 6 dollars less than truck and

the rest of the cost differences either remain the same or increase from 1 dollar to 3

dollars.

Over the years from 2004 to 2007 the price of diesel fuel jumped 26% based on

an annual average and the price of high sulphur marine diesel had increased by 43%.

:lStatistics Canada. "Energy Statistics Handbook." (2007), p147
t A linear decrease in fuel consumption is assumed here.
"Rates and Statistics. Bank of Canada.
Ii Reinhold Drygala, Petro Canada.
7 Please refer to Figure 13a. 13b. 13c and 13d for calculations.
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If the marine fuel price keeps increasing at a rate faster than the price of truck diesel

fuel, SSS will not be a feasiblc alternative to trucking when only 100 TEUs are on

board. Holt's Exponcntial Smoothing method is utilized to forecast both diesel and

marine fuel prices 12 years from now. The equations are listed below.

Lt = aYi + (1 - 0:)(Lt - 1 + Tt-d

Tt = f3(L t - L t - 1) + (1 - ;3)Tt - 1

Ft+k = Lt + kTt

Holt's level (Ld is a weighted average of the current observation ("Yt.) and the

previous level (Lt-d plus the estimatcd change (Tt-d. The updated trend (Tt) is a

weighted average of the difference between two consecutive levels and the previous

trend term. Finally, the forecast k-periods-ahead made in period t denoted by Ft+k

is the estimated level plus k times the estimated change per period. In 2020, the

price of diesel fuel will jump to $3.47/L and the price of marine fuel will go up to

$2.09/L, a.<;smning a smoothing level 0: = 0.9 and smoothing trend ;3 = 0.3. Now

the operational costs for both transportation modes are presented in Table 16. On

selected routes, SSS costs are substantially lowered and on other routes SSS costs are

still significantly higher than trucking.

The above calculations assume a linear decrease in truck fuel consumption from

a 2-TEU haul to I-TEU haul, which is not true. The truck fuel consumption per

TEU is higher than what is assumed here, while the per TED boat fuel consumption

is linearly deducted from fuel consumption ba.<;ed on 200 TEUs per barge. Assuming

200 TEUs per barge load will lower barge fuel cost by 50% since the calculations

for SSS cost wa." using 200 TEUs fuel consumption per barge. It would be more
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helpful to carry out a cost comparison with 200 TEUs per barge load; however, other

stevedoring and barge terminal development costs will change as well and without

further technical assumption, the study cannot continue with a barge load more than

100 TEUs.

The B.C. government announced a new carbon tax on February 19, 2008. Starting

.July 1, 2008, an extra 2.4 cents per litre of gasoline (including diesel fuel) will be

charged at the pumps. The rate will increase each year after that until 2012, reaching

a final price of about 7.2 cents per litre. This flat rate will affect the fuel prices of

both truck and marine die-sel.

4.2 THE GREENHOUSE GAS COSTS

Given the most common GRG, the CO2 emission from both trucks and cargo

vessels, 50g per ton-kilometre and 30gll per ton-kilometre respectively!!, Table 17

shows the difference..c; of the approximate quantities of CO2 emission on different

routes between trucking and barging. The calculations in Table 17 does not include

the potential CO2 emission from trucks idling at the deep-sea terminals and on roads

caused by congestion. Also the CO2 emission resulting from tug boats mobilization is

not included. Barging does not generate a lower level of CO2 emission on all routes;

but barging lowers the emission by 1.14 million kilograms every year when comparing

to trucking, based on 5 operating barge terminals at a capacity of 40,000 TEUs each.

KComparative C02 ernisfiions between trucks and cargo vessels with the cargo vessel being equiv
alent dead weight tonnage of a tow boat and barge. However. emissions from short-sea operations
are substantially lower than cargo ships which are similar in size.

HSource: Environmental Factsheet from the Swedish NGO Secretariat on Acid Rain. May 2003 
www.ntm.a.se



4.2. THE GREENHOUSE GAS COSTS 29

And barging generally emits less CO2 when operating on routes connecting Roberts

Bank and Fraser Surrey Docks to the five nOdE'B ports.

There are no current costs in dollar amount applied to GreenholLse Gas emissions.

The new B.C. carbon tax, however, doeB associate carbon dioxide emissions to some

dollar value. If we take the final price that the B.C. government is trying to reach, 7.2

cents per litre, and divide it by the CO2 emission factor for light fuel oil 2830 g/Uo,

we can approximate a dollar value, 2.544 cents/kg, for CO2 pollution. CO2 emission

from trucks and cargo vessels costs the environment 0.127 cents per ton-kilometre

and 0.076 cents per ton-kilometre respectively. Again as shown in Table 18, SSS on

all routes connecting Roberts Bank and Fraser Surrey Docks to all five nodes ports

plus the route between North Inner Harbor and Delta Tilbury cost the environment

less than trucking. If 5 nodes ports are operating at the same time with 40,000 TEUs

capacity each as shown in Table 19, SSS saves the environment $30,312 a year in

terms of less CO2 pollution.

Cargo vessels are extremely efficient with regard to fuel use on a ton-kilometre

basis; but emissions other than CO2 are becoming noted, especially S02' In 2007,

emissions from Canadian registered tugs are limited to 500 ppm sulphur and in 2012

it will be lowered even further to 1:J0 ppm.

IOEnvironment Canada. "National Inventory Report: 1990-2004, Greenhouse Gas Sources and
Sinks in Canada." (2006), p432



4.3. CONGESI10N COSTS

4.3 CONGESTION COSTS

30

In most of the studies, the authors recognize that SSS helps regional congestion

but there is no measure of such deduction in congestion in any way. SSS alone is not

going to solve the congestion problem in the Lower Mainland area but choosing an

alternative transport mode other than rail or road will relieve the pre,sent pressure on

the road and rail infrastructure. With the non-subsiding container traffic gro-wth, the

number of container trucks are expected to be 1,000,000 or even 1,350,000 by 2020.

And if population grows by another 500,000 from now till 2020, congestion is only

going to get worse and travel time will be even longer. More time and resources are

wa.sted on travelling and so is pollution resulting from prolonged idling.

As mentioned earlier, the economic impact of congestion on all traffic in the region

is up to $1.5 billion per year and trucking accounts for $500 million. Thus all trucks

on the Lower Mainland roads are responsible for one third of the congestion costs. If

we assume further that 50% of all truck" on road are container trucks, the average

yearly congestion costs related to conta.iner traffic are $250 million. With an average

of 950,000 TEUs annually transferred by truck and two-TEU haul truck assumption,

every container truck on road costs $526 to the Lower Mainland by causing congestion.

If SSS transported 30,000 TEUs every year to one barge terminal, 15,000 trucks

would be taken off road. The Lower Mainland would Save $7.9 million. And if SSS

transported 40,000 TEUs (barge terminal capacity) every year to one barge terminal,

20,000 trucks would be taken off the road and the Lower Mainland would save $10.5

million. Moreover, if more than one barge terminal were developed, for example, five
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barge t.erminals each wit.h 40,000 TEUs capacit.y, the savings would be $52.5 million

per year.

By 2020, container growth is expected to incrf'AlSe by 3 to 5 million TEUs and

container trucks on the road are expected to increase by 525,000 to 875,000 (35%

of the increase in containers will be transported by trucks with the most efficient

two-TEU configuration.) Increased population and the amount of automobiles in the

Lower fvIainland plus the increased container truck traffic will raise the congestion

cost. III a Ilon-linear fashioll. The more containers that can be loaded onto barges and

transferred by the Fraser River, the more trucks can be taken off major roads and

highwayt; in the Lower Mainland, and the less severe the congestion will be on those

roadt;. Barge terminals could be expanded if SSS was proved to be successful and

more containers in the future could be taken off the roadways.

Congestion also caused the B.C. government to invest another $3 billion in road

and highway improvement and $900 million would be related to container trucks.

Each container truck with 2 TEUs would be responsible for $1,895 dollars out of that

total highway improvement investment; thus if 40,000 TEUs can be taken off the

road by each node port, five node ports could in theory save $379 million dollars in

highway improvement.

4.4 TIME EFFICIENCY

Barging does not offer the same time efficiency when compared to trucking. Table

20 and 21 give the approximate travel time for the two forms of transportation. It

takes a barge at least a day to make a delivery including loading and unloading time,
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while trucks take only 30 to 60 minutes to reach destinations. The road travel time

here does not include idling time caused by congestion and wait time at the deep-sea

terminals. Thus SSS will not be a good solution to containers requiring immediate

delivery but. those containers that would normally be stored at the deep-sea ports for

later delivery. If a container is stored at a main port terminal for at least 24 hours,

unloading the containers at the ocean side by a barge then transferring them to a

node port. will not. only provide t.he same time efficiency but also save some storage

costs and space at the main port. On top of that, SSS delivery time is constant while

trucking time is affected by both congestion on road and at the deep-sea terminals.

In Table 22, 23, and 24, the number of trucks required to deliver 100 TEUs within

a barge's travel time are illustrated with 2 TEUs, 1.25 TEUs and 1 TEU per truck.

For instance, it takes a barge 30 hours to deliver 100 TEUs from Roberts Bank to

Pitt Meadows node port. In order for trucks to deliver 100 TEUs within 30 hours, 4.3

two-TEU load trucks are needed to make about 12 round trips each. As observed by

NovaCorp's pre-feasibility group, trucks on road normally take 1.25 TEUs per round

trip. Thus when the amount of TEUs decreases on each truck from 2 TEUs to 1.25

and 1 TEU, the number of trucks required on road increases. And if the wait time

at the deep-sea terminals is increased, suggested by port operators, to 3 hours, more

trucks are needed on road as shown from Table 25 to 27. With the same example

from above, delivering 100 TEUs requires up to 19 one-TEU load trucks running at

the same time from Roberts Bank to Pitt Meadows. Note that the fewer containers

a truck takes on and the longer the wait time at the deep-sea ports, the more trucks

arc needed on road and the more congestion will be caused, which in turn will lead to
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longer truck travel time. There is a congeBtion cycle related to road transportation.

The more trucks are on road, the slower the trucks are, which will lead shippers to

demand more trucks to transport at the same time, causing more congestion and even

longer deliver time.

4.5 COMPARATIVE SCENARIOS

Comparing the costs of the two transport modes basoo on fuel efficiency may

not be appropriate in the future because the increase in fuel prices are leading to

technology advance..s in vehicle engines. For instance, the emergence of hybrid-electric

vehicles which combine the benefits of gasoline engines and electric motors to achieve

higher fuel efficiency. Thus this section produces different scenarios compared the

costs of trucking and SSS, where truck running time is prolonged by congestion and

truck loading time is extended by idling at the deep-sea terminals. The idea here is

that SSS cost is constant on a selected route while truck dray rate will increase with

longer running and idling time. According to industry source..s, trucking companies

charge - on average - $95 per engine running hour and $50 per hour when a truck is

waiting to load containers at a deep-sea terminal with engine offll . The calculations

are based on the route from Roberts Bank terminal to Coast 2000 node port. Two

scenarios are studied. Both scenarios start with the following assumptions.

1. On the selected route, a truck spends at least 1 hour with engine off at the deep-

sea terminal (loading time) and 1.76 hour of running time to finish a round trip,

11 Robert Munro. Regional Manager, Be-Alberta division, Arrow Transport. Quotes are given
on a per trip basis including wages. fuel. and maintenance. The return on capital is factored in
assuming full utilization of truck fleet.
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where a round trip time equals loading time plus running time.
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II. Based on the truck operation time from assumption I, average cost is $108.6

per TED for a 2-TED haul truck and $173.76 per TEU for a truck that hauls

1.25 TED per round trip.

III. On the selected route, SSS delivery time is fixed at 28 hours and per TED cost

starts at $223.

In Scenario A, barging cost is held constant at $223 per TEU, and truck loading

and running time is increased by a linear increment to find the two transport modes

break even price. For every 0.5 hour increase in truck running time prolonged by on

road congestion, trucking rate increases by $47.5; for every 0.5 hour waiting at the

deep-sea terminal, trucki'ng rate increases by $25. If there is no congestion on road or

at the deep-sea terminal, SSS always costs more than trucking by $114.4 for a 2-TEU

haul truck and $49.24 for a 1.25-TEU haul truck on this specific route. However, as

running time, loading time, or both are increased in a linear manner, SSS becomes

more price competitive.

Each trucking variable is gradually increased, while holding the other constant,

until trucking costs equal the barging cost of $223 per TED. When only loading time

is allowed to vary, barging and trucking costs break even at 2.2 hours of loading time

for a 1.25-haul truck with 4.0 hours round trip time (5.6 hours of loading time and

7.3 hours of round trip time for a 2-TEU haul truck). And when only running time

is varied, barging and trucking costs break even at 2.4 hours of running time for a

1.25-TED haul truck with 3.4 hours of round trip time (4.2 hours of running time and



4.5. COMPARATlVE SCENARIOS 35

~.2 hours of round trip time for a 2-TEU haul truck). Note that 2.2 hours of loading

time and 2.4 hours of running time do reflect some of the current trucking situations

discussed in the previous chapters.

Finally both running and loading time are increased together proportionally. Fig

ures 3 and 4 show the break even round trip time for the two transport modes under

different linear increments for running and loading time. Note that when a truck hauls

only 1.25 TEU per round trip, SSS becomes price competitive when truck round trip

time is under 4 hours. which is very close to what is observed at some of the major

deep-sea terminals.

In Scenario B, barging and trucking costs (1.25-TEU haul) are compared over

time. Instead of linear increments, truck loading and running time is increased at

constant annual (compounded) rates. In addition, marine fuel price is assumed to

increase SSS cost by 8% per year and truck fuel price is assumed to increa.<;e dray

rate by 6% per year since marine fuel price increases at a higher rate than truck fuel

price. As sho\vn in Figure 5, with no congestion on roads or at deep-sea terminals,

SSS cost is increa.c;ing at a higher rate caused by higher price increases in marine

diesel fuel comparing to truck diesel fuel. If running time is increased by 5% annually

and loading time is increased by 10% annually, trucking cost is expected to catch up

with barging cost in 6 years (Figure 6). If, however, running time is increased by 10%

annually and loading time is increased by 5% annually (as shown in Figure 7) it takes

only 4 years for trucking to catch up with SSS cost. Finally if both the running time

and loading time increases by 10% each year, it takes even less time for SSS to break

even with trucking cost (Figure 8).
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The two scenarios shed some light on the effects of conge..c;tion on trucking rates.

As discussed earlier, expanding highways will not get rid of congestion on roads in

the long run and congestion will eventually lead to high trucking rates. Thus SSS will

become feasible and will even offer price advantage comparing to trucks. However,

congestion on the river may become a problem depending on the volume of barges

travelling in the future. For the purposes of this study, river capacity is not a binding

constraint.



CHAPTER 5

CONCLUSION

At first glance, diverting truck traffic from deep-sea terminals seems a.<; though it

will reduce air pollution and barging clearly offers lower CO2 emission on selected

routes. Trucks operating out of node port locations will continue to emit pollutants,

a.<; will those vehicles which continue to operate to and from deep-sea locations. An

overall reduction in emission is anticipated however, a.<; time-in-traffic and travel dis

tances a.re reduced. A secondary payoff in reduced emissions is due to the fact, that

trucks operating shorter distances, with less idle-time, will run cleaner and require

less maintenance.

Also diverting trucks off the main roads into further east of B.C. will help relieve

current congestion. As stated in the pre-feasibility study, the Gateway Program will

not improve travei times on the roadway network over the links defined in the report

and in some ca.<;es travel time will increase dramatically due to the anticipated growth

in overall transportation demand. For instance, dray time and therefore dray rates

on routes connecting the Coa.<;t 2000 vicinity and the region's deep....sea terminals

are expected to increa."e between 8% and 30% by 2020. Importantly, this expected

increase in travel time and costs is only attributable to roadway congestion and does

not reflect increa."ed fuel costs. While these increases may not be dramatic in the

short run, nevertheless they indicate that the trucking industry will likely come under

37
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increa.c:;ing pressure to increa.c:;c its container dray rates consistently over time because

of travel time increase alone. The proposed SSS operation will not face cost increases

of this nature since the travel time by water will not vary over time in the near future.

The economic feasibility of a short-sea operation is very much dependent on vol-

ume. Barge openl.tions allow for economics of scale with large volumes, compared to

moving containers by road. With only 100 containers on board, SSS does not seem to

be as price competitive as trucking except for one route. Increa.c:;ing container volume

to 200 per harge \\rill increa.<;e some maintenance costs but will decrea.c:;e the fuel cost

by 50%. As of today the ga.c; price is already around $1.50 per litre and the outlook

for the near future ga.c:; price is not, promising. SSS is not commercially viable because

the social benefits cannot be absorbed by private investors. Instead of considering

the commercial viability of SSS, more technical research should be done to test the

feasibility of a higher volume. And if a higher volume still does not make SSS as price

competitive as truck, a clean air subsidy can be considered to SSS operators. Also

traffic data is required to forecast congestion on roads and at the deep-sea terminals

in order to make a more accurate comparison between the two transport modes.

As in The Delta Optimist, "If most of the containers go barged/shipped to a

depot upriver, there would be no need for the South Fraser Perimeter Road1
." Then

there is the question, "Do we want clean air or clean fish?" as all four Fraser Basin

sturgeon were df'Bignated a.c:; "Endangered" by COSE\VIC in 20032 • Tugboats and

barges already ply the Fraser River estuary to and from cargo terminals and auto

1 Easterbrook, Ursula. "Barging Would Save Burns Bog." The Delta Optimist, May 07, 2008.
~Committee on Status of Endangered Wildlife in Canada



39

terminals near New Westminster. Can we have cleaner air and clean fish at the same

time? More research is lweded to provide the answer.



40

BIBLIOGRAPHY

1. Avison Young Commercial Real Estate. "Container Shipping Growth and In

dustrial Real Estate Demand in Greater Vancouver: 2005-2020." June 2005.

2. BC Ministry of Transportation. (2006) "Gateway Program Definition Report."

British Columbia.

3. Brooks, M. and J.D. Frost (2004). "Short Sea Shipping: A Canadian Perspec

tive." Maritime Policy & fvlanagement 31 (4):393-407.

4. Brooks, fvl. (2006). "Short Sea Shipping on the Eac;t Coast: Shipper Require

ments." International Trade and Transportation Committee, Transportation

Research Board, January 2006.

5. Brooks, M. , .T. Richard Hodgson, and James D. Frost. (2006) "Short Sea

Shipping on the East Coast of North America: An Analysis of Opportunities

and issues." Dalhousie University, ~n Mar. 2006.

6. Cambridge Systematics, Inc. (2004) "Cross-border Short-Sea Shipping Study."

Cambridge Systematics for Transport Canada.

7. Cambridge Systematicc;, Inc. "The Short-Sea and Coastal Shipping Operations

Study." 1-95 Corridor Coalition, November 2005.

8. Clean Air Fleets. www.deanairfleets.org

9. Centre of Excellence, BCIT. "The Fraser River as a Commercial Highway, Is

sue", Implications and Opportunitie..c;." September 2007.



41

10. Connecticut Department of Transportation (2001), Container Barge Feeder Ser

vice Study: Bridgeport, New Haven, New London, Norwich. CT, Office of

Inter-modal Planning 1-80.

11. Crane Management Consultants. "Socia-Economic Considerations of Cleaning

Greater Vancouver's Air." Vancouver, B.C. 2005.

12. Easterbrook, Ursula. "Barging \Vould Save Burns Bog." The Delta Optimist,

lVlay 07, 2008.

1:3. Economic Development RE>3earch Group. "The Cost of Congestion to the Econ

omy of the Portland Region." Portland, Oregon, 2005.

14. Environment Canada. "National Inventory Report: 1990-2004, Greenhouse Gas

Sources and Sinks in Canada." April 2006.

www.ec.gc.ca/pdb/ghg/inventory_report/2004_report/toc_ e.cfm

15. Florida Department of Transportation (2003). "Florida Intracoastal and Inland

\Vaterway Study," FDOT Seaport Office.

16. Fraser River Port Authority. "5 Year International Summary."

www.frascrportauthority.com/facts/ cargostats.html

17. Gateway Program. "Improving Roads and Bridges for People, Goods and Tran

sit Throughout Greater Vancouver-Program Definition Report Summary." Jan

uary 31, 2006.

Vo"rww.gatewayprogram.bc.ca



42

18. Gateway Program. http://www.th.gov.bc.ca/gateway/

19. Gouvernal, Elisabeth, Brian Slack, and Pierre Franc. "Differences and Similar

ities Between the Short Sea and Deep Sea Shipping Markets: The Lessons to

be Drawn from the Echo Survey. "

20. Greater Va.ncouver Gateway Council. "Major Commercial Transport System:

Water Routes for Cargo and Pa.<;sengers, Overview of Issues and Opportunities."

January 2003.

21. Greater Vancouver Gateway Council. "l'vlajor Commercial Transport System

Phase One Report." August 2001.

22. Greater Vancouver Regional District. "Foreca.<;t and Backcast of the 2000 Emis

sion Inventory for the Lower Fraser Valley Airshed 1985-2025." July 2003.

23. Haralambidcs, RE. (1996) "The Economic Impact of Shipping on the National

Economy." International Conference on Shipping, Ports and Logistics Services:

Solutions for Global Issues. The International Association of Maritime Econo-

mists, Vancouver, B.C., Canada.

24. Higginson, James K. and Thdorita Dumitrascu. "Great Lakes Short Sea Ship

ping and the Domestic Cargo-Carrying Fleet." Transportation Journal January

1,2007

25. ICF Consulting. "North American Trade and Transportation Corridors: Envi

ronmental Impact and Mitigation Strategies." February 2001



43

26. InterVISTAS Consulting Inc. "Economic Impact Update." Prepared for Van

couver Port Authority. IVIay 2005.

27. LeClue, Sophie. "Air Pollution: Evaluating the Economic Cost of Visibility

Impairment." Civic Exchange Limited, HongKong, November 2004.

28. Le-Griffin, Hahn Dam and James E. Moore. "Potential Impact of Short Sea

Shipping in the Southern California Region." METRANS Project 65-A0047

Feb. 2006: University of Southern California, Los Angeles, CA. 16 Feb. 2007

29. Levelton Consultants Ltd. "Emission Reduction Options for Heavy Duty Diesel

Fleet Vehicles in the Lower Fra.ser Valley Final Report." Prepared for the

Greater Vancouver Regional District, Vancouver, B.C. 2005.

30. Logistics Solutions Builders Inc. "Operating Costs of Trucks in Canada." Pre

pared for the Economic Analysis Directorate, Transport Canada 2005.

31. Maloni, Michael and Eric C. Jackson. "North American Container Port Ca

pacity: An Exploratory Analysis." Transportation Journal, Vol. 44, Issue 3,

Summer 2005.

32. Nathan Associates Inc. "Economic Analysis of Federal Support for the Private

}.'1erchant Marine." Report submitted to the American Maritime Congress. Ar

lington, VA, January 1995.

33. NovaCorp International. "Greater Vancouver Short-Sea Container Shipping

Study-Pre-feasibility Report." January 2005.



44

34. Ocean Shipping Consultants Ltd. "Marketing of Container Terminals - Optimis

ing Container Terminal Management in A Globalised Industry." Press Release,

January 2005.

35. Ocean Shipping Consultants Ltd. "The Prospects for Continued Growth in

Container Trades in the America.c;." Press Release, September 2003.

36. Padova, Allison. "Trends in Containerization and Capacity at Canadian Ports."

Jan. 2006: Library of Parliament, Ottawa, ONT. 16 Feb. 2007.

37. Paixao, A.C. and Peter B. Marlow. (2002) "Strengths and Weaknesses of Short

Sea Shipping." Marine Policy, 26(3), 167-178

38. Paixao, A.C. and Peter B. tvlarlow. (2005) "The Competitiveness of Short Sea

Shipping in Multimodal Logistics Supply Chains: Service Attribte." Maritime

Policy and Management, 32(4), 363-382.

39. Port North Fra.c;er. "1913-2006 The Working River-2006 Annual Report."

www.nfpa.caj06mediajpdfj2006annualreport.pdf

40. RWDI Inc. "South Fraser Perimeter Road Regional Air Quality Impact As

sessment: Technical Volume 16 of the Environmental Assessment Application."

Prepared for the Ministry of Transportation, 2006.

41. Short Sea Shipping Cooperative Program (SCOOP). www.shortsea.lis

42. Short Sea Shipping Burea. www.shortsea.nl



45

43. Statistics Canada. "Energy Statistics Handbook." July to September 2007.

www.statean.ca

44. Stuart, MacKay and Angela Rey. "Gateway Program: Preliminary Economic

Costs and Benefits." MMK Consulting 2005.

45. Translink. "1999 Lower Mainland Truck Freight Summary." Burnaby, B.c. 2

Mar. 2007.

46. Translink. "Greater Vancouver Trip Diary Summary" 2004: Burnaby, B.C.

47. Transport Canada. "Canada's Asia-Pasicific Gateway and Corridor Initiative."

Vancouver, B.C. 23 Feb. 2007.

48. US Federal Highway Administration (2005) "Assessing the Effects of Freight

Movement on Air Quality at National and Regional Level." Office of Natural

and Human Environment.. www.fhwa.dot.gov.

49. Vancouver I·'raser Port Authority. www.vfpa.ca

50. Vancouver Port Authority. \vww.portvancouver.com/trade_shipping/terminals/

51. Vancouver Port Authority. "Vancouver Port Authority Statistics Overview

2007." wwv.;.portvancouver.com/statistic.s/ reports.html

52. Vehicle Idling Reduction Strategies. Clean Air Fleets.

www.cleanairfleets.org/idling.html



46

APPENDIX
Table I

Forecast World Container Port Demand by Region to 2015 in Millions of TEUs.
2003 2004 2010 2015

East Asia
Northeast ASia 38.25 41 72 6416

ChtneSe port regIon 63.61 6829 9655
Soutneasl ASia 4545 4907 7976
Tolal 14731 15908 240.47

Americas
North Amenca 3937 4106 5685

Other Amances 19.26 21 10 33.81
Total 58.62 6216 90.66

Europe/Mediterranean
North Europe 36.90 3947 5625
S. Europe/Mediterranean 32.25 3465 <19.55

rotal 6915 7413 10580

Others
M East/Indian subcontinent 2145 2360 3855

Sub-Sa!1aran Afnca 5.91 633 975
Australasia/Oceania 649 687 989

fotal 33_85 3680 5819

Total J08.93 332.17 495.12

Source: Ocean Shipping Consultants Ltd. (2005), p3
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Figure I
Forecast Americas Container Port Demand by Region to 2015 in Millions ofTEUs.
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Figure 2
PROSPECTIVE SHORT-SEA CONTAINER NODE SITES

ALONG THE FRASER RIVER BY AREA

v,
'BRITISH

Source: Greater Vancouver Short-Sea Container Shipping Study. p 19

Table 2
TUG AND BARGE OPERATIONAL COSTS (2004 $ PER HOUR)

47

Barge & Tug Costs (per hour) Base Cost Incl. 15% Profit

Tug $350 $403

Barge $63 $72

Barge + Tug $413 $474

Total Cost = (% of time with Thg)*$474 + (% of time without Tug)*$72

Source: Greater Vancouver Short-Sea Container Shipping Study. p43, p45
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Table 3
TRUCK VS SHORT-SEA C02 AND VOC EMISSIONS BY

ROUTE AND BARGE VOLUME

TERMINALS

Fraser Surrey

Innet' HartxMJ' •SShOftl

Inner HartxMJ' -NShore

ROOMs8ank

Fraser Surrey_..._. -
Innel HartxMJ' •South Sbore

tnnet' HartxMJ' -North Shore

Fraser Surrey

InFlef HartxMJ' •South Shore

Innet' HartJow -NOIth Short

Coast 2000 Delta Tilbur; Fraset'SlJITey Port Kelts

Note: The cell numbers indicate the estimated proportionate levels of C02 and VOC emissions

per laden TEU for truck transport compared with short-sea transport of containers for the

origin/destination pairs and the barge volumes described. In fact, with improved engine

efficiencies, comparative VOC emissions levels are expected to be lower than those shown for

short-sea shipping.

Source: Greater Vancouver Short-Sea Container Shipping Study. p81
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Table 4
TRUCKING DISTANCE AND FUEL CONSUMPTION BETWEEN CONTAINER

NODES (KILOMETRES AND LITRES)
--

GENERATOR/ Coast 2000 Delta Tilbury Fraser Surrey Pitt Meadows Port Kells!

SSS NODE Docks Parsons

Roberts Bank 29(13.72) 21(9.94) 32(15.14) 58(27.44) 23.7(8.16)
1-----

Fraser Surrey 16(7.57) 12(5.68) N/A 27(12.77) 9.9(2.72)
Docks

Inner Harbour 24(11.36) 33(15.61) 23(10.88) 36(17.03) 40(18.92)
South Shore

Inner Harbour 19(8.99) 29(13.72) 25(11.83) 38(17.98) 42(19.87)
North Shore

Note: The first number in each cell of the table is the one-way trip distance in kilometers. The

second number (in parentheses) is fuel consumption. in litres, per trip (with a two-TEV

configureation per trip) over that distance. N/A indicates not applicable.

Source: Greater Vancouver Short-Sea Container Shipping Study. p79

Table 5
TOW BOAT TRANSIT TIME AND FUEL CONSUMPTION BETWEEN

CONTAINER NODES
(HOURS AND LITRES)

GENERATOR/ Coast 2000 Delta Tilbury Fraser Surrey Pitt Meadows Port Kells!

SSS NODE Docks Parsons

Roberts Bank 3(408) 3(408) 4(544) 6(816) 6(816)
Fraser Surrey 1(136) 1(136) N/A 2 (272) 2 (272)

Docks

Inner Harbour 5(680) 5(680) 6(816) 8(1088) 8(1088)
S&N

Note: Over the distances traveled, short-sea travel times to/from either the south shore or the north

shore of the Inner Harbour are equivalent. The first number in each cell of the table is the average

one-way travel time in hours. The second number (in parentheses) is tug fuel consumption, in

litres. N/A indicates not applicable.

Source: Greater Vancouver Short-Sea Container Shipping Study. p80
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Table 6
TRUCK & TOW BOAT (100 TEUs) FUEL CONSUMPTION COMPARISON

(LITRES PER 2 TEUS)
~-

GENERATOR/ Coast 2000 Delta Tilbury Fraser Surrey Pitt Meadows Port Kells/

SSS NODE Docks Parsons

Roberts Bank 13.7(8.16) 9.9(8.16) 15.1(10.9) 27.4(16.3) 23.7(16.3)

Fraser Surrey 7.6(2.72) 5.7(2.72) N/A 12.8(5.4) 9.9(5.4)

Docks

Inner Harbour 9.0(13.6) 13.7(13.6) 11.8(16.3) 18.0(21.8) 19.9(21.8)

South Shore

Inner Harbour 11.4(13.6) 15.6(13.6) 10.9(16.3) 17.0(21.8) 18.9(21.8)

North Shore

Table 7

TRUCK & TOW BOAT (200 TEUs) FUEL CONSUMPTION COMPARISON
(LITRES PER 2 TEUS)

GENERATOR/ Coast 2000 Delta Tilbury Fraser Surrey Pitt Meadows Port Kells/

SSS NODE Docks Parsons

Roberts Bank 13.7(4.08) 9.9(4.08) 15.1(5.44) 27.4(8.16) 23.7(8.16)

Fraser Surrey 7.6(1.36) 5.7(1.36) N/A 12.8(2.72) 9.9(2.72)

Docks

Inner Harbour 9.0(6.80) 13.7(6.80) 11.8(8.16) 18.0(10.88) 19.9(10.88)

South Shore

Inner Harbour 11.4(6.80) 15.6(6.80) 10.9(8.16) 17.0(10.88) 18.9(10.88)

North Shore

Note: Table 6 & 7, the first number in each cell is the average one-way fuel consumption by truck

per TEU in Iitres using a two-TEU per trailer configuration. The second number in parentheses is

the average one-way tug fuel consumption per two TEUs in litres assuming a barge load of 100

TEUs and 200 TEUs per one-way trip.
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Table 8
ESTIMATED CONTAINER TRUCKING COSTS (DRAY RATES) PER

CONTAINER MOVE

(ONE-WAY - 2004 $)
GENERATOR! Coast 2000 Delta Tilbury Fraser Surrey Pitt Meadows Port Kells/

SSS NODE Docks Parsons

Roberts Bank $174 $174 $186 $248 $211
Fraser Surrey $186 $182 N/A $216 $194

Dock...;

Inner Harbour $186 $208 $202 $216 $202
South Shore

~ource: Greater Vancouver Short-Sea Container Shipping Study. p55

Table 9
TRUCK FUEL COSTS PER TEU

(ONE-WAY - 2004 $)
GENERATOR/ Coast 2000 Delta Tilbury Fraser Surrey Pitt Meadows Port Kells/

SSS NODE Docks Parsons

Roberts Bank $5.5348 $3.9996 $6.1004 $11.0696 $9.5748
Fraser Surrey

$3.0704 $2.3028 N/A $5.1712 $3.9996
Docks

Inner Harbour
$3.636 $5.5348 $4.7672 $7.272 $8.0396

South Shore

Table 10
TRUCK COSTS ESTIMATES WITHOUT FUEL COSTS PER CONTAINER MOVE

(2004 $)
GENERATOR/ Coast 2000 Delta Tilbury Fraser Surrey Pitt Meadows Port Kells/

SSS NODE Docks Parsons

Roberts Bank $168 $170 $180 $237 $201
Fraser Surrey

$183 $180 N/A $211 $190
Docks

1---- -
Inner Harbour

$182 $202 $197 $209 $194
South Shore

L---_
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Table 11
TRUCK COSTS WITHOUT FUEL COSTS ESTIMATES PER CONTAINER MOVE

(2007 $)
GENERATOR/ Coast 2000 Delta Tilbury Fraser Surrey Pitt Meadows Port Kells/

SSS NODE Docks Parsons

Robelts Bank $179 $180 $191 $251 $214
f--------.

Fraser Surrey
$194 $191 N/A $224 $202

Docks

Inner Harbour
$194 $215 $209 $222 $206

South Shore

Table 12
TRUCK COSTS WITH FUEL COSTS ESTIMATES PER CONTAINER MOVE

(2007 $)
GENERATOR! Coast 2000 Delta Tilbury Fraser Surrey Pitt Meadows Port Kells/

SSS NODE Docks Parsons

Roberts Bank $186 $186 $199 $267 $227
Fraser Surrey

$198 $194 N/A $231 $207
Docks

Inner Harbour
$199 $222 $216 $231 $217

South Shore

Table 13
SHORT-SEA SERVICE COSTS WITH FUEL COSTS ESTIMATES PER

CONTAINER MOVE
(2007 $)

GENERATOR/ Coast 2000 Delta Tilbury Fraser Surrey Pitt Meadows Port Kells/

SSS NODE Docks Parsons

Roberts Bank $238 $238 $201 $298 $297
Fraser Surrey

$224 $224 N/A $274 $274
Docks

Inner Harbour
$246 $247 $210 $307 $306

South Shore



Table 13a
ESTIMATED SHORT-SEA SERVICE COSTS PER CONTAINER MOVE

(2004 $)
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GENERATOR! Coast 2000 Delta Tilbury Fraser Surrey Pitt Meadows Port Kells/

sss NODE Docks Parsons

Roberts Bank $223 $223 $189 $279 $279
Fraser Surrey $211 $211 N/A $258 $258

Docks

Inner Harbour $231 $231 $196 $287 $287
South Shore

Includes a 15% profit.

Source: Greater Vancouver Short-Sea Container Shipping Study. p53

Table 13b
ESTIMATED BUNKER FUEL COST (DOLLARS PER TEU)

(2004 $)
GENERATOR! Coast 2000 Delta Tilbury Fraser Surrey Pitt Meadows Port Kells/

SSS NODE Docks Parsons

Roberts Bank $2.35 $2.35 $3.14 $4.70 $4.70
Fraser Surrey

$0.78 $0.78 N/A $1.56 $1.56
Docks

Inner Harbour
$3.92 $3.92 $4.70 $6.29 $6.29

South Shore

Table 13c
ESTIMATED SHORT-SEA SERVICE COSTS WITHOUT FUEL COST PER

CONTAINER MOVE
(2004 $)

GENERATOR! Coast 2000 Delta Tilbury Fraser Surrey Pitt Meadows Port Kells/

SSS NODE Docks Parsons

Roberts Bank $221 $221 $185 $274 $273
Fraser Surrey

$210 $210 N/A $256 $256
Docks

Inner Harbour
$226 $227 $191 $281 $280

South Shore
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Table 13d
ESTIMATED SHORT-SEA SERVICE COSTS WITHOUT FUEL COST PER

CONTAINER MOVE

(2007 $)
GENERATOR! Coast 2000 Delta Tilbury Fraser Surrey Pitt Meadows Port Kells/

SSS NODE Docks Parsons

Roberts Bank $234 $234 $196 $291 $290
Fraser Surrey

$223 $223 N/A $272 $272
Docks

Inner Harbour
$240 $241 $203 $298 $297

South Shore

Table 14
COST COMPARISON OF CONTAINER TRANSPORT BY SHORT-SEA AND

TRUCK
(2004 $ - PER CONTAINER MOVEMENT)

GENERATOR! Coast 2000 Delta Tilbury Fraser Surrey Pitt Meadows Port Kells/

SSS NODE Docks Parsons

Roberts Bank ($49) ($49) ($2) ($31) ($67)

Fraser Surrey
($25) ($29) N/A ($42) ($64)

Docks

Inner Harbour
($44) ($23) $6 ($71) ($84)

South Shore

Note: Negative value means barge cost exceeds truck draying cost.

Table 15
COST COMPARISON OF CONTAINER TRANSPORT BY SHORT-SEA AND'

TRUCK
(2007 $ - PER CONTAINER MOVEMENT)

----------
GENERATOR! Coast 2000 Delta Tilbury Fraser Surrey Pitt Meadows Port Kells/

SSS NODE Docks Parsons

Roberts Bank ($52) ($52) ($2) ($31) ($70)
Fraser Surrey

($26) ($30) N/A ($43) ($67)
Docks

Inner Harbour
($47) ($25) $6 ($76) ($89)

South Shore

Note: Negative value means barge cost exceeds truck draying cost.



Table 16
COST COMPARISON OF CONTAINER TRANSPORT BY SHORT-SEA AND

TRUCK
(2020 $ - PER CONTAINER MOVEMENT)
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GENERATOR/ Coast 2000 Delta Tilbury Fraser Surrey Pitt Meadows Port Kells/

SSS NODE Docks Parsons

Roberts Bank ($56) ($61) $8 ($21) ($75)

Fraser Surrey
($27) ($35) N/A ($46) ($80)

Docks

Inner Harbour
($59) ($24) $12 ($90) ($106)

South Shore

~ote: Negative value means barge cost exceeds truck draying cost.

Table 17
ESTIMATED C02 EMISSION

(40,000 TEUs PER YEAR PER ROUTE)

(IN THOUSANDS OF KG)
GENERATOR! Coast 2000 Delta Tilbury Fraser Surrey Pitt Meadows Port Kells/

SSS NODE Docks Parsons

Roberts Bank 368 48 248 880 560

Fraser Surrey 400 240 N/A 672 432
Docks

Inner Harbour (440) (40) (440) (328) (168)
South Shore

Inner Harbour (240) 120 (520) (408) (248)
North Shore

Note: Negative value means C02 emission from barging exceeds trucking

Table 18

ESTIMATED C02 COSTS COMPARlSON
(PER 2 TEUs - IN CENTS)

GENERATOR/ Coast 2000 Delta Tilbury Fraser Surrey Pitt Meadows Port Kells/

SSS NODE Docks Parsons

Roberts Bank 47 6 32 112 72
Fraser Surrey

51 31 N/A 85 55
Docks

Inner Harbour
(55) (5) (55) (41)

South Shore
(21)

Inner Harbour
(30)

North Shore
16 (66) (51) (31 )

Note: Negative value means C02 costs from barging exceed C02 costs from trucking.



Table 19
ESTIMATED C02 COSTS COMPARISON

(40,000 TEUs PER YEAR PER ROUTE)
(IN THOUSANDS OF DOLLARS)
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GENERATOR! Coast 2000 Delta Tilbury Fraser Surrey Pitt Meadows Port Kells/

SSS NODE Docks Parsons

Roberts Bank $9.40 $1.27 $6.37 $22.45 $14.32
Fraser Sun'ey

$10.18 $6.11 N/A $17.10 $11.00
Docks

Inner Harbour
($11.10) ($0.94) ($11.08) ($8.21) ($4.14)

South Shore

Inner Harbour
($6.02) $3.13 ($13.11 ) ($10.24) ($6.18)

North Shore

Note: Negative value means C02 costs from barging exceed C02 costs from trucking.

Table 20
TRAVEL TIME FOR SHORT-SEA SERVICE

(ONE-WAY INCLUDES LOADIUNLOAD TIME - HOURS)
GENERATOR/ Coast 2000 Delta Tilbury Fraser Surrey Pitt Meadows Port Kells/

SSS NODE Docks Parsons

Robert'i Bank 28 28 29 30 30
Fraser Surrey

25 25 N/A 25 25
Docks

-'

Inner Harbour
29 29 30 31 31

South Shore
--

Inner Harbour
29 30 31 31

North Shore
29

Source: Greater Vancouver Short-Sea Container Shipping Study. p62

Table 21
ROAD TRAVEL TIME - 2003

(ONE-WAY - MINUTES)
GENERATOR! Coast 2000 Delta Tilbury Fraser Surrey Pitt Meadows Port Kells/

SSS NODE Docks Parsons

Roberts Bank 37 22 36 78 59
Fraser Surrey

27 23 N/A 44 33
Docks

Inner Harbour

South Shore
32 45 37 39 42

Inner Harbour

North Shore
45 56 37 39 42

Source: Greater Vancouver Short-Sea Container Shipping Study. p65



Table 22
NUMBER OF TRUCKS REQUIRED DELIVERING 100 TEUS

(2 TEU PER TRUCK)

57

GENERATOR! Coast 2000 Delta Tilbury Fraser Surrey Pitt Meadows Port Kells!

SSS NODE Docks Parsons

Roberts Bank 2.2 1.3 2.1 4.3 3.3
Fraser Surrey

1.8 1.5 N/A 2.9 2.2
Docks

Inner Harbour
2.1 2.1 2.3

South Shore
1.8 2.6

Inner Harbour
2.6 3.2 2.1 2.1 2.3

North Shore

Table 23
NUMBER OF TRUCKS REQUIRED DELIVERING 100 TEUS

(1.25 TEU PER TRUCK)
GENERATOR! Coast 2000 Delta Tilbury Fraser Surrey Pitt Meadows Port Kells!

SSS NODE Docks Parsons

Roberts Bank 3.5 2.1 3.3 6.9 5.2
Fraser Surrey

2.9 2.5 N/A 4.7 3.5
Docks

Inner Harbour
3.4 3.6

South Shore
2.9 4.1 3.3

Inner Harbour
5.1 3.3 3.4 3.64.1

North Shore

Table 24
NUMBER OF TRUCKS REQUIRED DELIVERING 100 TEUS

(I TEU PER TRUCK)
GENERATORI Coast 2000 Delta Tilbury Fraser Surrey Pitt Meadows Port Kells/

SSS NODE Docks Parsons

Roberts Bank 4.4 2.6 4.1 8.7 6.6
Fraser Surrey

3.6 3.1 N/A 5.9 4.4
Docks

Inner Harbour
5.2 4.2 4.5

South Shore
3.7 4.1

--

Inner Harbour

North Shore
5.2 6.4 4.1 4.2 4.5

~-
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Table 25
NUMBER OF TRUCKS REQUIRED DELIVERING 100 TEUS WITH 3 HOURS

WAIT TIME AT THE DEEP-SEA TERMINAL
(2 TEU PER TRUCK)

GENERATOR! Coa<;t 2000 Delta Tilbury Fraser Surrey Pitt Meadows Port Kells/

SSS NODE Docks Parsons

Roberts Bank 7.6 6.7 7.2 9.3 8.3
Fraser Surrey

7.8 7.5 N/A 8.9 8.2
Docks

Inner Harbour
7.0 7.8 7.1 6.9 7.1

South Shore

Inner Harbour
7.8 8.4 7.1 6.9 7.1

North Shore

Table 26
NUMBER OF TRUCKS REQUIRED DELIVERING 100 TEUS WITH 3 HOURS

WAIT TIME AT THE DEEP-SEA TERMINAL
(l.25 TEU PER TRUCK)

GENERATOR/ Coast 2000 Delta Tilbury Fraser Surrey Pitt Meadows Port Kells/

SSS NODE Docks Parsons

Roberts Bank 12.1 10.7 1l.6 14.9 13.2
Fraser Surrey

12.5 12.1 N/A 14.3 13.1
Docks

--
Inner Harbour

11.2 12.4 11.3 Il.l 11.4
South Shore

Inner Harbour
12.4 13.4 11.3 1l.1 11.4

North Shore

Table 27
NUMBER OF TRUCKS REQUIRED DELIVERING 100 TEUS WITH 3 HOURS

WAlT TIME AT THE DEEP-SEA TERMINAL
(l TEU PER TRUCK)

GENERATOR! Coast 2000 Delta Tilbury Fraser Surrey Pitt Meadows Port Kells/

SSSNODE Docks Parsons

Roberts Bank 15.1 13.3 14.5 18.7 16.6
Fraser Surrey

15.6 IS.! N/A 17.9 16.4
Docks

f-----
Inner Harbour

14.0 15.5 14.1 13.9 14.2
South Shore

Inner Harbour
15.5 16.8 14.1 13.9 14.2

North Shore
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Figure 3
COMPARATIVE SCENARIO A (2 TEU PER TRUCK)
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Figure 4
COMPARATIVE SCENARIO A (1.25 TEU PER TRUCK)
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Figure 5
COMPARATIVE SCENARIO B (1.25 TEU PER TRUCK)
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Figure 7
COMPARATIVE SCENARIO B
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