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This thesis was a part of Ecologically Friendly Port -project, which aims to improve
the environmental status of the eastern Gulf of Finland. The Ecologically Friendly
port- project is focused on the environmental issues relating to Ports of HaminaKotka
and Ust-Luga in Russia.

The objective of this study was to find practical ways to reduce emissions in the Port
of HaminaKotka and especially in the Port of Mussalo. In this thesis truck turn times
were researched in Mussalo and the goal was to shorten the turn times. Emissions
were to be reduced by decreasing the time that trucks spend in the port.

This research was carried out by reading through already existing studies of environ-
mental issues in ports and truck turn times. Then Steveco, customs’ personnel and the
port authority were interviewed. The turn times for one usual day were taken from the

port's access control system.

The main problem was the truck drivers, who do not drive to the port straight after
they have gotten their access pass. Truck appointment system could be a solution to
this as the drivers would have a given time slot to go to the port. This would also be a
solution to the other problem, which is the queues in the port because the trucks arrive

at the same time.
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1 INTRODUCTION

This thesis was a part of the Ecologically Friendly Port - project that has begun in De-
cember 2012. The project is meant to create close cooperation between citizens and
public authorities. The goals are sustainable regional development, increased ecologi-
cal awareness, and improved understanding of the responsibility of ports with regard
to the climate change. The project also aims to improve cooperation between the port
authority and port operators.

The Ecologically Friendly Port - project will be executed by analyzing the state of the
region's environment and by developing compensatory measures for improving it, by
researching the environmental regulations and by creating a surveillance center for the

regulations.

This part of the project examined turn times of container trucks in the Port of Mussalo
and its purpose was to find a solution for the long turn times. The purpose of this the-
sis was to reduce emissions from the trucks with practical solutions such as reducing

the time spent inside the port gates by the trucks.

1.1 Research Method

This research was conducted by going through existing international material on truck
turn times. First a journal database called Emerald was used to search journal articles
on truck turn times and emission reductions in ports, and then the Internet was
searched using the same criteria. A few articles were found in Emerald and a study of
the port of Los Angeles was found in the Internet.

Interview questions were created based on the information from journal articles, and
port operators were interviewed. First the production manager of Steveco’s office in
Mussalo Arto Sinikannas was interviewed about the turn times of their terminal. Then
Satu Tapola and Ari Holopainen from customs were interviewed to find out how their
services affect the turn times. The purpose of the interviews was to find reasons for

long turn times and possible improvement suggestions.

The turn times of the Port of Mussalo for one example day were taken from the ports



access control system. The chosen day was a normal day; it was neither a slow one
nor a congested one. The port’s traffic coordinator Markku Koskinen was also inter-
viewed about the turn times. Finally existing research papers were reviewed in order

to find solutions for the port of Mussalo.

1.2 Ecologically Friendly Port

The project is led by the Russian State Hydrometeorological University and the pro-
ject consortium includes Ust-Luga Company JSC, University of Turku Centre for
Maritime Studies and Kymenlaakso University of Applied Sciences. The project asso-
ciates are Port of HaminaKotka, City of Kotka, Finnish Port Association and Admin-
istration of Leningrad Region Committee on Natural Resources. (Ecologically Friend-
ly Port, 2013.)

The overall objectives of the project are:
- Improving the environmental status of the eastern part of Gulf of Finland,

- Improving the ability of the ports to develop the environmental protection and sus-

tainable growth in ports,

- Improving the municipalities’ ability to enhance environmental safety issues,

- Increasing the awareness of the citizens' green thinking. (Ecologically Friendly Port,
2013.)

The main outputs of the project regarding the port of HaminaKotka are recommenda-
tions to decrease air emissions, to improve energy effectiveness and to decrease noise
level in the port, and to review the environmental status of the port. The project also
aims to give a description of light and movable noise walls for ports and to give rec-
ommendations about the development of co-operation between stakeholders in the

port. (Ecologically Friendly Port, 2013.)

1.3 Port Operations

The word port has three definitions; as a physical area a port consists of the dock area,



fields, quays, fairways, and land routes. The port also consists of the entire infrastruc-
ture, such as warehouses, cranes and terminals, related to the port activities. In the
largest definition of port, it includes all the services provided by different organiza-
tions in the port. (Karvonen and Tikkala, 2004.)

The stakeholders of the port can be divided into four different groups; port organiza-
tions, port users, public authority and service providers (Santala, 1989). Port organiza-
tions are port authority, owner companies, and port operators also known as stevedor-
ing enterprises. Bringing cargo alongside a ship and moving the cargo to trucks or
warehouses is a part of stevedore’s work. (Pollanen et al., 2005, p.77.)

Freight forwarder represents the cargo owner in a port. They arrange the goods to be
in the right place at the right time for the right price. Freight forwarding company
plans transportation and arranges the necessary cargo handling and customs clearance.
In addition the freight forwarder supplies information between transportation compa-

nies, insurance companies, customs and banks. (Vuoristo, 1994.)

Customs has four different tasks in a port. The tasks can be divided into surveillance,
rating and collection, and statistics. Customs prevents illegal import and export and it
collects tariffs for products that go through customs clearance. Customs also collects
other fees that belong to the state. (Santala, 1989.)

Steveco is the main port operator in the port of HaminaKotka. It offers stevedoring,
freight forwarding, transportation, and terminal services to companies that work in ex-
port, import or transit traffic. Steveco Oy is the leading port operator and market lead-
er in the Finnish forest industry's transportation and transit traffic. Steveco group had
approximately 950 employees and Steveco Oy had 816 employees in 2011. Group's
turnover was 146,2 million Euros and stevedoring tonnages were 11,1 million tons that

same year. (Steveco, 2013.)

The vision of Steveco:

"Steveco is a respected, competitive and profitable enterprise which provides and de-

velops port and logistics services for the requirements of clients.” (Steveco, 2013.)



The Business idea of Steveco:

"Steveco is to solve its clients’ cargo handling and logistics service requirements cost-
effectively, profitably and in an environmentally sustainable manner. This is accom-
plished through the expertise and productive work of the entire personnel.” (Steveco,
2013.)

1.4 Port of HaminaKotka

HaminaKotka is the largest universal, export and transshipment port in Finland. The
port provides good connections to the Baltic Sea region and also to other European,
Asian and Russian markets. It is located 35 kilometers from the Russian border. Be-
cause of its eastern location HaminaKotka is specialized in transshipment to Com-
monwealth of Independent States(CIS) countries. A 15-meter fairway enables connec-
tions not only to Europe but also to other parts of the world. (Port of HaminaKotka,
2013.)

Ten port operators and 170 other businesses work in the port in its 1,100 hectares of
port land area. One of the most efficient container terminals in the Baltic Sea is locat-
ed in HaminaKotka. The port also has liquid bulk terminals, which are specialized in
providing handling and storing services for liquid bulk cargos. (Port of HaminaKotka,
2013.)

The port of Mussalo serves container, bulk and liquid bulk vessels. There are 1,792
meters of quays for container traffic and 600 meters for bulk traffic. Twelve berths are
reserved for container vessels with the draught of ten to twelve meters. Seven contain-
er cranes operate the vessels with lifting capacity of 30 to 40 tons. Bulk traffic occu-
pies four berths with the draught of 13,5 to 15,3 meters. The vessels are operated by

three 40-tonne-cranes and by one eight-ton-crane. (Port of HaminaKotka, 2013.)



10

=~
N

4LO HARBOUR

TERMINAL
S

e

I
>

| 1 I P
A . ;
\ | -
% e
i b
%MUSSALO e
|
= S
rch, 2011 (V7.

Picture 1Port of Mussalo (Port of HaminaKotka, 2013.)

2 ENVIRONMENTAL IMPACTS OF TRANSPORTATION

Global warming is a major problem in the present world and transportation with its
emissions contributes to it. This is why the environmental impacts of transportation
are covered in the following chapters. First transport related emissions are presented

and then their environmental effects are explained.

2.1 Emissions from Transportation

Carbon monoxide, nitrogen oxides, volatile organic compounds and particulate matter
are the main emissions from transportation, which can cause major health and envi-

ronmental problems. This chapter covers these emissions more thoroughly.

2.1.1 Carbon Monoxide

CO is a colorless, odorless gas emitted from incomplete combustion process. It can
cause health effects as it prevents body's organs and tissues of getting enough oxygen.
If carbon monoxide levels rise too high, it can cause death. The first air quality stand-
ards for CO were set in 1971. Unites States Environmental Protection Agency (EPA)
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set an 8-hour primary standard at 9 parts per million (ppm) and a 1-hour primary
standard at 35 ppm. (EPA United States Environmental Protection Agency, 2012.)

2.1.2 Nitrogen Oxides

Nitrogen oxides (NOXx) consist of nitric oxide (NO), nitrogen dioxide (NO2) and ni-
trous oxide (N20) and are formed when nitrogen (N2) combines with oxygen (O2).
Nitric oxide and nitrogen dioxide exist in the atmosphere from one to seven days and
nitrous oxide up to 170 years. The main source of nitrogen oxides is from the burning
of fossil fuels. (Clean Air Strategic Alliance, 2013.)

Sources of NOx

Consumer
Prod . Mizc

Incustey § 0 4% Fowver Generation
COmmerce M.7%
233% Hesating/combustion

3.6%

Transportation
B1%

Picture 2 Sources of NOx (Environmental Journalism Canada, 2013.)

Twenty percent of the atmosphere’s volume is nitrogen. Nitrogen oxides stay between
one and three days in the atmosphere, which means that they can be transported up to
1,200 kilometers. (OECD, 2011.) Nitric oxide is not harmful, but it is converted into
nitrogen dioxide in the air. At high levels it is potentially toxic to plants, can injure
leaves and reduce growth. (Clean Air Strategic Alliance, 2013.)

As a component of smog, nitrogen dioxide irritates lungs and increases susceptibility
to respiratory infections (Clean Air Strategic Alliance, 2013). Nitrogen oxides con-
tribute to the formation of ozone, which is hazardous to health and can cause vegeta-
tion damage and crop yields. They also affect biodiversity on land and in coastal wa-
ters. (OECD, 2011.) Picture 2 shows that most of the nitrogen oxides are originated

from transportation. (Environmental Journalism Canada, 2013.)
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2.1.3 Volatile Organic Compounds

Volatile organic compounds (VOC's) are caused by evaporation of fuel and are anoth-
er ingredient in ozone production. Many of the VOC's are harmful especially benzene,
which is carcinogenic. (Gilbert and Perl, 2010, p.189) Picture shows the distribution
between the sources of volatile organic compounds in Canada. (Environmental Jour-
nalism Canada, 2013.)

Sources of VOCs
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Picture 3 Sources of VOC's (Environmental Journalism Canada, 2013.)

One third of volatile organic compounds are originated from transport. Another third
comes from consumer products and the last third comes from heating combustion and

from industrial or commercial sources.

2.1.4 Particulate Matter (PM10)

Particulate matter is also known as particle pollution or PM. It is a mixture of very
small particles and liquid droplets. It consists of acids, organic chemicals, metals, and
soil or dust particles. Particles that are ten micrometers in diameter or smaller (PM10)
pass through the throat and nose and enter the lungs. (EPA United States Environmen-
tal Protection Agency, 2013.) It can take hours or days for these particulates to settle
on the ground. (OECD, 2011.)

The particles can effect heart and lungs and cause serious health effects. Fine particles
can form when gases from vehicles react in the air. These particles are 2.5 microme-
ters in diameter or smaller. (EPA United States Environmental Protection Agency,
2013.) The finest fractions of particulate matter stay in the air and can move long dis-
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tances. They have climate-forcing impacts; they either contribute or offset the effects
of greenhouse gases. (OECD, 2011.)

2.2 Emissions during Idling

The pictures four and five show carbon dioxide emissions created by idling. Picture
four shows the effect of using appliances on emissions during short idling and picture
five shows the effect of using appliances on emissions during long idling. Short idling
occurs when trucks move regularly such as in traffic or gate wait. This means that the
idling lasts under 15 minutes. Long idling occurs when trucks stay at one place for a
long period of time, such as waiting for a load. (Morais and Lord, 2006.)

High idling means idling with the engine operating at high revolutions per minute
(RPM). A high RPM runs when air conditioning, heaters, microwaves, TV and other
on-board accessories are used. This happens mostly in hot or cold weather. Low idling
means idling with the engine operating at low RPM. This happens in temperate cli-
mates and during short waiting. (Morais and Lord, 2006.)

240

Shortiding - 00% highidle & 0% o idle
e Shortiding - 20% hi ghidle & 20% o idle
g Short i ding - B0% highidle & 90% lomidle

200
—@— Shortiding - 90% hi ghidle & 60% o idle

—d— Short i ding - 20% hi ghidle & 30% lowidle
Shortiding- 0% Hghidle & 100% lowidle

8

C0Z=q Emissions [kotruck]
=)
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0.00 7

ldling time [min]

Picture 4 Emissions per Truck during Short Idling (Morais and Lord, 2006)
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Picture 5 Emissions per Truck during Long Idling (Morais and Lord, 2006)

As the pictures four and five show the carbon dioxide emissions during idling are
quite high. For example if a truck has to wait in line for sixty minutes during winter

time and the heaters are on, the carbon dioxide emissions rise up to twelve kilograms.

2.3 Climate Change

The average temperature of the planet’s surface has been rising and it is believed that
greenhouse gases (GHGs) are the reason for it. Even a few degrees’ increase in the
temperature can cause serious consequences, which include an increase in extreme
weather events, changes in land and marine growing seasons and species composition,
sea level rise and consequent flooding, changes in water availability, infrastructure
damage and health effects from heat stress, and changes in disease patterns. (Gilbert &
Perl, 2010, 171-173.)

Global warming causes disintegration of polar ice, thawing of permafrost, dying coral
reefs, rising sea levels and fatal heat waves. If the temperature rises even by 2°C, mil-
lions of people are threatened by an increased risk of hunger, malaria, and water
shortages. The risk of total rainfalls has increased in Northern Europe, which can re-
sult in devastating floods. Global warming could be stopped by reducing the emission
of GHG's into the atmosphere. (Isover, 2008.)
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Picture 6 shows the effects of global temperature change. Even a-two-degree change
can affect crops, in developing regions the crop yields start falling, and in some high
latitude regions the yields might rise. Over a-four-degree rise in temperature could
cause falling yields in many developed regions. A-one-degree change would cause
small mountain glaciers to disappear and water supplies would be threatened in sever-
al areas. A-three-degree change would mean significant decreases in water availability
in many areas, including Mediterranean and South Africa. An-over-four-degree
change would make the sea level rise threaten major cities. (Isover, 2008.)

A one-degree change in global temperature would damage coral reefs extensively and
over a-two-degree change would mean that a rising number of species would face ex-
tinction. Even a slight change would mean rising intensity of storms, forest fires,
droughts, flooding and heat waves. A two-degree change would increase the risk of
dangerous feedbacks and abrupt, large-scale shifts in the climate system. (Isover,
2008.)

Projected impact of climate change
Global temperature change (relative to pre-industrial)
0°C 1°C 2°C FC 4°C 5°C E‘C

Food
Falling crop yields in many areas, pariculary developing regions

Possible rising yelds in some high lafitude ragions. Falling yiekis in many developed regions
Water
Smail mountain glaciers disappear = Significant decreases in water availability in many i 4 ol
water supghes threatenad in several areas areas, including Medilenanean and Southam Africa. Fagvatiails
Ecosystems
Exlensive damage 10 coval reefs Rising number of spacies lace exinction

Extreme weather events
Rising intansity of storms, forest fires, droughts. flooding and heat waves.

Risk of abrupt and major ireversible changes

Increasing risk of dangenows feedbacks and abrupl, karge-scale shifts in the ehnwswem

SOURCE: S Rinsew ST TN Barges, UNERTGRIO-drendal

Picture 6 Projected Impact of Climate Change (Isover, 2008.)
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2.4 Other Global Effects

Chlorofluorocarbons (CFCs) and similar compounds cause ozone depletion as they
rise to the stratosphere where they dissociate into elements that combine with and de-
plete ozone. This allows more medium-wavelength ultraviolet light, which is harmful

to life in big amounts, to passage trough. (Gilbert & Perl, 2010, 184.)

Transport related persistent organic pollutants (POP's) are a by-product of the com-
bustion of petroleum fuels. POP's can appear far away from their original source. This
is of great significance since they may cause adverse effects to human health or envi-
ronment. (Gilbert & Perl, 2010, 185.)
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Finland 7
United Kingdom T=s%
Sweden | =EE
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EEA-32 TFE=—25%
Denmark ':| 309%
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Belgium 3%
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Picture 7 Change in total GHG emissions from transport (European Environment
Agency, 2013.)

In the picture 7 EU-15 refers to 15 old EU Member States prior to May 2004 (Austria,
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Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg,
the Netherlands, Portugal, Spain, Sweden, and the United Kingdom), EFTA-3 to the
three EFTA countries (Liechtenstein, Norway and Switzerland), New EU-12 to 12
new EU Member States as of January 2007 (Bulgaria, Cyprus, Czech Republic, Esto-
nia, Hungary, Latvia, Lithuania, Malta, Poland, Romania, Slovakia and Slovenia) and
CC-2 to the two candidate countries Turkey and Iceland. (European Environment
Agency, 2012.)

As picture 7 shows emissions have risen by 20% in the EU-15 countries, in which Fin-
land is included, between 1990 and 2008. This is a fifth of the total GHG emissions in
2008. The main source of emissions from transportation is CO2 (99%) and road
transport is the greatest contributor to these emissions (93%). Road and air transport
are the two fastest growing sources of transport GHG emissions between 1990 and
2008. (European Environmental Agency, 2012.)

3 OTHER ENVIRONMENTAL ISSUES

This chapter discusses other environment-related issues such as requirements for
heavy-duty engines and fuel quality. It also presents the ISO quality management sys-
tem.

3.1 Russian Vehicles and Their Emissions

As most of the foreign trucks at the port of HaminaKotka come from Russia, the next
chapter is about Russian vehicles and their emissions. Engines of Russian heavy duty
trucks are required to meet European emission standards. The implementation sched-
ule is shown on Table 1. All new trucks sold must meet these regulations. (DieselNet,
2013.) Table 2 shows the emission standards for heavy duty trucks. For example the
average standard value for nitrogen oxides in 2013 is 0.2-1.0 grams per kilowatt-hour
and for particulate matter 0.01-0.02 g/kWh. (Transport Policy, 2013.)
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Table 1 Emission Requirements for Heavy-Duty Engines (Transport Policy, 2013.)

DATE REQUIREMENT

1999.01 Euro | / Ecological Class 1 (ECE R49.02)

2006.01  Euro Il / Ecological Class 2 (ECE R49.02 Stage 2

2008.01  Euro 111/ Ecological Class 3 (ECE R49.04-A)

2014.01  Euro IV / Ecological Class 4 (ECE R49.04-B1)

2016.01 Euro V/ Ecological Class 5 (ECE R49.04-B2 C)

Table 2Heavy Duty Emission Standards (Transport Policy, 2013.)

REGION REGULATION AVERAGE STANDARD
AND YEAR VALUES (g/kWh)
NOXx PM
United 2002-2004 2.7 0.13
States 2007 1.6 0.013
2010 0.27 0.013
European  Euro 111 (2000) 5 0.1
Union Euro 1V (2005) 3.5 0.02
Euro V (2008) 2 0.02
Euro VI (2013) 0.2-1.0 0.01-0.02
Japan 2003-2004 3.38 0.18
2005 2 0.027
2009-2010 0.7 0.01
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Picture 8 NOx Standards for Heavy-Duty Engines (Transport Policy, 2013.)
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Picture 9 Particulate Matter Standards for Heavy-Duty Engines (Transport Policy,
2013.)

Pictures 8 and 9 describe the NOx and particulate matter standards during the years in
different countries and areas. The pictures show the same information as table 2, but it
shows the figures from a longer time period. For example the standard value for nitro-
gen oxides in the United States in 1990 was 8 g/kWh and the standard value for par-
ticulate matter was 0.8 g/kWh.

The following table 3 will show the requirements for Russian fuel for the next few
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years. The maximum sulfur amount allowed in the Russian trucks in 2013 is 350 parts
per million (ppm) and by the year 2016 the maximum sulfur amount will be only 10

ppm.
Table 3 Russian Diesel Fuel Sulfur Limits and Implementation Dates (Transport Poli-
cy, 2013.)
FUEL MAX. SULFUR NATIONAL IMPLE-
MENTATION DATE
Actual First Proposed
Type | (Euro 3) 350 ppm 2013.01 2009.01
Type 11 (Euro 4) 50 ppm 2015.01 2010.01
Type 111 (Euro 5) 10 ppm 2016.01 2013.01
3.2 1SO 14001

Port of HaminaKotka Oy’s managing system consists of certified environment and
quality management standards 1SO 14001 and 1SO 9001. The port aims to continuous-
ly improve and develop the level of operations, quality and environmental protection
to better serve their customers and promote the competitiveness of business in their
area of operations. (Port of HaminaKotka, 2013.)

The environmental management system of the port of HaminaKotka realizes and as-
sesses environmental impacts, plans and implements improvements, prepares for
emergencies, and ensures that environmental impacts are monitored and communica-

tion lines are open. (Port of HaminaKotka, 2013.)

The negative environmental impacts can be reduced by managing environmental is-
sues. By managing the issues environmental awareness can be raised and interaction
between the stake holders in the port can be increased. The entire staff must be dedi-
cated to the environmental managing system to ensure its functioning and environ-
mental issues must be taken into account in every operation. (Port of HaminaKotka,
2013.)

When a company agrees to the environmental certificates, it is therefore committing to
improving the level of environmental protection, and it acknowledges the environmen-

tal effects of its products, operations and services. The company ensures the fulfill-
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ment of its legal responsibilities. It also maintains the knowhow of its personnel and
directs processes and operations. The company is required to prepare for environmen-
tal risks and accidents, supervise and follow the environmental effects, and prevent
environmental hazards and their renewal. The certificate also requires the company to
maintain good environmental practice, evaluate the results, and improve its operations.
(Suomen Standardisoimisliitto SFS, 2013.)

The organization benefits in various ways from the environmental management sys-
tem. The certificate combines environmental issues as part of management and the
planning of operations. It increases the cost effectiveness by enhancing the use of raw
materials and energy and also by reducing the amount of waste. The environmental
management system improves the environmental knowledge and involvement of the
personnel. It also ensures the company to follow the environmental legislation and

helps to predict future changes. (Suomen Standardisoimisliitto, 2013.)

It promotes the consideration of environmental issues in different stages of product
and service chains. The environmental management system improves the management
of environmental risks and guarantees the continuity of operations. It shows stake-
holders responsibility of environmental issues, and supports the organization’s envi-
ronmental communication and building of the company's image and marketing.
(Suomen Standardisoimisliitto, 2013.)

4 TRUCK APPOINTMENT SYSTEMS

This chapter covers theory for one possible solution for shortening the truck turn times
in the port of HaminaKotka. First previous studies are discussed, then a vehicle book-
ing system is presented and finally some examples of the advantages of a vehicle

booking system are given.

4.1 Previous Studies

Some studies of truck turn times in ports already have been conducted and main find-
ings of those studies are presented in the following three chapters. First the importance

of information systems related to port truck turn times is explained, then the problem
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of empty truck trips is presented and finally the advantages of truck appointment sys-

tems are covered.

4.1.1 Information Systems

The challenge at ports is that the arrival times of trucks are left for truck operators to
be decided. Without coordination between truck operators and terminals fluctuations
in traffic volumes occur, which lead to under- or overutilization of terminal capacity.
Overload on gates and terminals lead to longer waiting times and congestion, lost rev-
enues for drivers, decreased throughput, wasted fuel, and increased air pollution in
ports. (EPA United States Environmental Protection Agency, 2013.)

According to the case studies conducted by Morais and Lord (2006) extended gate
hours and gate reservation systems are effective in reducing truck emissions in the
port of Vancouver. Truck idling can be decreased by integrating the truck appointment
systems and extending gate hours. U.S. Environmental Protection Agency suggests
that implementing an automated terminal appointment system can decrease the time a
truck spends waiting outside the terminal gates. They have found out that by doing so
turn times can be reduced by 30%.

Port information systems can offer advanced freight scheduling, and appointment and
container tracking information to trucking companies and container terminals. Bene-
fits of these information systems can be alleviation of congestion and delays at the

terminal gate, fuel savings and reduction of vehicle greenhouse gas (GHG) emissions.

Many ports have implemented truck appointment systems, vehicle booking systems,
and truck licensing systems to reduce container truck volumes and congestion. A con-
cern is how to improve or adjust the functions to enhance capacity and reduce carbon
emissions. (Islam, Olsen and Ahmed, 2013.)

If truck arrival rates are not pre-determined, the demand and supply of capacity cannot
be met, which creates long waiting times and increased turn times for trucks (Islam,
Olsen and Ahmed, 2013.). Turn time is one of the most important performance
measures of port efficiency (Lubulwa, Malarz and Wang, 2011).
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The Gate Entry Management System (GEM) has been implemented in the Port of
New Orleans. GEM is a web based application that integrates the terminal manage-
ment systems of multiple operators. It allows dispatchers to schedule appointments
and provide information for pre-clearance prior the trucks arrival at the terminal gates,
which reduces paperwork and provides early identification of problem transactions.
(EPA United States Environmental Protection Agency, 2013.)

As a result, traffic flows have improved, terminal throughput has increased and
productivity of terminal operators and trucking companies has improved. The Georgia
Ports Authority's Web Access system provides real-time access to online data on con-
tainer shipments. The result has been a decrease in waiting times at the gates and sav-
ings of approximately 11,430 liters on fuel, a half ton of nitrogen oxide and 33 tons of
carbon dioxide on a peak day. (EPA United States Environmental Protection Agency,
2013.)

4.1.2 Empty Truck Trips

Islam, Olsen and Ahmed (2013) address the problem of empty container truck hauling
process in their research. The problem arises in ports because of the lack of infor-
mation exchange between exporters and haulers. Trips could be matched to and from
warehouses, seaports, and truck companies. The problem with empty trucks can cause
additional vehicle miles travelled, truck-related emissions, and a deficit in potential

transport capacity.

The problem of an empty truck occurs often in export. Unutilized slot transportation
happens when a truck leaves to pick up an empty container from the port. Then a par-
tially unutilized truck delivers the container, which is often a twenty foot equivalent
unit (TEU), to a warehouse although it could be transporting two TEUSs. This creates
congestion and increases carbon emissions in a port. Another unutilized trip is created
when a truck moves the loaded container from the warehouse to the port and leaves
empty from the port territory. (Islam, Olsen and Ahmed, 2013.)

4.1.3 Truck Appointment Systems

The case study port in Islam, Olsen and Ahmed's (2013) research has developed its
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transport process from a conventional truck transport process to basic truck appoint-
ment system (BTAS) and then to advanced truck appointment system (ATAS) at the
port gates. The result has been a reduction in truck turn times from almost four hours
to approximately 25 minutes. The application of computing, communication and con-
trolling (CCCT) can increase the container throughput by 4 percent and lower operat-
ing costs by 14.78 percent (Zhong and Yin, 2010).

Implementation of the BTAS in the case study port has helped importers and exporters
with inventory planning, labor utilization and space management. It provides arrival
or delivery timetables for containers and assists trucking companies to increase truck
utilization. Dramatic changes were acquired to achieve the turn time reduction of al-
most three and a half hours but then on the other hand they enable further continuous
improvement for the port. (Islam, Olsen and Ahmed, 2013.)

The basic truck appointment system has limitations, for example it can be misused by
the truckers. The system allows truck operators to book an appointment without cross-
checking the container information. The advanced truck appointment system does not
have the same problem as it will not allow a time slot reservation unless all the con-
tainer information is matched with the container announcement message. Once the
provided information (vessel and voyage information, cargo type, and number and
type of containers) is validated against the container, an appointment can be made. (ls-
lam, Olsen and Ahmed 2013.)

BTAS is also limited by the manual gate process, which ATAS is not. In ATAS a gate
card can be obtained online and the truck driver can scan his driving license and enter
a personal identification number (PIN) and then drive to the designated area of the
terminal. BTAS also fails to cross-check booked timeslots by other stakeholders, such
as exporters and importers, which is not a problem in the ATAS. (Islam, Olsen and
Ahmed, 2013.)

4.2 Vehicle Booking System VBS

In this chapter an example of a vehicle booking system is presented. This VBS is used
in the port of Southampton.
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Vehicle booking system is designed to achieve a constant flow of vehicles at the port's
gate. It is also meant to improve truck turn times and provide a simplified system
which is fair, flexible and easy to use for all users. The system can be mandatory so if
no appointment is made, the truck cannot arrive at the port. In the port of Southampton
charges apply for peak slots and if the truck does not arrive at the right time.
(McCrindle, 2013.)

In the system at Southampton all information and user interaction is web-based. The
booking can be amended as many times as haulers wish prior entry to the terminal.
Haulers can also change the booking time but there are a limited number of bookings
allowed per hauler. A 24-hour Help Desk exists to assist drivers with any queries. In
Southampton the simplified vehicle booking system was introduced at the same time
as a reorganization of gate processes and systems. (McCrindle, 2013.)

The terminal benefits from the VBS as the trucks arrive as a consistent flow. This re-
duces the amount of trucks at peak hours and decreases traffic in ports. The haulers
can be informed of issues that affect the terminal such as high winds or fog, and this
allows the haulers to allocate trucks alternative work. (McCrindle, 2013.)

VBS improves security in ports as a VBS security number, which the trucks get at
booking, is required for entry to terminal. The booking is also linked to registration.
The haulers must be registered before booking, which eliminates 'rogue’ haulers. The
system also requires banking details for successful registration as all charges are col-
lected through direct debit. (McCrindle, 2013.)

As the picture 10 shows the turn times have decreased from around 50 minutes to
twenty to forty minutes after the implementation of the vehicle booking system in the
port of Southampton. (McCrindle, 2013)
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Picture 10 Truck Turn Times in the Port of Southampton (McCrindle, 2013.)

Also stakeholders benefit from the booking system. Shipping lines and freight for-
warders get consistent high level of service. The system allows cessation of import er-
rors such as no wasted truck journeys due to import container not being available. The
VBS also improves the reliability of service as on time deliveries of goods have in-
creased. (McCrindle, 2013.)

Many parties benefit from a truck appointment system as seen on picture 11. The
haulers benefit as the operating costs have reduced significantly, and they have the
ability to manage truck fleet effectively due to predictability of service, and ability to
view live information. The haulers have also confidence in the terminal to service their
truck at whatever time. Local communities get the benefit of reduced congestion on
local roads and reduced air pollution in local area as there are no idling trucks in the

port and no wasted journeys. (McCrindle, 2013.)
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Picture 11 Practicalities of Implementation of Vehicle Booking System (McCrindle,
2013.)

4.3 Examples of Advantages of VBS

Port of Los Angeles has implemented a vehicle booking system and this chapter ex-
plains the study conducted in the port after the implementation. This chapter also pre-
sents the changes in the turn times after the implementation of the truck appointment

system.

4.3.1 Port of Los Angeles

The Port of Los Angeles Long Beach uses a truck appointment system in all of its ter-
minals except for Total Terminals Inc., where the system is mandatory. According to
Philip Davies, principal at Davies and Associates Transportation Consulting in Van-
couver, British Columbia, the appointments have improved terminal productivity sig-
nificantly and the trucking companies can experience good turn times. (The Journal of
Commerce, 2009.)

PierPass Inc. and Ability/Tri-Modal Transportation Services conducted a study of turn
times at the Port of Los Angeles and Long Beach. The study evaluated three time peri-
ods, queue time spent before entering the port, terminal visit time and the total visit
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time, which is the sum of queue and terminal time. (PierPass, 2013.)

In October the total median visit time was 51 minutes, with 20 minutes queue time and
31 minutes terminal time. Most of the visits take less than two hours, 27% are under
30 minutes, 58% are under an hour, 7 % take under one and a half hours, and 86%
take under two hours. Approximately 91% of queue times are under an hour. Cargo
volumes rose in the spring and summer of 2010 and the terminal operators added their
service hours. This resulted in a visit time decrease of 13%, even though the cargo
volumes increased by 6%. (PierPass, 2013.)

4.3.2 Emission Reductions

According to the research conducted by Morais and Lord (2006) emissions were re-
duced by 84 % in TraPac Terminal in Los Angeles and by 92 % in STS Terminal in
Oakland. As shown on the picture 12, emissions per truck reduced from 35.53 to 9.6
kilograms at TraPac Terminal and from 39.08 to 2.2 kilograms at STS Terminal.
(Morais and Lord, 2006.)

Past Current %
Emissions | Gate GHG Emissions Gate GHG Reduction
per Truck | Moves | Emissions per Truck Moves | Emissions
[kgltruck] Iday [tons/day] [kgltruck] Iday [tonsiday]
TRAPAC 35453 1650 58 6 287 3600 9.6 84%
STS 39.08 700 274 241 a00 2.2 92%

Picture 12 Comparison of Past and Current Waiting Times and Gate Moves (Morais
and Lord, 2006.)

TraPac suffered from operation problems at the gate and in-yard and as a result the
terminal authorities decided to implement automation technologies. The average wait-
ing time before the implementation of the technologies was five hours consisting of a
two-hour wait outside the terminal and a three-hour wait inside the terminal. Picture
13 shows that after the implementation the waiting time decreased to 31 minutes,
which means the reduction of 89 %. (Morais and Lord, 2006.)



29

Past Waiting Time Current Waiting Time A (%)
Average (min) Average (min)
TraPac, LA 300 3l -868

Picture 13 Current and Past Waiting Time at TraPac Terminal (Morais and Lord,
2006.)

STS terminal adopted a different approach. They integrated a few automation technol-
ogies but primarily complied container truck drivers to use an appointment system.
Picture 14 shows that they managed to reduce waiting times from five hours to 28
minutes, which means a reduction of 92 %. (Morais and Lord, 2006.)

Past Waiting Time Current Waiting Time A (%)
Average (min) Average (min)
5TS, Qak 330 28 -10748

Picture 14 Current and Past Waiting Time at STS Terminal(Morais and Lord, 2006.)

5 TRUCK OPERATIONS IN THE PORT OF HAMINAKOTKA

This chapter explains the trucks’ routes and actions in the port of HaminaKotka. First
the total truck turn times are presented, then the operations at Steveco and at customs

are explained.

5.1 Truck Turn Times in the Port of Mussalo

The following information is taken from the port's access control system during one
normal day and is shown in pictures 15 and 16. The day was neither a slow one nor a
congested one. The time is checked at multiple points in the port area, the first check
point after the truck gets a pass is at the port gate. Then the time is taken when the
truck arrives and leaves the operator's terminal. The last two points for taking the time
are at customs, when they clear the truck and at the port gate, when the truck leaves
the port. (Koskinen, 2013.)

When the driver is granted a pass to enter the port it means that the container is ready
to be picked up and the truck is allowed to enter the port. This should take only a few
minutes as the information and port gates are only approximately 200 meters apart.
However, it took 95 percent of the trucks over an hour to enter the port. Only three
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percent entered the port in less than thirty minutes and two percent between thirty and
sixty minutes from the moment they got the pass. (Koskinen, 2013.)

After the truck enters the port, it drives to the terminal. During this example day 75
percent of the terminal visits lasted under an hour, ten percent lasted over an hour and
15 percent lasted over two hours. After the terminal, most of the trucks go to customs
as most trucks are foreign. Eighty five percent of the stops at customs took under an
hour. Ten percent of the service times were over an hour and five percent were over
two hours.(Koskinen, 2013.)

During this day, sixty percent of the truck turn times took under two hours, thirty per-
cent took over two hours and ten percent took over four hours. As seen on picture 16,
most of the total time was spent waiting to enter the port and most of the waiting times
were from forty to seventy percent of the total time spent in the port.(Koskinen, 2013.)

— Waiting Time:
Access Pass Granted } Under 1/2h 3%
Over 1/2h 2%
Over 1h 95%
100% + W
0% 1 i Entering the Port
s ) S 0% - Port Visit:
[ | 0% 1 I Under 2h  60%
: Terminal Visit: Entering the SZ% [ Over 2h  30%
sos | Under 1h 75% Terminal sx 1 g Over4h  10%
0% Over1h  10% sos 7
=1 Over2h  15% b
10% - — | 30%
0% W 20%
OutofTerminal 10% 7 -
p—— = 0%
80% ¥ |
30%
0% Customs Visit:
£0% Under 1h 85% .
0% 4 Over1h 10% = Customs Clearance
405 7 - S
s b Over2h 5%
20%
%+ 4 s Outof the Port

Picture 15 Truck Turn Times in the Port of Mussalo on an Example Day
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Waiting Time

0% 20% 40 % 60 % 80 % 100 %

Picture 16 Comparison between Time Spent Waiting to Enter the Port and Time Spent
in the Port

5.2 Operations of Steveco

When a truck is coming to Steveco's terminal, the driver visits a service desk or a self-
service station. Approximately 80 - 90 % of the Russian and 60 % of the Finnish driv-
ers use the self-service stations. The Russians like to use the self service stations be-
cause there they can choose the Russian language. After this point they drive to the
terminal gate, where the truck’s registration number is read automatically and if every-
thing is in order, they are allowed to drive through to the terminal area. (Sinikannas,
2013.)

If a truck is bringing an empty container, it drives to the depot area, where an inde-
pendent contractor takes care of the collection of empty containers. Then the truck
drives out of the terminal, or as most of them do, move on to the container exchange
area. The driver identifies the truck electronically and a straddle carrier receives the in-
formation about the waiting truck and the container it is supposed to deliver.
(Sinikannas, 2013.)
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The straddle carriers deliver containers so that they drive the shortest distance which
means that the trucks are not served in the same order as they have arrived. If the
straddle carrier has delivered a container to the container area and it is possible to pick
up a container nearby and take it to a waiting truck, that truck will be served next. It is
taken care of, though, that a single truck will not have to wait much longer than the
other trucks. After receiving a container the truck drives out of the terminal gate.
(Sinikannas, 2013.)

If a truck is bringing a full container it drives straight to the container exchange area to
wait for a straddle carrier to get the container. Then the truck can drive to the container
depot to get an empty container or to the terminal gate. (Sinikannas, 2013.)

5.2.1 Information Technology at Steveco

There is no truck appointment system at work in the terminal but all information is
transferred electronically. When the driver arrives at the port they will make an ap-
pointment either at the service desk or at the self-service station. Then they will drive
to the terminal gate, where the license plate of the truck is read automatically, and if
everything is fine the truck can move on to the terminal area. (Sinikannas, 2013.)

The next time the driver identifies himself is when he is picking up or leaving a full
container. The straddle carrier receives the information of the truck and the container it
is meant to pick up or leave. The next time the truck is identified is at the terminal
gate, when it leaves the terminal. (Sinikannas, 2013.)

5.2.2 Factors that Cause Congestion

The average turn time for a truck at Steveco's terminal is thirty minutes on a normal
day. The waiting times might prolong at some specific times of day when most of the
trucks arrive simultaneously. There is the same amount of staff at the terminal from
six in the morning till ten in the evening but the trucks' peak hours are around noon.
This creates queues in the terminal area as more trucks wait to be served at the same
time. Other reasons for queues are extreme weather conditions and broken equipment.
(Sinikannas, 2013.)
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When a container truck arrives at the port it goes from the main gate to the terminal to
pick up a container. After this it drives to the back parking area of customs to wait to
get to an inspection where the condition of the truck is checked and the truck is sealed.
In the inspection a customs inspector also checks that the truck has the right container.
This takes from five to ten minutes, during which the engine must be turned off. When
the truck passes the examination it is sealed with the customs' seal and the inspector

writes a sealing certificate to the driver. (Holopainen and Tapola, 2013.)

Next the driver parks the truck and does business in the customs building. The service
times varies from ten to fifteen minutes. In August 2013 the longest waiting time was
1 h 37 min and the average was 12 minutes. In week 38 in 2013 the longest waiting
time was 46 minutes and the average was six minutes. Pictures 17 and 18 show the
maximum and average service times at customs. When all the documents of the truck
are in order customs clears the truck and lets it leave the port. (Holopainen and Tapola,
2013.)
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Picture 17 Customs Service Times for Domestic Traffic
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Service Times for Foreign Traffic
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Picture 18 Customs Service Times for Foreign Traffic

During the week 38 in 2013 there were 78 domestic customers and 2148 trucks from
foreign traffic. In August 2013 the corresponding figures were 277 and 8845. Customs
serves on average approximately 10 000 heavy traffic trucks monthly. The figures are
based on electronic queue number system. (Holopainen and Tapola, 2013.)

All documents are created electronically apart from the sealing certificate made by the
inspector. When all the documents are as they should, the truck is let out of the port

via electronic access control system. (Holopainen and Tapola, 2013.)

Customs is congested every once in a while if many foreign trucks arrive at the same
time. This occurs because port operators primarily serve domestic customers, in which
case the foreign traffic backs up. When the trucks arrive irregularly in waves at cus-
toms their services get congested. A parking space is reserved for approximately 200
trucks, which wait to get to customs inspection. This parking area is full at times,
which means that a truck might have to wait over 24 hours to be inspected.

(Holopainen and Tapola, 2013.)

Congestion might be avoided by prolonging the opening hours, which would mean
that queues would not accumulate at night. However this would not affect on the con-
gestion created by the trucks arriving simultaneously. The truck flows could be evened
by the port operators. Traffic flows would stabilize if foreign trucks would be served
simultaneously with the domestic trucks at the terminals. The exhaustion fumes could
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be reduced by creating a warm waiting area for the truck drivers. During winter time
the trucks are parked with engines on waiting to get to customs. If the drivers would
have a warm place to wait, the trucks' engines would not have to be turned on.

(Holopainen and Tapola, 2013.)

6 DISCUSSION AND CONCLUSION

The objective of the study was to find practical solutions to reducing emissions in the
port of HaminaKotka. Truck turn times and the factors that affect them were studied in
the Port of Mussalo. Interviews were made to establish the trucks” movements in the

port area.

The research problem was approached by researching existing studies on turn times
and emission reductions in ports. Then representatives from Steveco, customs and the

port of HaminaKotka were interviewed.

As the port of HaminaKotka is the largest universal, export and transshipment port in
Finland it is important for it to work effectively. Truck turn times should be fast as it is
one of the key performance measures in port efficiency. Shorter turn times also mean
less emissions emitting from the port, which is one of the goals of the Ecologically
Friendly Port - project.

During this research it was found out that the main problems in the port of
HaminaKotka considering the long turn times are the fact that trucks do not enter the
port as soon as they get their access passes, and the possible long queues at customs. A
truck appointment system could be a solution to these problems as it would make the
drivers enter the port faster and then they would arrive at the customs at a more stable
flow. However, the implementation of such a system requires extensive changes in the

port.

As Morais and Lord (2006) suggest extended gate hours integrated with a truck ap-
pointment system would reduce queues and thus truck idling, which reduces emis-
sions. The problem in Mussalo is long and high idling, which creates approximately
ten to twelve kilograms of emissions per hour per truck. It would also help if the driv-

ers would have a warm area to go to when waiting to get to customs, and then the en-
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gines would not have to be turned on.

Another way to reduce congestion and emissions from the customs point of view is to
create a feeding line for foreign trucks as the customs sees that the terminals serve
primarily domestic customers and the foreign customers have to wait. This then again

creates pressure at customs when the trucks arrive simultaneously.

As TraPac and STS terminals, also the terminals in the Port of HaminaKotka could
achieve great reductions in their daily carbon dioxide emissions by the implementation
of a truck appointment system. As TraPac and STS reduced emissions by 89 % and 92
%, some level of reductions could be expected from the Port of HaminaKotka.

The turn times of the Port of Mussalo might not be truthful as the figures are only
from one day. They should give a picture of the situation though, as they are from a
normal day, which is not congested or a slow one. Customs service times give a better

picture of their situation as they are for a longer time period.

As an implementation of a truck appointment system is an expensive acquisition, it
might not be a suitable solution for the Port of HaminaKotka. This study concentrates
on truck appointment systems as the best solution, but as it might not be suitable for
HaminaKotka, other solutions should maybe have been considered more thoroughly.

The goal of this thesis was to find practical solutions for long turn times for the Port of
Mussalo. This was not completely achieved as only few suggestions were made.

However, this thesis can work as a good basis for further research.

Further topics for research could be the possibility of implementing a truck appoint-
ment system. The implementation could require extensive changes in the port and the
requirements could be researched.
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APPENDIX 1

SUOMENKIELINEN TIHIVISTELMA

1 JOHDANTO

Tutkimus on osa Ecologically Friendly Port -projektia, joka on aloitettu joulukuussa
2012. Projektia johtaa Vendjan hydrometeorologinen yliopisto, ja projektiyhtyméén
kuuluvat Ust-Luga Company JSC, Turun yliopiston merenkulkualan koulutus- ja tutki-
muskeskus sekd Kymenlaakson ammattikorkeakoulu. Yhteistydkumppaneita ovat Ha-
minaKotkan satama, Kotkan kaupunki, Suomen Satamaliitto sekd Leningradin alueen

luonnonvarojen lautakunnan johto.

Projektin tavoitteena on parantaa itdisen Suomenlahden ympariston tilaa, parantaa sa-
tamien kykyé kehittdd ympariston suojelua ja kestdvaéd kehitysta satamissa, parantaa
kuntien kykya ratkaista ympériston turvallisuusongelmia seké lisata asukkaiden tietoutta
vihredstd ajattelutavasta.

Projektin tarkoitus on luoda laheistd kahdenkeskistd yhteistyotd kansalaisten ja viran-
omaisten vélille liittyen vihreisiin arvoihin, vihre&én talouteen ja ekologiseen mentali-
teettiin. Tavoitteena on kestdva alueellinen kehitys, lisédntynyt ekologinen tietous ja ka-
sitys suomalaisten ja venaldisten satamien vastuusta liittyen ilmastonmuutokseen seka
lisddntynyt tietous ja yhteisty0 satamaviranomaisten ja satamatoimijoiden valilla. Ta-
man tutkimuksen tarkoitus on I0yt&4 tapoja vahentdd autojen paastojen maaraé satamas-
sa kaytannon toimilla.

Projekti toteutetaan analysoimalla alueen ympériston tilaa ja kehittdmélléd tarvittavia
korvaavia toimenpiteitd, tutkimalla ympéristomaarayksié ja kehittamalla niiden valvon-

takeskus yhteistyoll4 osakkaiden ja projektin "Port in the City" -osan valilla.

Taman projektin osan eli opinndytetyon on tarkoitus tutkia konttirekkojen kaantbaikoja
Mussalon satamassa ja l6ytaa ratkaisu pitkiksi venyneisiin aikoihin. Tyén tarkoitus on
véhentdd rekkojen péast0ja satamassa kaytannon ratkaisuilla eli vahentdmalld rekkojen

oloaikaa sataman porttien sisapuolella.



1.1 Tutkimukseen liittyvéat tahot

HaminaKotkan satama on Suomen suurin yleis-, vienti- ja transitosatama. Satama tarjo-
aa hyvat yhteydet Baltian maihin sek& Eurooppaan, Aasian ja Vendjan markkinoille.
HaminaKotka sijaitsee 35 kilometrin padssa Venajn rajasta. Itdisen sijaintinsa takia sa-
tama on erikoistunut transitokuljetuksiin CIS-maihin. 15 metrin syvays mahdollistaa yh-
teydet Euroopan lisaksi muuallekin maailmaan. (HaminaKotka satama 2013)

Steveco on HaminaKotkan sataman padoperaattori. Se tarjoaa ahtaus-, huolinta-, kulje-
tus- sekd terminaalipalveluja tuonti-, vienti- ja transitoliikenteelle. Steveco Oy on Suo-
men metséteollisuuden kuljetuksien johtava satamaoperaattori sek& markkinajohtaja.
Steveco-konserni tyollisti vuonna 2011 noin 950 henked ja Steveco Oy 816 henkead.
Konsernin liikevaihto oli 146,2 miljoonaa euroa ja ahtausmaard oli 11,1 miljoonaa ton-
nia. (Steveco 2013)

Ecologically Friendly Port -projektia johtaa Vendjan hydrometeorologinen yliopisto, ja
projektiyhtyméén kuuluu Ust-Luga Company JSC, Turun yliopiston merenkulkualan
koulutus- ja tutkimuskeskus sekd Kymenlaakson ammattikorkeakoulu. Projektin yhteis-
tyokumppaneita ovat HaminaKotkan satama, Kotkan kaupunki, Suomen satamaliitto
sekd Leningradin alueen luonnonvarojen lautakunnan johto. (Ecologically Friendly Port
2013)

2 LIIKENTEEN YMPARISTOVAIKUTUKSET

2.1 Liikenteen paastot

H&ka (CO) on variton ja hajuton kaasu, jota syntyy epapuhtaasta polttoaineen palami-
sesta. Se on terveydelle haitallinen kaasu, silla se estdd elimia ja kudoksia saamasta
happea. Suuret hdkaméaéarat voivat johtaa kuolemaan. (EPA United States Environmental

Protection Agency 2013)

Typen oksidit, joita ovat typpioksidi (NO), typpidioksidi (NO2) seka typpioksiduuli
(N20), syntyvat fossiilisten polttoaineiden poltosta (Clean Air Strategic Alliance 2013).
20 % ilmakehasta on typped, ja typpioksidit pysyvat ilmassa yhdestd kolmeen paivéa,
mika tarkoittaa sité, ettd ne voivat kulkeutua jopa 1 200 kilometrin paahan. (OECD
2011)
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Typpioksidi itsesséan ei ole haitallista, mutta muuttuessaan typpidioksidiksi se voi kor-
keina pitoisuuksina olla myrkyllista kasveille, se vahingoittaa lehti ja véhenta4 kasvua.
Savusumun osana typpidioksidi drsyttdd keuhkoja ja lisda hengitysteiden tautien riskia.
(Clean Air Strategic Alliance 2013) Suurin osa typen oksideista on peraisin kuljetuksis-
ta. (Environmental Journalism Canada 2013)

Haihtuvia orgaanisia yhdisteitd haihtuu polttoaineesta, ja ne aiheuttavat otsonikerroksen
kasvua. Monet haihtuvista orgaanisista yhdistelmisté ovat haitallisia, etenkin bentseeni,
joka aiheuttaa syopéa. (Gilbert ja Perl 2010, 189). Hiukkaset, jotka ovat alle kymmenen
mikrometrid halkaisijaltaan, ovat haitallisia, sill4 ne kulkeutuvat nenédn ja kurkun kautta
keuhkoihin sek& syddmeen ja voivat aiheuttaa vakavia terveydellisig vahinkoja. Hienot
hiukkaset syntyvét, kun autojen pakokaasut reagoivat ilman kanssa. (EPA United States
Environmental Protection Agency 2012)

2.2 llmastonmuutos

Maapallon keskilampdétila on kohonnut ja kasvihuonekaasujen uskotaan olevan syy sii-
hen. Jopa muutaman asteen nousu voi aiheuttaa vakavia seuraamuksia, joita ovat muun
muassa aarimmaiset séddolosuhteet, muutokset maa- ja merikasvukausissa sekéa lajiko-
koonpanoissa, merenpinnan nousu seka jatkuvat tulvat, muutokset veden saatavuudessa,
infrastruktuurin vahingot, terveysvaikutukset lampgjannityksestd ja muutokset tautikan-
noissa. (Gilbert ja Perl 2010, 173)

2.3 Venélaiset ajoneuvot ja niiden paastot

Venéléisten raskaan liikenteen rekkojen on noudatettava eurooppalaisia paastostandar-
deja. Kaikkien uusien rekkojen on noudatettava nditd saannoksié. (DieselNet 2013)

Taulukko 1. Paastovaatimukset raskaanliikenteen moottoreille (DieselNet 2013)

PAIVAYS VAATIMUS

1999.01 Euro | / Ecological Class 1 (ECE R49.02)
2006.01 Euro 11 / Ecological Class 2 (ECE R49.02 Stage 2)
2008.01 Euro 111/ Ecological Class 3 (ECE R49.04-A)
2014.01 Euro IV / Ecological Class 4 (ECE R49.04-B1)
2016.01 Euro V / Ecological Class 5 (ECE R49.04-B2 C)




Taulukko 2. Paastovaatimukset raskaanliikenteen ajoneuvoille (Transport Policy 2013)

ALUE

USA

Eurooppa

Japani

SAADOS JA VUOSI

2002-2004
2007

2010

Euro 111 (2000)
Euro 1V (2005)
Euro V (2008)
Euro VI (2013)
2003-2004
2005
2009-2010

KESKIARVOT

(g/kWh)

NOX PM

2.7 0.13

1.6 0.013

0.27 0.013

5 0.1

3.5 0.02

2 0.02

0.2- 0.01-0.02
0.18

3.38 0.027

2 0.01

0.7

Taulukko 3. Venaldisen dieselin rikkirajat seka kéayttéonottopaivat

POLTTOAINE

Type | (Euro 3)
Type 11 (Euro 4)
Type 111 (Euro 5]

MAX.
RIKKI

350 ppm
50 ppm
10 ppm

KANSALLINEN KAYT-

TOONOTTOPAIVA

Todellinen
2013.01
2015.01
2016.01

Ehdotettu
2009.01
2010.01
2013.01




2.4 'Ympéristostandardi ISO 14001

Kun yritys hankkii ympéristosertifikaatin, se sitoutuu kehittdméan ympéristonsuojelua
sekd tiedostaa tuotteidensa, toimintojensa ja palveluidensa vaikutukset ympéristolle. Se
my0s vakuuttaa huolehtivansa lainopillisten vastuidensa taytantoonpanosta seké yllapi-
tavansa tyontekijoiden tietotaitoa. (Suomen Standardisoimisliitto 2013)

Yritys hyotyy monin tavoin ympéristojarjestelmastd. Sertifikaatti yhdistdd ympéristo-
asiat osaksi toimintojen hallintaa ja suunnittelua. Se lisaa yrityksen kustannustehokkuut-
ta parantamalla raaka-aineiden ja energian kayttoa sek& véhentamalla jatteiden maaréa.
Ympaéristojarjestelma nédyttad osakkaille vastuuta ympéristasioista seka tukee organi-
saation ympaéristoviestintdd kohentaen yrityksen imagoa ja markkinointia. (Suomen
Standardisoimisliitto 2013)

3 REKKOJEN AJANVARAUSJARJESTELMAT

3.1 Aiemmat tutkimukset

Satamien haasteena on se, ettd rekkojen saapumisaika on kuljetusyritysten paatettavissa.
Tama johtaa vaihteluihin rekkojen méérissé eri vuorokaudenaikoina, mik& ruuhkauttaa
satamaa. Jonot portilla ja satamassa johtavat kuljettajien ansionmenetyksiin seka lisaan-
tyneisiin ilmansaasteisiin. (EPA United States Environmental Protection Agency 2013)

Vancouverin satamassa pidennetyt porttien aukioloajat seké ajanvarausjarjestelmat ovat
vahenténeet péastoja (Morais ja Lord 2005). USA:n ymparistonsuojeluviraston mukaan
rekkojen ajanvarausjarjestelma voi vahentdd rekkojen kaantéaikoja noin 30 prosenttia.
Muita etuja ovat vahentyneet viivastykset terminaalin portilla, polttoaineséastot seké

ajoneuvoista aiheutuvien kaasuhuonekaasujen véheneminen.

New Orleansin satamassa on otettu kayttoon Gate Entry Management System (GEM).
Tama jarjestelmé yhdistéda useiden eri operaattoreiden terminaalien hallintajarjestelmat.
Taman johdosta liikennevirrat ovat parantuneet, terminaalin tuotto on parantunut, ja

operaattoreiden seka kuljetusyritysten tuottavuudet ovat parantuneet.

Islam, Olsen ja Ahmed (2013) tutkivat satamaa, joka muutti kuljetusprosessiaan tavan-

omaisesta prosessista rekkojen ajanvarausta kayttavaan jarjestelmaén ja siita viela kehit-
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tyneeseen ajanvarausjarjestelmadn. Tuloksena rekkojen k&antOajat lyhenivat neljasta
tunnista noin 25 minuuttiin. Suuria muutoksia vaadittiin satamassa jarjestelman kayt-
toonottamiseksi, mutta toisaalta muutokset mahdollistavat lisdd muutoksia tulevaisuu-

dessa.

3.2 Rekkojen ajanvarausjérjestelméa

Rekkojen varausjarjestelman tarkoitus on saada rekat saapumaan satamaan tasaisin ai-
kavélein. Sen tarkoitus on my0s parantaa kaantdaikoja ja tarjota jarjestelmd, jota on
joustava ja helppo kéyttaa. Jarjestelma voi olla pakollinen, eli jos varausta ei ole tehty
etukateen, rekka ei padse satamaan sisaan. Southamptonin satamassa kiireisina aikoina

tai myohastymisista rekkojen on maksettava maksu. (McCrindle 2013)

Southamptonissa ajanvarausjérjestelmé on kaytettdvissé Internetissa. Ajanvarausta voi
tarvittaessa muuttaa, mutta jokaista kuljettajaa kohden on olemassa rajattu méaré vara-
uksia. Kuljettajia varten on olemassa Help Desk, joka on auki vuorokauden ympari.
Terminaali hyotyy jéarjestelmastd, sill4 rekat saapuvat tasaisesti, mik& vahentéa painetta

aiemmin Kiireising aikoina sek& ruuhkaa portilla. (McCrindle 2013)

Ké&antbajat ovat véhentyneet Southamptonin satamassa 50 minuutista 20 - 40 minuut-
tiin. Myos laivayhtiot seké huolitsijat hyotyvat, silla heille voidaan tarjota tasainen pal-
veluiden taso. Ajanvarausjérjestelma parantaa palveluiden luotettavuutta, kun ajallaan
olevat toimitukset lisdantyvéat. Paikalliset yhteisot taas hyotyvat siité, ettd ruuhkat va-
henevat maanteilld, mikd puolestaan vdhentad ilmansaasteiden maarad. (McCrindle
2013)

3.3 Los Angelesin satama

Los Angelesin satama kayttd4 ajanvarausjarjestelmaé kaikissa paitsi yhdessa terminaa-
leistaan. PierPass Inc. ja Ability/Tri-Modal Transportation Services tekivat tutkimuksen
sataman kaantdajoista. Tutkimuksessa otettiin huomioon kolme eri aikajaksoa, odotus-
aika ennen satamaa, terminaalissa kaytetty aika sekd satamakaynnin kokonaisaika eli

odotus- ja terminaaliajat yhteensa. (The Journal of Commerce 2009)

Tutkimuksessa selvisi, ettd jonotusaikojen mediaani oli 20 minuuttia, terminaalikédynnin

31 minuuttia ja kokonaisajan 51 minuuttia. Suurin osa k&ynneisté kesti alle kaksi tuntia,
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27 5 kesti alle 30 minuuttia, 58 % alle tunnin, 75 % alle puolitoista tuntia ja 86 % alle
kaksi tuntia. Noin 91 prosenttia odotusajoista oli alle tunnin, tdssé on otettu huomioon

rekat, jotka saapuivat ennen aamukuutta odottamaan satamaan pééasya. (PierPass 2013)

3.3.1 P&astojen vahennykset

Morais ja Lordin (2006) tekeman tutkimuksen mukaan péastot vahenivét 84 % TraPacin
terminaalissa Los Angelesissa ja 92 % STS:n terminaalissa Oaklandissa. Paastot laski-
vat rekkaa kohti TraPacissa 35,53 kilogrammasta 9,6 kilogrammaan ja STS:ssd 39,08
kilogrammasta 2,2 kilogrammaan.

TraPac kérsi toiminnallisista ongelmista portilla ja kentélld, joten terminaalissa péétet-
tiin ottaa kaytton automaatioteknologiaa. Keskimaardinen odotusaika ennen jarjestel-
maa oli viisi tuntia ja jarjestelmén kayttoonoton jalkeen 31 minuuttia, mika tarkoittaa 89
prosentin laskua. STS otti kdyttoon toisenlaisen toimintatavan, seedellytti rekkakuljetta-
jilta ajanvarauksen kéyttoonottoa. seonnistui laskemaan odotusajat viidesta tunnista 28
minuuttiin, mik& tarkoittaa 92 prosentin laskua. (Morais ja Lord 2006)

4 HAMINAKOTKA SATAMAN REKKALIIKENNE

4.1 Rekkojen k&antdajat Mussalon satamassa

Seuraavat tiedot on otettu sataman kulunvalvontajarjestelméstd yhden normaalipéivén
aikana. Kun kuljettaja saa kulkuluvan, kontti on valmiina otettavaksi kyytiin, eli rekalla
on lupa ajaa sisé&&n sataman porteista. Tassé pitdisi mennéd vain muutama minuutti, silla
neuvonta ja sataman portit ovat vain muutaman sadan metrin pééssa toisistaan. Kuiten-
kin 95 prosentilla rekoista kesti yli tunti ajaa sisdén satamaan. Vain kolme prosenttia
siirtyi satamaan alle puolessa tunnissa ja kaksi prosenttia alle tunnissa. (Koskinen 2013)

Seuraavaksi rekka siirtyy terminaaliin. Esimerkkipdivand 75 prosenttia kéynneista kesti
alle tunnin, kymmenen prosenttia yli tunnin ja 15 prosenttia yli kaksi tuntia. Tullissa 85
prosenttia pysédhdyksista kesti alle tunnin, kymmenen prosenttia yli tunnin ja viisi pro-
senttia yli kaksi tuntia. Kokonaisk&énttajoista 60 prosenttia kesti alle kaksi tuntia, 30
prosenttia yli kaksi tuntia ja kymmenen prosenttia yli nelja tuntia. Suurin osa kokonais-
ajasta kului sataman porttien ulkopuolella ennen satamaan ajoa. Suurin osa odotusajois-

ta oli 40 - 70 prosenttia kokonaisajasta. (Koskinen 2013)



4.2 Stevecon toiminnot

Kun rekka tulee asioimaan Stevecolla, kuljettaja luo tyétapahtuman palvelutiskilla tai it-
sepalvelukioskilla, minka jalkeen han ajaa terminaaliin. Terminaalin portilla rekan re-
kisterikilpi luetaan automaattisesti, ja jos kaikki on kunnossa, rekka péésee ajamaan
terminaaliin. Rekka saattaa ajaa konttikentélle jattamaan tyhjaé konttia pois kyydista tai
suoraan konttien vaihtoalueelle, jossa se jattaa tai saa tdyden kontin. Konttien vaihtoalu-
eella kuljettaja kirjautuu tunnistuspaétteelle, jolloin lukit saavat tiedon rekasta ja siihen
kuuluvasta kontista. Taman jalkeen rekka ajaa ulos terminaalista tulliin tai ulos satamas-
ta. (Sinikannas 2013)

4.2.1 Ruuhkaa aiheuttavat tekijat

4.3 Tulli

Keskiméardinen rekan kaantbaika terminaalissa tavallisena péivand on 30 minuuttia.
Odotusajat voivat pitkittya tiettyyn kellonaikaan, jos suurin osa rekoista saapuu samaan
aikaan. Terminaalissa tyoskentelee sama méaara tyontekijoitd aamukuudesta iltakymme-
neen, mutta eniten rekkoja saapuu keskipaivén aikaan. T&mé aiheuttaa jonoja terminaa-
lissa. Muita syitd voivat olla d&rimmaiset sddolosuhteet sekd rikkoutuneet valineet. (Si-
nikannas 2013)

Terminaalin jalkeen ulkomaalainen rekka ajaa tullin takapysékointialueelle, jossa se
odottaa vuoroaan tullitarkastukseen. Tarkastuksessa katsotaan rekan kunto ja kontti si-
netdidaan. Tarkastaja tarkistaa myos, etté rekalla on oikea kontti kyydissd. Tama kestaa
viidestd kymmeneen minuuttia, mutta moottori on oltava sammutettuna, eli tdssa pis-

teessd ei synny paastoja. (Holopainen ja Tapola 2013)

Seuraavaksi kuljettaja asioi tullin palvelutiskilld, jossa kuluu kymmenesta viiteentoista
minuuttia. Kun kaikki asiakirjat ovat kunnossa, rekka saa luvan poistua satamasta. Tulli
ruuhkautuu, kun useita ulkomaalaisia rekkoja saapuu yhté aikaa asioimaan tullissa. Ta-
ma johtuu siitd, ettd terminaalit palvelevat ensisijaisesti kotimaan liikennettd, jolloin ul-
komaanliikenne kulkee aalloittain. Pysékdintialueella on tilaa noin 200 rekalle, ja jos
tdmé alue on tdynng, rekka voi joutua odottamaan tarkastukseen péésya jopa vuorokau-
den. (Holopainen ja Tapola 2013)



5 YHTEENVETO

Tutkimuksen tarkoitus oli tutkia rekkojen kaantoaikoja ja niit4 hidastavia tekijoita. Rek-
kojen kaantoaikoja ja niihin vaikuttavia tekijoité selvitettiin ja haastatteluiden perusteel-
la kuvattiin rekan liikkeit4 satamassa.

Tutkimusongelmaa lahestyttiin tutkimalla jo olemassa olevia tutkimuksia k&&ntoajoista
ja péastojen vahentdmisesta satamissa. Taman jalkeen Stevecon, tullin ja sataman edus-

tajia haastateltiin.

Koska HaminaKotka on Suomen suurin yleis-, vienti- ja transitosatama, on tarkeda, ettéa
se toimii tehokkaasti. Kaantdaikojen tulisi olla lyhyitd, sill4 ne ovat yksi tarkeimmista
suoritustehon mittareista satamissa. Lyhyet kaantGajat myos tarkoittavat vahemméan

paastoja, mika on Ecologically Friendly Port - projektin tarkoitus.

Taman tutkimuksen aikana selvisi, ettd sataman suurimmat ongelmat syntyvét rekoista,
jotka eivét aja suoraan satamaan saatuaan kulkuluvan, seka tullin mahdollisista pitkisté
jonoista. Rekkojen ajanvarausjérjestelméa voisi olla ratkaisu ndihin ongelmiin, sill& rek-
kojen olisi ajettava satamaan tiettynd aikana, jolloin rekat saapuisivat myos tulliin tasai-
sempaan tahtiin. Tallaisen jarjestelman k&yttoonotto vaatii kuitenkin suuria muutoksia

satamalta.

Kuten Morais ja Lord (2006) ehdottavat, pidennetyt portin aukioloajat yhdistettyné
ajanvarausjarjestelméén vahentéisivat jonoja ja siten rekkojen tyhjakayntia. Mussalon
sataman ongelma on pitkaaikainen ja korkea tyhjakaynti, joka tuottaa kymmenesta 12
kilogrammaan hiilidioksidia tunnissa. Kuljettajille tarkoitetusta lampimésté odotustilas-
ta olisi myds hy6tya; kun kuljettajat padsisivat pois autoista odottamaan tulliin péésya,

moottorien ei tallgin tarvitsisi olla kdynnissa.

Erds tapa vahentdd ruuhkaa ja paastoja tullin nakdkulmasta on ulkomaan liikenteen
syottolinjan luominen terminaaleissa, silla tullin mukaan terminaalit palvelevat ensisi-
jaisesti kotimaan asiakkaita, jolloin ulkomaalaiset rekat joutuvat odottamaan. Tama taas

luo painetta tulliin, kun rekat saapuvat samanaikaisesti.

Kuten TraPacin ja STS:n terminaalit, myds HaminaKotkan sataman terminaalit voivat
saavuttaa suuria vahennyksia paivittaisissa hiilidioksidipdastoissaan ottamalla kayttoéon
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ajanvarausjarjestelmén. Koska ndma kaksi terminaalia saavuttivat 89 %:n seka 92 %:n

vahennyksia paastoissé, vahennyksia voidaan odottaa myds HaminaKotkan satamalta.

Mussalon sataman k&antbajat eivat valttamatta ole taysin todenmukaiset, silla ne ovat
kaikki yhdelta paivélta. Niiden pitdisi kuitenkin kuvata sataman tilannetta, silla luvut on
otettu normaalina péivana, jolloin ei ole ollut ruuhkaa, muttei mydskaan hiljaista. Tullin

palveluajat antavat paremman kuvan, silla ne ovat pidemmalté aikavalilta.

Jatkotutkimuksen aiheena voisi olla mahdollinen ajoneuvojen ajanvarausjarjestelman

kayttoonotto ja sen edellyttdmét vaatimukset.
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