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Sharing Best-Practices in Reducing Greenhouse Gas Emissions at Ports 
 
 
1. Introduction 
 
Climate change is perhaps the most significant environment threat the world community faces 
today. Although the port sector is a small contributor to the total volume of emissions to the 
atmosphere, the port sector should nevertheless continue to do its part towards reducing 
greenhouse gas (GHG) emissions generating from its activities wherever possible. 
 
Regarding GHG emission reduction issues, the port sector itself has an interesting character: 
we can pursue both improving the efficiency of cargo transportation systems and developing 
environmentally-friendly cargo transportation systems. As a part of measures that could 
reduce GHG emissions at ports, streamlining of cargo traffic flows at ports would reduce not 
only negative impacts on environment but also logistic costs regarding the sector activities 
simultaneously.  
 
Ports and related sectors in the APEC region are now faced with both opportunities and 
challenges in pursuing efficient and environmentally-friendly cargo transportation and port 
operation. As member economies of APEC are situated along the Pacific Rim, APEC is 
well-positioned to promote technical co-operation among transportation sectors of member 
economies. We believe that sharing best-practice in addressing greenhouse gas emission 
issues is indispensable for facilitating convenient cargo transportation within the region, 
promoting technical co-operation among transportation sectors of member economies, 
improving efficiency of logistics system, and stimulating trade and investment in the region. 
 
2. General Principles for Addressing GHG Emission Issues at Ports 
 
In the Manila meeting, the economies agreed that shared best-practices in reducing GHG 
emissions at ports should be: 
- effective in contributing to the reduction of total global greenhouse emissions; 
- not binding to any member economies; 
- cost-effective; 
- based on sustainable environmental development without penalizing global trade and 
growth; 
- accommodating to leading technologies in the field of energy efficiency; and 
- practical and easy to administer. 
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3. Possible measures to be shared among the APEC economies  
 
The economies are requested to report measures taken by port authorities, port operators, port 
facility owners and ship operators by category as follows: 
- promoting modal shift from trucks to coastal shipping and railway cargo transportation; 
- reducing traffic congestion surrounding port terminals; 
- introducing environmental-friendly cargo-handling machines;  
- providing on-shore power supply to ships at berth; 
- introducing renewable source of power to port facilities i.e. solar energy system, wind 
energy system, tidal power generation and so on;  
- providing green space as a part of carbon sinks and applying a carbon offset scheme to port 
areas; 
- developing carbon capture and storage(CCS) technology 
- introducing a planning scheme for reducing GHG emissions, and beginning a process of 
quantification and managing of CO2 footprints; and 
- other measures. 
 
Specific description is provided as follows: 
 
(1) Modal shift 
 Coastal shipping and railway cargo transportation are environmental-friendly 
transportation modes: unit GHG emission by railway cargo transportation is about one-third 
of that by truck transportation. Modal shift from trucks to coastal shipping and railway cargo 
transportation is a possible way to reduce total GHG emission from domestic logistics 
services. A possible way to promote modal shift is to provide incentives to cargo owners such 
as subsidies, tax and so on.  
 
(2) Traffic congestion 
 Traffic congestion surrounding port terminals may be a major GHG emission source. 
A possible way to reduce GHG emissions generated by trucks in traffic jams is to make use of 
information and communication technology (ICT). In some economies, information regarding 
arrival/departure of vessels in port terminals is available to cargo owners and logistics 
business companies through Automatic Identification System (AIS) so as to facilitate 
distribution of goods.   
 
(3) Cargo-handling machines 
 Cargo-handling machines such as transfer cranes run on light diesel oil. In recent 
years, energy conservation of cargo-handling machines has been improved by applying hybrid 
technology to cargo-handling machines. However, this technology is not in widespread use 
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because initial installation cost is relatively high. To encourage broad use of this 
environmental-friendly technology, we might adopt an incentive scheme to promote 
installation and/or focus on research and development of low-cost technology.   
   
(4) On-shore power supply 
 Onshore power supply could reduce GHG emissions from power generation, and 
could also reduce the emissions of other air pollutants (NOX, SOX, PM) and benefit local air 
quality. In introducing onshore power, consideration should be given to the cost effectiveness 
and technical standard for high-voltage onshore power supply. This technology is not in 
widespread use because initial installation cost is relatively high. To encourage broad use of 
this technology, we could adopt an incentive scheme to promote installation and/or focus on 
research and development of low-cost technology.  
 
(5) Renewable source of energy 
 Solar cell technology has improved enormously in the recent years. Therefore, it is 
worth considering the installation of solar panels in port facilities where a reasonable amount 
of sunshine is expected, and which have a sufficient available space for solar panel. However, 
this technology is not in widespread use because initial installation cost is relatively high. To 
encourage broad use of this environmental-friendly technology, we could adopt an incentive 
scheme to promote installation and/or focus on research and development of low-cost 
technology. 
 In port areas,  other types of renewable sources of energy such as wind energy 
system, tidal power generation and so on, may be available. Therefore, it is worth considering  
these various options. However, detailed feasible study on usage of a particular renewable 
source may be needed.  
 
(6) Green space & Carbon offset 
 Green space helps not only improve air quality in port areas but also absorb carbon 
dioxides by acting as a carbon sink and capturing carbon emissions. We may be expected to 
provide more green space in port areas for improving air quality and addressing climate 
change.  
 In port areas, there are a number of business and industrial establishments which emit 
a large volume of GHG from their activities. By encouraging these establishments to 
co-operate in providing green space in port areas together with port authorities, we could 
reduce and/or absorb GHG emissions. Carbon offset may help to provide green space in port 
areas.   
 
(7) Carbon capture and storage (CCS) 
 In port areas, there are a number of business and industrial establishments which emit 

 3



a large volume of GHG from their activities. By applying a Carbon Capture and Storage 
(CCS) technologies to port areas, we could achieve a “Low-carbon Port” which would 
minimizes GHG emissions. However, more detailed research and development are still 
needed before such  CCS technologies can be put into practice. 
  
(8) Planning & Quantification 
 Planning plays an important role in reduceing GHG emissions from port areas 
steadily and systematically. Various types of stakeholders- i.e. ship owners, ship operators, 
stevedores, port authorities, logistics suppliers and cargo owners- should be involved 
throughout the planning process.  
  Also, quantification of GHG footprints is needed in order to develop a concrete plan. 
Throughout the process of quantification, mitigation measures should be prioritized in terms 
of cost-effectiveness and feasibility. As a first step, creation of carbon inventories for port 
operations as a whole and for the relevant part of the supply chain is needed. Then, targets for 
CO2 emission reductions in port areas in conjunction with relevant parties should be 
developed. 
  
4. Questionnaire results and simple comments 
      The questionnaire was dispatched to APEC economies in September of the last year, 
and there were 20 answers from 9 economies. The results are as follows.  
Most answers concern Cargo-handling machines, while there are no answers on carbon 

capture and storage. 
 
Questionnaire results 

Econom ies Location B est Practice C ategory

Retension of green areas (6)

Port em ission inventory (8)
Influencing environm ental perform ance through our supply chain (8)
Land use planning and sustainable design (8)

C anada Fraser Surrey H ybrid Sw itcher Locom otive (3)
Tokyo installation of energy-saving cargo-handling system (3)
Tokyo B ay C ontainer transportation by barge (1)

Korea B usan Installation of environm ental-friendly cargo-handling m achines(e-RTG C ) (3)
D iesel-electric straddle carrier m achines (3)
C ontainer port energy efficient lighting upgrade (9)
D ay-lighting for engineering w orkshop and strage areas (5)
Energy-efficient asym m etrical lighting for term inal (9)

Kaohsiung Autom atic identification (C ontroling) system (2)
Taichung Reegeneration of coastal w ind break forest (6)
Keelung Electric pow ered cargo-handling m achines (3)

Increasing green space (6)
EuroⅢ standard cargo handling (3)

Laem  C habang Laem  C habang port's single rail transfer term inal operator project(SRTO ) (1)
Virginia D iesel engine replacem ent (3)
Seattle C old ironing (4)

(1) M odal shift
(2) Traffic congestion
(3) C argo-handling m achines
(4) O n-shore pow er supply
(5) Renew able source of energy
(6) G reen space & carbon offset
(7) C arbon capture and storage
(8) Planning & Q uantification
(9) O thers

Thailand
B angkok

C hinese Taipei

U .S.

Japan

Australia B risbane

N ew  Zealand Auckland

PSASingapore
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(1)M odal shift

(2)Traffic
congestion

(3)C argo-
handling
m achines

(6)G reen space &
carbon offset

(7)C arbon
capture and
storage

(8)Plannning &
Q uantification

(9)O thers

(4)O n-shore
power supply

(5)Renewable
source of energy

 
 
Simple comments 
 
１．Modal shift 
 Two answers mainly about a support system for modal shift. To promote green logistics, 
modal shift is one of the effective means and a support system can become the incentive. The 
APEC economies are expected to promote modal shift referring to such actions  
 
２．Traffic congestion 

On answer concerned traffic systems using IT technology. For port terminals which handle 
many containers, traffic jam concentration is one of the effective ways to reduce GHG 
emissions from trailers. The APEC economies are expected to introduce such technology.  

 
３．Cargo-handling system 
 Seven answers concerned a support system for eco-friendly cargo-handling system. His 
particularly noted that  electric cargo equipment has a high energy-saving effect but comes at 
a high cost, The APEC economies are expected to introduce appropriate a support system 
tailored to individual on its circumstances.  
 
４．On-shore power supply 
 One answer concerned an on-shore power supply system for cruise ships in the port of 
Seattle. To promote on-shore power supply, support systems for initial cost and reducing of 
electric bills are required. The APEC economies are expected to introduce on-shore power 
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supply systems referring to such support systems.  
 
５．Renewable source of energy 
 There was no answer concerning renewable sources of energy such as solar energy system, 
wind energy system, but there was an answer concerning electric reduction utilizing 
day-lighting. [There is useful space in port facilities, and port has advantages to introduce 
renewable sources of energy. The APEC economies are expected to introduce renewable 
sources of energy at various places in port facilities. 
 
６．Green space & carbon offset 
 Three answers concerned the creation of green spaces (including forest), while there was no 
nswer on carbon offset. In addition, there are various places for introducing green spaces in 
ort facilities such as office buildings. The APEC economies are expected to introduce green 
paces in port facilities.  

a
p
s

r
d
e

 
７．Carbon capture and storage (CCS) 
 There was no response concerns carbon capture and storage. 
 
８．Planning & Quantification 
 Three answers concerned port emission inventory and land use planning. To promote the 
eduction of GHG emissions in ports, it is effective to estimate inventory of port facilities and 
raft a port strategy. The APEC economies are expected to promote the reduction of GHG 
missions referring to such means. 

 
９．others 
 Two answers concerned energy-saving lighting systems. These practices are effective 
especially for night cargo-handling. Lighting systems vary by port and thus the APEC 
economies are expected to promote original practices depending on individual circumstances. 
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5. Best Practices among APEC economies  
(1) Modal shift 
Best Practice: Container transportation by barge 
 
 
 
 
 
 
 
 
 
 
 
 
 

Items Contents 

Description Empty containers generated at port of Tokyo transported by truck to port 
of Yokohama. It causes a large amount of CO2 emission and heavy 
traffic on the landward side. 
To improve this, some containers are transported by barge in Tokyo bay. 
To start a barge service, support system for environment-friendly 
logistics (green partnership project) is utilized and the government 
subsidized barge construction.   
Marine transportation by barge has effect on reducing CO2 emissions 
and it is estimated that CO2 reduction effect of marine transportation 
compared to land transportation between port of Tokyo and port of 
Yokohama is about 85%. 

Barriers to 
implementation 
/wide-spread  
adoption 

Transshipment cost is high compared to land transportation,   so it 
becomes an obstacle to promote barge transportation.  
And the luck of port facilities suited to barge transportation causes 
inefficiency of barge transportation. 

Project 
replicability 
and potential 
market 

It is possible for region where empty containers transported by truck and 
required port facilities are developed to reply barge transportation.  

Category:    Modal shift   
 
Location:     Tokyo Bay 
 
Date:         
 
Contact Info: 
 
Website:    
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Cost There is no detailed data, but transportation cost becomes high 
compared to land transportation in general because of transshipment and 
so on. 

Results CO2 emission is reduced about 85%. 
Payback Not applicable. 
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 Best Practice: Laem Chabang Port’s Single Rail Transfer Terminal Operator 
Project (SRTO) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Items Contents 

Description Road transport is the most resource and emission intensive transport 
mode.  At present, the transport from Laem Chabang Port (LCP) to 
hinterland has been largely done via road system.  
 In essence, transport by road accounting for 90%, whereas 
movement by rail and waterway are approximately 9.5% and 0.5%, 
respectively. Laem Chanbang Port takes account in this situation and 
tries to reduce GHC emission by shifting mode of transport from 
road to rail. A possible way to support modal shift is to provide 
SRTO in order to serve the discharge of containers transport by rail 
within port area. The project would largely help facilitate rail 
transfer in the long run in response to the completion of double track 
construction project of State Railway Authority of Thailand (SRT). 
It would increase the handling capacity of rail transport in LCP from 
the existing of 500,000 TEUs/year to 1.0-1.5 million TEUs/year. 
Consequently, GHC emission which is generated by road transport 
will be reduced within port area and also improve air quality. 

Point of Concern Firstly, SRTO has to link with the double track project of State 
Railway Authority of Thailand in order to transport containers 
between LCP and ICD Lat Krabang. Thus, both projects have to be 
completed at the same period of time around by the year 2011. 
Otherwise, SRTO would not be operated efficiency. 

C1

C2

C3

D3

D1

D2B1

B5

B2

B3

B4
Phase I 

Phase III 

E Series

Rail Yard
Existing Rail Track
Future Rail Track

Phase II 

Category: Modal Shift 
 
Location:Laem Chabang Port,  

Port Authority of Thailand 
 
Date: 26/09/2008 
 
Contact Info: Planning Division, 

Laem Chabang Port, 
Thungsukla, Sriracha, 
Chonburi, 20230,  
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Secondly, after completing of SRTO project, the number of trains 
leading to LCP would not only be increased from 28 trains daily to 
70 trains daily but also the handling capacity will be rise to about 2 
million TEUs/year. State Railway Authority of Thailand, therefore, 
necessary to increase locomotives in order to facilitate the higher 
train daily between LCP and ICD Lat Krabang.  
Finally, as a consequence of increasing the number of train daily 
between LCP and ICD, ICD Lat Krabang has to increase its capacity 
by developing ICD phase II to serve the rise up of capacity in the 
near future.  

Cost 37 million US dollars  

Project replicability 
and potential 
market 

Since this project is perceived as the most economical way of 
transport via achieving the economies of scale, by is nature, it is not 
difficult to replicate this project in the ports of other APEC 
economies. 

Results More than 20% 

Payback 13 years 
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(2) Traffic congestion 
Best Practice: Automatic Identification (Controlling) System 
 
 
 
 
 
 
 
 
 
 
 
 

 Category: traffic congestion   
 
Location: Port of Kaohsiung,  

Chinese Taipei 
 
Date:   09/2008 
 
Contact Info:  
 
Website:    

 
Items Contents 

Description 1. Truck Idling is a major GHG emission source. A possible way to 
uce GHG emission produced by trucks during the checking process 
port checking gate is the usage of Automatic Identification 

ontrolling) System. This new facility takes the truck’s license plate 
d the cargo’s number photographically, and identifies the image with 
 Custom’s Release Data via computer in order to approve the 

rmission of passage. Comparing to the traditional manually gate 
ecking system, truck have to be stopped for data processing, 
refore, CO

red
at 
(C
an
the
pe
ch
the
by
idl

ad
ye

2 is released to the environment due to truck idling. Now 
 the automatic system, trucks can pass the gate directly without 
ing, as a result, CO2 emission can be reduced. 

2. 700 million trucks pass through the checking gate annually, by 
opting the new facility, about 112 tons of CO2 can be reduced per 
ar. 

Barriers to 
implementation 
/wide-spread  
adoption 

 

Project 
replicability 
and potential 
market 
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Cost Installation Cost per one facility is $NT5.5 million. 
Results  
Payback  
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(3) Cargo-handling machines 
Best Practice: Installation of energy-saving cargo-handing machines (RTGs) 
 
 
 
 
 
 
 
 
 
 
 

 Category: Cargo-handling machines   
 
Location: Port of Tokyo and the other, 
          Japan 
 
Date:  
 
Contact Info: 
 
Website:    

 
 

Items Contents 

Description Cargo-handling machines such as RTGs run on light diesel oil. In recent 
years, energy conservation of cargo-handling machines has been 
improved by applying hybrid technology to cargo-handling machines. 
When a container is lowered, the gravitational potential energy can be 
converted into an electric power. This is called the regenerative power. 
The regenerative power is stored by a regenerative power storage 
system composed of an electrolytic capacitor, and this regenerative 
power is used for hoisting another container. 
By introducing hybrid system, GHG emission and energy consumption 
is reduced by 40% (66t-CO2/unit and 25kL/unit). Also, large amounts 
of air pollutants are reduced (700kg of NOX and 520Kg of PM). This 
technology helps not only reduce GHG emission from the port area and 
but also improve air quality. 

Barriers to 
implementation 
/wide-spread  
adoption 

This technology is not in widespread use because initial installation cost 
is relatively high. To encourage broad use of this environmental-friendly 
technology, we might adopt an incentive scheme to promote installation 
and/or focus on research and development of low-cost technology. 

Project 
replicability 
and potential 
market 

Since there are already a lot of introduction results also in Japan、it is 
not difficult for APEC economies to replicable this technology.  
Additionally, subsidy from national government for energy-saving 
cargo-handing machines (hybrid RTG , electric forklift) will be started from 
this fiscal year. 
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Cost 0.4 millions in US dollars per unit 
(Only for retrofit improvement) 

Results Energy consumption is reduced about 40-50%. 
Payback About 17 years. 
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Best Practice: Installation of environmental-friendly cargo-handing machines 
(e-RTGC) 
 
 
 
 
 
 
 
 
 
 
 

Category: Cargo Handling Machine   
 
Location: Busan Port & Korea 
 
Date: August 1, 2008 
 
Contact Info: Busan Port Authority 
 
Website: http://busanpa.com/ 

 
 

Items Contents 

Description Busan Container Terminal has deployed electronic rubber-tyred gantry 
cranes (e-RTGC) that will reduce emissions at Busan Container Port in 
Korea. this project is part of a wider range of initiatives that Korea has 
launched in recent years to help protect the environment. Further, 
Korean government has a plan to establish a green terminal, which 62 of 
current 102 RTGC are expected to change into e-RTGC by the year 
2010. The e-RTGCs run on electric motors rather than diesel engines, 
helping to reduce the consumption of diesel fuel as well as the emission 
of pollutants. By introducing these machines, GHG emission is reduced 
by 64.4%. and energy consumption is cut down not less 84%($22,000) 
than diesel engines($0.13millions) per unit 

Barriers to 
implementation 
/wide-spread  
adoption 

Cargo handling machines are not in widespread use because initial 
purchase cost is relatively high, but to save energy, and to protect the 
environment, Ministry of Land, Transport & Maritime Affairs should 
play a significant role in expanding use such environmental-friendly 
machines, For that, It should try to reach a broad agreement with 
relevant agencies or local terminal authorities to adopt an incentive 
policies to promote installation and focus on research and development 
of low-cost technology in the future. 
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Project 
replicability 
and potential 
market 

 

Cost 0.3 millions in US dollars per unit 

Results  
Payback  
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Best Practice: Diesel engine replacement 
 

 
 

Items Contents 

Description The Port of Virginia ranks 9th among all U.S. ports handling over 
15,900,000 tons of cargo in 2005. Diesel exhaust generated from cargo 
handling equipment is responsible for approximately 25% of emissions 
from port facilities.  In 1999, the Port of Virginia voluntarily 
implemented an emissions reduction program through a series of 
revisions to its equipment purchasing policies. The Port specified to its 
suppliers that all new cargo handling equipment contain the lowest 
emission engine available on the market. Port of Virginia selected 
cleaner burning “on-road” engines, which contributed to a reduction in 
engine sizes in fleet vehicles and a significant decrease in emissions. 

Barriers to 
implementation 
/wide-spread  
adoption 

The Port of Virginia suggested that implementation was successful, 
considering that low-emission engines were purchased in conjunction 
with the Port’s regularly scheduled improvement timeline. Port of 
Virginia purchased engine replacements from their traditional 
manufacture/supplier. By incorporating the engine replacement in their 
regularly scheduled maintenance plan and by purchasing from a familiar 
purchaser, no major barriers to implementation were observed.      

Project 
replicability 
and potential 
market 

Project replicability is extremely possible. The Port of Virginia initiated 
their diesel engine replacement ahead of an expected regulatory 
mandate from the U.S. federal government, specifically the U.S. 
Environmental Protection Agency.  

Category: cargo handling 
machines 
 
Location: Port of Virginia 
(Norfolk, Virginia USA) 
 
Date: December 8, 2008 
 
Contact Info: Ms. Heather L.W. 
Mantz (hmantz@portofvirginia.com)
 
Website: http://www.vaports.com 
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Cost Costs for a typical replacement were between $6,000 and $12,000. Most 
funds were paid for out-of-pocket by the Port of Virginia. The Port 
Authority, however, did receive grant money from the U.S. 
Environmental Protection Agency to supplement the cost of this 
environmentally-friendly initiative. 

Results Since implementation in 1999, cargo handling equipment at the Port of 
Virginia has met or exceeded U.S. Environmental Protection Agency 
emissions requirements. 
From 1999 to 2005, air emissions from cargo handling activities at the 
Port of Virginia decreased by 30% despite a 55% increase in cargo 
volume.  For 2005-2015, emissions are expected to decline by an 
additional 38% with a 49% projected increase in cargo volume. 
The Port of Virginia noted that the diesel engine replacement has 
contributed not only to cleaner air and a reduction in GHG emissions, 
but also a reduction in cost of fuel expenditures. Operational 
maintenance of fleet vehicles is more efficient, easier and tidier. 

Payback Not applicable. 
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Best Practice: Hybrid Switcher Locomotive 
 
 
 
 
 
 
 
 
 
 
 

Category: Cargo-handling machines 
Location: Fraser Surrey Docks, B.C., Canada 
Contact Info: 
Michael Templeton, IDC Distribution Services 
Inc., 604-632-1727 
José Mathieu, Railpower Technologies Corp. 
450-678-5277 ext 501; jmathieu@railpower.com 
Website: 
http://www.Railpower.com/products_hl.html 

 
 

Items Contents 

Description IDC Distribution Services Ltd. (IDC) provides all inter-modal rail 
services to container customers of Fraser Surrey Docks as well as 
switching and train building services on behalf of the four major 
railways with access to this property. This project involved the 
acquisition and testing of a prototype hybrid switcher locomotive, the 
Green Kid® locomotive, manufactured by Railpower Technologies 
Corp., to assess operation and fuel and emission reduction. Featuring 
low-horsepower diesel generators and long-life recyclable batteries, 
hybrid locomotives are designed to reduce NOx and other emissions by 
50 to 80 percent, and fuel use about 50 percent compared to 
conventional switcher locomotives. 
This project was undertaken with financial assistance provided by the 
Government of Canada, under Transport Canada’s Freight Incentives 
Program (FIP), Contact: Brigitte Rivard, Transport Canada, 
613-990-0516 

Barriers to 
implementation 
/wide-spread  
adoption 

The capital investment required to convert to a hybrid engine may be a 
deterrent for some; however, the savings earned from the reduced 
operating costs could potentially offset this cost. The locomotive could 
have widespread use in other inter-modal rail facilities. 
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Cost Capital cost comparisons are difficult because the extent of refurbishing 
a locomotive varies so much from one to another. It is estimated that the 
capital cost of refurbishing a locomotive to a hybrid configuration is 
about the same or slightly more than refurbishing a locomotive to its 
original main engine configuration. Therefore, there does not appear to 
be a major capital cost hurdle to converting to hybrid. The main 
differences are in the operational costs and benefits. The hybrid 
locomotive acquired by IDC Distribution Services reduced fuel 
consumption by about 53% with resulting fuel savings for the year it 
was tested in comparison to a standard SW900 locomotive.   
 

Results The hybrid locomotive reduced fuel consumption by about 53% during 
a one-year test period resulting in more reductions in emissions to the 
environment. 
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Best Practice: Diesel-electric straddle carrier machines, Ports of Auckland 
 
 
 
 
 
 
 
 
 
 
 
 
 

Items Contents 

Description The project upgraded Ports of Auckland’s straddle carrier fleet, 
replacing mechanical drive straddle carriers with diesel-electric drive 
machines.  
The hybrid machines consume less fuel (approximately 20%) and emit 
less  (up to 90%) than the previous mechanical drive, diesel-only 
machines.  They are also quieter and include operational and driver 
comfort improvements expected from newer machines. 
Currently, of the Port’s 43 straddle carrier machines, 35 are diesel 
electric Noell straddle carriers, all with an age of three years or less. 
Likewise, for forklifts and tractors, the task was to replace Tier II / 
mechanical drive trains with Tier III / IV electronic transmissions. 

Barriers to 
implementation 
/wide-spread  
adoption 

The older technology equipment will remain in service to complete its 
economic life and not be replaced until required. 

Project 
replicability 
and potential 
market 

 

Cost The straddle carrier machines cost between $1.2 and $1.6 million each, 
depending on various factors, such as exchange rates, at the time of 
purchase. 
However, there was no additional cost, as the equipment was due for 

Category: Cargo-handling machines  
 
Location: Ports of Auckland 

   Auckland, New Zealand 
 
Date: Early 2006 onwards 
 
Contact Info: John Miller, Operations 

Engineer, Axis Intermodal 
and Ports of Auckland 
Limited. 

 
Website: http://www.poal.co.nz  
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replacement and new equipment with low GHG emissions is now the 
industry standard. 

Results  
Payback  
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Best Practice: Electric Powered Cargo-handling machines 
 

Category: Cargo-handling machines  
 

Location: Port of Keelung, Chinese Taipei

 
Date: 2008/01 
 
Contact Info:  
 
Website:    

 
 
 
 
 
 
 
 
 
 
 
 

Items Contents 

Description TK Logistics International Co., Ltd. uses a 3,300V electric powered rail 
cargo handling crane. Its cargo handling capacity is 25~30 VAN/Hr, 
twice the capacity of wheeled, diesel-powered machines which use 2500 
liters of diesel per month. Every month on average we reduce 5000-liter 
of diesel consumption and at least 13,900kg of greenhouse gases 
( including CO2、CH4 and N2O).  
Not only air pollutants are reduced, there is also less noise during 
operation. 

Barriers to 
implementation 
/wide-spread  
adoption 

The cost of the electric rail cargo handling machine is more expensive 
than the diesel one (about NT$ 28 million per unit). To promote its 
application, it is suggested to implement an appropriate subsidy policy. 

Project 
replicability 
and potential 
market 

 

Cost NT$ 50 million/unit 
Results  
Payback  
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Best Practice: EURO III Standard Cargo Handling Machines 
 
 
 
 
 
 
 
 
 
 
 

 

 

Category: Cargo-handling machines  
 
Location: Bangkok port, Thailand 
 
Date: 2008/01 
 
Contact Info:  
 
Website:    

Items Contents 
Description In the year 2008, Bangkok Port introducing the European Emission 

Standard EURO III for the cargo handling machine. EURO III is a 
standard for controlling and minimize the emission of toxic gas from the 
engine, such as carbon monoxide, hydrocarbon, nitrogen oxide etc. This 
standard was implemented in Europe since 2000. 
    Cargo handling machine which use EURO III standard are: 
    - Rubber Tyred Gantry Crane 
    - Yard Hustler 
    - Container Stacker 
    - Empty Stack 
    - Pick-up truck  
    By changing to EURO III standard, Bangkok Port hopes that this can 
reduce greenhouse gas emission from cargo handling equipment. 
    In the future, the Government of Thailand agree to increase the 
standard of fuel to EURO IV in the year 2012. Bangkok Port will then 
plan to introduce EURO IV cargo handling machine as well.   

Barriers to 
implementation 
/wide-spread 
adoption 

The cost of EURO III standards cargo handling machine is about 40% 
higher than the normal cargo handling machines. 

Cost Example : Yard Hustler 170,000 US$ per unit 
Results Emission of carbon monoxide reduce from 2.72 g/km to 0.64 g/km and 

particle matter from 0.14 g/km to 0.05 g/km 
Payback Increasing cargo handling equipment performance 40% 
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(4) On-shore power supply 
Best Practice: Port of Seattle, United States, Cold Ironing 
 
 
 
 
 
 
 
 
 
 
 
 
 

Items Contents 

Description When a vessel plugs in to the city grid, the vessel's diesel engines are shut 
down, eliminating the emissions from the ship. This process also referred 
to as “cold ironing”. Without shore power, the vessel's diesel engines 
would be running continuously to provide power for onboard equipment 
such as lighting, pumps, ventilation, and communication required for 
operations at berth, or “hotelling”. Cold ironing is an effective way of 
reducing emissions from vessels at berth. Emissions of oxides of nitrogen 
(NOx), particulate matter (PM), hydrocarbon (HC), and carbon dioxide 
(CO2) emissions are eliminated when a vessel goes cold. 

A partnership between the Port of Seattle, two major cruise lines 
(Princess Cruises and Holland America Line) regulators and industry 
has resulted in important emissions reductions while vessels berth. 
Simply by “plugging in” to the city grid and turning off their engines, 
participating vessels are cutting annual CO2 emissions by up to 29% 
annually, with financial savings of up to 26% per call. This simple 
practice has great scope for expansion. 

Barriers to 
implementation 
/wide-spread  
adoption 

Princess Cruises and Holland America Line vessels have been modified 
to connect to shore power at the Port of Seattle Port's Terminal 30, both to 
reduce air emissions and fuel consumption. Princess Cruises has 
modified 7 vessels to use shore power in Seattle and Juneau. Holland 
America's Vista-class cruise ships ms Westerdam and ms Oosterdam 

Category: On-shore power supply 
 
Location: Port of Seattle, U.S. 
 
Date:  
 
Contact Info: Sarah Flagg 

Environmental 
Management Specialist 
Seaport Environmental 
Program 
Tel. 206 728 3249 

 

 
Photo courtesy of Princess Cruises 
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were modified in 2006; in early 2007, ms Noordam was similarly 
modified to accept shore-power. Both cruise lines will buy and use 
electricity provided by Seattle City Light, instead of burning ship-board 
fuels for power while calling to the Port of Seattle. 

Shore power changes the source of energy for the ship engines, but does 
not affect energy efficiency. 

Project 
replicability 
and potential 
market 

The time and cost may be substantially greater depending on how much 
infrastructure must be built or redeveloped, especially if the utility 
line(s) needed are not in close proximity to the terminal, and 
configuration of the vessel. Time and cost estimates should be 
developed based on the specifics for each terminal being considered.  
Frequency of calls needs to be considered in the project cost. For cruise 
operations, vessels call one day per week for the duration on of the 
cruise season. For cargo operations, a shipping line may call frequently 
to a port, but specific vessels do not call frequently and can be 
reassigned to a different route depending on cargo volumes. This is an 
important factor in the cost effectiveness of shore power for cargo 
vessels. If a vessel only calls 2-3 times per year, shore power is not a 
cost effective strategy for reducing ocean-going vessel emissions at a 
port. 

Cost $7.5 million from cruise lines ($2.7 million from Princess Cruises and 
$4.8 million from Holland America Line). U.S. EPA and Puget Sound 
Clean Air Agency who provided $75,000 in grant funding to assist with 
the costs of the project ($50,000 for Princess Cruises and $25,000 for 
Holland America Line).  
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Results Combined emissions reductions for Princess Cruises in 2005 & Holland 
America Line in 2006 are 3,525t CO2e: 

• Princess Cruises: In 2005, the equivalent of 2,735 tons of CO2 
emissions was eliminated by Princess' use of shore power while 
calling to the Port of Seattle Terminal 30 Cruise Facility.  

• Holland America: In 2006, the ms Westerdam and ms 
Oosterdam each made 21 calls to the Port of Seattle Terminal 30 
Cruise Facility. As the shore power was still being completed 
and tested during the first part of the 2006 cruise season, only 7 
calls by the ms Oosterdam and 8 calls by the ms Westerdam 
utilized the shore power infrastructure during the entire call. 
CO2 emissions per call without shore power are equal to 95.2 
tons; with shore power the CO2 emissions are equal to 8.2 tons. 
In 2006, Holland America Line's use of shore power at the Port 
of Seattle Terminal 30 Cruise Facility eliminated an estimated 
789.6 tons per year of CO2. That's a 29% reduction in CO2 
emissions  

The emissions benefits were calculated using an "activity-based" 
approach - for ocean-going vessels this is calculated by hours used, 
engine specifics, fuel type, engine load factors, and emission factors. 
These were calculated for the Puget Sound Maritime Air Emission 
Inventory, which is a 2005 baseline of all maritime-related activity in the 
entire Puget Sound airshed. The emissions benefits come from not using 
the engines to generate power (thus reducing fuel consumption). You can 
find more specifics on how the activity-based inventory was calculated in 
the full report at: www.maritimeairforum.org/emissions.shtml 

Payback n/a  
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(5) Renewable source of energy 
Best Practice: Day-lighting for Engineering Workshop and Storage Areas 
 
 
 
 
 
 
 
 
 
 
 
 
 

Items Contents 

Description Introduction of Solatube day-lighting system to introduce natural 
lighting into interior space indoors.  
 
The system is designed to capture daylight by redirecting low-angle 
sunlight and rejecting overpowering midday sunlight for consistent 
lighting throughout the day. The light captured from the roof is 
channeled through reflective tubing and evenly distributed indoors at 
ceiling level through a diffuser. 
 

More information at http://www.solatube.com/ 

Category: Renewable source of power   
 
Location: PSA Singapore Terminals, 
          Singapore 
 
Date: 2008 
 
Contact Info: 
 
Website:    
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Barriers to 
implementation 
/wide-spread  
adoption 

More suitable for installation in new buildings, retrofitting would 
require some reconstruction and renovation work to roof. 

Project 
replicability 
and potential 
market 

 

Cost http://www.solatube.com/ 

Results  
Payback  
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(6) Green space & Carbon offset 
Best Practice: Retention of green areas 
 
 
 
 
 
 
 
 
 
 
 

Category: Green space and carbon offset  
 
Location: Port of Brisbane, 

Queensland, Australia 
 
Date: 7 October 2008 
 
Contact Info: Rick Morton 

61 7 3258 4756 
 
Website:     www.portbris.com.au 

 
 

Items Contents 

Description The Port of Brisbane has a significant proportion of its lands in a 
vegetated and natural state. Approx. 9% of our land holdings are 
designated as green space underneath our Land Use Plan. This 
includes approx. 150ha of wetlands. 
The Port of Brisbane Corporation monitors the health and the extent and 
condition of the wetlands on a regular basis. Over the past few years, we 
have been working with local catchment community groups to manage 
and replant many of the remnant vegetation areas. 
Additionally, we require all new developments on port land to allocateat 
least 5% of each development site to landscaped areas. Landscaping is 
required primarily for visual amenity purposes. 

Barriers to 
implementation 
/wide-spread  
adoption 

We have experienced some difficulties with port tenants adequately 
maintaining landscaping on their site. 

Project 
replicability 
and potential 
market 

 

Cost Approx. $100,000 per year (monitoring and minor landscaping/ 
restoration) 
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Results  
Payback  
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Best Practice: regeneration of costal wind break forest 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Items Contents 

Description During the monsoon season there is continuous sandy wind. Since the 
construction of the port in 1975, windbreak foliage was required and the 
implementation of forestation was very important for the working 
environment.  
After 30 years passed, costal wind break forest reforestation is 
urgent. Through the cooperation of Forestry Bureau, Council of 
Agriculture Executive Yuan, there was multi-storied stand instead 
of single-storied stand to plant the indigenous species by 
replacing 17 hectares of forest since 2002. 
Strengthening reforestation and regeneration of costal wind 
break forest, it would create the greening new environment and 
enhance to manage plantation of stand tending that enables to 
increase the wood’s absorption of carbon dioxide for the 
designated forest management regions. 
There is at least 180 hectares of forest in port. This 
achievement helps not only to ensure the working environment 
at wharves but also improve air quality. 

Category: Green space & Carbon offset  
 
Location: Port of Taichung,  

Chinese Taipei 
 
Date: 09 / 22/ 2008 
 
Contact Info: purch@mail.tchb.gov.tw 
 
Website: http://www.tchb.gov.tw  
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Barriers to 
implementation 
/wide-spread  
adoption 

Reinforcing regeneration with renewing in the coastal wind 
break forest is a tough task for the port. There are 
coordination, cooperation and consistency with the experts and 
consultants from other public or private sectors. 
To solidify soil is the root of reforestation. It would be able to 
ensure the success of reforestation by enhancing the work of 
sand dune stabilization. The new planting forests along 
seashore would be to retard the damages from draft sand, 
monsoon, salt mist and tidal wave etc. 

Project 
replicability 
and potential 
market 

 

Cost NT$ 1.2 millions per hectare for renewing improvement 

Results  
Payback  
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Best Practice: Increasing Green Space 
 
 
 
 
 
 
 
 
 
 
 

 
 

Category: Green space & Carbon offset 
 
Location: Bangkok Port, 

Port Authority of Thailand 
 
Date: 01/10/2008 
 
Contact Info:  
 
Website:      

 
 

Items Contents 

Description In order to reduce the effect of the greenhouse gas emissions, the Thai 
Government introduce a new policy, the government agency and state 
enterprise shall plan to increase the green space up to 30% of theirs’ 
total area. 
Bangkok Port, a state enterprise port run by the government is strictly 
follow this policy by set up a 4-years project to increasing port green 
areas up to 30%, start from the year 2009. 
At present, green space in Bangkok Port is about 10% of the total area. 
The Environmental Unit together with Sanitary Section has a plan to 
increase green space 5% each year. By the end of year 2012, Bangkok 
Port will become a green port and hope that green area can absorb the 
greenhouse gas emission especially carbon dioxide to the minimum. 
From the policy of Thai Government, we do hope that this can ease the 
critical problem of the world global warming as a whole.  

Barriers to 
implementation 
/wide-spread 
adoption 

Bangkok Port is an old port, 57 years old. There is no planning for the 
green space, in order to meet this target, the responsible unit must 
survey and find the unused area, agree by the operational unit, which 
sometime is not that easy. To avoid such conflict, green space should be 
part of the development of land-use planning of the port. 

Project 
replicability 
and potential 
market 

    For a new port, the green space should be part of the land-use 
planning. This is a very simple project, no technical need and no 
financial problem. 
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Cost 100,000 US$ per year 

Results No data available 

Payback Indirect benefit, improve the working environment and quality of life, 
Bangkok Port expect that this will improve the work efficiency of port 
personnel. 

 

 35



(8) Planning & Quantification 
Best Practice: Port Emission Inventory 
 
 
 
 
 
 
 
 
 
 
 

Category: Planning and Quantification 
 
Location: Port of Brisbane, 

Queensland, Australia 
 
Date: 7 October 2008 
 
Contact Info: Rick Morton 

61 7 3258 4756 
 
Website: http://www.portbris.com.au 

 
 

Items Contents 

Description The Port of Brisbane Corporation is undertaking an inventory of port 
operations to quantify both greenhouse gas and air pollutant 
emissions. The objective is to create the baseline from which to 
create and implement emission reduction strategies and track 
performance over time. 
An Air Quality Monitoring Station has been established at the main 
access point to the port for the past 18 months. The results of this 
baseline data will be used to compare the quality of the air shed at the 
port relative to adjacent areas (which contain activities such as oil 
refineries). 
An emission survey of ships visiting the port has been undertaken 
over the past 3 months. The voluntary survey was undertaken in 
association with port shipping pilots. Forms were provided to all 
visiting ships over a 3 month period and requested details of fuel types 
used, engine type and ship operational activity. 
Over 120 forms were returned, a favourable response rate of 20%. 
An emission inventory is also being undertaken of landside sources. 
This survey is also voluntary and is being based upon details supplied 
by port operators of their electricity/fuel usage, the number and type of 
equipment they use and associated operational activities. 
Collectively, survey data and further modeling will be used to estimate 
emission levels associated with port operations. 
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Barriers to 
implementation 
/wide-spread  
adoption 

Ensuring a high level of response from port operators is an issue, as the 
request for information involves a significant, but not substantial, 
amount of data collation. Considerable liaison has been required to 
ensure the survey results are meaningful. 
Some port operators have commercial business concerns about 
sharing information on their energy usage. 

Project 
replicability 
and potential 
market 

 

Cost The cost associated with preparing this survey form and distributionhas 
largely been borne by in-house staff. Approx. $100,000 to engage a 
consultant to collate the survey results and estimate port-related 
emissions. 

Results  
Payback  
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Best Practice: Land Use Planning and Sustainable Design 
 
 
 
 
 
 
 
 
 
 
 
 

Items Contents 

Description The Port of Brisbane Corporation Land Use Plan guides future 
development patterns across port land. Using a precinct-based 
approach to land use, planning specifies a range of acceptable 
portactivities in specific areas, outlines protection requirements for 
environment and conservation areas and ensures confidence in landuse 
allocation for future years. 
A Port Development Code guides and directs the physical and 
operational activities on all new developments across the port. 
As part of the planning assessment process for all developments, 
sustainable design features are required to be incorporated into themajor 
developments on port land. To encourage sustainable 
initiatives, we require development solutions that are described as 
“acceptable” and “encouraged” within our Port Development Code.As 
part of the assessment process, in 2007/2008 we included anaverage of 
34 “acceptable” and “encouraged” design solutions inevery major 
development proposal that we approved. 
Examples of port sustainable design initiatives include: 
� Water harvesting 
� Solar hot water systems 
� Natural use of natural ventilation 
� Energy efficient lighting and air conditioning systems 
� Water sensitive urban design features 
� Drought-tolerant plants for all landscaping 
 

Category: Planning and Quantification   
 
Location: Port of Brisbane, 

Queensland, Australia 
 

Date: 7 October 2008 
 
Contact Info: Rick Morton 

61 7 3258 4756 
 

Website: http://www.portbris.com.au 
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The Corporation recently completed an office accommodation facility 
that focused on sustainable design initiatives as a showcase for future 
port tenants. The building has received a 5-star green star rating and has 
won numerous awards including the Royal Australian Institute of 
Architects Award for the Most Outstanding Commercial Architecture in 
Queensland. The building has set a high benchmark for the port 
development and demonstrates our commitment to developments of this 
quality. This commitment has helped significantly in highlighting 
the benefits of sustainable design to future lessees. 

Barriers to 
implementation 
/wide-spread  
adoption 

Some new port tenants do not recognise the upfront costs associatedwith 
many sustainable design initiatives are offset in a relatively short time. 
Consequently, we try to identify broad-based payback periods for each 
sustainable design initiative to assist in negotiations with port tenants. 

Project 
replicability 
and potential 
market 

 

Cost  
Results  
Payback  
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Best Practice: Influencing Environmental Performance through our Supply 
Chain 
 
 
 
 
 
 
 
 
 
 
 
 

Items Contents 

Description The goods and services we purchase, and the commercial contracts we 
manage, provide opportunity for sustainable outcomes beyond the 
impacts directly attributed to our operations. 
Through our commercial contracts, we are encouraging 
environmentally-responsible operating practices. This complements our 
Port Development Code that addresses facility development. Initial 
progress includes a commitment in some of our leases for continuous 
improvement through the inclusion of a Good Environmental Practice 
Clause. This enables the Corporation to require tenants to incorporate 
best environmental practice (particularly with regard to greenhouse gas 
emissions and new technologies to minimize emissions) into their 
operations whilst recognising the commercial realities of their 
operations. This is a first for Australian ports and has been well 
received. Further opportunities with suppliers of our goods and services 
are being explored. 

Barriers to 
implementation 
/wide-spread  
adoption 

Initially port tenants were concerned with the potential for the 
GoodEnvironmental Practice Clause to be inappropriately used by the 
Corporation. Consequently, we have incorporated a “reasonableness 
test” associated with the clause. This has eased the concern of many of 
our tenants. 

Category: Planning and Quantification  
 
Location: Port of Brisbane, 

Queensland, Australia 
 
Date: 7 October 2008 
 
Contact Info: Rick Morton 

61 7 3258 48780 
 
Website: http://www.portbris.com.au 
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Project 
replicability 
and potential 
market 

 

Cost The focus is on lifecycle cost, thus not solely an upfront capital cost. 
It is expected this delivers better outcomes over the long-term. 

Results  
Payback  
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(9) Others 
Best Practice: Container port energy efficient lighting upgrade 
 
 
 
 
 
 
 
 
 
 
 
 
 

Items Contents 

Description This project involved the upgrade of industrial lighting at the Port of 
Auckland.  A high quantity and quality of light is required to enable 
24/7 operations at the container terminals and wharves.   
This upgrade was aimed at improving the quality of light rather than 
simply the quantity. The overall objective was to reduce energy 
consumption and overall cost but  other objectives included 
ensuring adequate lighting for operations, minimizing  the port’s 
effects on  its neighbors and recreational harbour users by reducing 
‘glare’ and ‘light spill’, and lessening the number of fittings and poles 
required and utilising existing poles, wiring and control gear.   
The installation of new light fittings with more efficient reflectors 
resulted in a more than 50% reduction in the number of light fittings 
required.   The installed lighting capacity was also reduced from 
1350kW to 650kW.  Light was able to be better controlled and directed 
where it was needed providing both improved quality of lighting for 
operational staff and reduced light pollution.  Resulting energy 
consumption was dramatically less. 

Barriers to 
implementation 
/wide-spread  
adoption 

 

Category: Others    
 
Location: Ports of Auckland, Auckland, 
          New Zealand 
 
Date: 2005 
 
Contact Info: Tomas Jonsson, Technical 

Manager Electrical, Axis 
Intermodal and Ports of 
Auckland Limited. 

 
Website: http://www.poal.co.nz  
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Project 
replicability 
and potential 
market 

 

Cost Approximately $900,000 
Related electricity costs, thanks to lower energy consumption by the 
lights, were reduced by up to 15%. 
Cost of maintenance and lamp replacements has also been reduced by 
over 50% due to the reduction of light fittings. 

Results  
Payback  
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Best Practice: Energy-Efficient Asymmetrical Lighting for Terminal 
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Category: Others   
 
Location: PSA Singapore Terminals, 

Singapore 
 
Date: 2008 
 
Contact Info:  
 
Website:    

 
 

Items Contents 

Description Upgrading of Mast Lightings by replacing all conventional floodlights 
with asymmetrical light fittings with light mainly focusing on to 
thoroughfares, roads and hyster stacking areas. 
Asymmetrical light distribution is a feature of technically advanced task 
lights where the advanced, optimized reflector system directs the light 
sideways from the shade across the work area, compared to symmetrical 
light distribution, which spreads the light equally in all directions. 
This system is more energy efficient and reduces energy consumption of 
terminal lighting. 

Barriers to 
implementation 
/wide-spread  
adoption 

Nil 

Project 
replicability 
and potential 
market 

 

Cost S$600,000 for 1 terminal (19 mast lights). Expected annual savings in 
electricity consumption amounts to S$120,000 

Results  
Payback  
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	Maritime Experts Group
	Sharing Best-Practices in Reducing Greenhouse Gas Emissions at Ports
	1. Introduction
	Climate change is perhaps the most significant environment threat the world community faces today. Although the port sector is a small contributor to the total volume of emissions to the atmosphere, the port sector should nevertheless continue to do its part towards reducing greenhouse gas (GHG) emissions generating from its activities wherever possible.
	Regarding GHG emission reduction issues, the port sector itself has an interesting character: we can pursue both improving the efficiency of cargo transportation systems and developing environmentally-friendly cargo transportation systems. As a part of measures that could reduce GHG emissions at ports, streamlining of cargo traffic flows at ports would reduce not only negative impacts on environment but also logistic costs regarding the sector activities simultaneously. 
	Ports and related sectors in the APEC region are now faced with both opportunities and challenges in pursuing efficient and environmentally-friendly cargo transportation and port operation. As member economies of APEC are situated along the Pacific Rim, APEC is well-positioned to promote technical co-operation among transportation sectors of member economies. We believe that sharing best-practice in addressing greenhouse gas emission issues is indispensable for facilitating convenient cargo transportation within the region, promoting technical co-operation among transportation sectors of member economies, improving efficiency of logistics system, and stimulating trade and investment in the region.
	2. General Principles for Addressing GHG Emission Issues at Ports
	In the Manila meeting, the economies agreed that shared best-practices in reducing GHG emissions at ports should be:
	- effective in contributing to the reduction of total global greenhouse emissions;
	- not binding to any member economies;
	- cost-effective;
	- based on sustainable environmental development without penalizing global trade and growth;
	- accommodating to leading technologies in the field of energy efficiency; and
	- practical and easy to administer.
	3. Possible measures to be shared among the APEC economies 
	The economies are requested to report measures taken by port authorities, port operators, port facility owners and ship operators by category as follows:
	- promoting modal shift from trucks to coastal shipping and railway cargo transportation;
	- reducing traffic congestion surrounding port terminals;
	- introducing environmental-friendly cargo-handling machines; 
	- providing on-shore power supply to ships at berth;
	- introducing renewable source of power to port facilities i.e. solar energy system, wind energy system, tidal power generation and so on; 
	- providing green space as a part of carbon sinks and applying a carbon offset scheme to port areas;
	- developing carbon capture and storage(CCS) technology
	- introducing a planning scheme for reducing GHG emissions, and beginning a process of quantification and managing of CO2 footprints; and
	- other measures.
	Specific description is provided as follows:
	(1) Modal shift
	 Coastal shipping and railway cargo transportation are environmental-friendly transportation modes: unit GHG emission by railway cargo transportation is about one-third of that by truck transportation. Modal shift from trucks to coastal shipping and railway cargo transportation is a possible way to reduce total GHG emission from domestic logistics services. A possible way to promote modal shift is to provide incentives to cargo owners such as subsidies, tax and so on. 
	(2) Traffic congestion
	 Traffic congestion surrounding port terminals may be a major GHG emission source. A possible way to reduce GHG emissions generated by trucks in traffic jams is to make use of information and communication technology (ICT). In some economies, information regarding arrival/departure of vessels in port terminals is available to cargo owners and logistics business companies through Automatic Identification System (AIS) so as to facilitate distribution of goods.  
	(3) Cargo-handling machines
	 Cargo-handling machines such as transfer cranes run on light diesel oil. In recent years, energy conservation of cargo-handling machines has been improved by applying hybrid technology to cargo-handling machines. However, this technology is not in widespread use because initial installation cost is relatively high. To encourage broad use of this environmental-friendly technology, we might adopt an incentive scheme to promote installation and/or focus on research and development of low-cost technology.  
	(4) On-shore power supply
	 Onshore power supply could reduce GHG emissions from power generation, and could also reduce the emissions of other air pollutants (NOX, SOX, PM) and benefit local air quality. In introducing onshore power, consideration should be given to the cost effectiveness and technical standard for high-voltage onshore power supply. This technology is not in widespread use because initial installation cost is relatively high. To encourage broad use of this technology, we could adopt an incentive scheme to promote installation and/or focus on research and development of low-cost technology. 
	(5) Renewable source of energy
	 Solar cell technology has improved enormously in the recent years. Therefore, it is worth considering the installation of solar panels in port facilities where a reasonable amount of sunshine is expected, and which have a sufficient available space for solar panel. However, this technology is not in widespread use because initial installation cost is relatively high. To encourage broad use of this environmental-friendly technology, we could adopt an incentive scheme to promote installation and/or focus on research and development of low-cost technology.
	 In port areas,  other types of renewable sources of energy such as wind energy system, tidal power generation and so on, may be available. Therefore, it is worth considering  these various options. However, detailed feasible study on usage of a particular renewable source may be needed. 
	(6) Green space & Carbon offset
	 Green space helps not only improve air quality in port areas but also absorb carbon dioxides by acting as a carbon sink and capturing carbon emissions. We may be expected to provide more green space in port areas for improving air quality and addressing climate change. 
	 In port areas, there are a number of business and industrial establishments which emit a large volume of GHG from their activities. By encouraging these establishments to co-operate in providing green space in port areas together with port authorities, we could reduce and/or absorb GHG emissions. Carbon offset may help to provide green space in port areas.  
	(7) Carbon capture and storage (CCS)
	 In port areas, there are a number of business and industrial establishments which emit a large volume of GHG from their activities. By applying a Carbon Capture and Storage (CCS) technologies to port areas, we could achieve a “Low-carbon Port” which would minimizes GHG emissions. However, more detailed research and development are still needed before such  CCS technologies can be put into practice.
	(8) Planning & Quantification
	 Planning plays an important role in reduceing GHG emissions from port areas steadily and systematically. Various types of stakeholders- i.e. ship owners, ship operators, stevedores, port authorities, logistics suppliers and cargo owners- should be involved throughout the planning process. 
	  Also, quantification of GHG footprints is needed in order to develop a concrete plan. Throughout the process of quantification, mitigation measures should be prioritized in terms of cost-effectiveness and feasibility. As a first step, creation of carbon inventories for port operations as a whole and for the relevant part of the supply chain is needed. Then, targets for CO2 emission reductions in port areas in conjunction with relevant parties should be developed.
	4. Questionnaire results and simple comments
	      The questionnaire was dispatched to APEC economies in September of the last year, and there were 20 answers from 9 economies. The results are as follows. 
	Most answers concern Cargo-handling machines, while there are no answers on carbon capture and storage.
	Questionnaire results
	Simple comments
	１．Modal shift
	　Two answers mainly about a support system for modal shift. To promote green logistics, modal shift is one of the effective means and a support system can become the incentive. The APEC economies are expected to promote modal shift referring to such actions 
	２．Traffic congestion
	On answer concerned traffic systems using IT technology. For port terminals which handle many containers, traffic jam concentration is one of the effective ways to reduce GHG emissions from trailers. The APEC economies are expected to introduce such technology. 
	３．Cargo-handling system
	　Seven answers concerned a support system for eco-friendly cargo-handling system. His particularly noted that  electric cargo equipment has a high energy-saving effect but comes at a high cost, The APEC economies are expected to introduce appropriate a support system tailored to individual on its circumstances. 
	４．On-shore power supply
	　One answer concerned an on-shore power supply system for cruise ships in the port of Seattle. To promote on-shore power supply, support systems for initial cost and reducing of electric bills are required. The APEC economies are expected to introduce on-shore power supply systems referring to such support systems. 
	５．Renewable source of energy
	　There was no answer concerning renewable sources of energy such as solar energy system, wind energy system, but there was an answer concerning electric reduction utilizing day-lighting. [There is useful space in port facilities, and port has advantages to introduce renewable sources of energy. The APEC economies are expected to introduce renewable sources of energy at various places in port facilities.
	６．Green space & carbon offset
	　Three answers concerned the creation of green spaces (including forest), while there was no answer on carbon offset. In addition, there are various places for introducing green spaces in port facilities such as office buildings. The APEC economies are expected to introduce green spaces in port facilities. 
	７．Carbon capture and storage (CCS)
	　There was no response concerns carbon capture and storage.
	８．Planning & Quantification
	　Three answers concerned port emission inventory and land use planning. To promote the reduction of GHG emissions in ports, it is effective to estimate inventory of port facilities and draft a port strategy. The APEC economies are expected to promote the reduction of GHG emissions referring to such means.
	９．others
	　Two answers concerned energy-saving lighting systems. These practices are effective especially for night cargo-handling. Lighting systems vary by port and thus the APEC economies are expected to promote original practices depending on individual circumstances.
	5. Best Practices among APEC economies 
	(1) Modal shift
	Best Practice: Container transportation by barge
	Items
	Contents
	Description
	Empty containers generated at port of Tokyo transported by truck to port of Yokohama. It causes a large amount of CO2 emission and heavy traffic on the landward side.
	To improve this, some containers are transported by barge in Tokyo bay. To start a barge service, support system for environment-friendly logistics (green partnership project) is utilized and the government subsidized barge construction.  
	Marine transportation by barge has effect on reducing CO2 emissions and it is estimated that CO2 reduction effect of marine transportation compared to land transportation between port of Tokyo and port of Yokohama is about 85%.
	Barriers to
	implementation
	/wide-spread 
	adoption
	Transshipment cost is high compared to land transportation,   so it becomes an obstacle to promote barge transportation. 
	And the luck of port facilities suited to barge transportation causes inefficiency of barge transportation.
	Project replicability and potential
	market
	It is possible for region where empty containers transported by truck and required port facilities are developed to reply barge transportation. 
	Cost
	There is no detailed data, but transportation cost becomes high compared to land transportation in general because of transshipment and so on.
	Results
	CO2 emission is reduced about 85%.
	Payback
	Not applicable.
	 Best Practice: Laem Chabang Port’s Single Rail Transfer Terminal Operator Project (SRTO)
	Items
	Contents
	Description
	Road transport is the most resource and emission intensive transport mode.  At present, the transport from Laem Chabang Port (LCP) to hinterland has been largely done via road system.  In essence, transport by road accounting for 90%, whereas movement by rail and waterway are approximately 9.5% and 0.5%, respectively. Laem Chanbang Port takes account in this situation and tries to reduce GHC emission by shifting mode of transport from road to rail. A possible way to support modal shift is to provide SRTO in order to serve the discharge of containers transport by rail within port area. The project would largely help facilitate rail transfer in the long run in response to the completion of double track construction project of State Railway Authority of Thailand (SRT).    It would increase the handling capacity of rail transport in LCP from the existing of 500,000 TEUs/year to 1.0-1.5 million TEUs/year. Consequently, GHC emission which is generated by road transport will be reduced within port area and also improve air quality.
	Point of Concern
	Firstly, SRTO has to link with the double track project of State Railway Authority of Thailand in order to transport containers between LCP and ICD Lat Krabang. Thus, both projects have to be completed at the same period of time around by the year 2011. Otherwise, SRTO would not be operated efficiency.Secondly, after completing of SRTO project, the number of trains leading to LCP would not only be increased from 28 trains daily to 70 trains daily but also the handling capacity will be rise to about 2 million TEUs/year. State Railway Authority of Thailand, therefore, necessary to increase locomotives in order to facilitate the higher train daily between LCP and ICD Lat Krabang. 
	Finally, as a consequence of increasing the number of train daily between LCP and ICD, ICD Lat Krabang has to increase its capacity by developing ICD phase II to serve the rise up of capacity in the near future. 
	Cost
	37 million US dollars 
	Project replicability and potential
	market
	Since this project is perceived as the most economical way of transport via achieving the economies of scale, by is nature, it is not difficult to replicate this project in the ports of other APEC economies.
	Results
	More than 20%
	Payback
	13 years
	(2) Traffic congestion
	Best Practice: Automatic Identification (Controlling) System
	Items
	Contents
	Description
	1. Truck Idling is a major GHG emission source. A possible way to reduce GHG emission produced by trucks during the checking process at port checking gate is the usage of Automatic Identification (Controlling) System. This new facility takes the truck’s license plate and the cargo’s number photographically, and identifies the image with the Custom’s Release Data via computer in order to approve the permission of passage. Comparing to the traditional manually gate checking system, truck have to be stopped for data processing, therefore, CO2 is released to the environment due to truck idling. Now by the automatic system, trucks can pass the gate directly without idling, as a result, CO2 emission can be reduced.
	2. 700 million trucks pass through the checking gate annually, by adopting the new facility, about 112 tons of CO2 can be reduced per year.
	Barriers to implementation
	/wide-spread 
	adoption
	Project replicability and potential
	market
	Cost
	Installation Cost per one facility is $NT5.5 million.
	Results
	Payback
	(3) Cargo-handling machines
	Best Practice: Installation of energy-saving cargo-handing machines (RTGs)
	Items
	Contents
	Description
	Cargo-handling machines such as RTGs run on light diesel oil. In recent years, energy conservation of cargo-handling machines has been improved by applying hybrid technology to cargo-handling machines.
	When a container is lowered, the gravitational potential energy can be converted into an electric power. This is called the regenerative power. The regenerative power is stored by a regenerative power storage system composed of an electrolytic capacitor, and this regenerative power is used for hoisting another container.
	By introducing hybrid system, GHG emission and energy consumption is reduced by 40% (66t-CO2/unit and 25kL/unit). Also, large amounts of air pollutants are reduced (700kg of NOX and 520Kg of PM). This technology helps not only reduce GHG emission from the port area and but also improve air quality.
	Barriers to implementation
	/wide-spread 
	adoption
	This technology is not in widespread use because initial installation cost is relatively high. To encourage broad use of this environmental-friendly technology, we might adopt an incentive scheme to promote installation and/or focus on research and development of low-cost technology.
	Project replicability and potential
	market
	Since there are already a lot of introduction results also in Japan、it is not difficult for APEC economies to replicable this technology. 
	Additionally, subsidy from national government for energy-saving cargo-handing machines (hybrid RTG , electric forklift) will be started from this fiscal year.
	Cost
	0.4 millions in US dollars per unit
	(Only for retrofit improvement)
	Results
	Energy consumption is reduced about 40-50%.
	Payback
	About 17 years.
	Best Practice: Installation of environmental-friendly cargo-handing machines (e-RTGC)
	Items
	Contents
	Description
	Busan Container Terminal has deployed electronic rubber-tyred gantry cranes (e-RTGC) that will reduce emissions at Busan Container Port in Korea. this project is part of a wider range of initiatives that Korea has launched in recent years to help protect the environment. Further, Korean government has a plan to establish a green terminal, which 62 of current 102 RTGC are expected to change into e-RTGC by the year 2010. The e-RTGCs run on electric motors rather than diesel engines, helping to reduce the consumption of diesel fuel as well as the emission of pollutants. By introducing these machines, GHG emission is reduced by 64.4%. and energy consumption is cut down not less 84%($22,000) than diesel engines($0.13millions) per unit
	Barriers to implementation
	/wide-spread 
	adoption
	Cargo handling machines are not in widespread use because initial purchase cost is relatively high, but to save energy, and to protect the environment, Ministry of Land, Transport & Maritime Affairs should play a significant role in expanding use such environmental-friendly machines, For that, It should try to reach a broad agreement with relevant agencies or local terminal authorities to adopt an incentive policies to promote installation and focus on research and development of low-cost technology in the future.
	Project replicability and potential
	market
	Cost
	0.3 millions in US dollars per unit
	Results
	Payback
	Best Practice: Diesel engine replacement
	Items
	Contents
	Description
	The Port of Virginia ranks 9th among all U.S. ports handling over 15,900,000 tons of cargo in 2005. Diesel exhaust generated from cargo handling equipment is responsible for approximately 25% of emissions from port facilities.  In 1999, the Port of Virginia voluntarily implemented an emissions reduction program through a series of revisions to its equipment purchasing policies. The Port specified to its suppliers that all new cargo handling equipment contain the lowest emission engine available on the market. Port of Virginia selected cleaner burning “on-road” engines, which contributed to a reduction in engine sizes in fleet vehicles and a significant decrease in emissions.
	Barriers to implementation
	/wide-spread 
	adoption
	The Port of Virginia suggested that implementation was successful, considering that low-emission engines were purchased in conjunction with the Port’s regularly scheduled improvement timeline. Port of Virginia purchased engine replacements from their traditional manufacture/supplier. By incorporating the engine replacement in their regularly scheduled maintenance plan and by purchasing from a familiar purchaser, no major barriers to implementation were observed.     
	Project replicability and potential market
	Project replicability is extremely possible. The Port of Virginia initiated their diesel engine replacement ahead of an expected regulatory mandate from the U.S. federal government, specifically the U.S. Environmental Protection Agency. 
	Cost
	Costs for a typical replacement were between $6,000 and $12,000. Most funds were paid for out-of-pocket by the Port of Virginia. The Port Authority, however, did receive grant money from the U.S. Environmental Protection Agency to supplement the cost of this environmentally-friendly initiative.
	Results
	Since implementation in 1999, cargo handling equipment at the Port of Virginia has met or exceeded U.S. Environmental Protection Agency emissions requirements.
	From 1999 to 2005, air emissions from cargo handling activities at the Port of Virginia decreased by 30% despite a 55% increase in cargo volume.  For 2005-2015, emissions are expected to decline by an additional 38% with a 49% projected increase in cargo volume.
	The Port of Virginia noted that the diesel engine replacement has contributed not only to cleaner air and a reduction in GHG emissions, but also a reduction in cost of fuel expenditures. Operational maintenance of fleet vehicles is more efficient, easier and tidier.
	Payback
	Not applicable.
	Best Practice: Hybrid Switcher Locomotive
	Items
	Contents
	Description
	IDC Distribution Services Ltd. (IDC) provides all inter-modal rail services to container customers of Fraser Surrey Docks as well as switching and train building services on behalf of the four major railways with access to this property. This project involved the acquisition and testing of a prototype hybrid switcher locomotive, the Green Kid® locomotive, manufactured by Railpower Technologies Corp., to assess operation and fuel and emission reduction. Featuring low-horsepower diesel generators and long-life recyclable batteries, hybrid locomotives are designed to reduce NOx and other emissions by 50 to 80 percent, and fuel use about 50 percent compared to conventional switcher locomotives.
	This project was undertaken with financial assistance provided by the Government of Canada, under Transport Canada’s Freight Incentives Program (FIP), Contact: Brigitte Rivard, Transport Canada, 613-990-0516
	Barriers to implementation
	/wide-spread 
	adoption
	The capital investment required to convert to a hybrid engine may be a deterrent for some; however, the savings earned from the reduced operating costs could potentially offset this cost. The locomotive could have widespread use in other inter-modal rail facilities.
	Cost
	Capital cost comparisons are difficult because the extent of refurbishing a locomotive varies so much from one to another. It is estimated that the capital cost of refurbishing a locomotive to a hybrid configuration is about the same or slightly more than refurbishing a locomotive to its original main engine configuration. Therefore, there does not appear to be a major capital cost hurdle to converting to hybrid. The main differences are in the operational costs and benefits. The hybrid locomotive acquired by IDC Distribution Services reduced fuel consumption by about 53% with resulting fuel savings for the year it was tested in comparison to a standard SW900 locomotive.  
	Results
	The hybrid locomotive reduced fuel consumption by about 53% during a one-year test period resulting in more reductions in emissions to the environment.
	Best Practice: Diesel-electric straddle carrier machines, Ports of Auckland
	Items
	Contents
	Description
	The project upgraded Ports of Auckland’s straddle carrier fleet, replacing mechanical drive straddle carriers with diesel-electric drive machines. 
	The hybrid machines consume less fuel (approximately 20%) and emit less  (up to 90%) than the previous mechanical drive, diesel-only machines.  They are also quieter and include operational and driver comfort improvements expected from newer machines.
	Currently, of the Port’s 43 straddle carrier machines, 35 are diesel electric Noell straddle carriers, all with an age of three years or less.
	Likewise, for forklifts and tractors, the task was to replace Tier II / mechanical drive trains with Tier III / IV electronic transmissions.
	Barriers to implementation
	/wide-spread 
	adoption
	The older technology equipment will remain in service to complete its economic life and not be replaced until required.
	Project replicability and potential market
	Cost
	The straddle carrier machines cost between $1.2 and $1.6 million each, depending on various factors, such as exchange rates, at the time of purchase.
	However, there was no additional cost, as the equipment was due for replacement and new equipment with low GHG emissions is now the industry standard.
	Results
	Payback
	Best Practice: Electric Powered Cargo-handling machines
	Items
	Contents
	Description
	TK Logistics International Co., Ltd. uses a 3,300V electric powered rail cargo handling crane. Its cargo handling capacity is 25~30 VAN/Hr, twice the capacity of wheeled, diesel-powered machines which use 2500 liters of diesel per month. Every month on average we reduce 5000-liter of diesel consumption and at least 13,900kg of greenhouse gases ( including CO2、CH4 and N2O). 
	Not only air pollutants are reduced, there is also less noise during operation.
	Barriers to implementation
	/wide-spread 
	adoption
	The cost of the electric rail cargo handling machine is more expensive than the diesel one (about NT$ 28 million per unit). To promote its application, it is suggested to implement an appropriate subsidy policy.
	Project replicability and potential market
	Cost
	NT$ 50 million/unit
	Results
	Payback
	Best Practice: EURO III Standard Cargo Handling Machines
	Items
	Contents
	Description
	In the year 2008, Bangkok Port introducing the European Emission Standard EURO III for the cargo handling machine. EURO III is a standard for controlling and minimize the emission of toxic gas from the engine, such as carbon monoxide, hydrocarbon, nitrogen oxide etc. This standard was implemented in Europe since 2000.
	    Cargo handling machine which use EURO III standard are:
	    - Rubber Tyred Gantry Crane
	    - Yard Hustler
	    - Container Stacker
	    - Empty Stack
	    - Pick-up truck 
	    By changing to EURO III standard, Bangkok Port hopes that this can reduce greenhouse gas emission from cargo handling equipment.
	    In the future, the Government of Thailand agree to increase the standard of fuel to EURO IV in the year 2012. Bangkok Port will then plan to introduce EURO IV cargo handling machine as well.  
	Barriers to implementation /wide-spread adoption
	The cost of EURO III standards cargo handling machine is about 40% higher than the normal cargo handling machines.
	Cost
	Example : Yard Hustler 170,000 US$ per unit
	Results
	Emission of carbon monoxide reduce from 2.72 g/km to 0.64 g/km and particle matter from 0.14 g/km to 0.05 g/km
	Payback
	Increasing cargo handling equipment performance 40%
	(4) On-shore power supply
	Best Practice: Port of Seattle, United States, Cold Ironing
	Items
	Contents
	Description
	When a vessel plugs in to the city grid, the vessel's diesel engines are shut down, eliminating the emissions from the ship. This process also referred to as “cold ironing”. Without shore power, the vessel's diesel engines would be running continuously to provide power for onboard equipment such as lighting, pumps, ventilation, and communication required for operations at berth, or “hotelling”. Cold ironing is an effective way of reducing emissions from vessels at berth. Emissions of oxides of nitrogen (NOx), particulate matter (PM), hydrocarbon (HC), and carbon dioxide (CO2) emissions are eliminated when a vessel goes cold.
	A partnership between the Port of Seattle, two major cruise lines (Princess Cruises and Holland America Line) regulators and industry has resulted in important emissions reductions while vessels berth. Simply by “plugging in” to the city grid and turning off their engines, participating vessels are cutting annual CO2 emissions by up to 29% annually, with financial savings of up to 26% per call. This simple practice has great scope for expansion.
	Barriers to implementation
	/wide-spread 
	adoption
	Princess Cruises and Holland America Line vessels have been modified to connect to shore power at the Port of Seattle Port's Terminal 30, both to reduce air emissions and fuel consumption. Princess Cruises has modified 7 vessels to use shore power in Seattle and Juneau. Holland America's Vista-class cruise ships ms Westerdam and ms Oosterdam were modified in 2006; in early 2007, ms Noordam was similarly modified to accept shore-power. Both cruise lines will buy and use electricity provided by Seattle City Light, instead of burning ship-board fuels for power while calling to the Port of Seattle.
	Shore power changes the source of energy for the ship engines, but does not affect energy efficiency.
	Project replicability and potential market
	The time and cost may be substantially greater depending on how much infrastructure must be built or redeveloped, especially if the utility line(s) needed are not in close proximity to the terminal, and configuration of the vessel. Time and cost estimates should be developed based on the specifics for each terminal being considered. 
	Frequency of calls needs to be considered in the project cost. For cruise operations, vessels call one day per week for the duration on of the cruise season. For cargo operations, a shipping line may call frequently to a port, but specific vessels do not call frequently and can be reassigned to a different route depending on cargo volumes. This is an important factor in the cost effectiveness of shore power for cargo vessels. If a vessel only calls 2-3 times per year, shore power is not a cost effective strategy for reducing ocean-going vessel emissions at a port.
	Cost
	$7.5 million from cruise lines ($2.7 million from Princess Cruises and $4.8 million from Holland America Line). U.S. EPA and Puget Sound Clean Air Agency who provided $75,000 in grant funding to assist with the costs of the project ($50,000 for Princess Cruises and $25,000 for Holland America Line). 
	Results
	Combined emissions reductions for Princess Cruises in 2005 & Holland America Line in 2006 are 3,525t CO2e:
	 Princess Cruises: In 2005, the equivalent of 2,735 tons of CO2 emissions was eliminated by Princess' use of shore power while calling to the Port of Seattle Terminal 30 Cruise Facility. 
	 Holland America: In 2006, the ms Westerdam and ms Oosterdam each made 21 calls to the Port of Seattle Terminal 30 Cruise Facility. As the shore power was still being completed and tested during the first part of the 2006 cruise season, only 7 calls by the ms Oosterdam and 8 calls by the ms Westerdam utilized the shore power infrastructure during the entire call. CO2 emissions per call without shore power are equal to 95.2 tons; with shore power the CO2 emissions are equal to 8.2 tons. In 2006, Holland America Line's use of shore power at the Port of Seattle Terminal 30 Cruise Facility eliminated an estimated 789.6 tons per year of CO2. That's a 29% reduction in CO2 emissions 
	The emissions benefits were calculated using an "activity-based" approach - for ocean-going vessels this is calculated by hours used, engine specifics, fuel type, engine load factors, and emission factors. These were calculated for the Puget Sound Maritime Air Emission Inventory, which is a 2005 baseline of all maritime-related activity in the entire Puget Sound airshed. The emissions benefits come from not using the engines to generate power (thus reducing fuel consumption). You can find more specifics on how the activity-based inventory was calculated in the full report at: www.maritimeairforum.org/emissions.shtml
	Payback
	n/a 
	(5) Renewable source of energy
	Best Practice: Day-lighting for Engineering Workshop and Storage Areas
	Items
	Contents
	Description
	Introduction of Solatube day-lighting system to introduce natural lighting into interior space indoors. 
	The system is designed to capture daylight by redirecting low-angle sunlight and rejecting overpowering midday sunlight for consistent lighting throughout the day. The light captured from the roof is channeled through reflective tubing and evenly distributed indoors at ceiling level through a diffuser.
	More information at http://www.solatube.com/
	Barriers to implementation
	/wide-spread 
	adoption
	More suitable for installation in new buildings, retrofitting would require some reconstruction and renovation work to roof.
	Project replicability and potential market
	Cost
	http://www.solatube.com/
	Results
	Payback
	(6) Green space & Carbon offset
	Best Practice: Retention of green areas
	Items
	Contents
	Description
	The Port of Brisbane has a significant proportion of its lands in a
	vegetated and natural state. Approx. 9% of our land holdings are
	designated as green space underneath our Land Use Plan. This
	includes approx. 150ha of wetlands.
	The Port of Brisbane Corporation monitors the health and the extent and condition of the wetlands on a regular basis. Over the past few years, we have been working with local catchment community groups to manage and replant many of the remnant vegetation areas.
	Additionally, we require all new developments on port land to allocateat least 5% of each development site to landscaped areas. Landscaping is required primarily for visual amenity purposes.
	Barriers to implementation
	/wide-spread 
	adoption
	We have experienced some difficulties with port tenants adequately maintaining landscaping on their site.
	Project replicability and potential market
	Cost
	Approx. $100,000 per year (monitoring and minor landscaping/
	restoration)
	Results
	Payback
	Best Practice: regeneration of costal wind break forest
	Items
	Contents
	Description
	During the monsoon season there is continuous sandy wind. Since the construction of the port in 1975, windbreak foliage was required and the implementation of forestation was very important for the working environment. 
	After 30 years passed, costal wind break forest reforestation is urgent. Through the cooperation of Forestry Bureau, Council of Agriculture Executive Yuan, there was multi-storied stand instead of single-storied stand to plant the indigenous species by replacing 17 hectares of forest since 2002.
	Strengthening reforestation and regeneration of costal wind break forest, it would create the greening new environment and enhance to manage plantation of stand tending that enables to increase the wood’s absorption of carbon dioxide for the designated forest management regions.
	There is at least 180 hectares of forest in port. This achievement helps not only to ensure the working environment at wharves but also improve air quality.
	Barriers to implementation
	/wide-spread 
	adoption
	Reinforcing regeneration with renewing in the coastal wind break forest is a tough task for the port. There are coordination, cooperation and consistency with the experts and consultants from other public or private sectors.
	To solidify soil is the root of reforestation. It would be able to ensure the success of reforestation by enhancing the work of sand dune stabilization. The new planting forests along seashore would be to retard the damages from draft sand, monsoon, salt mist and tidal wave etc.
	Project replicability and potential market
	Cost
	NT$ 1.2 millions per hectare for renewing improvement
	Results
	Payback
	Best Practice: Increasing Green Space
	Items
	Contents
	Description
	In order to reduce the effect of the greenhouse gas emissions, the Thai Government introduce a new policy, the government agency and state enterprise shall plan to increase the green space up to 30% of theirs’ total area.
	Bangkok Port, a state enterprise port run by the government is strictly follow this policy by set up a 4-years project to increasing port green areas up to 30%, start from the year 2009.
	At present, green space in Bangkok Port is about 10% of the total area. The Environmental Unit together with Sanitary Section has a plan to increase green space 5% each year. By the end of year 2012, Bangkok Port will become a green port and hope that green area can absorb the greenhouse gas emission especially carbon dioxide to the minimum.
	From the policy of Thai Government, we do hope that this can ease the critical problem of the world global warming as a whole. 
	Barriers to implementation /wide-spread adoption
	Bangkok Port is an old port, 57 years old. There is no planning for the green space, in order to meet this target, the responsible unit must survey and find the unused area, agree by the operational unit, which sometime is not that easy. To avoid such conflict, green space should be part of the development of land-use planning of the port.
	Project replicability and potential market
	    For a new port, the green space should be part of the land-use planning. This is a very simple project, no technical need and no financial problem.
	Cost
	100,000 US$ per year
	Results
	No data available
	Payback
	Indirect benefit, improve the working environment and quality of life, Bangkok Port expect that this will improve the work efficiency of port personnel.
	(8) Planning & Quantification
	Best Practice: Port Emission Inventory
	Items
	Contents
	Description
	The Port of Brisbane Corporation is undertaking an inventory of port operations to quantify both greenhouse gas and air pollutant
	emissions. The objective is to create the baseline from which to
	create and implement emission reduction strategies and track
	performance over time.
	An Air Quality Monitoring Station has been established at the main access point to the port for the past 18 months. The results of this baseline data will be used to compare the quality of the air shed at the port relative to adjacent areas (which contain activities such as oil refineries).
	An emission survey of ships visiting the port has been undertaken
	over the past 3 months. The voluntary survey was undertaken in
	association with port shipping pilots. Forms were provided to all
	visiting ships over a 3 month period and requested details of fuel types used, engine type and ship operational activity.
	Over 120 forms were returned, a favourable response rate of 20%.
	An emission inventory is also being undertaken of landside sources. This survey is also voluntary and is being based upon details supplied by port operators of their electricity/fuel usage, the number and type of equipment they use and associated operational activities.
	Collectively, survey data and further modeling will be used to estimate emission levels associated with port operations.
	Barriers to implementation
	/wide-spread 
	adoption
	Ensuring a high level of response from port operators is an issue, as the request for information involves a significant, but not substantial, amount of data collation. Considerable liaison has been required to ensure the survey results are meaningful.
	Some port operators have commercial business concerns about
	sharing information on their energy usage.
	Project replicability and potential market
	Cost
	The cost associated with preparing this survey form and distributionhas largely been borne by in-house staff. Approx. $100,000 to engage a consultant to collate the survey results and estimate port-related emissions.
	Results
	Payback
	Best Practice: Land Use Planning and Sustainable Design
	Items
	Contents
	Description
	The Port of Brisbane Corporation Land Use Plan guides future
	development patterns across port land. Using a precinct-based
	approach to land use, planning specifies a range of acceptable portactivities in specific areas, outlines protection requirements for
	environment and conservation areas and ensures confidence in landuse allocation for future years.
	A Port Development Code guides and directs the physical and
	operational activities on all new developments across the port.
	As part of the planning assessment process for all developments,
	sustainable design features are required to be incorporated into themajor developments on port land. To encourage sustainable
	initiatives, we require development solutions that are described as
	“acceptable” and “encouraged” within our Port Development Code.As part of the assessment process, in 2007/2008 we included anaverage of 34 “acceptable” and “encouraged” design solutions inevery major development proposal that we approved.
	Examples of port sustainable design initiatives include:
	Water harvesting
	Solar hot water systems
	Natural use of natural ventilation
	Energy efficient lighting and air conditioning systems
	Water sensitive urban design features
	Drought-tolerant plants for all landscaping
	The Corporation recently completed an office accommodation facility that focused on sustainable design initiatives as a showcase for future port tenants. The building has received a 5-star green star rating and has won numerous awards including the Royal Australian Institute of Architects Award for the Most Outstanding Commercial Architecture in Queensland. The building has set a high benchmark for the port development and demonstrates our commitment to developments of this quality. This commitment has helped significantly in highlighting
	the benefits of sustainable design to future lessees.
	Barriers to implementation
	/wide-spread 
	adoption
	Some new port tenants do not recognise the upfront costs associatedwith many sustainable design initiatives are offset in a relatively short time. Consequently, we try to identify broad-based payback periods for each sustainable design initiative to assist in negotiations with port tenants.
	Project replicability and potential market
	Cost
	Results
	Payback
	Best Practice: Influencing Environmental Performance through our Supply Chain
	Items
	Contents
	Description
	The goods and services we purchase, and the commercial contracts we manage, provide opportunity for sustainable outcomes beyond the impacts directly attributed to our operations.
	Through our commercial contracts, we are encouraging environmentally-responsible operating practices. This complements our Port Development Code that addresses facility development. Initial progress includes a commitment in some of our leases for continuous improvement through the inclusion of a Good Environmental Practice Clause. This enables the Corporation to require tenants to incorporate best environmental practice (particularly with regard to greenhouse gas emissions and new technologies to minimize emissions) into their operations whilst recognising the commercial realities of their operations. This is a first for Australian ports and has been well received. Further opportunities with suppliers of our goods and services are being explored.
	Barriers to implementation
	/wide-spread 
	adoption
	Initially port tenants were concerned with the potential for the GoodEnvironmental Practice Clause to be inappropriately used by the Corporation. Consequently, we have incorporated a “reasonableness test” associated with the clause. This has eased the concern of many of our tenants.
	Project replicability and potential market
	Cost
	The focus is on lifecycle cost, thus not solely an upfront capital cost.
	It is expected this delivers better outcomes over the long-term.
	Results
	Payback
	(9) Others
	Best Practice: Container port energy efficient lighting upgrade
	Items
	Contents
	Description
	This project involved the upgrade of industrial lighting at the Port of Auckland.  A high quantity and quality of light is required to enable 24/7 operations at the container terminals and wharves.  
	This upgrade was aimed at improving the quality of light rather than simply the quantity. The overall objective was to reduce energy consumption and overall cost but  other objectives included   ensuring adequate lighting for operations, minimizing  the port’s effects on  its neighbors and recreational harbour users by reducing ‘glare’ and ‘light spill’, and lessening the number of fittings and poles required and utilising existing poles, wiring and control gear.  
	The installation of new light fittings with more efficient reflectors resulted in a more than 50% reduction in the number of light fittings required.   The installed lighting capacity was also reduced from 1350kW to 650kW.  Light was able to be better controlled and directed where it was needed providing both improved quality of lighting for operational staff and reduced light pollution.  Resulting energy consumption was dramatically less.
	Barriers to implementation
	/wide-spread 
	adoption
	Project replicability and potential market
	Cost
	Approximately $900,000
	Related electricity costs, thanks to lower energy consumption by the lights, were reduced by up to 15%.
	Cost of maintenance and lamp replacements has also been reduced by over 50% due to the reduction of light fittings.
	Results
	Payback
	Best Practice: Energy-Efficient Asymmetrical Lighting for Terminal
	Items
	Contents
	Description
	Upgrading of Mast Lightings by replacing all conventional floodlights with asymmetrical light fittings with light mainly focusing on to thoroughfares, roads and hyster stacking areas.
	Asymmetrical light distribution is a feature of technically advanced task lights where the advanced, optimized reflector system directs the light sideways from the shade across the work area, compared to symmetrical light distribution, which spreads the light equally in all directions.
	This system is more energy efficient and reduces energy consumption of terminal lighting.
	Barriers to
	implementation
	/wide-spread 
	adoption
	Nil
	Project replicability and potential market
	Cost
	S$600,000 for 1 terminal (19 mast lights). Expected annual savings in electricity consumption amounts to S$120,000
	Results
	Payback

