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What is green logistics?  

An attempt to attain an acceptable environmental 
performance of the intermodal supply chain, while at the 
same time respecting traditional economic performance 
criteria.   

The concept of “Green Corridors” is being analyzed in 
many circles, notably in Europe, as flows of cargoes that 
achieve a desirable environmental performance, while at 
the same time being efficient logistics-wise.  
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Primary focus 

“Good environmental performance” …  

“Acceptable level of emissions” 

Further focus: GHG emissions 

[there are certainly additional environmental attributes of transport 
that create external costs, such as noise, hazardous substances, oil 
spills, ballast water, residues, garbage, etc]   
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Types of emissions 

Green House Gases- 
GHGs (mainly CO2, 
but also CH4 and 
others) 

Non-GHG (mainly 
SO2, but also NOx 
and others) 

P.M., etc 
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Share of global GHG emissions 
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Comparison among modes 

Source: Marintek 
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Many stakeholders involved 

transport operators 
terminal operators including 
ports  
infrastructure operators  
cargo owners (shippers)  
industry/consultants 
non Governmental 
Organisations (NGOs) 
environmental organisations 
authorities responsible for 
social and spatial planning 
R&D organisations and 
universities 
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EU surface modes growth 

• Road 

• Rail 

• Sea 

• Inland Navigation 

         Source: Eurostat 

Green Intermodal Logistics 



CO2 emissions shares (source: Eurostat) 
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GHG emissions growth per sector 

Source: European Commission (DG-MOVE) 
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In Europe:  

Freight Transport Logistics Action Plan (2007)  

Green transport corridors 
for freight. 

Green Corridors should in 
all ways be 
environmentally friendly, 
safe and efficient. 

Emissions, internal as 
well as external costs 
should be considered. 
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What is a green corridor? 

EU Commission: 

Green Corridors are a European concept 
denoting long-distance freight transport 
corridors where advanced technology and 
co-modality are used to achieve energy 
efficiency and reduce environmental 
impact. 
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What is a green corridor? 
Definition by the Swedish Ministry: 

A green transport corridor is characterised by: 

Sustainable logistic solutions 

Integrated logistic concepts with utilisation of comodality 

A harmonised system of rules 

National/international goods traffic on long transport stretches 

Effective and strategically placed transshipment points and infrastructure 

A platform for development and demonstration of innovative logistic 
solutions  
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Measures contemplated 

Technological 
More efficient (energy-saving) engines and propulsion 

More efficient vehicle designs 

Cleaner fuels (low sulphur content) 
Alternative fuels (fuel cells, biofuels, etc) 

Devices to trap exhaust emissions (scrubbers, etc) 

Energy recuperation devices 

“Cold ironing” in ports 

  

Market-based instruments 
Emissions Trading Scheme (ETS) 

Carbon Tax/Levy on Fuel 

Others 

Logistics-based 
Speed reduction 

Optimized routing 

Others 
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Brenner corridor (Munich-Verona) 
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Vehicle-fuel technologies  
source: SCANIA 
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Indicative greening potential of some measures 

Downsizing of passenger cars and traffic avoidance – major 
potential  

Hybridisation – up to 20-25% 

Fuel efficient driving – 10% (road, maritime) 

Improved traffic management through ICT – 10% 

Improved aerodynamics – 5% 

Electrification of rail – 20-40%  

Empty running and poor load factors – ??% 

Congestion charging and planning – ??% 

Weight and length of vehicles – ??% 

Modal shift – ??% 

Source: FreightVision, EU Transport Greenhouse Gases: Routes to 2050?, Future of Mobility Roadmap, and Supply 

Chain Decarbonization 
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Marginal abatement costs    source: DNV 
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Green logistics problems 

Routing and scheduling 
Pickup and delivery 

Warehouse location 
Fleet deployment 

Fleet size and mix 

Optimal speed 

Weather routing 

Intermodal network design 

Modal split 

Transshipment 

Queueing 

Terminal management 

Berth allocation in ports 

Supply chain management 

Etc etc 

Optimize with respect to 
traditional criteria 

Optimize with respect to 
environmental criteria 

Optimize with respect to 
both environmental and 
traditional criteria 

Try to find ‘win-win’ 
solutions! 
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External costs of emissions 

Not faced by private operator 

Internalizing them would produce different 
solutions 

Market based measures aim to do that 

Cap-and-trade 

Carbon tax (levy) 

Others 
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Kyoto Protocol 

United Nations Framework Convention on Climate 
Change -UNFCCC (1997) 

COP-15 Copenhagen 2009 

Urgent measures to reduce  CO2 emissions are 
necessary to curb the projected growth of  GHGs 
worldwide  

Some transport modes thus far escaped being included 
in the Kyoto global emissions reduction target for CO2 
and other GHGs (mainly: shipping and aviation) 

Some regulation exists for SO2, NOx 
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Era of GHG non-regulation: 

Rapidly approaching its end! 

Measures to curb future CO2 growth are 
being sought with a high sense of urgency.  

As CO2 is the most prevalent of these 
GHGs, any set of measures to reduce the 
latter should primarily focus on CO2. 
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Next UNCCC 

Cancun, Mexico, Dec. 2010 

Serious disagreement still exists 

Mainly between developed and developing 
nations 

Concept of Common but Differentiated 
Responsibilities  
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Emissions literature: vast 

 R&D and studies on: 

Estimation of 
emissions 

Impact of emissions 
on world climate 

Technological means 
to reduce emissions 
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Emissions 101 

Q: If we burn a ton of fossil fuel (Heavy 
fuel oil, diesel, or other), how much CO2 is 
generated? 

A: Between 3.02 and 3.11 tons, depending 
on the fuel  
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Some difficulties are basic 

Most global emissions 
estimates are based 
on modelling 

Example: Even 
estimates of past 
marine bunker sales 
are difficult to make 

Not much on logistical 
dimension! 
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GHG marine emissions estimates 

IMO latest update of GHG study 
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Energy Efficiency Design Index (EEDI) 

Defined as 

Ratio of installed power divided by 
(capacity* speed)  [gr CO2/ton-mile] 
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Logistics trade-offs 

Operational measures to reduce 
emissions may have ramifications as 
regards the logistical supply chain 

Measures such as speed reduction or 
others will generally entail costs, such as 
in-transit inventory and others (eg, bigger 
fleet to carry the same cargo).  
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Boomerang effect? 

Cleaner, low-sulphur fuel may 
make some modes of transport 
(and in particular short-sea 
shipping) more expensive and 
induce shippers to use land-
based alternatives (mainly road)  

That might increase overall GHG 
emissions! 

[the Baltic is a prime example 
here] 
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In search of WIN-WIN policies 

“Win-win” is a nice set of words 

Finding win-win solutions may not always 
be easy. 
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Green Intermodal Logistics 

The ‘push-down, pop-up’ principle 

If you push one 
button down,  
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At least another one 
will pop up 
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Button no. 1: speed reduction in maritime mode 

Big savings in fuel costs 

Means to reduce emissions 

Pick up slack in containership overcapacity 

Killing 3 birds with one stone? 



Green Intermodal Logistics 

‘Pop-up’ effects of speed reduction 

Will need: 

Either more ships  

Or bigger ships  

Or both 

To maintain same level of throughput 



In-transit inventory costs 

Hauling cargo at a reduced speed will entail 
additional in-transit inventory costs for the 
shipper.  
Such inventory cost is incurred during the time 
the cargo is in transit, and is equal to a factor of 
IC ($/tonne/day), times the transit time, times the 
amount of cargo.   
IC =P*R/365,  where P is the CIF price  of the 
cargo, and R is the cargo owner’s cost of capital. 
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Example (high-valued cargoes) 

Assume CIF = $20,000/tonne 

And R = 8% 

Each day of delay in the delivery of one 
tonne of that cargo incurs a cost of $4.38 
to the shipper 

Total can be in the hundreds of millions of 
dollars  
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100 CONTAINERSHIPS GOING 21 KNOTS (case A) 
Transit time (one way) =  100 hrs = 4.17 days 
Round trip = 8.33 days 

Number of round trips per year (assuming 365 days operation): 43.8 
Tonnes carried each year (per ship): 43.8*50,000 = 2,190,000. 

Times 100 ships = 219,000,000. 

Total fuel burned/year/ship: 115 tonnes/day*365 = 41,975 tonnes 

Times 100 ships = 4,197,500 tonnes 

Total fuel cost (x$600) = $2,518,500,000. 

Transit time (one way) =  105 hrs = 4.375 days 
Round trip = 8.75 days 

Number of round trips per year (assuming 365 days operation): 41.714 
Tonnes carried each year (per ship): 41.714*50,000 = 2,085,714. 

Times 105 ships = 219,000,000 tonnes. 

Total fuel burned/year/ship: 100 tonnes/day*365 = 36,259 tonnes 

Times 105 ships = 3,807,256 tonnes 

Total fuel cost (x$600) = $2,284,353,741, REDUCED. 

105 SHIPS GOING 20 KNOTS (case B) 
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A or B better? 

B reduces CO2 emissions by 1,237,073 tonnes per year 
(versus A) 

Fuel cost difference: $128,299 per additional ship per 
day  

If sum of additional cargo inventory costs plus other 
additional operational costs of these ships (including the 
time charter) is less than $128,299 a day, then case B is 
overall cheaper.  
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Case of expensive cargo, high fuel prices, high 
charter rates (2007) 

If P= $20,000/tonne (CIF price of cargo) 

p=$600/tonne (price of fuel) 

OC= $20,000/day (charter rate for Panamax 
ship- 2007) 

Cost of capital = 8% 

Then (inventory costs)= $200,000,000/yr 

(charter costs)=$45,625,000/yr 

Then case B is more expensive! 
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Expensive cargoes 
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Another ‘push down, pop up’ effect: 

In the short run, freight rates will go up 
once the overall transport supply is 
reduced because of slower speeds 

This may help the market,  

but shippers will foot the bill!  

[this fact is seldom mentioned in any of the 
discussions on green policies].   

Green Intermodal Logistics 



Yet another ‘push-down, pop-up’ situation: 

Slow down at SECAs 

Use cleaner fuel at SECAs 

[ramifications as regards other modes] 
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Sulphur Emissions Control 
Areas: SECAs 

SO2 reduction: high 
on IMO agenda 

Regional policies 

Big question: how to 
limit SO2 emissions 

Various measures 
(cleaner fuel, 
scrubbers) 
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SO2 

Produces acid rain 

1 ton of fuel produces 0.02*S tons of SO2, 
where S is the % of sulphur content in fuel 

IMO: progressive reduction in SO2 emissions 
from ships, with the global sulphur cap reduced 
initially to 3.50%, effective 1 January 2012; then 
progressively to 0.50%, effective 1 January 
2020. 
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How about speed reduction? 

Can speed reduction at SECAs work, as a 
measure to reduce SO2 emissions? 

Less speed, less fuel, less SO2 

 An easy question, for which the answer is 
not so easy. 
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Turns out that 

Speed reduction in SECAs will result in more 
total emissions (of all gases, including SO2) and 
more total fuel spent if speed is increased 
outside SECA to make up for lost time.  

The reduced emissions within the SECA will be 
more than offset by higher emissions outside (for 
all gases).  

The fuel bill will also be higher. 
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Use cleaner fuels in SECAs 

If a ship is forced to use low sulphur fuel at a 
SECA, to reduce SO2 emissions.  

This fuel is more expensive than high sulphur 
fuel. Hence freight rates go up.  

This may induce shippers to use land transport 
alternatives (trucking), which will increase CO2 
emissions thru the logistics chain!  
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56 

Use cleaner fuels in SECAs 

490 Km 

371 nm =689 Km 

Handymax Bulk Carrier W=45,000 tn 

Ship (A->B) 

V=14 Kn, 30 tn/day HFO 
Fuel. Cons: 33.13 tonnes 
 CO2 : 105.01 tn of CO2 
3,39 grams per tonKm 

Truck  

(w=40 tonnes v=60 km/h) 
Fuel cons=43 lt per 100 Km 

We need 
1,125 truck trips  

that produce 
6 times more CO2 

230 times more than  
SO2 saved  

Bergen 

Oslo 
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Cargo that will shift to road depends on : 

Develop a model that examines these tradeoffs.  

Use the concept of generalized cost (taking into account value of time) and 
multinomial logit model to determine modal split. 

How to find out? 

the unit fuel costs of each of the two options (both for low-sulphur 
and for high-sulphur fuel) 

how the road option is exercised  
(e.g., it could be 1,125 trucks doing one trip each, a fleet of 563 
trucks doing two trips each, or any other combination) 

the transit times of each of the two options 

the inventory costs of the cargo 

NTUA-DNV Meeting, Jan. 26, 2009 
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Tran-siberian railway example 
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Modal alternatives 

Ship (mainly) 

Rail 

(road) 

(air) 
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Scenario 

Ships reduce speed due to higher fuel prices 
and fleet overcapacity 

Result: Reduced CO2 

Side-effect: Potential cargo shifts 
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Trans-siberian railway cont’d 

Far East to Europe by boat 

43,000 km 

7.8 gr CO2/tkm at full 
speed 

Reduced in a quadratic 
fashion for lower speeds 

150,000 tons of cargo at 
60% of max. speed 
produce 18,000 tons of 
CO2 

  

Far East to Europe by rail  

12,000 km 

Cargo arrives 26 days 
earlier  

Lower inventory costs 

18 gr CO2/tkm 

Various technological and 
institutional barriers 

150,000 tons of cargo 
produce 32,000 tons of 
CO2 

Green Intermodal Logistics 



How much cargo will be shifted? 
Modal split model 

2 modes, 1 and 2 

Lengths of routes L1, L2 

What happens if mode 1 
reduces speed from V to 
V- V? 

L1=40,000 km 

V=18 knots, reduced to 
12.6 knots (by 30%) 

Assume multinomial logit  
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New fraction 
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Net result 

CO2 may be >0 or <0, depending on scenario 

Result unclear for more complex network scenarios 

Reducing CO2 in one mode may result in more CO2 
overall 
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The role of ports 

No sense to have a ship burn a lot of fuel to go 
fast, only to have the ship wait in line to be 
served by a congested port. 

Yet, in the various discussions, this particular 
aspect has not received the attention it 
deserves. 

Ports are typically treated independently. 

Work at IAPH, ESPO, etc: significant  
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CHE Emissions by Equipment Type for Container Terminal 
(Source: POLB 2008, POLA 2009) 

Port Equipment Emissions 

Yard Tractors, Top Handlers, RTG Cranes, Forklifts and Side Pickers are the top polluters.  

Yard tractors are the top emitters due to their huge population in a container terminal and their high 
average annual operating hours. 
Top handlers are second in population and have also a high amount of operation time.  
RTG cranes although are not that many, however they do have the highest nominal horsepower of all 
CHE.  
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Cold ironing 

provision of electricity to 
the ship by plugging into 
the port’s electricity 
supply system 

Shut down auxiliary 
engines 

an idea that is likely to be 
the norm for many ports 
in the future 
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Questions  

How much air pollution will be produced by 
the generation of the extra shore electricity 
necessary for the cold ironing? 

Is that less than the emissions saved by 
switching off the ship’s auxiliary power at 
port?   
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Which model? 

Long-
haul 
model 
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Short haul model  
(if cost of transport emissions is high enough) 
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Is this green enough? 

Globally, 
ruminant 
livestock produce 

about 80 million 
metric tons of 
CH4 annually, 
accounting for 
about 28% of 

global CH4 
emissions from 
human-related 
activities 

 (source: US EPA) 

Green Intermodal Logistics 



Green corridors: great interest!  
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The SuperGreen project 

A new EU FP7 project 



7th Framework Programme 

Theme title: Transport (including Aeronautics) 

Type of project: Coordination and Support 
Action 

Project full title: Supporting EU’s Freight 
Transport Logistics Action Plan on Green 
Corridors Issues 

Project acronym: SuperGreen 
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Objectives 

Support and recommendations on Green 
Corridors to EU’s Freight Transport Logistics Action 
Plan. 
Encourage co-modality for sustainable solutions. 

Overall benchmarking of Green Corridors based 
on selected KPIs covering all aspects related to 
transport operations and infrastructure (emissions, 
internal and external costs). 
Conduct a programme of networking activities 
between stakeholders to facilitate information 
exchange, dissemination of research results and 
communication of best practises and technologies. 
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Objectives, contd. 

Deliver studies addressing topics important for the 
further development of Green Corridors. 
Deliver policy recommendations at a European 
level for the further development of Green Corridors. 
Provide recommendations concerning new calls 
for R&D proposals to support development of Green 
Corridors 
(eliminate bottlenecks).  
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The consortium 
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SuperGreen work package structure 
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WP2: benchmarking green corridors 
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1. Each corridor scored for each criterion of the following list on the basis of a score range 
from 1 to 5 

2. The scores of a corridor against all criteria were summed to form the total score of this 
corridor (equal weights) 

3. Corridors inside each geographical area were ranked based on their scores 

4. The corridor exhibiting the highest score in each geographical area was pre 
– selected (9 corridors)  

5. Following a final round of consolidation among the remaining corridors, six 
more were added in a way ensuring modal balance 

   PRE – SELECTION OF 15 CORRIDORS 

Preselection Process 
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Data collection 

Kuopio Workshop 
Pre selection of 

15 corridors 

Sorting of data 
Consolidation 

(60-> 45 -> 30) 
List of potential  
corridors (60) 



Pre-selected 15 corridors 
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9 selected corridors (Helsinki workshop, June 2010) 
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Green Intermodal 
Logistics 

Main groups of KPIs 

Economy/efficiency 

Service quality 

Environmental sustainability 

Infrastructure sufficiency 

Social issues 



KPI Area: Economy/Efficiency 

Relative Costs Measured in  per tonkm 

Absolute Costs Measured in  per ton (m3) 
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Service/ Quality KPIs 

Total transport time 
• either in total hours or days, 

• or the average km/hr between origin and destination 

Reliability/“time precision”  
• Percentage delivered on time  

• On time; within X minutes/hours (expected vs actual) 
• Redundancy- resiliency 

ICT applications (e.g. to track cargo)  
• Degree of availability 

Frequency of service 
• No of services  per day /week 

Cargo Security (damage due to crimes/unlawful acts) 
• Insurance cost 
• Incident rate 

Cargo Safety (incidents/accidents harming goods)  
• Insurance cost 
• Incident rate 
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Environmental sustainability KPIs 
Greenhouse gases - global    

KPI: Grams of CO2 equivalent pr tonkm 

Polluters  - local & regional effects 

KPI: Grams emissions  per tonkm 

NOX 

SOX 

PM 2,5  

Green Intermodal 
Logistics 



Infrastructure sufficiency KPIs 

Congestion 

average delay  in minutes/hours 

value of time lost/marginal social cost in  per 
tonkm 

Bottlenecks 

Number per type and seriousness 

Latest report: TEN-T conference in Zaragoza 

Green Intermodal 
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Social issues KPIs 
Population affected 
Safety 

Number of accidents or fatalities 

Noise 
Percentage of stretch where noise level is <50 dB/
<55dB (trains) 

Corridor description in terms of land used in 
percentage of the entire stretch that passes 
through different areas:    

Natural sensitive areas 

Areas with endangered species (“frog factor”) 

Urban areas 

Inter urban areas 
Green Intermodal 

Logistics 



Get connected 

www.supergreenproject.eu 

Send an email to 
supergreen@martrans.org 

   (SuperGreen friends email list: keeping 
track of the project) 
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Library section of site 
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Links to projects 
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Links to studies/EU docs 
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Conclusions 

Green intermodal logistics is an area whose 
importance will increase 

Limiting emissions in one part of the intermodal 
chain may increase emissions in another 

Holistic approaches are necessary 

‘Win-win’ solutions are sought 

Great opportunities for OR/MS models! 
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