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SUMMARY 
 
Early 2007, Stirling Design International and Shipstudio launched a R&D program to develop a LCA (Life Cycle 
Analysis) software to assess the environmental impact of shipbuilding, ship operation and ship recycling at design stage. 
This software called SSD for “Sustainable Ship Design” has been developed by EVEA (environmental consultant), in 
association with shipbuilders and subcontractors who supplied numerous data on their technologies, and tested by major 
shipyards (STX Europe and DCNS). This software is available today as design tool for designers, shipyards, suppliers 
and researchers. 
 
It comprises one of the first global approaches to evaluating and reducing the environmental impact of a vessel or marine 
equipment. A simple – but decisive - design criterion has been developed for the selection of environmental alternatives 
depending on the ship energy efficiency index. Developments of the SSD tool are based on the existing SIMAPRO 
software suite, an LCA software reference. 
 
 
NOMENCLATURE 
 
Ca  Admiralty’s constant 
∆  Average ship’s displacement (Ton) 
E  Impact during operation (ex : CO2 eq.) 
I  Life cycle impact (ex : CO2 eq.) 
M  Construction & end of life impact  
n  Operation duration (years) 
V  Average operation speed (knots) 
P  Consumed Power (kW) 
W  Weight (Ton) 
 
 
1. INTRODUCTION 
 
Several dedicated LCA software have been developed by 
maritime organisations to assess the environmental 
impact of a ship. The National Maritime Research 
Institute of Japan [1], investigated in 2004 the 
environmental impact of height different cargo vessels. 
In 2002 the Norwegian University of Science and 
Technology [2] developed a dedicated tool for fishing 
vessels. And a consortium of Swedish maritime 
organisations [3] launched in 2004 LCA SHIP, a LCA 
design tool for evaluating the energy efficiency of ships. 
 
Most of these studies are developed on custom LCA 
software. The shortcomings of this approach is the 
challenging update of environmental database of material 
and process after software release, and the difficult 
customisation of the software to meet specific needs for a 
specific ship or sub system design. 
 
The specification of this new LCA tool was the 
following:  

- to be developed on a commercial LCA tool 
ensuring a long term dissemination and update 

- to be fully flexible to avoid any “black box” in 
the tool, so that any user could modify the scope 
of the study, the choice of material, process, the 
operational profile and end of life hypothesis. 

- To provide the designer with a comprehensive 
selection of environmental indicators for the 
marine industry [4]. 

 
The most widely used LCA software SimaPro 7.1 was 
selected as basis for this project for its ultimate 
flexibility, parameterized modelling, interactive results 
analysis and large included database (ecoinvent). 
 
The goal of the project was to offer to the marine 
industry a dedicated tool to assess the environmental 
impact of ships. Weight estimate, cost estimate, power 
consumption estimate are out of the scope of this 
software and are supposed to be computed by the 
traditional design tools of the naval architect. 
 
All emissions / pollutions / etc..., refer to pollution 
generators (generator set, main engine, etc...) and not to 
the consumers. 
 
 
2. EVALUATING GREEN TECHNOLOGIES 
 
2.1 SHIP OPERATION 
 
Ship operation remains the largest source of pollution in 
the life cycle of the ship, representing for example 92 % 
of the total life cycle impact for a fishing vessel [2].  
 







and operation phase, i.e. during the life cycle of the 
technology: I. 
 
Then this formula is equivalent to the previous formula 
of §2.3. 
 
 
4. CASE STUDIES 
 
4.1 DESCRIPTION OF THE CASE STUDIES 
 
Six different case studies have been carried out in detail 
during this project with detailed LCA for the following 
ships: 
 
- A 30 meter passenger vessel built in aluminium for 
daily coastal transportation of 230 passengers at 16.5 
knots designed by Shipstudio 
 
- A 50 meter wind assisted cargo vessel for 160 tonne 
wine transportation between France and Ireland designed 
by Shipstudio. 

 
- Two versions of a support vessel (patrol and 
intervention vessel for French Navy) designed by DCNS: 
a 88 meter steel catamaran and a 90 meter aluminium 
catamaran designed in an eco-design approach, 
integrating environmental solutions. 

 
- A 294 meter cruise ship design by STX France for the 
Mediterranean Shipping Company with two different 
operational profiles: an average service speed of 19 knots 
and an average service speed of 21 knots. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Graph legend of the different case studies. 
 
 
4.2 RESULTS 
 
In the following, the Environmental Design Index CE will 
be given for the six cases studies as a function of the 
length of the ship, for the following environmental 
indicators per year per unit weight of ship: Global 
warming, Eutrophication, Atmospheric acidification, 
Marine aquatic ecotoxicity, Respiratory effects, Energy 
consumption and Bulk waste production. 
 

 
Figure 2: Environmental Design Index CE for global 

warming (IPCC 2007). 
 

 
Figure 3: Environmental Design Index CE for 

Eutrophication. 

 
Figure 4: Environmental Design Index CE for 

atmospheric acidification. 
 

 
Figure 5: Environmental Design Index CE for Marine 

aquatic ecotoxicity. 



 

 
Figure 6: Environmental Design Index CE for Respiratory 

effects. 
 

 
Figure 7: Environmental Design Index CE for Energy 

consumption. 
 

 
Figure 8: Environmental Design Index CE for Bulk waste 

production. 
 
 
4.3 LEARNINGS 
 
The first comment when looking at these graphs is that 
they look very similar. This can be explained by the fact 
that the Environmental Design Index is mainly based on 
fuel consumption during operation and that most impacts 
due to ship operation are a linear function of fuel 
consumption. 
 
This should not lead to the wrong conclusion that a 
simple index can be used (for example CO2). Indeed 
when evaluating a green technology or an alternative 

construction material for a given ship, the outcome can 
be a reduction of impact in term of global warming but 
leading to an increase in many other environmental 
impacts. Such pollution transfer should be avoided as far 
as possible. 
 
In order to illustrate the methodology described in §2.3, 
lets us take the example of a new auxiliary machinery 
offering – taking into account its life cycle impact - an 
emission reduction of I/n = 10 Ton CO2 equivalent per 
year of ship operation. The weight of this equipment is W 
= 1 Ton.  
 
In this example the environmental design index CE (in kg 
CO2 eq per year per kg) is:  
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It will be interesting to have this machinery installed on 
large ships, but not on the 30 meter passenger vessel (see 
Figure 2), which is operated at a too high Froude number 
to take benefit from such technology. 
 
In practice, these cases studies have confirmed: 
- The benefit of sail propulsion for cargo vessels 
involved in continental shipping 
- The benefit of aluminium compare to steel as 
construction material for mid size vessels (in particular 
through the significant lowering of the lightship weight) 
- The benefit of reduction of the cruising speed on the 
environmental impact of ships. 
 
 
5. CONCLUSIONS 
 
The SSD project [6] has delivered a comprehensive Life 
Cycle Analysis tool available today for various 
applications in the marine field. 
 
Based on a modern LCA Software, SIMAPRO, this tool 
can be used for environmental evaluation of various type 
of marine vessels and marine equipments. 
 
Moreover a simplified methodology has been developed 
in order to make a first evaluation of the environmental 
interest of using a given technology for a given ship by 
comparing: 

- the full LCA of this technology 
- the environmental impact of the ship propulsion 

during operation 
 
Such methodology has been justified and induced the 
development of a set of Environmental design Indexes 
CE for each individual impact (Global warming, 
eutrophication, atmospheric acidification, etc...). 
 
Several case studies have been investigated in detail for 
very different type of ships and different type of 



operation and this paper present a set of numeric values 
for such Environmental design Indexes CE for future use. 
 
The goal of such study is not to compare the 
environmental impacts of various design but to offer an 
evaluation method for evaluating the potential interest of 
a given green technology on various ships. 
 
The next step in the development of this project is to 
make a detailed LCA of the most common green 
technologies (sails, wind propulsion, solar panels, 
liquefied natural gas, scrubber, Selective catalytic 
reduction, etc...) to build up a database of relevant 
technologies for different type of ships. 
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