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Abstract 

A large part of impacts that will be generated by a system / product during its life cycle are allocated during the earliest stages of the design 
process. In this paper we propose to trace the evolution of environmental impacts throughout a complex system design process through an 
industrial case. We follow the stages of a boat design process for maintenance of offshore wind farms. The different architectures sketched 
throughout the design process are evaluated in order to measure the impact of design decisions on the environmental performance of the 
system. The problematic of taking into account environmental constraints upstream of the design process abound methods but they often prove 
inadequate for complex systems whose subsystems interact in complex ways leading to conflicts in the decision of the right parameters. To 
meet the stakeholders’ needs, that appear (during the design project) in the iterative design process, the initial design is modified to fit the 
specifications. This iterative path between designers and users leads to uncertainties over the environmental impact of the system. It is then 
necessary to use smart design support tools allowing a negotiation in definition phase of system specifications. Thus the preliminary design is 
modified to incorporate changes and contributions occurred during the negotiation phase functional. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 24th CIRP Conference on Life Cycle Engineering. 
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1. Introduction 

Environmental concerns play an increasingly important role in 
the industry of modern societies. In the vehicles sector, large 
industrial groups are subject to strong regulatory pressure. A 
major challenge in the design of vehicles today is to 
simultaneously meet the company's transportation needs while 
minimizing energy consumption and its associated 
environmental impacts. For this, the integration of 
environmental constraints early in the design process is a 
necessary prerogative. To find new solutions, however, it 
requires a balance between a number of economic, 
environmental and technical parameters. These parameters 
interact with each other often in a very complex and 
contradictory way. In this article we propose to monitor the 
environmental impacts of a complex system throughout its 
design process. In a design project, the design process consists 
of iterative tasks. This repetition of design tasks occurs 
because the design does not meet the established criteria and / 

or new information has been obtained since the previous 
iteration [1] [2]. It also corresponds to a functional negotiation 
of to set all functions satisfying user requirements that appear 
throughout the design project while minimizing the costs and 
impacts. This negotiation led to redefine the preliminary 
design in order to incorporate the changes and identified 
contributions. This iterative path between designers and users 
generates the uncertainties over the environmental impact of 
the system. It is then necessary to use smart design support 
tools to a negotiation phase to define the specifications of 
system. The problematic of taking into account environmental 
constraints early in the design process abound methods but 
they often prove inadequate for complex systems whose 
subsystems interact in complex ways leading to conflicts in 
the decision of the right parameters.  

This paper is organized as follows: A brief state of the art 
is presented in Section 2. In Section 3 we present the case 
studies and in Section 4 the experimental results. Finally, we 
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will comment on the main results and conclude on actions to 
implement. 

 

2. State of the art 

2.1.  Eco-design in early design stages 

As products / systems generate environmental impacts at each 
stage of the life cycle, the Life Cycle Assessment of the 
product [3] allows to quantify the environmental footprint of 
products and systems. As LCA could be a lengthy process 
with asking detailed design specifications, it is not suitable for 
use in the upstream phases of the design process. 

Many eco-design tools are presented in the literature. Highly 
exhaustive syntheses of many eco-design tools are available 
in the literature: life cycle engineering tools and methods [4], 
environmentally conscious design and manufacturing [5], [6], 
environmental product development [7], [8], LCA [9], end of 
life [10]. Based on these overviews, we analysed the tools 
then classified them into two categories: tools for simple 
systems and tools for complex systems [11]. 

Although conceptually the life-cycle assessment is difficult to 
apply in practice because it requires such data for the different 
phase of the life cycle and the components of the final 
product, the collection and interpretation of materials and 
energy flows of all facilities and relevant activities. This 
makes LCA too complex and costly to apply to vehicles, 
given the high number of components that make up a car, and 
their many interactions with the external environment. 

By integrating early in the design process of environmental 
requirements, increasing the ability to influence the 
environmental performance of a system.  

Certain authors such as [12] have perfected this approach by 
modeling the main parameters of the product and weighing 
them up using environmental weights from the Eco-indicator 
99 method (end point assessment). With this ECOPAS 
method, a squeezer is thus made up of various components 
each of which is allocated an environmental impact (thus the 
motor is modeled using the formula: 0,02 + 0,00065 *Pu, 
where Pu is the power of the motor).  By altering various 
parameters, it is therefore possible to identify the 
configuration of the product which generates the lowest score 
in terms of environmental impact. 
This first class approach has benefits and drawbacks 
associated with the use of life cycle analysis method: 
Bovea offers 3 key factors to promote environmental 
optimization of the product design process: 
- Rapid integration of environmental aspects into the 
design process and product development 
- A life cycle approach taking into account how the 
product may affect the environment in these stages 
- A multi-criteria approach that takes into account 
simultaneously all the traditional requirements and the 
relevant environmental aspects. 

2.2. Functional requirements negotiation 

As highlighted by Lagarstedt, [13] environmental 
performance usually depends on system functionality. Yet 
another commercial success point of view of a product 
depends on the attractiveness of functions to the user. 
Lagarstedt mentions that a balance between environmental 
and functional gain cost must be obtained. Few methods exist 
in the area in the field of environmental improvement tools or 
hierarchy and among the latter allow very little to intervene 
early in the design process. The current eco-design methods 
such as stroke and other derivative methods used to identify 
the causes of environmental problems in order to redesign the 
product while keeping the same functions, this contradicts the 
radical environmental improvement strategies (Factor X) that 
needs to re-evaluate the product features. 

Get a high degree of sustainable development requires 
finding the right balance between an acceptable level of 
impact and the necessary functions. Luttrop [14] present 
different ways to achieve this balance, "he argues for reducing 
environmental impacts while increasing the level of product 
functional performance: a win-win situation that eliminates all 
unnecessary functions on the other hand he criticizes the 
strategy green- fix resulting short-term temporary and 
ineffective local optimizations judge the strategy" linear down 
which is to degrade or eliminate a function to improve 
environmental performance. 

3. Case study: A ship dedicated to operations and 
maintenance on offshore wind farms  

3.1. Context 

Wind turbines (WTs) erected in the seas of Northern Europe 
can produce clean and sustainable energy with strong and 
regular winds sweeping the region. 

Renewable energy production systems do not generate direct 
pollution; however, production of this energy generates 
indirect pollution due to the high rate of WTs failures, 
difficult access conditions to maintain the turbine, low load 
factor of the turbine and the unavailability of source energy 
[15]. 

3.2. Characteristics of a system 

To maintain offshore wind farms there are various 
alternatives. Depending on geographic considerations such as 
the distance of the farms from the shores or weather 
conditions a technical solution will be preferable. For more 
information on the various maintenance scenarios can be 
referred to [16]. To provide a more environment friendly 
alternative, French environmental agency ADEME supports 
program on which several industrial partners and research 
institutions work together to develop a vessel called 
WindKeeper (WK) dedicated to high value services on 
offshore wind farms. 
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