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Abstract. Today, the environmental problems become serious and they are highlighted in 

regulations frameworks. Then, the use of Life cycle assessment (LCA) tools, for assessing 

products environmental impacts, is necessary, till Computer Aided Design (CAD) phase, 

for manufactures aiming at guarding their market places. Required LCA data (processes) 

can be provided from CAD and Product Life Management integrated systems 

(CAD/PLM), which became a necessity for industries to manage easily their data. In this 

paper, we propose a new CAD data model oriented ecodesign which we name “Eco-

feature”, based on the exploration of CAD/LCA systems to extract possible features life 

cycle scenarios, in order to select the most ecological one. Hence, firstly, we present the 

state of the art of researches aiming at connecting CAD/PLM systems to LCA tools. Sec-

ondly we present our new approach and describe its advantages. Finally, we present a case 

study to valid the new proposed concept. 

Keywords: CAD, PLM, ecodesign, Eco-feature, scenarios. 

1 Introduction 

 

Design stage is very critical as many decisions impacting the downstream development 

activities, the product cost and environmental impact are made in this stage. Today, en-

ergy, resources and environmental problems become more and more serious. That’s why 

they are highlighted in regulations frameworks such as WEEE (European Union,, 2003). 
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Over the years, numerous “Design for environment (Dfe)” concepts/methods and tools 

have been developed in order to increase the environmental conscious efficiency at the de-

sign stage, and reduce the total impact of the product (Leibrecht, 2005), (Capelli 

2006),(Mathieux et al., 2005), (Mathieux and Roucoules, 2007) (Morbidoni, 2012), etc. 

These researches highlight the necessity of the Life Cycle Modelling (LCM) for the envi-

ronmental assessment. PLM systems are the source of required LCA data in mostly devel-

oped works. 

In this paper we present firstly the state of the art of connecting CAD/PLM systems to 

an environmental assessment tool. Secondly, based on these connections, we propose the 

based-scenarios concept of eco-feature. Finally we present a case study to valid the pro-

posed model. 

2 Analysis of connecting CAD/PLM systems to LCA tools 

2.1  Product Life Management systems (PLM) 

Product lifecycle management is a comprehensive information system that coordinates 

all aspects of a product from initial concept to its eventual retirement. It contains data 

about different stages of a product development process; analysis and design stages, manu-

facturing, product launch, distribution, quality assurance, in-service maintenance and spare 

parts provisions. It supports the management of a portfolio of products, processes and ser-

vices from initial concept, through design, launch, production and use to final disposal. 

They co-ordinate products, project and process information throughout new product intro-

duction, production, service and retirement among the various actors who must collaborate 

to bring the concept to finish product. 

2.2    Eco-designing with CAD/PLM: State of the art 

 For assessing environmentally a CAD model, a Life Cycle Assessment (LCA) 

tool requires Life Cycle Data (LCD) (from cradle to grave). However, CAD systems can 

only offer geometric data which is insufficient. Then, the use of PLM systems, which 

supplies necessary data for an LCA especially about processes, is present in most re-

searches aiming at eco-designing in CAD phase. Among these works we find (Mathieux 

and Roucoules 2007), (Segonds et al. 2011), (Rio et al. 2013) and (Rio, 2012).  

 In the literature realized in our previous work (Gaha et al. 2013), we have identi-

fied that the extracted data from CAD/PLM systems and required by an LCA tool are 

provided from features; such as the “DEMONSTRATOR” developed by (Mathieux et al. 

2005).This prototype tool binds CATIA(a CAD software) and EIME (an LCA software). 

CATIA is connected to a Product Life Management (PLM) system that extracts all data 

provided by different used features. The established system then selects necessary LCA 
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data and transfers them to EIME to calculate and show the environmental impact. Also, 

(Jain, 2009) use the integration between PLM and CAD presents a plugin (Eco-fit) de-

signed for 3DSmax using the Eco-indicator99 (EI99), an eco-assessment methodology 

and database designed to evaluate CAD-based products. There is also “EcoCAD” pre-

sented by (Cappelli et al. 2007), which is based on the analysis of the tree structure of a 

CAD project composed of assemblies, subassemblies, parts, and features. The lake of 

these works is that only one scenario is environmentally evaluated. Computer aided sus-

tainable tool “CAST Tool” presented by (Morbidoni et al. 2011) provide a prototype 

with an open access database, allowing products to be evaluated regardless of the CAD 

or LCA systems used. Benefits are essentially due to selecting more than one production 

process, introducing lifecycle scenarios and extracting the right amount of geometrical 

and non geometrical data from the CAD data structure and PLM databases. “CAST 

Tool” overcomes many weaknesses such as the single scenario introduced where the 

evaluation of different possible scenarios is available. However, the evaluation is post 

modelling that is realized on a final part where modifications are difficult to implement, 

especially when it is a complex part. This explains the need for a real time evaluation 

tool.  

 From the overview of last works presented for connecting CAD/PLM systems to an 

LCA tool, we generated four major gaps; first, it was noted that the majority of the tools 

and methodologies presented, realize environmental assessments to a final part (post-

modeling assessment), hence, modifications become a hard task to the designer when it is 

the case of a complex part. Second, the objective of these works was essentially the ex-

traction of necessary data relative to a single Life Cycle (LC) scenario of the final part; 

where CAD/PLM systems are able to provide more LC scenarios for the part. Finally, 

works using this integration are interested only in the manufacturing phase, although 

products can be impacting in other phase such as use or end of life (EOL). This led us to 

propose a real time data model that can overcome these gaps. The approach proposed can 

provide Environmental Evaluation (EE) till features attribution. It is based on scenarios 

provided by CAD/PLM integration. 

3 Approach for eco-designing in CAD phase based on PLM 

systems 

The approach proposed can provide Environmental evaluation (EE) till features attribu-

tion. It is based on scenarios provided by CAD and PLM (Product Life Management) inte-

gration. CAD/PLM systems can provide information about different LC processes because 

PLM systems can include the requirements phase, analysis and design stages, manufactur-

ing, product launch, distribution, quality assurance, in service maintenance and spare parts 

provisions).As deduced previously, CAD feature is the source of data. Hence, we propose 

to extract its related data till its attribution from CAD/PLM system as shown in table 1. 
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Table 1. CAD feature data from CAD/PLM system.  

Information systems Related DATA 

CAD Forms 

Dimensions 

Materials 

 Volumes 

PLM Production Process 

Materials 

Choice of « make or buy » 

Thermal or surface treatments 

 

CAD/PLM can offer different types of data which can be used to generate possible LC 

scenarios. These scenarios can include necessary LCA data and then environmentally 

evaluated, in order to choose the most ecological one till feature’s selection as mentioned 

in figure 1. The environmental impact is calculated with Eco-Indicator method and shown 

to the designer as End-Points Indicators (Resources, Human Health, Eco-system damages). 

 

 

Fig. 1 Proposed CAD/LCA based scenarios model extracted from CAD/PLM systems 

A CAD feature can involve different machining scenarios with different parameters 

such as selecting machine tool, cutting tool, energy consumption, etc. It may also carry 

other types of data when it is developed in an integrated CAD/ PLM (Gaha et al 2014). 

Provided data will allow assessing all scenarios proposed in order to select the most eco-

logical one. Proposed alternative scenarios can be shown with their Environmental Impact 

(EI) simply. 

Enriching a classic CAD feature with LCA data led us to propose the concept of “Eco-

feature”, which is a classic CAD feature that can be environmentally assessed. It is a new 

CAD data model oriented eco-design.  An UML of the Eco-feature is presented in figure 2, 
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which shows that Eco-feature is a special type of feature that we have assigned processes 

such as material production, transport and landfill. The way, how to generate these entities 

from a CAD model is described in (Gaha, 2014). In the next section we present a case 

study to valid this proposed concept. 

 
Fig. 2 The UML of Eco-feature 

4 Validation of the proposed concept on a case study 

From the study realized in our previous work (Gaha et al. 2104 a) we consider the basin 

mixer as a case study. The environmental assessment shows that the use phase is the most 

impacting stage in the life cycle of the product. The related CAD feature to this stage is the 

hole of water injection (Figure 3). By applying the concept of Eco-feature to this classic 

feature (the hole) we obtain different possible scenarios, each one has different environ-

mental evaluation result from the other.  

 
Fig. 3 The feature hole case study of the basin mixer  
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To generate the Eco-feature we consider 2 scenarios, where raw material (RM), use (U) 

and transport (T) phases are in relation and 3 scenarios for manufacturing (M) and end of 

life (EoL) phases. These scenarios are presented in table 2 and table 3. 

. 

Table 2 Hole data related to material, use and transport phases 

Phase Scenario 1 Scenario 2 

Raw material Material : Brass Weight: 0.025 kg Material : Brass Weight : 0.0125 kg 

Transport Mean :truck < 16t Weight : 0.025 Mean :truck < 16t Weight : 0.0125 

Use Water : 36000kg Water : 54000kg 

 

Table 3. Hole data related to manufacturing and end of life phases 

Phase Scenario 1 Scenario 2 Scenario 3 

Manufacturing  Process : Drilling Process : Turning Process : Drilling 

NC 

Temps : 4mn20 Time : 4mn15 Time : 3mn50 

Energy : 0,0045 

Kw 

Energy : 0,0055 

Kw 

Energy : 0,005 Kw 

% waste re-

covery : 

50% % waste re-

covery : 

60% % waste re-

covery 

80% 

End of life % waste recy-

cling 

50% % waste recy-

cling 

60% % waste re-

cycling 

80% 

 

We obtain then 6 life cycle possible scenarios for the Eco-hole, which are presented in 

figure 4. The LCA tool “ Bilan Produit”  (Ademe, 2008) gives the result of comparison of 

their environmental evaluation in Figure 5. 

 

Fig. 4 Possible life cycle scenarios of the hole case study of the basin mixer  

Scenario 1 

RM /U /T M / EoL 

Scenario 2 

Scenario 1 

Scenario 2 

Scenario 3 
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Fig. 5 Comparison of the environmental impacts of possible life cycle scenarios of 

the hole 

5 Conclusion 

This paper presents the eco-feature concept which is a LCA data model rxtracted from 

CAD/PLM system. It is obtained from an enrichment Semantics of classical features of 

CAD systems by the three information Concerning the geometry, the material and the 

manufacturing process. A geometry-material-process combination of Manufacturing con-

stitutes a life scenario for an eco-feature. Different scenarios can be generated for the same 

feature. The different scenarios are the inputs for an LCA tool. The result obtained guide 

CAD designer to choose the most ecological one. The approach proposed is applied to a 

feature of a basin mixer (hole) to valid its brings to ecodesign. 
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