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Abstract 
The absence of mechanisms to evaluate the potential benefits of ecodesign prior to implementation is a 
major barrier to wider adoption. There is a need to understand how the development of ecodesign 
capabilities affect corporate performance considering its dynamic complexity. Drawing upon the 
Ecodesign Maturity Model, this paper systematically reviews the literature on relevant applications of 
dynamic modeling and develops the foundations of a simulation framework, aimed at deriving business 
cases for ecodesign implementation. Preliminary results and streams of future research are discussed. 
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1. Introduction 
Despite the significant growth in the number of researches and corporations reporting the benefits of 
ecodesign-related efforts (Plouffe et al., 2011; Haned et al., 2015; IRRC Institute, 2015), a number of 
challenges still hinder a broader and consistent implementation of ecodesign in manufacturing firms. 
There is a particular lack of proper mechanisms to evaluate the potential business benefits originated by 
ecodesign (McAloone, 1998; Boks, 2006; Dekoninck et al., 2016; Rodrigues et al., 2016b; Rodrigues et 
al., 2017a). With that, the concept of "business case" emerges as the set of arguments that support and 
elicits the key reasons why an organization should accept or advance a specific cause (Carroll and 
Shabana, 2010; Whelan and Fink, 2016).  
The integration of such sustainability-related aspects into product development is considered a complex 
task, with high interconnectedness among variables over time (Tatikonda, 2008; Costa et al., 2014; 
Rodrigues et al., 2016a). Therefore, this is a problem that displays dynamic complexity, which arises 
from the interactions of several agents over time (Sterman, 2000). Some fundamental characteristics of 
systems with dynamics complexity are: constantly changing and past-dependent; tightly coupled and 
governed by feedback (i.e. strong interaction among variables with feedback loops); self-organizing (the 
system's structure drives its behavior over time); adaptive (i.e. resistance to change and adaptation to 
newly introduced policies) and non-linear (i.e. effects are not typically proportional to the cause) 
(Sterman, 2000, 2001; Repenning and Sterman, 2001). With the objective of addressing systems 
displaying such dynamic complexity, the System Dynamics method was proposed as an application of 
control theory to socio-technical complex systems, supported by computational modelling and 
simulation, and targeted at analyzing complex and dynamic behavior (Forrester, 1971; Sterman, 2001; 
Lee et al., 2012; Liao et al., 2015). It is both a modelling and simulation technique that has been widely 
applied to examine, understand and intervene in complex systems in a large range of disciplines and 
contexts. 
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With a maturity-based management framework for ecodesign implementation and management (the 
Ecodesign Maturity Model - EcoM2) (Pigosso and Rozenfeld, 2011; Pigosso et al., 2013; Pigosso and 
McAloone, 2016) as the theoretical frame, this paper draws upon the particular concept of capability of 
ecodesign management practices with the main objective of understanding how ecodesign-related 
capability building might theoretically influence a range of corporate performance outcomes over time 
(i.e. revenue, market share, risk, costs etc.). Capability levels can be understood as a qualitative measure 
of how well a company applies a certain ecodesign management practice, in the context of the EcoM2 
(Pigosso et al., 2013). Moreover, most business cases typically account for a posteriori analysis of the 
influences ecodesign-related practices, as opposed to a priori, predictive business cases, which focuses 
on how to collect information and measure performance. Within this context, this paper seeks to answer 
the following research question: how can System Dynamics support the modelling of ecodesign 
capabilities and their influence on corporate performance over time? This paper proposes a set of 
"building blocks" for an exploratory simulation-based framework with the objective of assisting the 
development of a business case for ecodesign implementation within manufacturing firms. The potential 
result of this broader research stream is intended to be used by key managers and strategic decision-
makers across the organization in their daily attributions related to both gathering information on 
business cases as well as presenting them to senior leadership. 

2. Research methodology 
With a view to building a simulation-based business case framework for ecodesign implementation, the 
research methodology employed in this paper is comprised of two phases, divided into four main steps. 
Initially, a systematic literature review (SLR) and a subsequent content analysis of relevant applications 
of dynamic modelling in the context of organizational capability and related fields were carried out. 
Then, the approach was formed by a generic System Dynamics modelling approach, based on the 
conceptualization of the problem, the formulation of variables, relationships and parameters, the 
evaluation of the model’s behavior and the analysis of potential policies and model's use (Sterman, 2000; 
Luna-Reyes and Andersen, 2003; Lee et al., 2012). The phases and steps are described as follows.  

2.1. Phase 1: Review of capability modelling within a process-oriented context 
Phase 1 focused on learning what the literature of System Dynamics proposed in terms of how to 
approach the modelling of capability within a process-oriented context. Therefore, this phase 
encompassed Steps 1 and 2 of the research methodology. The first step (Step 1 - Systematic Literature 
Review) - was based on the procedures proposed by Biolchini et al. (2005), which builds upon the three 
sub-steps: (1) planning of the review process; (2) execution of the SLR and (3) analysis of the results. 
The sub-steps are detailed as follows: 

 Review Planning: three fields were identified as relevant - namely organizational capability 
(OC), product development (PD) and project management (PM) - due to their complementarities 
and proximity as research fields. The review protocol was tailored to support three independent 
searchers within each one of the fields, based on three groups of keywords. For the field of 
organizational capability, the wildcard "capabilit*" was combined with the keyword "system 
dynamics". For product development field, six synonyms for product development ("product 
development", "engineering design", "concurrent engineering", "eco-design", "ecodesign" and 
"design for environment") were combined with the "system dynamics" keyword. Finally, for the 
field of project management, the "project management" keyword was combined directly with 
"system dynamics". The selected database for performing the searches was Web of Science due 
to its relevance to the fields of study and rigor in study selection (Gavel and Iselid, 2008; 
Adriaanse and Rensleigh, 2013). Only journal papers in English were searched. Two inclusion 
criteria were defined for the papers to meet: (1) propose, report or review at least one SD 
formulation and (2) focus on an organizational context or application. Based on the two proposed 
criteria, the papers were then examined by reading the: (a) title, (b) abstract and keywords, (c) 
schematic figures and representations, introduction and conclusion and finally (d) reading the full 
paper; 
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 Review Execution: once the papers were selected, the information on the SD application was 
extracted and catalogued in a paper repository, classified according to the field of application 
(OC, PD or PM). Supplementary information and other comments on relevant aspects of the paper 
were also recorded in order to support content analysis. 

 Analysis of Results: the repository of selected papers was finally consolidated and systematized 
in a reference manager software for easy access and analysis, which was materialized in Step 2;  

Subsequently, the second step (Step 2 - Content Analysis) was performed in order to identify the key 
elements and the emerging patterns in the papers selected in Step 1 (Bashor, 2003; Starks and Trinidad, 
2007). These elements and patterns were composed of SD formulations, conceptualizations or any other 
modelling strategies that were relevant to the dynamic modelling effort in this research. In particular, 
the content analysis aimed at identifying SD structures that could be potentially useful for depicting and 
modelling the development of ecodesign capabilities and their links to corporate performance, within 
the context of the EcoM2. 

2.2. Phase 2: SD model conceptualization 
Subsequently, Phase 2 concentrated on conceptualizing a SD model based on formulations derived from 
the literature, and reorganizing the set of ecodesign management practices in order to a better level of 
aggregation for modelling.  
The third step (Step 3 - System Dynamics Modelling) had a stock and flow diagram developed as the 
basis of the working simulation model, with the objective of describing the accumulations (stocks) and 
rates of increase/decrease (flow) of key variables in the system (Sterman, 2000; Dangelico et al., 2010; 
Liao et al., 2015). The SD model was built using the software package Stella Architect version 1.4.1, 
developed by isee systems.  
Finally, the fourth step (Step 4 - Clustering of Management Practices) entailed an inductive thematic 
analysis (Braun and Clarke, 2006; Eisenhardt and Graebner, 2007), which was employed towards 
analyzing themes/patterns within the body of 51 ecodesign management practices of the EcoM2. In 
particular, this step was required in order to reorganize the full set of ecodesign management practices 
to form a higher level of aggregation for the analysis of the management practices. The themes/patterns 
emerged entirely from the data at hand to form clusters of practices, and no attempts were made towards 
fitting the practices into a preconceived theoretical framework. Thematic analysis was particularly 
helpful for clustering the practices due to the commonalities and recurring themes displayed in the 
ecodesign management practices. Triangulation methods were used with the objective of improving 
research validity and trustworthiness. In particular, investigator triangulation (Curtin and Fossey, 2007; 
Kitto et al., 2008) was applied, procedure in which multiple investigators perform the analysis 
independently, in an effort to significantly reduce bias (Curtin and Fossey, 2007).  

3. Results and discussion 

3.1. Results and discussion from Phase 1 
The performance of the systematic literature review resulted in three independent searches. In total, 492 
papers were evaluated according to the inclusion criteria (Table 1).  

Table 1. Number of papers analyzed in the systematic literature review per field 

Evaluation  
Steps 

Organizational 
Capability 

Product Development 
Processes 

Project  
Management 

Total per 
step  

Total number of papers 346 66 80 492 

Abstract and keywords 231 45 58 334 

Schematic figures, 
introduction and 

conclusion 

188 37 30 255 

Selected papers 25 (7%) 23 (35%) 21 (26%) 69 (14%) 

Even though the search in the fields of organizational capability was expected to provide the largest 
number of selected papers - due to its relevance to the core topic of our modelling efforts - it turned out 
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to be the lowest yield (7%). One of the main reasons for such a low yield has to do with the fact that the 
majority of dismissed papers were related to qualitative discussions around the topic of organizational 
capability, supported by a "systems thinking" lens, therefore neither providing a suggestion of SD 
structure nor a modelling strategy. Moreover, as capability itself has become a very broad a widely used 
term, several papers were dismissed because they were treating capability with a completely different 
definition or from an unusual point of view. However, the selected papers from the searches in this field 
proved to be among the most relevant ones in terms of providing substantial contributions towards 
building a SD model for capability development, because they were explicitly modelling organizational 
capability and defining the model parameters and boundaries around this core concept. 
As for the searches in the fields of product development processes, which resulted in the highest yield 
(35%), the majority of the papers developed models or analysis at a very granular level (e.g. design 
tasks, time allocation, team structure etc.). Several studies in this field focus on product launches and 
market conditions of newly launched products, with many papers emphasizing the marketing lifecycle 
of products and how to plan accordingly (e.g. based on the classic Bass diffusion model). Furthermore, 
most of the SD applications in product development were not explicitly modelling the concept of 
capability. Bearing a lot of overlaps and similarities with the literature from the product development 
field, the search in the field of project management has also produced a relatively high yield (26%). 
Similarly, the proposed models in this literature were more granular (e.g. tasks, backlog, costs, resource 
allocation etc.) and were not treating capability explicitly. The literature on project management was 
particularly helpful to understand how to structure project-specific models, whose main objective is to 
solve particular management challenges relative to the project's scope, quality, time or cost. In a broader 
sense, this particular field has not informed our modelling efforts towards building a generic approach 
for capability development in ecodesign. Therefore, it is possible to assert that relevant literature on SD 
applications to the modelling of capability in organizations is scarce and highly concentrated on few 
researchers and research groups. Table 2 provides a summary and overview of some papers (pulled out 
from the group of 69 selected papers) that were utilized as theoretical basis for the modelling efforts 
described later in this paper.. 

Table 2. Summary of the main contributions of selected papers from the SLR 

Field/Search Reference Main contribution to the modelling effort 

Type of contribution Comments 

Specific Generic 

Organizational 
Capability 

(Rahmandad et al., 
2016) 

X  Stock and flow formulation of 
organizational capability 

(Rahmandad and 
Repenning, 2016) 

X  Theoretical considerations on 
capability erosion 

(Rahmandad, 2015) X X Discussion on capability definitions 
(general) and typology, and stock and 

flow formulation (specific) 

(Morrison, 2012)  X Further development on the concept 
of capability traps 

(Rahmandad, 2012) X  Stock and flow formulation of 
organizational capability 

(Repenning and 
Sterman, 2002) 

 X  
Conceptualization and formulation of 

the capability traps (Repenning and 
Sterman, 2001) 

 X 

Product 
Development 

Processes 

(Repenning, 2004)  X Application of System Dynamics to a 
socio-technical context 

(Repenning, 2001)  X Concept of "firefighting" in product 
development 

(Ford and Sterman, 
1998) 

 X Overview of dynamic modelling 
applied to PD processes 
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Even though all 69 selected papers were useful towards framing the business case modelling approach, 
the ten papers represented on Table 2 were selected to be displayed based on their higher relevance as 
guides for our modelling efforts 

3.2. Results and discussion from Phase 2 

3.2.1. Ecodesign capability as a stock-and-flow structure 

Regarding the capability measurement within the EcoM2, the model defines a 5-point scale to measure 
how well a practice is applied, based on the CMMI (Chrissis et al., 2011; Pigosso et al., 2013). These 5 
capability levels are: level 1 (incomplete) means that a practice is not considered at all or is applied in 
an incomplete way; level 2 (ad hoc) defines a practice as only being applied to accomplish very specific 
tasks or correct certain issues; level 3 (formalized) is reached when the practice is fully documented and 
accompanied by an account of its resources, infrastructure and responsibilities; level 4 (controlled) 
brings the ecodesign management practice to a controlled/monitored space, meaning that performance 
is measured and monitored; level 5 (improved) means that the ecodesign management practice has its 
performance continuously and systematically improved over time. 
In the proposed framework, management practices will be treated and modelled as having an 
independent capability. In the field of strategy, the resource-based view of the firm builds upon the 
concept that organizations are "bundles" of capabilities and resources (Rahmandad, 2015). The 
resources can be composed of tangible assets (e.g. human resources, machinery, capital etc.) or 
intangible assets (e.g. intellectual property, reputation etc.), while capabilities can be understood as 
organizational routines through which organizations perform several tasks in order to produce products 
and services (Winter, 2000; Rahmandad, 2015). Capabilities, in turn, can be distinguished between 
operational and dynamic capabilities (Winter, 2003). While operational capabilities allow the firm to 
perform short-term activities (e.g. production, sales, customer care etc.) and survive, the dynamic 
capabilities are connected to higher-order routines that firms use to extend their competences and change 
other capabilities (Teece, 2007; Rahmandad, 2015; Pisano, 2017).  
Aligned with the formulations in the literature (Rahmandad, 2012; Rahmandad et al., 2016), ecodesign 
capability is then conceptualized as a stock variable, which changes according to two main mechanisms 
(flows): capability development and capability erosion. Since capabilities cannot be directly acquired 
(Dierickx and Cool, 1989), managers can only influence its rate of change over time, as opposed to 
influencing its stock level directly. Figure 1 displays the generic structure of a stock and flow diagram 
to represent the capability of ecodesign management practices. 

 
Figure 1. Generic stock and flow structure for practice's capability 

The capability stocks are initialized with the current capability (CC), which is the result of diagnosis 
steps in the EcoM2. The goal of managers is to then reach the desired capability (DC), which comes 
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from the visioning step of the EcoM2. The capability investment rate is then based on a “stock 
management structure” formulation (Sterman, 2000), which has an inflow (capability investment) 
adjusting to a goal (desired capability) and also taking into consideration the expected outflow 
(capability erosion - CE). Therefore, the capability, C, is constantly changing as a function of the 
processes of capability investment, CI, and capability erosion, CE, and is given by:  

 (1) 

ܫܥ ൌ SMTHሺCE, Averaging	Timeሻ  ሺୈେିେሻ

்
 (2) 

Equation (1) describes the variation of the capability stock over time. Equation (2) gives the 
formulation for the inflow. Since the instantaneous rate cannot be measured, the expected outflow (CE) 
is usually formulated by averaging the past outflows (exponential smoothing - SMTH) (Sterman, 
2000), together with the gap between capability level and the desired capability being adjusted in terms 
of the capability adjustment time (CAT). This exogenous adjustment time (parameter) can be 
understood as the average time required to close the gap (Sterman, 2000). In other words, it can be 
seen, from an implementation point of view, as the time for improvements in ecodesign capability to 
be perceived and materialized by the company - representing the time needed to adjust for the desired 
capability level for a particular practice. This parameter can be set by the manager in order to reflect 
the particular context of a company.  
Additionally, the erosion mechanisms are grounded in the concept of “organizational forgetting”, with 
turnover and insufficient organizational memory as the main elements driving the erosion of capability 
(Rahmandad and Repenning, 2016). The capability erosion flow is based on a graphic function (also 
known as table function), in which the erosion decreases when the capability increases, as a result of the 
increased level of systematization, documentation and routineness reached at higher capability levels 
(Pigosso et al., 2013), therefore ܧܥ ൌ ݂ሺܥሻ. The highest erosion rate is reached between capability 
levels 1 and 2, and then decreases as the capability level increases from level 2 onwards. This function 
shape is preferred over a hump-shaped curve (i.e. with capability erosion increasing for capability levels 
from 1 to 2 and then decreasing afterwards), because a hump-shaped curve is ambiguous in terms of the 
influence of capability on capability erosion, as it indicates the presence of multiple causal pathways 
between the capability level and rate of capability erosion (Sterman, 2000).  

3.2.2. Linking capability to corporate performance 

Corporate performance is formulated as a Cobb-Douglas function of the capability, in line with the 
literature on organizational capability (Sterman, 2000; Repenning and Henderson, 2010; Rahmandad, 
2012; Rahmandad et al., 2016). This is a very well-known product function formulation in the fields of 
economics and econometrics (see, for instance, Cobb and Douglas, 1928). In its most standard form, the 
Cobb-Douglas function represents an output Y (e.g. production) as a function of two inputs L and K (e.g. 
labor and capital): 

ܻ ൌ  ఉ (3)ܭఈܮܣ

In Equation (3), ߙ and ߚ are the output elasticities relative to each one of the inputs, L and K, 
respectively, and A is a productivity factor. This means that an 1% increase in L will lead to an 
approximately ߙ% increase in the output, if everything else is held equal. Similarly, an 1% increase in 
K will lead to an approximately ߚ% increase, ceteris paribus. If ߙ  ߚ	 ൌ 1, then the function displays 
constant returns to scale. If ߙ  ߚ	 ൏ 1, returns to scale are decreasing and, if ߙ  ߚ	  1, returns to 
scale are increasing. More generally, the Cobb-Douglas function can be written as follows for N inputs: 

ܻ ൌ ݂ሺݔሻ ൌ ∏ܣ ݔ
ఒே

ୀଵ 	 , ݔ ൌ ሺݔଵ, … ,  ேሻ (4)ݔ

Instantiating the Cobb-Douglas function for an example in our formulation for the development of 
ecodesign capabilities, with two capabilities, say ܥଵ and ܥଶ,	contributing to the company's performance 
(e.g. revenue, R), it would take the form: 

ܥ݀
ݐ݀

ൌ ܫܥ െ  ܧܥ
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ܴ ൌ ଵܥܣ
ఈܥଶ

ఉ		, ߙ			݄ݐ݅ݓ  ߚ	  1 (5) 

Since ecodesign capabilities are expected to exhibit increasing returns to scale - i.e. the higher the 
capability level, the higher its contribution to performance (Pigosso et al., 2013) - parameters ߙ and ߚ 
can be defined such as ߙ  ߚ  1. For instance, setting ߙ ൌ ߚ	݀݊ܽ	0.8 ൌ 0.6, hypothetically, we 
assume that for each 1% increment in the capability 1 (ܥଵ), revenue will be incremented by 0.8%, 
whereas a 1% increase in the capability 2 (ܥଶ), revenue will increase by 0.6%. Figure 2 displays the 
surface generated (Figure 2a) by the Cobb-Douglas function (5), along with its contour plot (Figure 2b) 
showing the isoquant curves. 

 
Figure 2. (a) curve generated by the hypothetical Cobb-Douglas function for  

        corporate performance with two capabilities (C1 and C2); (b) isoquant curves 

An SD representation of such model is presented on Figure 3. The model represents a generic set of 
two ecodesign practices linked - through the Cobb-Douglas function - to a corporate performance 
indicator, namely revenue. Each one of the capabilities (ܥଵ	and	ܥଶ) can have its own parameters, such 
as the capability adjustment time and the capability erosion curve. For simplicity and considering the 
exploratory aspects of this paper, these parameters are considered to be the same for the two different 
of capabilities. Moreover, each one of the capabilities has its own current level (result of the EcoM2 
diagnosis) - which initializes the stock of capability - and the desired level (result of the visioning 
exercise of the EcoM2). Clearly, this model can grow further with: (i) links to new performance 
outcomes (e.g. risk, brand equity, profits etc.) and (ii) synergistic relationships between practices (e.g. 
the capability ܥଵ	influences the growth of capability	ܥଶ). 

 
Figure 3. Simplified SD model for a business case with two generic practices and one  

              performance outcome (revenue) 

One of the main challenges based on this modelling approach is how to represent the full set of ecodesign 
management practices (51 practices). Since the main objective of the business case is to bridge the gap 
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between ecodesign roadmaps and their actual implementation, corporate decision-makers might not 
necessarily make judgments and assessments at the granular level of the individual practice. This would 
amount to a total of, at least, 51 variables to be factored and taken into account when designing a 
business case. This might be intractable in practice. Therefore, an adjustment to the aggregation level 
of the model is required. With that, practices were clustered according to their thematic affinity through 
content analysis procedures (thematic analysis). In particular, the clusters of practices are particularly 
important to support corporate decision-makers in quickly identifying the practices by their theme. 
Besides allowing decision-makers to better connect the ecodesign practices to their own company's 
structure and processes, the clustered representation of practices also supports a more straightforward 
manipulation and development of the business cases.  

3.2.3. Clustering of ecodesign management practices 

As described in the section of research methodology, a thematic analysis was conducted in order to 
derive clusters of practice.  
The ecodesign management practices (EMP) are related to the integration of environmental issues 
into the strategic and tactical levels of the product development process. The total number of 
consolidated EMPs in the EcoM2 is fifty-one. The management practices are process-related, generic 
and applicable to any company, regardless of a product’s specific feature (Pigosso et al., 2013). 
Examples of ecodesign management practices include (Pigosso et al., 2013; Pigosso and McAloone, 
2015, 2016): “monitor the product environmental performance during use and end-of-life phases of the 
life cycle” and “elaborate and communicate recommendations to consumers on how to improve the 
environmental performance of the product during the use and end-of-life phases”. Such practices are 
process-oriented, which means they are not targeting particular characteristics of products, such as 
material, shape or any other product-specific technical feature. In this sense, the ecodesign management 
practices provides a view that is aimed at integrating the company’s entire portfolio of products, as 
opposed to focusing on specific products. 
The researchers analyzed the ecodesign management practices separately and had three subsequent 
meetings to discuss emerging themes until agreement was ultimately reached. After the performance of 
the inductive thematic analysis, 51 ecodesign management practices were organized in 11 clusters of 
practice. The management practices inside a given cluster are sufficiently homogeneous, while being 
heterogeneous across all the clusters. Table 3 exhibits the clusters of practices derived from the thematic 
analysis, together with examples of practices in the cluster. 

Table 3. Clusters of ecodesign management practices, with examples 

Cluster 
# 

Thematic cluster Number of 
practices in 
the cluster 

Examples of practice in the cluster 

1 Environmentally-
enhanced technological 
strategy 

5 practices Identify and/or develop new technologies that can 
contribute to improve the product's environmental 

performance 

2 Development of support 
processes, training and 
knowledge for ecodesign 

4 practices Get knowledge on how to develop products with a 
better environmental performance 

3 Incentives and awareness 
for ecodesign 

2 practices Develop a "green" incentive scheme for the 
development of products  

4 Marketing and 
communication for 
ecodesign 

2 practices Communicate the environmental performance and 
benefits as part of the total value proposition of the 

product, exploring the green marketing opportunities 

5 End-of-life strategies, 
packaging and operations 

5 practices Select and/or develop new manufacturing and 
processes with improved environmental performance 

6 Strategic management of 
ecodesign 
implementation 

9 practices Develop business, product and market strategies 
considering the environmental trends 
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7 Portfolio management 
and environmental trends 

4 practices Evaluate the environmental feasibility of new product 
development projects 

8 Product development 
management 

11 practices Implement Life Cycle Thinking 

9 Value chain management 3 practices Establish cooperation programs and joint goals with 
suppliers and partners 

10 Regulatory compliance 2 practices Formulate mandatory rules and/or product 
requirements 

11 Program management 
and ecodesign 
benchmarking 

4 practices Benchmark the environmental performance of 
competitor products 

3.2.4. Application of the business case in an ecodesign management context 

The expansion of the SD model structure presented in this paper (see Figure 3) to cover other clusters 
of practice can, therefore, lead to the development of structured and more rigorously grounded business 
cases for ecodesign implementation. With a comprehensive simulation model covering all (clusters of) 
practices in the EcoM2, managers will be able to experiment on the business case simulator to test 
different scenarios and ecodesign implementation paths. This means that decision-makers will be able 
to evaluate how different speeds and strategies of implementation (e.g. which clusters to focus and how 
fast to implement them) could potentially lead to changes in their company's most strategic performance 
outcomes, such as revenue, risk, and others.  
In terms of actual implementation of ecodesign, the EcoM2 also prescribes an application method for 
manufacturing companies to follow. The first phase has 3 application steps: 1) the diagnosis of the 
current maturity profile, whose main output is the current capability levels of the management practices; 
2) the definition of a vision for improved maturity, according to the company’s strategy and drivers, and 
whose main output is the desired capability levels for the management practices and 3) the deployment 
of actionable roadmaps of improvement projects, based on the gap between current capability levels 
(Step 1) and desired, future capability levels (Step 2). The second phase entails project implementation, 
outlined in the roadmaps, together with efforts in change management and performance measurement. 
The business case plays a very important role in connecting the deployment of structured roadmaps with 
actual, consistent implementation. The business case framework therefore makes use of the current and 
desired capability levels - derived from Steps 1 and 2 - to simulate the expected behavior of selected 
corporate performance outcomes, under specific circumstances and assumptions.  

4. Final remarks 
This paper aimed at presenting the foundations of a simulation-based framework for the development 
of business cases for ecodesign implementation. The main objective was to develop approximations 
towards answering how ecodesign capabilities affect corporate performance over time. Initially, a 
systematic literature review was conducted with a view to surveying the literature on applicable uses of 
the System Dynamics methodology within the context of organizational capability development. 
Afterwards, the literature was analyzed, and the structures of a business case framework were presented 
and discussed. The results highlighted that the System Dynamics methodology is an adequate tool for 
modelling organization capability in the product development space. Despite the scarcity and 
concentration of the studies applying System Dynamics to organizational capability, an initial 
foundation can be built in order to instantiate specialized knowledge in ecodesign implementation. It is 
important to emphasize that this research is part of a broader effort towards building a solid 
understanding of how ecodesign performance can be captured, measured and this translated into useful 
business cases that support decision-making in product development.  
Due to its exploratory nature, this research has limitations: (i) the choice of keyword and literature 
databases to be searched might limit the comprehensiveness of the literature review; (ii) the lack of 
empirical evidence/validation for both the parameters and he analytic formulations can constrain the 
applicability of the models; (iii) expanding the model to cover all clusters of practice might reveal 
operational difficulties that have not been anticipated yet by this exploratory, theoretical study. 
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Therefore, future research streams should ideally focus on: (a) expanding the coverage of the systematic 
literature review; (b) designing and performing empirical studies for the development of more robust 
parameters and analytic expressions and (c) developing a structured approach for the expansion of the 
model to cover all clusters of ecodesign practices (relative to both the relationships between clusters as 
well as the relationships between clusters and other corporate performance outcomes). 
Regarding the next steps in the actual development of the business cases, a set of activities can be also 
put forth: (i) the definition of an overall framework upon which the performance outcomes can be 
structured, such as the Balanced Scorecard, or similar performance measurement frameworks; (ii) the 
systematization of a DSM-like matrix establishing the relationship among different clusters of ecodesign 
practices; (iii) the systematization of a DSM-like matrix connecting the various clusters with the 
corporate performance outcomes they will potentially influence, with an qualitative indication of the 
strength of such influence; (iv) the collection of theoretical (i.e. scientific literature) and empirical (e.g. 
interview with experts) evidence to support the matrices on the relationships among clusters and 
between clusters and outcomes and, finally (v) the validation of the simulation-based business case 
framework with ecodesign managers in corporate decision-making settings. 
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