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Abstract 

Customers today desire more individualized products and services. As a consequence, the market must deal with a significant increase in a variety 

of offerings to satisfy this changing customer demands. This rapidly increasing variety affects operations complexity of manufacturers and 

subsequently costs and environmental impact. Consequently, companies need to better understand and find innovative ways to unleash a variety 

of benefits as well as driving down costs and environmental impacts. This paper reports on a research conducted within the Thomas Jefferson 

project SUSTAIN aiming to innovatively integrate environmental sustainability in practitioners’ decisions, on a win-win basis. More specifically, 

a general framework is shaped in a view to support the integration of sustainability considerations into the management of product variety and 

portfolio. The framework development relies on variety and portfolio management, and product configurators. Relevant background literature 

has been analyzed and the framework is described and discussed.   
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1. Introduction 

Companies are challenged by increasingly individualized 

customer demands calling for higher offering variety while at 

the same time aiming to meet sustainability requirements [1]. 

However, offering a wider spectrum of choices to the customer 

implies higher complexity in managing the operations ranging 

from product or service design up to end-of-life treatment. 

Variety management, as a means to control product and service 

range and manage the resulting-effects, plays a major role in 

maximizing both customer and company value in a high variety 

production context [2]. The idea of continuously controlling 

product and service range is consistent with the operational 

objectives of “portfolio management”. Cooper et al. [3] define 

portfolio management as a dynamic decision process whereby 

a business’ list of active new products and R&D projects are 

constantly updated and evaluated. In this sense, the synergies 

between variety and portfolio management align perfectly with 

the objective of supporting companies operating in high variety 

production environments. While variety management has the 

potential to moderate and mitigate variety-induced complexity 

at the operational level, portfolio management lends itself to 

medium- and long-term decisions and a company’s strategy [2]. 

The focus of past research conducted in these domains was 

however limited mainly to the economic perspective from a 

company’s point of view as well as to maximize value for the 

customer, putting aside “sustainability” considerations [1] [4]. 

The recent international reports/studies and summits focused on 
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climate change and environmental issues put “sustainability” 

objectives at stake for companies, consumers, and governments. 

Subsequently, these considerations cannot be omitted without 

jeopardizing the market position anymore from the decision-

making process in the industrial context. In this sense, recent 

works started to address the integration of “sustainability 

practices and approaches”, such as eco-design into product 

portfolio and variety management [4] [5] [6]. However, there 

is still a distinct need for operational frameworks to integrate 

sustainability considerations into product variety and portfolio 

management [4]. 

This paper aims at outlining a general framework that is 

currently under development within the SUSTAIN project. The 

objective of the said framework is to support the seamless 

integration of sustainability considerations into product variety 

and portfolio management from a more holistic perspective. 

The remainder of the paper is organized as follows: Section 

2 provides an overview of the state-of-the-art in product variety 

and portfolio management, Section 3 introduces a “product and 

service configurator” as an option to address the customer 

demand for personalization while managing product variety, 

Section 4 presents the general research framework, and Section 

5 provides perspectives into “product variety” and “portfolio 

management” considering sustainability. The paper ends with 

concluding remarks in Section 6. 

2. Variety and Product Portfolio Management  

In order to leverage the synergies between product variety 

management and portfolio management, this section reports on 

research that is covering the intersection of these areas or 

showing their complementarities. 

Looking at tactical and operational levels, there are several 

worthwhile product variety management approaches reported 

during the past few decades. They gained more visibility within 

the “mass-customization” era [7] [8]. Mass-customization aims 

to meet individual customer needs with near mass-production 

efficiency [8]. Consistently with this idea, the basic principle 

of variety management is to meet customized demands in a 

cost-efficient way. This involves developing differentiated 

products or services by reusing and sharing assets as much as 

possible [2]. Subsequently, both modularity and commonality 

are seen as major drivers of product variety management. 

Modular systems consist of a set functionally and physically 

independent components referred to as modules. Variety is 

generated by combining those modules, leading to higher 

flexibility and lower time-to-market [2] [9] [10]. Commonality 

stems from the principle of ‘not reinventing the wheel’, and it 

aims to increase the rate of shared and standard resources. 

Consistently with the above principles, concepts such as 

“product families” and “product platforms” have known an 

expansion throughout past decades in many industries such as 

automotive. Volkswagen’s ‘Laengs & Querbaukasten’ are a 

prime example of this strategy leading to a significant reduction 

of different parts across models. Product family refers to a 

grouping of similar variants into families. A product platform 

represents a collection of parts and product variants shared by 

product families [2] [3]. Leveraging product platforms across 

different segments and/or market niches allow for higher 

economies-of-scope. Among the techniques in this area, one 

could state clustering, design structure matrices, and data 

mining [9] [11] [12]. Recent research started to integrate a 

profit perspective in product variety management, i.e., consider 

not only costs [13] [14] but also sales revenue associated with 

variants [10] [14]. Beyond empirical research, other approaches 

with mentioning in this area include: “linear programming”. 

The literature reports that product variety management drivers 

such as “modularity” and “commonality” [2], and models to 

reinforce these drivers while sustainability considerations are 

rarely addressed [5].  

Variety management identifies and applies methods and 

tools to mitigate variety-induced complexity and to improve 

the range of offered products. In order to unleash the potential 

of overseeing product range at a more strategic level, efforts 

from variety management and product portfolio management 

should be joined. In fact, looking at the strategic level, authors 

such as Pinheiro et al. [4] argue that there is a lack of 

frameworks and tools within companies to guide decision-

making towards more sustainable operations. While portfolio 

management is closely tied to company strategy, it relies on 

operational methods and tools to support and operationalize 

the decision-making process. Based on empirical research, a 

general framework defines the main “drivers” of product 

portfolio performance, namely formalization, methods, and 

integration [15]. In line with this research stream, a general 

framework integrating – eco-design – in product portfolio 

management was proposed by Pinheiro et al. [4]. This 

framework clearly delineates (i) guidelines, methods and tools, 

(ii) organization, and (iii) strategy as three pillars for integrating 

eco-design in portfolio management. It is assumed to provide 

decision-support for new product development. Referring to 

Pinheiro et al. [4], our research is clearly positioned in the 

guidelines, methods and tools pillar (P1). In this area, a 

comprehensive review was carried out by Cooper et al. [3] 

who identified several methods empirically analyzed. Based on 

the survey more than a third of each company use one of the 

following: (i) financial methods, (ii) business strategy methods, 

(iii) bubble diagrams, and/or (iv) scoring models. A fifth of the 

surveyed companies used (v) checklists. Financial methods 

include payback, net present value, and similar techniques. 

Business strategy methods derive project ranking based on 
the decided strategy. Bubble diagrams provide a visual 

representation of options according to different criteria 

(represented in X-Y axes). Scoring models use basically 

scoring systems to holistically evaluate options according to 

several criteria. Checklists refer generally to lists of yes/no 

questions.  

3. Product/Service Configurators   

Product configurators allow sharing product alternatives or 

variants with the customer in a scalable way to ease and 

automate sales and to some extent production planning and 

production itself. A configurator is defined as a knowledge-

based system that supports the user in creating personalized 

products by specifying modules, functionalities, and/or 

capabilities [13] [16]. Previous studies argue that product 
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variety and the number of customers are among the key factors 

underlying investment decision in configuration systems [16].  

Generally, configurators can be developed from scratch or 

through applying software shells which involves buying 

software. The decision depends on factors such as cost and 

technical requirements [17] [18]. Major benefits of configurators 

reported on in literature relate to efficient order fulfilment and 

improved operational performance [16] [17].  

Conversely, these benefits point to a limitation of existing 

literature regarding the scope of the current research, for 

instance, enabling a consistent “environmental” sustainability 

assessment of configured solutions. While “sustainability” and 

“configuration” have been used jointly in literature, only 

limited research deals specifically with product configurators 

[19] [20].  

Since configurators are closely tied to the process of 

customer order fulfilment and particular to product or service 

quotation process [21] [22], the integration of “sustainability” 

considerations in the quotation process is required for a holistic 

representation of the product variants impact and an informed 

decision by the customer. Typically, the quotation process 

addresses the price of the product, derived from cost data and 

configuration data. However, extending the scope of the 

quotation entails several challenges such as data scarcity for 

environmental assessment and meaningfulness of (key) 

indicators to non-expert customers. 

Therefore, environmental indicators must fulfil certain 

requirements to be considered for inclusion in product/service 

configurators. The environmental indicators should be ideally 

factual, unbiased, and measurable as a base requirement. 

Factual and unbiased are crucial requirements to be accepted 

by a wide variety of customers across the political and 

educational spectrum. Including indicators that are related to 

certain viewpoints bear the risk of creating a negative impact 

on the company especially in the days of ‘fake news’ and social 

media. Measurable is more of a technical requirement even 

though there are overlaps with the previous two. The 

environmental impact needs to be quantifiable reliably to 

provide the input for the configurator to subsequently provide 

an automated response to the interested customer. Besides 

these base requirements, there are several other high-level 

requirements, such as the significance of the indicator to the 

decision-making process. These higher-level indicators are 

often difficult to measure at the company, product, or industry 

entity-level in specific.  

4. General Research Framework 

The previous analysis and discussion inform the development 

of a “general framework”. This framework provides the 

foundation of the research to address the integration of 

sustainability considerations in product variety and portfolio 

management. Figure 1 shows the basic components of the 

proposed framework as well as typical interactions among 

them. The product/service configurator is understood to be the 

central component that allows capturing the customers’ 

requirements based on product/service configurations directly 

as the customers are building and choosing their preferences. 

Additionally, it allows capturing the said customer preferences 

regarding the sustainability criteria based on the indicators’ 

weights. Configuration and quotation data are derived from the 

data exchange with the product family data repository and 

product/service portfolio data components. This architecture is 

consistent with a three-step-process to maintain the whole 

system operation. The process involves capturing the customer 

requirements, maintaining/updating the configurator data and 

managing the quotation process, and managing the product/ 

service portfolio (see Fig. 1). 

• Capturing Customer Requirements – This step is 

enabled by a smooth configuration process allowing a 

given customer to easily select required options of a 

given product or service. This is referred to also by 

choice navigation is seen as a basic capability in the 

mass- customization domain [23]. The prerequisite of 

this process is a clear definition of the space of possible 

solutions to meet customer expectations. The second 

pillar of this step is capturing customer preference 

regarding economic and environmental perspectives of 

the configured solution. An efficient and easy-to-apply 

means are multi-criteria decision-making techniques 

which allow deriving weights of the indicators based 

on customer judgement [24]. 

• Maintaining/Updating the Configurator Data and 

Manage the Quotation Process – The embedded data 

within the configurator needs to be continuously 

updated, e.g. upon introducing a new product/service 

variant, changing the bill-of-material of some variants, 

etc. Similarly, the quotation process needs to be 

regularly updated based on available data about the 

product/service family including its bill-of-material, 

process, suppliers, cost data, and material data. This 

allows deriving both cost and price information and 

environmental impact evaluation. Assuming the pricing 

depends heavily on the aggregate product/service cost, 

the economic perspective can be effectively covered. In 

contrast, calculating environmental indicators is more 

challenging due to the huge amount of data required for 

an effective assessment and to the complex choice of 

relevant indicators depending on assessment objectives 

and system boundaries. For this reason, only a subset 

of environmental indicators will be selected according 

to criteria such as factuality, measurability, and 

significance for decision-making [25]. 

• Managing the Product/Service Portfolio and its 

Variety – This step remains at the heart of the process 

of integrating sustainability considerations in the 

product portfolio and variety management. In fact, this 

step spans over strategic and tactical planning levels 

which have a great impact on the firm economic and 

environmental performance. In order to manage the 

product portfolio, several models can be used as 

reported in Cooper et al. [3]. In the specific context of 

the current project, both economic and environmental 

sustainability perspectives should be considered. 

Economic sustainability assessment is supported by 

cost modelling and estimation techniques [15] [26] 

[27]. This provides a basis for further analysis using 

lightweight financial models such as payback and 
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return on investment [3] [15]. Environmental 

sustainability evaluation relies on the availability of a 

“lightweight lifecycle inventory” to effectively manage 

this information. Looking at the standard Life Cycle 

Analysis (LCA) framework, environmental criteria 

could involve, for example, the amount of waste 

generated, energy consumption, water consumption, 
etc. In order to deal with the objectives’ heterogeneity, 

multi-criteria decision-making is needed to mitigate 

the complexity of the decision-making process on 
the “product portfolio management” considering 

heterogeneous criteria, for instance, environmental and 

economic. Variety management is fostered through the 

“modularization” of the product/service architecture 

and the enhancement of components standardization 

as much as possible. “Clustering” and “System 

Engineering” are the drivers of this activity [9].  

 
Fig. 1. General Research Framework  

5. Discussion and Ongoing Research  

While various frameworks for sustainability assessment are 

available abundantly [29], the significance of “sustainability” 

to the decision-makers is often driven by their personal 

(environmental) consciousness, preferences, and/or (green) 

marketing purposes. Framing a strategy that truly incorporates 

“sustainability” as an equal pillar in business development is 

still a rare practice [30]. Recent endeavors started to focus 
on integrating “sustainability” with other “customer-oriented” 

strategies as an attempt to ultimately integrate sustainability 

stakes in the business realm. Examples include EU projects 

within the FP7 program (e.g. S-MC-S – Sustainable Mass 

Customization – Mass Customization for Sustainability) and 

the H2020 program with the Environment & Climate Action. 

The SUSTAIN project funded by Thomas Jefferson Fund lends 

itself in this continuum. The originality of the proposed 

framework presented within this paper lies in integrating 

sustainability in an attempt to create a win-win set-up for the 

company and the customer, and ultimately the society. In fact, 

consistent with the customer-driven business philosophy, the 

management of product/service variety and portfolio 

management are driven by the customers. More specifically, 

economic and environmental assessments of a given product or 

service configuration are enabled by configurators upon 

collecting customer preferences and then used them to make 

mid- and long-term decisions on which product/service 

variants to reinforce and which ones to limit or even eliminate. 
In this way, the risk for the firm is mitigated as the approach 

to pursue sustainability is “market-driven”. Consequently, this 

set-up is designed to generate higher revenues depending on 

the customers’ sensibility to environmental sustainability. 

The proposed framework presented in this paper creates a 

pathway to meet the above objectives. However, such pathway 

still entails several technical and market challenges that need to 

be addressed. For example, product components reusability to 

capture repetitions in design and manufacturing in order lower 

costs and increase production efficiency; product platforms 
as the basis for customization, variety management, and 
customer-centricity; process(es) platforms for providing a 

“customizability analysis” in design for sustainable mass-

customization where customers preferences are evaluated and 

optimized with different design alternatives; and integrated 

product lifecycle management facilitating quick responsiveness 

to the changes in customers preferences [31].     

  Therefore, ongoing research involves the refinement of 

conceptual and technical integration of the guidelines and 

methods for capturing the customer requirements, managing 

the quotation process, and managing the product/service 

variety and product portfolio. Additionally, while the scope of 

the framework is concerned with the discrete manufacturing 

sector, a candidate set of specific activities will be selected to 

narrow the scope and direct the development of the framework 

towards more specific contexts. 

6. Conclusion  

The evolution towards sustainable (green) production and 

consumption modes shaped the research in many fields with 

the aim to help firms adapt their offers and their operation to 

these trends. For instance, individualized customer demands 

and sustainability pressure for product designs and production 

systems has motivated a research stream dealing with mass-

customization and high-variety production on the one hand side 

and sustainability on the other hand. Industry 4.0 paradigm 

recognizes the importance of both these areas. The presented 

work integrates these two streams in the form of proposing a 

first iteration of a market-oriented framework with these two 

key pillars reflecting the future of industry development. The 

proposed research framework provides methods and tools for 

promoting sustainable and customized solutions in both B2B 

and B2C set-ups. 
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