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Abstract 

This paper reports on a research work conducted within the framework of the SUSTAIN project aiming to unleash and 

operationalize the potential of customer centricity and sustainability requirements. More specifically, the paper presents a Decision 

Support System (DSS) intended to support the alignment of aggregate production planning with customer demand during the 

production ramp-up phase. The DSS consists of a mathematical model and an online product configurator. This will ultimately 

lead to a revised product portfolio and better align it with the market requirements before moving to series production. 
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1. Introduction 

Project and operations management have evolved over the 

last decades in  response to environmental and societal challenges 

and recent technological advances – prior to and aligned with 

the digital transformation of the manufacturing industry. 

Customers, whether businesses (B2B) or individual consumers 

(B2C) are demanding more customization of products, 

services, and solutions in general. To meet these market 

requirements, businesses are increasingly faced with the 

problem of “how diversifying their goods and services 

offerings to meet a wide range and variety of customer needs 

in a sustainable way”. However, this diversification naturally 

leads to significantly increased internal complexity linked to 

the explosion in the volume of data to be processed, but also to 

the number of different resources and capabilities that must be 

implemented to ensure a satisfactory diversity of the offer. In 

addition, there is a need to shorten the development and 

commercialisation time for customized products and/or 

services to cope with market volatility and competition that 

goes beyond the traditional price war [1-3]. 

At the same time, alarming debates on climate change have 

affected the industrial landscape in the last decades in different 

ways. International agreements and government policies are 

driving forces behind the consideration of the environmental 

impact of industrial activities. Moreover, sustainable systems 

are characterized by the interactions that affect the economic, 

social, and environmental sustainability of the enterprise – the 
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so-called: Triple Bottom Line (TBL) [4]. These interactions 

take place at several levels within and between enterprises and 

have been the subject of several studies in the scientific and 

grey literature [5,6]. 

Joint fulfilment of sustainability objectives and customer 

requirements become a key for the long-term survival of 

organisations [7]. However, the synergies between these two 

objectives are not sufficiently exploited and work in this field 

is rare [8,9].  

This paper reports on research work conducted within the 

framework of the SUSTAIN project aiming to support the 

alignment of aggregate production planning with customer 

demand during the production ramp-up phase. The developed 

DSS consists of a mathematical model and an online product 

configurator. This will ultimately lead to a revised product 

portfolio and better align it with the market requirements before 

moving to series production. 

The remainder of the paper is organised as follows, Section 

2 reviews the literature highlighting the synergies between 

customer-centricity and sustainability, Section 3 presents the 

developed DSS, and Section 4 discusses the proposed DSS and 

provides research perspectives.  

2. Related Literature  

2.1. Value Co-Creation   

The concept of value has evolved from a perception based 

on the resource management theory with classical economists 

[10], where value is created through a transactional model, to a 

more complete positioning integrating the customer [11]. 

Value – in the eyes of a customer – represents a compromise 

between perceived benefits and sacrifices associated with a 

product and/or service offering [11]. This trade-off depends on 

value attributes like quality, level of customization, and price. 

In this approach, which emphasises a subjective perception of 

value for the customer, the Service-dominant logic (SDL) 

emphasises the relational dimension of value, for instance, the 

value-in-use that results from the consumption of a service by 

the customer [12].  

Over the last two decades [13,14], the concept of value has 

increasingly reflected the dimensions of sustainability.  In  this 

sense, creating sustainable value means generating economic, 

environmental, and social benefits associated with an industrial 

activity [13]. However, there is – no consensus – on what 

sustainable value actually is [13]. A prevailing perception is 

based on the principle of the Triple Bottom Line (TBL), which 

extends the value definition from a business perspective to 

people, planet in addition to profit. More recently, the evolution 

towards the notion of value co-creation has made it possible to 

extend the scope of value, which now involves additional 

stakeholders beyond only the supplier and the customer (e.g., 

subcontractors), thus forming a more appropriate, yet complex 

value network [14].  

2.2. Sustainable mass-customization 

Mass-Customisation customisation is a strategy that aims to 

meet specific customer needs with an efficiency close to that of 

mass production [15]. When industrial companies take this 

route, it presents both opportunities as well as challenges with 

respect to sustainability in the environmental, social, and 

economic sense.  For  example, while standardization  and lean 

management practices – inherited from mass production 

contribute to optimizing the use of resources and reducing 

waste, pure customization risks running counter to these 

objectives when responding to the diversity of individual 

customer demands [16,17]. The challenge is to meet and align 

the objectives of mass customization and sustainability 

together. While there are a few selected studies available in the 

literature addressing the possible complementarities between 

mass customisation and sustainability, a shortage has been 

highlighted in terms of design tools and decision support 

methods that favour the deployment of sustainable mass 

customisation [16-18]. This gap can be partly explained by an 

implicit assumption that traditional evaluation frameworks are 

also valid for customised products and their production. 

However, customisation leads to a diversity in the range of 

products or services, which adds complexity to the evaluation 

and requires more adapted evaluation methods [19,20]. The S-

MC-S (Sustainable Mass Customization – mass customization 

for Sustainability) project promoted the concept of sustainable 

mass customization and resulted in a set of decision support 

tools for implementing it. For instance, a set of indicators and 

guidelines were proposed to support the design of sustainable 

mass customized products [21]. However, the S-MC-S model 

does not consider the interactions between the various 

dimensions and requires a large amount of data to be 

successfully implemented – data that is not always readily 

available [18, 22]. The model proposed by [23] aims to 

strengthen the connection between economic and 

environmental issues to manage product variety. They propose 

a mathematical model coupled with simulation and LCA based 

tools to enable indicators calculation and variety management. 

Most of the research works addressing sustainability and 

customization or customer centricity focus more on the product 

design phase. This aligns well with the strong impact of the 

decisions taken during the design phase on the whole product 

lifecycle. Subsequent phases such as production ramp-up 

received much less attention despite their potential in 

reinforcing agility and customer-centricity.   

2.3. Ramp-up of sustainable mass-customized products   

The development of sustainable customer-centric products 

depends on strategic, tactical, and operational decisions made 

during all phases of the product or service lifecycle [7]. Most 

of the work contributing to this issue focuses in particular on 

the design phase, given its impact on the whole product 

lifecycle.  

However, at this point, the production ramp-up phase is 

poorly addressed despite its potential impact on successful 

product commercialisation. In fact, ramp-up presents an 

opportunity to enhance the sustainability of industrial systems, 

for example, through decisions on industrial strategy, portfolio 

management, production resources, skills, and integration of 

customer feedback [20,24].  

Ramp-up refers to the phase of the product lifecycle that 

identifies and deploys the means and methods to move from the 
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study phase to the active production phase. The decisions made 

during this phase have a strong impact on the company's 

activities [24]. These decisions relate to several aspects such as 

investments and capacity management [25,26], collaboration 

and information sharing [27], industrial strategy [28], skills and 

human resources [29], and quality management of the product 

or service in question [30]. These decisions are more complex 

in ramp-up than in series production for various reasons such 

as the uncertainty about customer demands, limited resources, 

and challenging process control [20,25,27,30].   

3. A DSS for sustainable portfolio management during 

ramp-up  

3.1. DSS overview  

The DSS extends a previously published version in [20] by 

detailing the models and tools used for capturing customer data 

and managing product portfolio accordingly. The framework 
relies on three basic components meant for (i) supporting the 

alignment of portfolio and planning decisions with customer 

requirements; (ii) product/service configuration (operational 

horizon), data maintenance, and quotation process 

management (operational/tactical horizons); and (iii) variety 

and portfolio management (tactical horizon) (see Fig. 1).   

 

  
Fig. 1. Framework Design (Adapted from [20]) 

  Capturing Customer Requirements – is supported by a 

stepwise configuration process allowing customers to 

customize the product or service to be ordered. The whole 

process is enabled by a configurator where all feasible 

combinations are implemented allowing to offer a high 

variety to the customers. The ease of the configuration 

process is a key capability to facilitate choice negation for 

the customers [2].  

 The Quotation Process – aims to provide economic and 

environmental indicators estimates based on the selected 

configurations and on the data about the product, process, 

and supply chain. Therefore, configuration data employed 

by the system needs to be regularly updated (e.g., bill-of-

materials, processes, suppliers, cost data,  materials). 

Economic and environmental indicators should be 

measurable and significant for decision-making to both the 

customer and the company [20]. 

 Portfolio and Variety Management – aims to collect and 

process data about customer orders (extracted from the 

configurator) and the product, process, and supply chain 

data to determine aggregate plans during the production 

ramp-up phase. It is also concerned with continuously 

assessing product or service architecture and standardizing 

as much as feasible the product and the supporting process. 

Analytical models are the backbone of this part of the 

framework [20].    

3.2. Mathematical model  

Several analytical models are available in the literature to 

support portfolio and/or variety management [20,23,31]. The 

proposed framework relies on linear programming to determine 

an aggregate production plan during the ramp-up phase. The 

ultimate objective is to align planning decisions with customer 

requirements despite the lack of data during ramp-up. The 

model is detailed in the following.  

 

Notations:  

𝑖   product variant  

𝑉   set of available variants in the product portfolio 

𝐵𝑖  bill of material of variant 𝑖 
𝐴𝑖  set of operations involved in the realization of 𝑖 
𝑀𝑖  set of materials used to build 𝑖 
𝐹   product family 

𝑡   ramp-up period  

𝑇   set of ramp-up periods 

𝑃𝐶𝑡  total production capacity during period 𝑡  

𝐷𝑖𝑡
−     lower demand limit of  variant 𝑖 during period 𝑡 

𝐷𝑖𝑡
+     upper demand limit of  variant 𝑖 during period 𝑡 

𝑃𝑖      unit profit margin generated by variant 𝑖 
𝑆𝑖      unit selling price of variant 𝑖 
𝐶𝑖      unit greenhouse gas emissions allocated to variant 𝑖 
𝑏𝑘

𝑖       quantity of purchased component/material 𝑘 used to 

build one unit of 𝑖  
𝑐𝑘      unit purchasing cost of 𝑘   

𝑎𝑝
𝑖       duration of operation 𝑝 to realize one unit of 𝑖  

𝑐𝑝  unit cost of operation 𝑝 

𝑏𝑗
𝑖       quantity of material 𝑗 used to build one unit of 𝑖  

𝑓𝑘        characterization factor of greenhouse gas emissions 

related to material 𝑘   

𝑛𝑃𝑖  unit profit generated by variant 𝑖 
𝑛𝐶𝑖  unit CO2 emissions allocated to variant 𝑖 
𝑥𝑖𝑡      decision variable representing production volume of 

variant 𝑖 during period 𝑡  

 

The objective function uses weighted normalized values of 

profit and CO2 emissions indicators. For a given product or 

service variant, the profit is obtained by calculating the 

difference between the selling price and unit cost (Eq. 1); CO2 

emissions are calculated based on a unit CO2 emission 

associated with the raw material and with the production 

process (Eq. 2).  

 

𝑃𝑖 = 𝑆𝑖 − ∑ 𝑏𝑘
𝑖 × 𝑐𝑘𝑘∈𝐵𝑖 − ∑ 𝑎𝑝

𝑖 × 𝑐𝑝𝑝∈𝐴𝑖      (1) 

𝐶𝑖 = ∑ 𝑏𝑗
𝑖 × 𝑓𝑗𝑗∈𝑀𝑖                        (2) 

The normalization of the indicators is enabled by an 

improved sigmoid function allowing for a pseudo-linear 

mapping of the original values (values between 𝑥 and 𝑥𝑚𝑎𝑥) 

[32] as shown in Eq. 3, with 𝑎 = 2 + √3 and 𝑏 = 7 − 4√3. 
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     𝐺(𝑥) =
1−𝑏

𝑥
𝑥𝑚𝑎𝑥

𝑎𝑏

𝑥
𝑥𝑚𝑎𝑥+1

 , 𝐺(𝑥) ∈]0,1[                (3) 

The normalized values of 𝑃𝑖 and 𝐶𝑖 obtained following Eq. 

3 are referred to by 𝑛𝑃𝑖 and 𝑛𝐶𝑖. Weights are then assigned to 

each of the indicators which reflect the importance from the 

customer point of view.  

The weights of the indicators are derived from the 

configuration data over a given time horizons. The 

determination of the weights depends on data availability and 

may use linear multiple linear regression (short/midterm) or 

moving average (short term).  

The objective function, H is presented in Eq. 4, the aim is to 

maximize it. Eq. 5, 6, and 7 represent, production capacity, 

demand and positivity constraints, respectively.   

 

𝐻 = ∑ 𝜔𝑝 . 𝑛𝑃𝑖
𝑖∈𝑉 − 𝜔𝑐 . 𝑛𝐶𝑖                            (4) 

∑ xi𝑡𝑖∈𝐹 ≤ 𝑃𝐶𝑡   , ∀𝑡 ∈ 𝑇                           (5) 

𝐷𝑖𝑡
− ≤ 𝑥𝑖𝑡 ≤ 𝐷𝑖𝑡

+  , ∀𝑖 ∈ 𝐹, ∀𝑡 ∈ 𝑇                     (6) 

𝑥𝑖𝑡 ≥ 0 , ∀𝑖 ∈ 𝐹, ∀𝑡 ∈ 𝑇                          (7) 

3.3. Configuration and Quotation Process  

A product configurator refers to a software-based expert 

system that supports the user in the creation of product or 

service specifications [33]. The literature identified several 

challenges for the successful development of configurators, 

such as resource constraints (e.g., time and effort related to 

configurator development projects), product complexity, IT 

infrastructure, and organisational burdens (e.g., acceptance 

within the organisation) [34]. Therefore, the development of a 

(product) configurator should be driven by the requirements of 

the business and should allow for smooth integration within the 

company information system as well as work procedures.  

The configurator should support a clear configuration 

process allowing for capturing customer preferences and a 

transparent quotation process informing the customer of the 

economic and sustainability implications of the selected 

configuration. Fig. 2 illustrates the configuration and quotation 

process in a typical and basic scenario of product customization 

and ordering. The modelling of the scenario allows for deriving 

the technical requirements of the configurators.   

Fig. 3 shows an excerpt of the graphical interface of the 

configurator with an illustrative example of a 3D printed 

customized product. The user is guided through the definition 

of the product using a set of customization attributes (e.g., 

colour, material, dimensions). The configurator is linked to a 

database where all data about material types, unit costs, and 

environmental characterization factors are available. This 

allows for providing the customer with a rough quotation 

(estimate) including price and CO2 emissions associated with 

the selected configuration of the product highlighting the 

impact of certain decisions and features. The example is 

purposely chosen and represents a simple product that allows 

for a clear depiction of the potential features of the 

configurator. Several additional features of the configurator are 

not discussed in this paper since configurator development is 

ongoing. 

 

 
* IHM: Human-Machine Interface 

Fig. 2. Sequence diagram of the configuration and quotation process 

 
 

 
Fig. 3. Graphical Use Interface supporting choice navigation 

 

This version of the configurator extends the work of [35], 

which specifies the general architecture of the configurator and 

provides a proof of concept. The current version involves the 

development of a prototype including a database of available 

product variants and a module for customer order and 

configuration process treatability.     

4.   Discussion and perspectives  

In order to ensure long-term competitiveness, a continuous 

challenge for manufacturing and service companies is to 

combine customer-centricity with increased sustainability in 

the environmental, economic, and social sense [7].  

The scientific literature related to project and operations 

management in the broadest sense highlights the lack of 

research works related to production ramp-up, one of the key 

stages of the industrialisation phase. This research gap is 

amplified by the current economic and social context where the 

development of innovative solutions has become a recurrent 
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activity to meet demand and survive the competition. The 

context of the current COVID-19 health crisis illustrates the 

need for agility and rapid adaptation, in quantity and quality, to 

market changes [36,37]. In this context and at present, 

production ramp-up has become a key issue for which all 

means are deployed not only at the level of manufacturing and 

service companies, but also at the level of public authorities. 

However, decisions linked to industrialisation and production 

ramp-up are subject to constraints of uncertainty and urgency. 

Such decisions must also take into account the priority needs 

of the market and the specific demands of customers or groups 

of customers. They also have a social, societal, environmental, 

and economic impact that must be anticipated. 

The proposed approach suggests combining product 

configurators with mathematical models to align the aggregate 

production plan based on customer orders during the ramp-up 

phase to inform decision makers early of the impacts of their 

choices and thus allow for adaptations before the associated 

sunk cost becomes too high. This will ultimately lead to a 

revised product portfolio and to align it with the market 

requirements before moving to series production. Therefore, 

the failure risk of product introduction into the market is 

mitigated through the quick adaptation of the portfolio to 

sustainability and customer requirements.    

The research concerning customer-centric sustainability 

seems in its infancy. The current paper provides one step 

forward to operationalize this concept while focusing on the 

ramp-up phase of the product life cycle. Therefore, there is still 

much to be desired in terms of improvements and extension of 

the proposed DSS. First, the technical implementation needs to 

be finalized and the whole system needs to be tested. This 

activity is planned for within the short term. A set of customers 

with different preferences with regards to environmental 

sustainability will be selected. The configurator will be used to 

customize and order a 3D printed product. The mathematical 

model will be used to align the planned production with the 

demand based on customer past orders. This research is 

ongoing, and the test is planned for the short term.   
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