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Abstract: The topic of sustainable business models is growing in literature and in the industry,
driving companies to search for opportunities to improve their impact on the three pillars of
sustainability—profit, people, and planet (economic, social, and environmental). However, the process
of developing sustainable business models is often complex, due to conflicting objectives from the
three dimensions of sustainability. This paper presents a procedure model that supports the design
and assessment of business models with a sustainable perspective, by integrating a new business
model canvas for sustainability (BMCS) and an evaluation method to assess it. A comprehensive
assessment is proposed, performed in a life cycle perspective. The proposed model is applied
and validated with a real case study, based on a new business model for an aircraft maintenance,
repair, and overhaul company. The case is based on shifting from traditional maintenance, repair,
and overhaul activities to adopting additive manufacturing as an activity that allows manufacturing
optimized spare parts with benefits for the costumer. The results show the application of the procedure
model on a specific case study, as well as the potential of additive manufacturing as a driver for more
sustainable business models in the aircraft maintenance sector.

Keywords: business model canvas; sustainability; life cycle; sustainable business model; additive
manufacturing; LCA

1. Introduction

The definition of a business model appears to vary between authors; however, while there is
not a definitive definition, most agree that it intends to describe how a business works and how
value is created and captured [1]. Traditionally, business models focus on value creation through
economic benefits, often disregarding environmental and social concerns. However, the concept of
sustainability, that includes all the three pillars (social, environmental, and economic), within business
model innovation, has been growing in popularity and is currently a major focus in the academic
literature [2]. Geissdoerfer et al. (2018) studied several definitions used in academic literature and
proposed the following definition for sustainable business models: “Business models that incorporate
pro-active multi-stakeholder management, the creation of monetary and non-monetary value for a
broad range of stakeholders, and hold a long-term perspective” [3] (pp. 403–404).

Often, new business model developments stem from emerging technologies and innovations,
as they force actors within an industry to change the way they operate [4,5]. The changes caused
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by these technologies across different industries are the focus of several authors regarding potential
impacts in the three pillars of sustainability [6,7]. Additive manufacturing (AM) technologies are an
example of this, as they are often cited as having high potential to disrupt the structure and businesses’
operations [8–10]. A change in a business model often effects the social, environmental, and economic
performance of the company. However, few studies exist to support the development of sustainable
business models [2,11,12]. One of the most popular tools among entrepreneurs to conceive and design
business models is Osterwalder and Pigneur’s Business Model Canvas [13]. However, this framework
fails to map the environmental and social aspects of a business model. Although some authors have
looked into integrating environmental and social aspects into the Business Model Canvas [14–16],
the topic is relatively new and there is no established method for mapping and designing sustainable
business models. An additional aspect to be taken into consideration when developing a business
model is its assessment. Traditionally, this is assessed through financial projections that enable an
entrepreneur or investor to assess the expected return. However, when expanding the sustainability
scope, it is necessary to support this analysis with long term economic, environmental, and social
assessment methodologies.

This paper addresses the shortcomings in sustainable business models literature with a twofold
contribution. The first contribution is the introduction of a new method to conceive, design, and map
sustainable business models, the Business Model Canvas for Sustainability (BMCS), focused on
integrating the three pillars of sustainability in one business model canvas. Furthermore, the authors
propose a procedure model to pre-select business model alternatives and assess their long-term
sustainability using the BMCS. Besides these theoretical contributions, the case of introducing additive
manufacturing technologies in an aircraft maintenance company is analyzed, applying the proposed
canvas and procedure model. For that, the changes in the company’s business model are mapped in
the BMCS, taking into account the introduction of additive manufacturing. Based on this mapping,
the economic, environmental, and social dimension are evaluated using the sustainability assessment
methodologies suggested in the procedure model.

2. Business Model Canvas for Sustainability

Several approaches have been developed to conceptualize business models, doing so by dividing
them into different elements [13,17]. Bearing in mind that a business model is understood as the
logic of creating value and the way of providing it to customers [18], the structure of the elements is
economic-oriented. Osterwalder and Pigneur (2010), for example, propose the following elements:
key partners, costs structure, key resources, key activities, value proposition, customer relationship,
channels, customer segments, and revenue streams [13]. The resulting Osterwalder and Pigneur
(2010) business model canvas is a comprehensive approach on how to analyze or develop a business
model. While other models focus on different areas, namely technology, organization, or strategy [19],
the business model canvas is a framework that illustrates the way a company makes business in nine
structured elements. It is a very popular tool amongst entrepreneurs for its sense-making aspect of
showing how a business model works [20]. However, the main focus of frameworks like the one of
Osterwalder and Pigneur (2010) is economic, as shown, e.g., by the bottom aspects (cost structure
and revenue stream), disregarding sustainability aspects beyond the economic dimension. Thus, it is
essential to include new aspects within the frameworks to enable a sustainability-oriented business
model analysis and development.

Schoormann et al. [21] identified the following possibilities on how to adapt existing frameworks
by integrating sustainability aspects: modification of the element-content, division of elements,
re-structuring the whole framework, addition of new elements, linking of elements, and addition of
views/principles on the framework [21]. Regarding the business model canvas, several approaches
of inclusion of sustainability aspects exist. Osterwalder and Pigneur (2010) propose to add two
elements (ecological and social costs and revenues) [13]. Jones and Upward (2014) expand the original
nine canvas elements by building four perspectives (stakeholder, product/learning/development,
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process, measurement) as well as new elements (e.g., biophysical stocks, ecosystem services). [15].
Fichter and Tiemann (2015) add another three new elements—business model vision/mission,
competitors, and relevant stakeholders, while also proposing a Sustainable Business Canvas.
At the same time, they combine customer segments, channels, and customer relationship into one
single element: “customers” [14]. Foxon et al. (2015) developed a business model canvas which
included sustainability for low carbon infrastructures—the nine original elements were kept the
same but some of them were sub-divided into terms of sustainability [16]. Another suggestion is
presented by Joyce and Paquin (2016), who expand the business model canvas by two additional
layers, the environmental and the social layer, proposing the assessment of a business model under
the three pillars of sustainability [11]. This framework is called triple layer business model canvas
and aims to maintain the sense-making flow of how a business works, as introduced in the original
canvas, represented as the horizontal coherence within the economic, environmental, and social layer.
The second aim is to enable the vertical coherence between the elements of the three layers of the business
model. The three layers are characterized as follows. The economic canvas is kept the same as the one
proposed by Osterwalder and Pigneur [13]. The environmental layer is based on a life cycle perspective
to map the environmental impact (e.g., CO2-emissions) of a product/service over its whole life cycle.
The social layer focuses on a stakeholder perspective and results from the stakeholder’s management
approach. [11]. Table 1 gives an overview about the presented sustainability-oriented frameworks.

All presented variations of the business model canvas include helpful ideas to integrate
sustainability-aspects in this framework while developing and analyzing business models. However,
some of the approaches (e.g., Osterwalder and Pigneur (2010), Foxon et al. (2015)) merely consider
some of the elements of the canvas in a sustainability-oriented way (e.g., value proposition by
Foxon et al. (2015)). Jones and Upward (2014) analyze all the elements in a social, environmental,
and financial context [15], but as they have enhanced the business model canvas with various new
elements (e.g., needs, assets), the resulting framework is very complex, reducing its applicability.
Fichter and Tiemann (2015) propose to ask “classic” economic as well as sustainability-specific
questions regarding the elements of their business model canvas [14]. This framework principally
enables sustainability-oriented development and analysis of business models; however, there is no
clear procedure for selecting which questions to ask. The framework of Joyce and Paquin (2016) is a
well-elaborated approach, refined in cooperation with different manufacturers, and further developed
by performing workshops with more than 400 participants [11]. However, challenges appear when
trying to find the vertical coherence between the economic, social, and environmental elements within
the layers. Additionally, the distinction between the three layers with differing elements indicates
the existence of independent layer-specific decisions; however, in business applications, each design
decision about an element or sub-element of a business model (e.g., an activity or a resource) is only
made once. Often, a lot of these decisions will influence more than one dimension of sustainability,
and so should be made considering the effects on all concerned dimensions.

As a conclusion, the authors of this paper propose a differing extension of the business model
canvas including sustainability aspects: a canvas integrating the three pillars of sustainability without
distinguishing between three different layers or introducing completely new elements. Called business
model canvas for sustainability (BMCS), it comprises all nine elements of the original canvas, which are
viewed as being tripartite—including all dimensions of sustainability. This approach aims to avoid the
challenges of vertical coherence, resulting in different focusses (stakeholder vs. life cycle vs. customer
perspective). Additionally, the integration of the three sustainability dimensions in one canvas requires
the consideration of all of them in the analysis and design decisions of each of the nine canvas elements.
Furthermore, all dimensions of sustainability can be looked at from a life cycle perspective. Finally,
this canvas concept seems to be more systematic than the extension by single elements and less complex
than the triple-layer approach.
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Table 1. Overview of sustainability-oriented Business Model Canvas Frameworks. For an overview
of design principles see Schoormann et al. (2016) [21]. Key: blue color—economic focus, green
color—environmental focus, yellow color—social focus.

Sustainable
Business Model

Canvas Framework
Design Principles Characteristics Model

Extended model of
Osterwalder and

Pigneur (2011) [13]

Addition of new
elements

New blocks for social/ecological
costs and revenues
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The suggested BMCS is composed by an adaptation of the nine elements proposed by the
Osterwalder and Pigneur (2010) canvas [13]. As already mentioned, each element is extended by
ecological and sociological aspects, so as to achieve a sustainability perspective too. For the sake of
clarity, the dimension-specific aspects of each element are mapped in different colors (Figure 1).

The BMCS builds on a life cycle perspective centered in the value proposition of a product or
service, in which the input stakeholders and activities required for the delivery of the product/service
are mapped in the left. The output stakeholders, from the client to the end-of-life actors, as well
as output-related activities, are mapped in the right (Figure 1). This supports users to perform a
life cycle analysis on the three pillars of sustainability while mapping each element of the canvas.
Thus, the BMCS maintains the point of the original Osterwalder and Pigneur (2010) canvas [13],
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the “sense-making,” still centered on the value of a product, process or organizational innovation,
while incorporating the three pillars of sustainability.
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The value proposition element is an extension of the traditional business model canvas. The value
proposition should describe the value of a product/service, regarding its economic, environmental,
and social aspects. While the economic value is usually focused on the customer, the social value portrays
the focus of the organization on having a positive impact on society in general (as e.g., within the social value
perspective of Joyce and Paquin 2016 [11]), and more specifically on its stakeholders. The environmental
value should focus on the added value to the planet, regarding the main environmental categories reflected
in Life Cycle Assessment (LCA)—human health, resources, and ecosystems quality [22].

The input related stakeholders’ element describes the partners directly involved in the upstream
phases of the company’s core activity. As defined by Joyce and Paquin [11], in the triple layered
business model canvas, both the partners and the supply/outsourcing element comprehend that,
while value chain activities are necessary, they are not considered core to the organization. A few
examples of integrating the environmental dimension of the business model include water or energy
consumed within the company (generally supplied by partners). The social dimension is dominated
by relationships with stakeholders and local communities, namely, changes in local employment and
other community-related aspects.

The activities element of the BMCS includes the key activities that are core to the organization.
From an economic standpoint, this represents the key activities for (economic) value creation, portrayed
within the company, such as marketing, production, or logistics [13]. The environmental dimension of
the BMCS focuses on the core activities that generate environmental impacts, particularly production,
similarly to the production element of the environmental layer within the triple layer business model
canvas [11]. Included in the activities element is the organization governance, originally introduced
in the triple layer business model canvas as one element within the social layer that describes the
organizational structure and decision-making strategies of the organization [11].

The resources element in the Osterwalder and Pigneur (2010) business model canvas [13] represents
the key resources for an organizations’ (economic) core activities. Key resources can be physical,
financial, or human. From an environmental standpoint, this element describes the resources having an
environmental impact. This entails the raw materials and equipment used in manufacturing systems.
The social dimension of the canvas focuses on the human resources (employees) and their relationship
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with the company (also presented as one element of the social layer of triple layer business model
canvas of Joyce and Paquin [11]).

The output related stakeholders’ element is an extension of the customer segment originally
proposed by Osterwalder and Pigneur [13]. It generalizes the customer’s element to a broader concept,
allowing the incorporation of stakeholders affected during the use and end of life phases in a life
cycle perspective, centered in the product or service. In fact, in the environmental dimension and,
according to the LCA categories, the main stakeholder is the planet involving people and ecosystems.
From a social perspective, this element represents the stakeholders impacted by the business model,
which include both end-users and the society involved in the downstream phases of the product’s life
cycle. The social perspective focuses on the impact of the organization on society, considering how
certain actions can positively or negatively influence society [11].

While the economic dimension of the output-related stakeholders relationship element is typically
focused on the relationships with the output stakeholders (especially customers) and on the resources
to achieve it, the environmental aspects include also the impact on ecology, namely by green policies.
The social aspects regard the relation between the company and society. This may include activities
such as developing integrative practices amongst different cultures, areas, or nations, or promoting
sustainable consumption habits.

The channels element of the business model canvas focuses on how the product or service
is delivered to customers [13]. This component comprehends both the physical (transportation
means) and economic (selling method) distribution channels. Typically, organizations focus on selling
strategies, such as direct sales through a website/store or indirect through retailers. The environmental
dimension of this component is dominated by the physical delivery of the functional value in the form
of a product or a service. It considers both transportation methods and distance travelled. The social
dimension maps the relations with people involved in the distribution channels. This should help
to study how different distribution channels can impact the distribution side of the supply chain,
particularly considering the fraction of society directly affected by it. However, it is challenging to
identify social and environmental-related relationships as well as channels, and it seems to depend
on the characteristics of the business model, whether these elements need to be analyzed in detail in
terms of all three pillars of sustainability, or only in terms of the economic pillar.

Finally, the burdens element includes the negative environmental, social, and economic impacts
resulting from the company’s business model. The benefits, on the other hand, are the positive impacts
generated by the company with respect to the three dimensions of sustainability.

All the aspects outlined in the section above, from both the input and output side, must be
taken into account when analyzing and defining all the burdens and benefits in each sustainability
pillar of analysis. The Business Model Canvas for Sustainability is a mapping framework, and in it,
the characteristics of a business model are only listed, without a quantitative assessment. This is
performed in the following step of a comprehensive sustainability assessment analysis, with a model
proposed in the following section.

3. Model to Map and Assess Business Models Using the Business Model Canvas for Sustainability

The BMCS (or the business model canvas in general) is often used within the business model
development process, e.g., to visualize rough business model ideas at the beginning of the development
process (for the business model development process see Wirtz (2013) [23] or Schallmo (2013) [24]).
To assess the profitability of business model ideas, business model design options and whole
business models, it is also necessary to include evaluation activities within the business model
development process [23]. To structure the development and evaluation process of business models
or model ideas, the authors propose a new model, based on the procedure model developed by
Götze and Rehme (2013) [25]; Rehme et al. (2015) [26]—which is extended to include all dimensions
of sustainability. The model (shown in Figure 2) comprises a combination of different tools and
models supporting different steps. The identification of business model ideas, the elaboration and
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preselection of business models up to their final sustainability evaluation and implementation. The first
step in this perspective is the identification of business model ideas [26]. For the following step,
the elaboration of business models, the authors suggest using the BMCS to conceive and describe
the elements of the selected business models. After the elaboration of the selected business models,
Rehme et al. suggest a double-stage assessment process [26]. The first step is the preliminary
evaluation of business models, e.g., preselecting promising models. For the economic consideration,
Rehme et al. [26] suggest using the assessment criteria derived from the resource-based view of
strategic management: eligibility to provide benefit, heterogeneity/non-inimitability, permanence, and
the ability to generate (economic) profit (more about the resource-based approach and the criteria:
see e.g., Barney (2013) [27], Rehme et al. (2015) [26]). In a sustainability context, the benefits can refer
to economic as well as environmental and social issues. Analogously, the concept of “profit” might
be extended to all sustainability dimensions. The criteria can be weighted and evaluated by using
different methods: One option would be to describe their relevance and characteristics solely verbally.
Another approaches would be to exclude business model alternatives systematically by an incremental
survey of the criteria (e.g. by applying Barney’s (2013) VRIO logic [27]) or using scoring models for a
comparative evaluation of the outcome of the criteria, both originally proposed by Rehme et al. [26].
The ranking method proposed by Rehme et al. classifies alternatives by comparing them to the baseline
using: “+” (better performance), “++” (much better performance), “−” (worse performance), “−−”
(much worse performance), and “o” (similar performance) [26].

The second step of the double-stage assessment is the detailed evaluation of the remaining
business model alternatives. The economic, environmental, and social burdens and benefits mapped
in the BMCS must be assessed through methodologies that consider a life cycle perspective, being that
the BMCS has a life cycle perspective too. In this model, the Life Cycle Costing (LCC) is proposed
for the economic dimension, the Life Cycle Assessment (LCA) for the environmental dimension,
and the Social-Life Cycle Assessment (SLCA) for the social dimension. These are the most common
methodologies for assessing each dimension in a life cycle perspective. For the sake of simplicity as
well as consistency, the dimension-specific evaluation should use a common base data and assumptions
where the same objects are relevant.

The existing procedure model includes LCC in the form of a profitability calculation that shows
the monetary consequences of the selected business model(s). Therefore, the well-established Net
Present Value method is suggested [26], as it is proposed as a suitable method of conducting life cycle
costing, especially for products or resources [28,29]. It is based on the principle that the economic
performance of a project is expressed as a sum of the future cash flows (in and/or out), discounted with
a given interest rate, and that it can be applied over a period of time, which allows for an evaluation at
different project stages [30]

In terms of the environmental assessment, after its introduction in the late 1960s and early 1970s [31],
LCA has become the predominant method to assess life cycle-related environmental sustainability in
the recent years [32]. Additionally, it is a well-structured method, as its procedure is determined in an
ISO-standard [33]. Therefore, LCA is suggested as a methodological framework to assess environmental
impacts throughout the life cycle of a product or service. By focusing on a life cycle perspective, LCA
allows for an holistic evaluation of the business model environmental sustainability, considering not
only impacts directly resultant from its activities, but also the impact of down or upstream activities that
may occur as a result. An LCA analysis consists of the following four phases: definition of the goal and
scope, inventory analysis, assessment of impacts, and interpretation [33]. The impacts can be assessed
with different methods (e.g., ReCiPe) focusing on one or more environmental impacts, in the form of
impact categories [34]. These categories refer to, amongst others, climate change, resource depletion,
or human health [35].
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Regarding the social assessment, it is suggested to conduct the Social LCA (S-LCA), seen as it
expands the environmental LCA to social aspects. Thus, it is life cycle oriented too and can therefore
either be conducted as an addition of environmental LCA or independently. As the focus of S-LCA
differs from the one of environmental LCA (here, mainly physical quantities are the input needed for the
assessment), more information regarding the organizational aspects are in focus (UNEP, 2009, for more
similarities and differences between environmental LCA and S-LCA see UNEP, 2009, p. 37 ff. [36]).
To conduct S-LCA for business models, the authors propose to follow the UNEP/SETAC guidelines
for social impact assessment [36], dividing the stakeholders in five groups: (1) workers, (2) society,
(3) local community, (4) value chain actors, and (5) consumers. For each stakeholder group, a set
of sub-categories is used to calculate social impacts. Furthermore, each sub-category is described
by a number of quantitative/qualitative indicators. The performance of a certain business model is
assessed for each indicator, measuring the performance of the object under consideration relative to
the country’s/sector’s/industry’s current situation (see UNEP, 2009 for information about the categories
and sub-categories [36]). Although UNEP/SETAC guidelines offer a standard basis for analysis, there is
not a consensus on how to quantify the impact or performance with regards to the different categories
and sub-categories; therefore, various authors present different approaches. Padilla-Rivera et al. [37]
proposed a quantification method based on performance reference points, which has later been used
by Rivera-Huerta et al. [38]. Similarly, Franze and Ciroth [39] proposed a rating system based on the
UNEP/SETAC guidelines, with grades ranging from 1 to 6, both to assess performance and to evaluate
impacts of each subcategory on the indicators, which was later applied by Ribeiro et al. [40], to assess
the social impact of an innovative business model to fight food waste. To enable a more detailed
evaluation of the social impacts, it is suggested here to apply a utility value analysis. Utility value
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analysis seeks to analyze a number of usually complex alternatives, with the aim of ordering them
according to the preferences of the decision-maker in a multi-dimensional target system. The ordering
is carried out by calculating utility values for the alternatives. In this case, the so-called utility values
represent the social value of business models. In utility value analysis, multiple target criteria are
weighted according to their importance to the decision-maker. The ability of the different alternatives
(here, the business models under consideration) to fulfil each criterion is measured and a corresponding
partial utility value is given. The weighted partial utility values are summed to obtain a total value for
every alternative–the utility value. For any one alternative, the aggregation of (weighted) partial utility
values allow unfavorable results on one target measure to be compensated by better results on others.
If certain criteria have minimum requirements, that fulfilment has to be assured before carrying out a
utility value analysis [30].

As the economic, environmental, and social assessments lead to individual results, it should be
discussed whether they can and should be aggregated to get an integrated assessment of sustainability.
Although this paper does not suggest an aggregation method, other authors have tried to combine
economic, social, and environmental assessments. To enable a significant aggregation, a common data
and system basis is mandatory, especially for an enhancement of consistency of the assessments [41].
As in this case, decisions about different business models with more than one target (here: economic,
environmental, social) are focused on, methods of multi-attribute decision-making can be applied [30,42].
Examples of multi-attribute decision-making approaches are the utility value analysis, that was already
suggested for the social assessment, and the analytical hierarchy process (for an overview about
multi-attribute decision-making approaches see Götze et al., 2015, p. 166 [30]). These approaches
are characterized by having a common target value that includes all three dimensions, which can
be used to assess the sustainability of the considered object (in this case the business model) [41].
Alternatively, or additionally, one can use graphical approaches to interpret the integrated contribution
to sustainability. One example is the ternary diagram that reflects which alternatives are preferable
in dependence of the weightings of the different dimensions of sustainability [40,41]. Furthermore,
a third alternative is to use monetary value indicators to aggregate results, namely with the Social Net
Present Value method [43,44] and the Social Return on Investment method [40,45].

4. Additive Manufacturing Case Study

To illustrate and test the proposed methods, this section contains a case study focused on developing
and assessing a new business model resultant from the introduction of additive manufacturing
technology in aircraft Maintenance, Repair, and Overhaul (MRO). Traditionally, aeronautic MRO
companies focus their activity on replacing parts, some outsourced and some produced internally.
The new business model, explained in more detail in the next sub-section, adds component design
optimization enabled by additive manufacturing as a value-added service.

Additive manufacturing is defined as “a process of joining materials to make objects from 3D model
data, usually layer upon layer, as opposed to subtractive manufacturing methodologies” [46]. One of
the most frequently mentioned opportunities created by additive manufacturing is the distribution of
production. Distributed manufacturing results from moving production from centralized facilities to
mini-factories closer to the consumer [47,48]. According to Walter et al. (2004), additive manufacturing
will allow companies to replace central warehouses with central data repositories, which in turn
will support distributed manufacturing [49]. This has the potential to reduce inventory costs and
to simplify the supply chain by improving logistics and reducing transport, resulting in lesser
environmental impacts. Furthermore, one of the key characteristics of additive manufacturing is the
ability to produce complex parts with few design constraints compared to conventional processes.
This characteristic is particularly relevant as it allows designers to optimize design, thus improving
performance [50]. In fact, various studies focus on leveraging additive manufacturing’s opportunities
to reengineer parts, thus reducing aircraft weight and consequently fuel consumption. This innovation
has clear benefits for society, both from economic and environmental/social standpoints [50,51].
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By integrating decentralization of production and reengineering parts for weight optimization
as a service, maintenance repair and overhaul companies have the opportunity to shift towards
product-service business models with the promise of adding more value to their customers by reducing
weight, which is expected to result in fuel savings [52]. There are several real cases in which additive
manufacturing is already certified for aircraft parts, and this is a growing trend [53,54]. This therefore
offers opportunities for MRO companies to acquire additive manufacturing capabilities regarding
not only production but also part design optimization. In fact, the case study presented in this paper
focuses on an aircraft MRO company with the intention of opening a new business segment to respond
to the demand of these new parts. In the following section, the application of the proposed model to
this case study is presented.

The case study follows the procedure method proposed in section three; therefore, it was developed
in three stages: mapping business model alternatives, preliminary assessment, and finally, sustainability
assessment. The first stage used the Business Model Canvas for Sustainability to map the new business
model by highlighting the changes from the existing one. Afterwards, the model was subjected to a
preliminary assessment based on information from scientific/technical literature and opinions from
experts both from academia and from MRO companies. Finally, an assessment of environmental,
economic, and social impacts was performed, using life cycle assessment, net present value, and social
life cycle assessment, as proposed in Section 3. The last part of the study was conducted using industrial
data, gathered with additive manufacturing component suppliers and aeronautic MRO companies.

4.1. Mapping Business Model Alternatives

The changes in the company’s business model are mapped using the BMCS illustrated in Figure 3,
focusing on exploring the opportunities offered by additive manufacturing. The adoption of additive
manufacturing drives changes in the value activities and consequently in the value proposition.
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The blue color in the BMCS is used to map the traditional economic aspects of the business
model. The value proposition of this business model is to offer the production of optimized and,
therefore, substantially lighter parts, to benefit the client during the use phase. The model focuses
on producing optimized components to take advantage of the additive manufacturing processes.
Naturally, this implies the utilization of specific equipment and know-how [55]. To produce spare
parts using additive manufacturing, the company acquires raw material in the form of powder, instead
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of machining material blocks [56]. There is not only a change in the raw material suppliers, but also the
potential elimination of spare part suppliers [57]. The major novelty in the economic dimension is the
inclusion of output related stakeholders, which are the companies benefitting from weight reduction
during the aircraft use (fuel cost saving) and the people potentially affected in the future by lower fares
due to lower CO2 emissions [58,59]. By introducing design optimization as a service, the relationship
with customers (output related stakeholders) is significantly changed, with customer feedback playing
a crucial role in the engineering process [60]. The resource base is enhanced by new know-how and
competencies which might be future core competencies. The distribution channels are not affected by
the change in business model. This is true in the three dimensions of the BMCS.

The environmental dimension (green color), which serves as a basis for the environmental impact
assessment, reflects the aspects of the business model with potential environmental burdens/benefits.
The environmental value proposition is the delivery of products that reduce fuel consumption and the
correspondent emissions during aircraft use [61]. There is no significant difference in the environmental
impact of raw material acquisition and transport. However, the design optimization of parts and
consequent material reduction will have a positive impact on material consumption [50]. The main
change in impact within the company is the introduction of a new activity (additive manufacturing).
The environmental impacts resulting from that change are the machine itself and the new manufacturing
process (with influences on energy, resources, and emissions). One of the key contributions of additive
manufacturing to environmental sustainability is the excellent material usage ratio [62], which implies
less raw material waste during production. This is particularly relevant in the aerospace sector due to
its generally low buy-to-fly material ratios [6]. One of the main benefits of additive manufacturing
introduction occurs during the use phase, where weight reduction through design optimization has a
positive impact in airplane fuel consumption [51].

Finally, the social dimension of the business model is mapped in yellow. The social value
proposition is to increase the qualification level within the workforce [63,64], thus promoting the
enhancement of local people skills and potentially decentralizing production. Upstream, the local
community is the most affected one. By creating a need for qualified labor, it is expected that the
company will have a positive impact on promoting education in local communities. However, there is
the possibility of a negative impact related to the reduction of employees needed in the existing spare
parts suppliers and distributors. Overall, it is expected that the additive manufacturing enabled
business model will have a positive social impact on society in general, as a driver for technology
development. Furthermore, it is expected that workers will also benefit from improved working
conditions granted by safer manufacturing techniques [64]. Regarding the output stakeholders,
the society will benefit from greener planes considering the health implications of CO2 emissions from
airplane operation [65].

4.2. Preliminary Evaluation of Business Model

The preliminary evaluation of the business model focuses on the comparison between the existing
business model and the new one, with the adoption of additive manufacturing and part optimization
services. Each business model is assessed according to the proposed criteria (see Table 2), setting the
current business model as the baseline, and evaluating it as normal. The new business model is
assessed by comparison to the baseline. It can be considered an improvement (+) or a deterioration
(−) of the traditional business model, regarding each criterion. Furthermore, it can have the same
expected performance, which results in a “o” evaluation. The new business model is potentially better
regarding the eligibility to provide benefits to the customer, as it allows improvements in the product
performance. Regarding heterogeneity, the adoption of additive manufacturing increases resources
within the company, both tangible (equipment) and intangible (expertise), and is therefore considered
above normal in this criterion. Permanence/non imitability is a weak point of additive manufacturing
technology, as it is relatively simple to imitate and replicate a part. Furthermore, it is expected that
other competitors will also adopt this technology in the future. Therefore, this is evaluated as a
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deterioration. Finally, the new business model shows higher potential for profit, as it is possible to use
less material, thus contributing to fuel consumption reduction and consequential cost savings for the
consumer. This added value offer can be leveraged to increase service price, therefore contributing to
higher profit margins.

Table 2. Preliminary evaluation of business model alternatives.

Criteria
Business Model

Current Additive Manufacturing Adoption

Eligibility to provide benefits o +
Heterogeneity o +

Permanence/non inimitability o −

Ability to generate profit o +

4.3. Sustainability Assessment of Business Model

In this section, the results of the sustainability assessment are shown. The economic and
environmental evaluations are based on an illustrative part, a generic bracket, to show the potential
impact/benefit from weight reduction. The part was reengineered for additive manufacturing using
topological optimization and later manufactured using a Renishaw AM 400 selective laser melting
machine. All data regarding industrial processes was collected in an industrial context with a supplier of
additive manufacturing parts. Originally manufactured by forging, the part’s topological optimization
for additive manufacturing showed the possibility to reduce 18% of the weight. Furthermore,
information about the MRO company, its current practices, the used part, and relevant cost elements
were provided by a Portuguese MRO company.

Finally, while both economic and environmental assessments only consider the burdens/benefits
of one part, the social assessment focuses on the entire business model and its impact on the different
stakeholder groups affected.

4.3.1. Economic Evaluation

The economic evaluation is based on the Net Present Value (NPV) method, considering short
and medium timeframes (1 and 5 years) and an interest rate of 10%. The cost variations represent the
MRO company perspective and focus on logistics (storage) and production. Furthermore, the benefits
from weight savings during operation were considered as potential value increase in selling price.
The MRO company’s revenue results from the installation of spare parts. Production costs were
compared for both, forging and selective laser melting, assuming non-dedicated machines. The costs
for both processes take into account machine, operator, material, consumables, and energy, as shown
in Table A1. Storage costs were provided by the MRO company and represent 10% of the part’s cost,
which currently amounts to 12.8 €/part. The additive manufacturing process (162.3 €) is considerably
more expensive than the conventional process (128.7 €); however, the potential reduction in delivery
times allows for 50 % savings in storage costs (Table 3).

Table 3. Cost comparison between parts manufactured using additive manufacturing and forging.

Process Prod. Cost [€] Storage Cost [€] Total Cost [€]

Additive manufacturing 162.3 6.4 168.7
Forging 128.7 12.7 141.4

Annual fuel savings were calculated for one average European route (Lisbon to Berlin), using an Airbus
A319, a common aircraft for this type of route. The data used for this calculation were that the route was
3.5 h long and 2.313 km in distance. These values are in accordance with the Portuguese airliner, TAP Air
Portugal. Furthermore, TAP states that the aircraft doing this route travels for 4800 annual flight hours.



Sustainability 2020, 12, 9130 13 of 22

The analysis of the fuel consumption was then carried out using data from the Civil Aviation Authority’s
Flight Planning Manual [66] for the aircraft under consideration. Using this method, the initial fuel
required and the fuel consumption in each of the flight phases (climb, cruise, descend) were calculated.
Notice that the aircraft weight changes during the flight as a result of fuel consumption. Therefore,
the process calculating the weight is iterative, each phase of the flight depends on the overall weight at
the end of the previous (e.g., the weight at the beginning of the cruise phase is the initial weight minus the
fuel mass used in climbing). Results show a potential annual cost saving of 16 € per part installed in the
airplane. The assumptions for this analysis can be found in Table A1.

Although weight savings result in clear benefits for the flight operator, it is not clear how much of
those benefits can be internalized by the MRO company. To account for this uncertainty, a sensitivity
analysis comprised of three scenarios was performed to analyze the impact of weight savings. In the
first case, the annual fuel savings were fully transferred to the MRO company. According to this
scenario, the MRO company would be able to increase the price to the same amount as the fuel savings
over the period of 5 years. The second and third cases consider half and no transfer, respectively.
As shown in Table 4, the net present value is significantly higher with the increase in profit transfer
from the use phase. In fact, the business model is only economically viable if the company is able
to maintain 50% of profit transfer rate in a five-year period. Results consider only the increase in
production cost in year 0, followed by the combination of storage cost reduction and fuel savings in
consequent years (1 to 5).

Table 4. Investment appraisal analysis of the business model.

Profit Transfer Rate
(Use Phase)

∆Prod. Cost
[€]

∆Storage Cost
[€]

∆Annual Fuel Cost
[€]

∆ Net Present
Value (NPV) 1y [€] ∆NPV 5y [€]

100%
+34 −6

−16 −13 34
50% −8 −19 3
0% −0 −27 −27

It is important to notice that this analysis only considers an example of one spare part installed in
one aircraft to demonstrate the potential benefits of the new business model. Recent studies show that
an average aircraft can have between 250 to 500 kg of metal auxiliary parts, which could be suitable
for additive manufacturing production and consequent weight optimization [51]. Applying the same
weight optimization (18%) to 500 kg of auxiliary spare parts would reduce 90 kg of the aircraft weight,
which results in annual savings of around 11.674 €. Distributing the 500 kg over 1.438 parts equals to
the one showed previously, the net present value for a lifetime of 5 years would increase to 19.481 €.
Furthermore, the 18% weight reduction considered in this analysis is conservative, with recent studies
showing reductions of up to 80% [52].

4.3.2. Environmental Evaluation

The life cycle assessment quantifies the environmental impact and is focused on the same spare
part example as the economic analysis. The carbon footprint indicator was computed using the ReCiPe
Midpoint (H) V1.11/Europe Recipe H method with the Eco Invent 3 database in SimaPro.

This life cycle analysis focuses the full life cycle of the spare part from production to end-of-life.
The functional unit was defined as one spare part installed and running in the aircraft. The impact
assessment is performed for one and five years, using the same assumptions as in the economic
analysis. Furthermore, it is assumed that the part installation process is not changed by the new
business model, therefore its environmental impact remains the same. The relevant life cycle phases
are production, transport, use, and end of life. In the production phase, only the material and energy
consumption were considered. In both cases, the material consumption includes the steel needed for
the spare part and the waste material from the processes (additive manufacturing (8%) and forging
(20%) [67]). Energy consumption is estimated following the specific consumption models proposed by
Ciceri et al. [68] for forging and by Baumers et al. [69] for additive manufacturing. The current spare
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part supplier is located in Germany; however, the new business model focuses on producing in house,
therefore eliminating transport. The end-of-life process remains the same in both cases (recycling).
Finally, the use phase considers the scenario previously described in the economic analysis, with the
differences in impact resulting from the weight optimization.

The life cycle assessment reveals that the use phase is responsible for most of the environmental
impacts. Table 5 presents the comparison in equivalent CO2 emissions between the two cases. Results show
that even for only one year of use the adoption of additive manufacturing has a positive impact of 210 kg
CO2eq/part, considering the balance between the increase in production impact and the savings from use,
end-of-life, and transport. These results mean that for each part optimized and produced using additive
manufacturing, there is a potential for significant reduction of CO2 emissions over the period of one year.
As expected, considering 5 years use and the correspondent fuel savings, the environmental benefits
largely outweigh the increase in environmental impacts during production.

Table 5. Comparative impact assessment of the new business model by comparison with the
conventional, for one part during one and five years of use.

Life Cycle Phase Resource ∆CO2 Equiv. [kg]
(1 Year)

∆CO2 Equiv. [kg]
(5 Years)

Production Materials (Tooling Steel) and energy +10.66 +10.66
Transport Air transport −0.89 −0.89

Use Air transport −221.74 −1.108.68
End-of-life Recycling +0.13 +0.13

Total −211.84 −1.098.78

4.3.3. Social Evaluation

The application of the Social Life Cycle Assessment method follows the UNEP/SETAC guidelines
for social life cycle assessment [36] which indicators are in Table A2. In this method, each target
criterion was weighted under the assumption that every category considered has the same importance.
This is a simplification and can be adapted to each company and its strategic goals.

The performance of each business model regarding the target criteria was then compared and
ranked with 1 if it performed better, 0 if worse and 0.5 if similar (see Table 6). As illustrated in
the case study description, the social value proposition is to enhance people skills and qualification
level of the company’s workforce. Traditional MRO is carried out by maintenance technicians and
machining operators, whereas additive manufacturing requires a different set of specialized workers,
skilled in 3D modelling and topological optimization. There is a clear difference in salaries between
operators/technicians and specialized workers, such as the ones required for additive manufacturing
driven MRO business models. This expected increase in salary leads to a better social performance.
The relation between metal additive manufacturing and worker’s health and safety is a recent
topic. Generally, additive manufacturing introduces a set of health risks related to metal powder
inhalation [32]. Considering the additional risks of additive manufacturing, the new business model
has a slightly worse performance than the conventional, which is reflected by a partial utility value of 0.

The new business model has a positive impact for local communities. This positive change stems
from the decentralization opportunities of additive manufacturing, combined with the business model
ability to generate local employment [70]. By capturing spare part production for the company, there is
a clear decentralization of production from big factories to local facilities. Naturally, moving production
closer to the customer (airliners) promotes local employment and plays a key role in reducing migration
rates. Furthermore, the stakeholder group “society” benefits from technology developments and its
contribution to economic development, associated with a clear public commitment to sustainable
air transportation. Introducing an innovative, autonomous process in the aeronautic industry is an
undeniable contribution to technological development. As a fairly recent manufacturing technique,
additive manufacturing development is dependent on early adopters. The creation of a new business
model that leverages additive manufacturing capabilities will drive an increase in demand, which will
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lead manufacturers to advance additive manufacturing technology. The advances are expected to lead
to faster and more affordable machines [6]. By offering a new part optimization service, the company
commits to deliver lighter parts for the aeronautic industry, therefore committing to contribute to fuel
savings in air transportation.

Table 6. Partial utility value for the original and the additive manufacturing driven business model.
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Additive
manufacturing 1.00 0.00 1.00 1.00 1.00 1.00 1.00 0.50 0.00 1.00

Forging 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.50 1.00 0.00

A big concern with additive manufacturing adoption is the respect of intellectual property
rights [71]. Although it is not expected that the company violates any intellectual property rights by
adding optimization as a service and additive manufacturing as a production method, there is an
increased risk of the technology being a facilitator of property rights infringement [8]. Additionally,
additive manufacturing is expected to change supplier relationships, as companies start manufacturing
products that would otherwise be bought. One possibility is the supplier moving from delivering
spare parts to selling 3D files for those parts.

The changes regarding the stakeholder group “customers” are centered in the feedback mechanism
necessary to operate a spare part optimization service. In order to assure compliance with airliner
requirements and the maximum weight saving without compromising durability or usability, the
company has to integrate customers in the design process. In this regard, the business model has a
much better performance than the conventional, where customer feedback is limited to satisfaction
evaluation. This change affects mainly the governance of companies.

Generally, the introduction of additive manufacturing methods in aircraft MRO appears to have a
significantly better performance than conventional methods; however, there are some concerns that
have to be taken into account. While most subcategories are benefited by this business model, worker’s
health and safety and the respect of intellectual property are critical issues of additive manufacturing
regarding social sustainability.

Finally, the total utility value of each business model alternative was calculated by combining
the partial utility and the relative weight of each category. The aggregated utility results show a
better performance of the new business model (additive manufacturing). The adoption of additive
manufacturing in this case has a higher utility (0.75 > 0.25) from the perspective of the decision-maker.

5. Conclusions

This paper contributes to the theory of business modelling and sustainability as well as to
the field of additive manufacturing. The theoretical contribution comprises the development of a
sustainability-related business model concept based on the established Canvas approach (the “Business
Model Canvas for Sustainability”) and a procedure model to evaluate business models with respect
to their contribution to all dimensions of sustainability. This model includes the suggestion to use
utility value analysis for assessing the social dimension of sustainability—an evaluation task for which
hardly any established methods exist until now. The application of the sustainability-related Canvas as
well as the evaluation methodology in an industrial case revealed their ability to generate significant
results in a structured and transparent way.
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Concerning the field of additive manufacturing, its potential to contribute to all dimensions of
sustainability was shown for the example of a company providing MRO services for aircrafts. As expected,
moving to distributed manufacturing of spare parts does not offer MRO companies the opportunity to add
value to their customers; however, it unlocks the opportunity of optimizing spare part weight as an added
value service. Furthermore, it appears to have significant benefits both for society and the environment.
The first results from increased workforce qualification, creation of local employment, and higher control
over salaries. Meanwhile, the environmental dimension benefits from reduced transport of spare parts
between factories, lower raw material consumption and waste, and fuel savings during aircraft operation.

However, theoretical considerations as well as the experience from the industrial case point to
some methodical challenges: amongst others, the structure and elements of the suggested BMCS,
the acquisition and the uncertainty of the necessary data especially in the early phases of business
model development, the systematic development/elaboration of the business model (variants) towards
contributions to all dimensions of sustainability as well as the methodology of assessing the social
dimension raises difficulties. Against this background, especially the uncertainty of data used, the
results concerning the potentials of additive manufacturing have to be interpreted carefully.

To enable handling the challenges mentioned above, the methodical elements suggested need further
practical application and validation as well as refinement. The latter should address, amongst others,
the Canvas structure, data collection in early phases of business model development, a methodology to
systematically develop business models towards (all dimensions of) sustainability, and a deeper elaborated
evaluation of social sustainability. Regarding the typical lack of data in early stages of a business model,
this can be overcome by the continued application of this procedure throughout the business life. It should
also include strategies of knowledge management and the use of new possibilities of IT such as big data.
Regarding methodological challenges, the procedure model may also be developed to include in the
preliminary assessment phase criteria with the scope on the three pillars of sustainability. Furthermore,
the social assessment is, unlike the other dimensions of sustainability, in a development phase, with a
large number of new impact assessment methods being published nowadays. Therefore, it is important to
further investigate possible alternative methods for the social assessment. Finally, the potential of additive
manufacturing and the hurdles of its technological and market success (including the risk of imitation of
a company’s individual additive manufacturing business model) should be analyzed in more depth in
order to establish (sustainable) value chains based on this technology.
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Appendix A

Table A1. Data considered in the economic analysis.

Variable Value Units Source

Data used to
calculate part cost

Building square meter price 30 [€/m2]

Gathered in
industrial context,
in collaboration

with,
“Hypermetal-Metal

Additive
Manufacturing”

Discount rate 10 [%]
Electricity price 0.158 [€/kWh]

Operator hourly cost 16 [€/h]
Data preparation time for the first

batch 3 [h]

Data preparation time for the next
batches 0.5 [h]

Building space 3 [m2]
Software cost 0 [€]

Hardware cost 1500 [€]
Software renewal cost 0 [€/year]

Hardware renewal cost 0 [€/year]
Building depreciation time 30 [years]
Software depreciation time 3 [years]

Hardware depreciation time 5 [years]
Setup time 0.5 [h]

Cost of preparing the base plate 20 [€]
Part mass 0.285 [kg]

Price of raw material 25 [€/kg]
Material loss factor 8 [%]

Price of gas cylinder 60 [€]
Price of a filter 30 [€]

Number of batches per gas
cylinder 6 [-]

Filter duration 100 [h]
Maintenance cost 0 [€]
Machine power 0.4 [kW]

Machine initial price 500,000 [€]
Machine depreciation time 10 [years]

Area occupied by the machine 4.5 [m2]
Safety area around the machine 18 [m2]

Scanning Time 42.5 [h]

Data used to
calculate weight
and cost savings

Aircraft A319 [-]
Gathered from

existing literature:
(Tap website,

correct as of July
2020)

Gathered from
existing literature:

[72–74]

Flight time 3.5 [h]
Distance 1249 [NAM]

Annual flight hours 4800 [h]
Airport altitude 374 [ft]
Aircraft weight 62,000 [kg]
ISA deviation −5 to 5 [◦C]
Cruise speed 424 [kt]

Cruise altitude 37,000 [ft]
Fuel price 0.23 [€/L]



Sustainability 2020, 12, 9130 18 of 22

Appendix B

Table A2. Indicators considered in the Social Life Cycle Assessment (S-LCA) study (UNEP Setac, 2009 [36]).

Stakeholder Sub-Categories Indicator

Workers

Fair salary
Specification of living wage and minimum wage in the country

Wage level of the worker with lowest income and description of
payment performance of the sector/enterprise

Health and safety

Description of potential main origins of danger and protection
measures

Description of reported violations

Accident rate of the country/sector/organisation

Presence of a formal policy regarding health and safety

Local
Community

Delocalisation and migration
Migration rate of the country/region

Number of individuals who resettle that can be attributed to the
sector/organisation

Local employment
Percentage of unemployment in the country/region

Percentage of work force hired locally

Percentage of spending on locally based suppliers

Society

Public commitment to
sustainable issues

Presence of publicly available promises or agreements on
sustainable issues and complaints to the non-fulfilment of these

commitments

Implementation/signing of principles or codes of conducts

Contribution to economic
development

Economic situation of the country/region and relevance of the
considered sector for the (local) economy

Contribution of the product/sector/company to economic
development

Technology development

Sector efforts in technology development regarding
ecofriendliness

Involvement of the company in technology transfer projects

Presence of partnerships regarding research and development

Investments in technology development

Value chain
actors

Supplier relationships

Interaction of the company with suppliers (payment on time,
sufficient lead time, reasonable volume fluctuations, appropriate

communication, collaboration regarding quality issues)

Fluctuation regarding suppliers

Respect of intellectual property
rights Violations of the company against intellectual property rights

Consumer Feedback mechanism
Presence of feedback mechanisms

Practices related to customer satisfaction
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