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Abstract: Since the need of sustainable development is indisputable, companies are forced to strive
for resources, processes, and products that are sustainable. Thus, their business models as the
main representation of their activities should be designed in an ecologically, economically, and
socially beneficial way. However, designing and developing sustainable business models is closely
linked to their evaluation. Sustainable business model evaluation as a vital part of business model
development has been addressed in literature in the past with increasing frequency. As a consequence,
the plethora of different approaches of sustainability-oriented business model evaluation calls for
a systematic literature review. Thus, in this study, we reviewed existing articles on sustainability-
oriented business model evaluation and identified four main categories of evaluation methods: single
indicators (I), indicator system/framework (II), simulation-based evaluation (III), and multi criteria
decision-making (IV). By analyzing and structuring the proposed approaches, their benefits and
limitations are revealed, pointing out gaps and future research needs for successfully designing and
evaluating business models today and in the future.

Keywords: business model evaluation; sustainable business model evaluation; sustainability;
sustainable business models; literature review; sustainability assessment

1. Introduction

While facing drastic global effects of climate change, growing population, and an
ongoing pandemic, it seems obvious that present business practices are not sufficient for
enabling a sustainable and bright future. Rethinking resource consumption and production
conditions and taking actions for the achievement of Sustainable Development Goals [1] is
more than ever relevant nowadays. Therefore, business sustainability is a highly important
topic and accordingly already addressed in research [2]. However, present literature reveals
a plethora of different approaches to consider sustainability within the development and
evaluation of business models [3,4].

This raises the question, how to choose a suitable method for each individual eval-
uation task. Moreover, it impedes the application of such an evaluation for practitioners
and at the same time hinders the development of sustainable business models, as well.
To overcome this problem, this paper provides an overview on existing approaches of
business model evaluation in order to enable the rethinking and developing of business
models to achieve enhanced sustainability. For this reason, literature on sustainability-
oriented business model evaluation is reviewed in terms of methods used. Additionally,
the methods used are structured to support the choice of a suitable one depending on the
specific evaluation task.

In Section 2, an overview of sustainability and sustainability evaluation as well as
business models and business model evaluation is given. After that, the method of the
systematic literature review is presented in more detail (Section 3). The results of the
literature review are presented in Section 4. There, the identified sustainability-related
business model evaluation approaches are categorized and analyzed in more detail. The
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method (of literature review) as well as the results are discussed in Section 5. Finally, a
conclusion (Section 6) completes the paper.

2. State of the Art—Sustainability and Business Models
2.1. Sustainability and Sustainability Evaluation

Sustainability is a term often applied and discussed in various contexts of econ-
omy, politics, and science, e.g., mobility, demographic development or climate change [5].
For a better understanding of the term sustainability, it seems to be necessary to refer
to its historical development, e.g., VON CARLOWITZ’ forest management principles, the
Brundtland-Report and the Rio-Conference (for an overview see [5]). First thoughts about
sustainability are based on VON CARLOWITZ, who claims for a sustainable forest manage-
ment in 1713 [6]. In 1987, in the Brundtland-Report published by the World Commission
on Environment and Development the term “sustainable development” was described as
the necessity to meet the current generations’ needs without putting future generations
in a worse position [7,8]. Following this, in 1992 the participants of the United Nations
Conference on Environment and Development in Rio de Janeiro negotiated and adopted
documents to incorporate sustainability in a formal concern, which represents the be-
ginning of implementing sustainability in policy [5,9]. Even though the importance of
sustainability in economy, science and policy is undoubted, no clear and common definition
of sustainability exists. However, for a holistic consideration of sustainable development
the three dimensions of sustainability (economic, ecological, and social) need to be consid-
ered in a balanced way. Economic sustainability aims at the long-term economic continuity
of a system (e.g., a company). Ecological sustainability has the same target in an ecolog-
ical manner. Social sustainability considers systems in relation to human by addressing
problems like discrimination among others [5].

However, how can the overall sustainability of systems be measured and assessed?
GOTZE ET AL. presented an overview of approaches for the assessment of sustainabil-
ity on different levels—company, technology, product, and process [10]. Here, the sus-
tainability balanced scorecard is mentioned as an approach considering all three dimen-
sions of sustainability. However, the other approaches named there refer to only one or
two dimensions of sustainability (e.g., life cycle costing—economic dimension, life cycle
assessment—ecological dimension, social life cycle assessment—social dimension, life
cycle engineering—economic and ecological dimensions). Concluding, it is not sufficient to
choose only one of these concepts for an assessment of the overall sustainability. A solution
approach for this problem is the life cycle sustainability assessment, first mentioned by
ZHOU ET AL. [11], a concept proposing to integrate methods to assess particular dimensions
of sustainability to a method for performing an overall assessment of sustainability [12,13].

Several authors already performed integrated sustainability analyses for specific
tasks (e.g., [14-16]). One possibility for a sustainability assessment is the usage of indi-
cators/ratios. DAHLGREN AND AMMENBERG, for example, propose a set of economic,
ecological, and social-related indicators (e.g., total cost of ownership, greenhouse gas emis-
sion savings, noise) to assess different bus technologies [16]. However, ratio systems seem
to be more suitable than single indicators, as the relationship between different targets can
be illustrated, among others [17]. The sustainability balanced scorecard, a ratio system
including all sustainability dimensions in one concept, is applied by several authors (e.g.,
by [15] to analyze a Brazilian agricultural company). However, it should be mentioned that
the Balanced Scorecard is a concept focusing on strategy implementation and management
control [17] without having assessment as the main task. The life cycle sustainability assess-
ment was also used by several authors to assess the sustainability-related performance of
processes or products (for an overview of 21 case studies applying life cycle sustainability
assessment in the manufacturing domain see [13]). One example is the case study of
EKENER ET AL., who developed a life cycle sustainability assessment methodology by
using multi criteria decision analysis to integrate the results of the assessments of each
sustainability dimension [18].



Sustainability 2021, 13, 10908

30f15

GOTZE ET AL. present a concept for the assessment of human-robot collaborations
using a decision theory-based procedure model. For each sustainability dimension, they
suggest target figures and methods or concepts for their determination. Regarding the
economic dimension, the net present value is calculated by applying the net present value
method. The ecological target figure, carbon footprint, is determined by analyzing the
same input and output quantities as consulted for economic assessment in an ecological
manner. For the social dimension, the ergonomic load is ascertained by application of key
indicator method. A second social-related target figure, the acceptance by the employee, is
considered by conducting interviews. Finally, the single target figures are weighted and
afterwards aggregated to enable a holistic sustainability assessment. For that, GOTZE ET AL.
suggest to apply the utility value analysis to determine the utility value as sustainability
target figure [14]. The methodology presented by GOTZE ET AL. is accompanied by the idea
to integrate methods referring to several sustainability dimensions to a holistic assessment
of sustainability, similar to the concept of life cycle sustainability assessment.

As a conclusion, a variety of concepts and methods for sustainability assessment of
companies, technologies, processes, and products does exist without having “the” one
methodology that can by proposed for every case.

2.2. Business Models and Their Evaluation

The business model concept has become prevalent in the 1990s, driven by the growth
of the Internet and E-Commerce, although business models have been an essential part
of economic behavior for much longer [19,20]. With increasing importance, the number
of definitions of the term business models increased as well. A compilation of definitions
can be found in [21,22]. The different definitions can be clustered into two groups [23]: On
the one hand, a business model can be understood as a description of the key principles
of value creation on an abstract level (e.g., [24]); on the other hand, it is interpreted as the
specific design how one company creates value in practice, i.e., in form of the realization
of the business model [25]. Accepting the latter definition enables evaluating a specific
business model and lays the ground for the following thoughts of this paper.

One point plenty of authors of business model definitions have in common is the
use of a semantic structure to describe the different elements, sometimes within different
dimensions, their definition of a business model contains. This is described by the term
ontology and examples or variations can be found in [26,27], or the probably best known
in [28]. OSTERWALDER started his business model ontology from four main areas or pillars
(product, customer interface, infrastructure management, financial aspects) [28] and refined
them on a more detailed level into nine business model elements. Together with PIGNEUR,
a further developed version was published, namely the Business Model Canvas including
the elements customer segments, value proposition, channels, customer relationships,
revenue streams, key resources, key activities, key partnerships, and cost structure [24].

Many authors describe the process of developing an idea into a business model as well.
According to [21,22], this process is divided into six steps: development of business model
ideas (1), feasibility analysis (2), prototyping (3), decision-making (4), implementation (5),
and monitoring and controlling (6). The order of these steps is rather a suggestion to follow,
as business model development is an iterative process with many feedback loops. Along
with that go many different evaluation steps throughout and linked with the business
model development.

ZIEGENFUSS [29] gives an extensive overview of methods that can be used for the
evaluation of business models. Therefore, a classification into qualitative, semi-quantitative,
and quantitative methods is done. The methods are categorized depending on their focus
of evaluation—the whole business model or specific dimensions of a business model (e.g.,
financial dimension) [29].

In the literature, many approaches evaluate business models qualitatively. One
qualitative evaluation is proposed by [30], who summarized success factors of business
models by the acronym NICE, considering the ability to create innovations (novelty), to
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protect strategic resources from competitors (lock-in), to complementarily use resources
(complementarity), and to organize in a transaction cost-effective way (efficiency). HAMEL
proposes different key success factors for the value of business models in order to evaluate
them, addressing the ability to deliver customer benefits in an efficient way, the inimitabil-
ity of the business model, the fit among the elements and the potential of generating above
average-returns [25]. Although it might be worthy of discussion if the consideration of
success factors is to be declared as an evaluation, it is at least a way to get a holistic idea of
the business model and its potential. However, it should be combined with a quantitative
evaluation [31].

A quantitative approach is presented by OSTERWALDER and PIGNEUR, who devel-
oped questions for each business model element basing on their ontology. To answer these
questions, they propose a scale from one to five to measure e.g., customers’ satisfaction or
the substitutability of strategic resources [22].

Another quantitative performance indicator for evaluating business models is the net
present value (NPV) [23]. Based on the NPV, SCHALLMO introduces the business model
value that calculates the net monetary gain from the business model by discounting all
estimated future cash inflows and outflows related to the business model [22,32]. Over
the last years, the use of another method for simulating complex business activities, such
as business models, and quantitatively estimating their success increased [31]: system
dynamics uses equations to describe business model elements and the interdependencies
among them over time [29,33]. ZIEGENFUSS suggests a model using system dynamics
to describe and evaluate elements of business models and their interdependencies [29].
However, this approach does not focus on sustainability aspects.

Methods for business model evaluation are manifold, as shown above. Nonetheless,
they largely have been focusing economic success and have been disregarding ecological or
social responsibilities for a long time. To analyze the state-of-the-art of approaches aiming
at an evaluation of business models from a more sustainability-centered view, a systematic
literature review is conducted.

3. Method

The aim of this literature review is to identify publications that address the sustainability-
oriented evaluation of business models and to analyze these approaches. To get an overview
of recent methodological developments and preliminary findings in business model evalua-
tion, a systematic literature review was conducted, using a database-search-based method-
ology. Therefore, we identified relevant keywords and scientific databases to find suitable
articles that address the topic of sustainability-oriented business model evaluation. After a
bibliometric analysis, we scanned the results regarding titles and abstracts to choose the
most relevant papers and analyzed them in detail.

We chose four different databases and searched on 1 October 2020 for literature with
search terms given in Table 1 in the title, resulting in a list of 215 articles in total. After
removing duplicates, 84 articles remained. Based on this result, a bibliometric analysis was
conducted at the first.

The analysis of the publication time shows the beginnings of research on this topic
around 14 years ago and a sharp increase over the last 6 years (see Figure 1). That implies
that the need for sustainable business models and an approach to evaluate the sustainability
of business models attract more and more attention, especially in research and presumably
in business practices as well.

Figure 2 shows in which journals relevant paper were published, indicating a high
amount of articles published in Journal of Cleaner Production and Sustainability, but there is
also a large number of journals listed only once. The resulting 84 publications were studied,
neglecting articles which are not written in English language, which are not accessible, or
with a purpose other than evaluating business models or a deviating understanding of the
terms business model, evaluation, or sustainability. Various articles deal with sustainability
in terms of economic viability, neglect the social and environmental dimension and were
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excluded from our analysis for this reason. Other publications focus on reviewing other
articles instead of presenting methodological approaches. These literature reviews were not
included in the analysis itself, but the most relevant of them were screened and one could
be used to identify further articles of interest [3]. Two of the articles cited there fulfilled
the criteria (named above) and were added to the list (see Table 2). This step identified the
most relevant publications resulting in a list of 18 articles. The procedure of the literature
review is presented in Figure 3.

Table 1. Results of literature review.

Platform
“Business Model*” AND . . .
“Sustainab* AND EBSCO ScienceDirect Scopus Web of Science
evalua* 3 3 7 6
assess” 9 6 14 10
anal* 18 10 30 25
review* 12 9 29 24
42 28 80 65
Total
215
Total without duplicates 84

Number of publications over time
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Figure 1. Number of resulting publications over time.
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Table 2. Resulting list of articles (* relevant primary sources identified in [3]).

Author(s)

Year

Title

Industry/Area

Barbieri, R., Lopes
Santos, D.F.

2020

Sustainable Business Models and
Eco-Innovation: A Life Cycle Assessment

Health

Bocken, N. et al.

2015

Value mapping for sustainable business
thinking

General

Broccardo, L.,
Zicari, A.

2020

Sustainability as a Driver for Value
Creation: A Business Model Analysis of
Small and Medium Enterprises in the
Italian Wine Sector

Utilities sector

Chambost, V., et al.

2018

Systematic Assessment of Tritical—based
Biorefinery Strategies: Investment
Decisions for Sustainable Biorefinery
Business Models

Utilities sector

Diaz-Diaz, R. et al.

2017

The Business Model Evaluation Tool for
Smart Cities: Application to Smart
Santander Use Cases

Public services

Godina, R, et al.

2020

Impact Assessment of Additive
Manufacturing on Sustainable Business
Models in Industry 4.0 Context

Production
technologies

Hogevold, N. M.,
etal.

2015

A Sustainable Business Model in Services:

An Assessment and Validation

Hotels

[41]

Hutchinson, D., et al.

2012

An Assessment of the Early Stages of a
Sustainable Business Model in the
Canadian Fast Food Industry

Utilities sector

[42]

Liideke-Freund, F.,
etal.

2017

Sustainability-Oriented Business Model
Assessment-A Conceptual Foundation

General

Melkonyan, A., et al.

2017

Sustainability Assessments and Their
Implementation Possibilities within the
Business Models of Companies

Utilities sector

Morgan, E.

2015

‘Plan A’: Analysing Business Model
Innovation for Sustainable Consumption
in Mass-Market Clothes Retailing

Fashion

Moschetti, R., et al.

2018

Performing Quantitative Analyzes
towards Sustainable Business Models in
Building Energy Renovation Projects:
Analytic Process and Case Study

Construction

Miiller, N. A., et al.

2016

Business Model in the Context of
Sustainable Urban Water
Management—A Comparative
Assessment between Two Urban Regions
in Australia and Germany

Utilities sector

Nosratabadi, S., et al.

2020

Sustainable Banking; Evaluation of the
European Business Models

Banking

Rotondo, F,, et al.

2019

The Social Side of Sustainable Business
Models: An Explorative Analysis of the
Low-Cost Airline Industry

Mobility

[49]

Wagner, O., et al.

2020

Surviving the Energy Transition:
Development of a Proposal for Evaluating
Sustainable Business Models for
Incumbents in Germany’s Electricity
Market

Utilities sector
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Table 2. Cont.
Ref. Author(s) Year Title Industry/Area
An Emerging Industrial Business Model
Considering Sustainability Evaluation Production
[501 Watanabe, E. H. etal 2016 and Using Cyber Physical System technologies
Technology and Modelling Techniques
AHP-ANP-Fuzzy Integral Integrated
[51] Zhao, X, et al. 2017 Network for Evaluating Performance of Construction

Innovative Business Models for
Sustainable Building

Database

feb ot seence
N

Analysis of 84 articles

- literature reviews

- case studies
- methodological/conceptual papers
.
Exclusion Inclusion Aqdition BTAEETE
(68) (16) primary sources of
literature reviews (2)
. 4 .

In-depth analysis of 18 articles

Figure 3. Method of literature review.

The remaining papers were analyzed regarding several criteria. First, they were
categorized into general papers and papers with specific application (areas). Afterwards,
the proposed or applied methodology for a sustainability-oriented evaluation of business
models or elements of business models of each paper was analyzed in more detail (see
Section 4).

4. Results

The resulting list includes 18 scientific articles dealing with the sustainability-oriented
evaluation of business models, as shown in Table 2. Remarkably, most of the articles refer
to specific contexts or industries, e.g., health industry, utilities sector, or fashion industry.
Thus, there are only two articles solely conceptual or without an example of application.

Referring to the remaining 18 articles, we performed an in-depth analysis of the
evaluation methods proposed and/or applied in each paper. Thereby, different evaluation
types were identified and were used subsequently to structure our findings.

All papers deal with the three sustainability dimensions (economic, ecological, social),
due to our definition of the term sustainability (see Section 2.1). Next to the sectors that are
focused by the papers, the papers were analyzed concerning the methods used to assess
the sustainability of business models. We distinguished the following categories: single
indicators (I), indicator system/framework (II), simulation-based evaluation (III), and multi
criteria decision-making (MCDM) (IV). Some of the papers using single indicators (category
I) refer to argumentative analyses based on business model ontologies, such as presented
in Section 2.2. There, the ontologies build the frame for the chosen indicators (e.g., [40]).
Some of the frameworks (category II) regard to one specific instrument (e.g., Balanced
Scorecard [39]), others connect different instruments (e.g., Balanced Scorecard with an
ontology [42]). Simulation-based evaluation methods (category III) apply indicators as
well. However, they focus on the analysis of interdependencies using simulations and
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therefore, they are seen as an own category, here. Additionally, they are suggested for
evaluating business models in general, as discussed in Section 2.2 (referring to [29]). Finally,
papers using MCDM (category IV) are considered. The approaches of this category base on
indicators, as well. However, they especially have in common, that they apply a MCDM
method which usually addresses the issue of multiple targets, in this case regarding the
dimensions of sustainability [32].

As a result, the selected 18 papers were classified with one of the four categories (I, II,
111, IV), as shown in the following Table 3.

Table 3. Classification of sustainability-oriented business model evaluation methods.

Method Description References
(I) Single Indicators
Single Indicator based evaluation Evaluation based on sustainability related indicators [34,36,45,46,48-50]
Argumentative analysis based on Argumentative analysis based on indicators derived
: . . [35,40,41,44]
Business Model Ontologies from business model elements

(II) Indicator System/Framework

Balanced Scorecard

Balanced scorecard structure for evaluating economic, [39]
ecological, and social impacts

SUST-BMA Based on a business model logic and Balanced [42]
Scorecard structure
Business Model Canvas Structure complemented by
Value of Business Model (VBM) social and ecological elements, indicators for some [38]

elements

(11I) Simulation based evaluation

System Dynamics

Using System Dynamics to analyze interdependencies [43]
using simulation methods

(IV) Multi Criteria Decision Making (MCDM)

Utility Value Analysis Incorporating and weighting a set of criteria [37]

Analytical Hierarchy Process

Prioritizing business model components and/or [47,51]
criteria in terms of sustainability i’

The first evaluation type comprises Single Indicators (I). Apparently, most single in-
dicators are derived from the context of the business model. For example, to evaluate
sustainability of business models of the urban water management, indicators like wa-
ter sources, degree of cost pressure, degree of customer participation, or water costs are
used [46]. Another example is the evaluation of the business model of building reno-
vation projects based on specific indicators, such as indoor air quality in the renovated
building, total life cycle costs for building owners, or the direct life cycle energy related to
the building renovation [45]. The use of such specific indicators enables an evaluation or
comparison of similar business models in the same scope, but makes it harder to apply the
method to another industry. Some more general indicators are used by BROCCARDO and
ZICARI, who compare business models of family and non-family owned businesses in the
Italian wine sector by reference to profitability, financial structure, ownership, patents, and
tangible assets, among others [36]. Another example is the evaluation of different airlines’
business models by ROTONDO using criteria for market (e.g., who is addressed with value
created?), structure (e.g., the role of employees), and value proposition (e.g., whether social
sustainability is part of the BM) [48]. By using general indicators, the evaluation method
can be applied across different industries or areas.

In some articles, single indicators are directly associated to sustainability dimen-
sions [34,45], e.g., for social performance the indicator accidents at work, for economic
performance the ROI, and for ecological performance the GHG emissions are used as indi-
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cators for evaluation [34]. This enables a holistic view and it is easier to ensure that all three
dimensions are addressed adequately. Others do not explicitly classify proposed indicators
but at least support the conclusion that indicators might be derived from a triple bottom line
approach [49]. Beside traditional sustainability dimensions, some authors consider techni-
cal aspects, as well, to give a broader overview of the business model [50]. Another possible
way of single indicator-based evaluating is to base the evaluation on existing business model on-
tologies and their elements. Some authors use them to derive indicators or criteria from the
elements. To evaluate, to which extent the criteria are met, a logical-argumentative analysis
is often used [40,41,44]. HOGEVOLD ET AL. have done an analysis of a Scandinavian hotel
chain’s business model. Their analysis bases on a “business sustainability model” [40]
from which evaluation criteria are derived, such as the company’s vision and mission, the
connection to planet earth in terms of the application of the triple bottom line or the choice
of producers and suppliers. In their study, the authors argumentatively analyze character-
istics and actions the company takes, suitable to each criterion The last-mentioned criterion
e.g., is expressed by the extent of using environmentally friendly and socially responsible
textiles by checking whether their suppliers apply ISO standards. HUTCHINSON ET AL.
evaluate the business model of a Canadian café and bake shop chain by investigating its
(1) driving forces; (2) purchasing policies; (3) value-adding processes; (4) intermediaries
and transport; (5) retail practices; (6) marketplace; and (7) the natural environment [41].
MORGAN derives criteria from the four main pillars of the business model canvas and
maps them to core drivers of business cases for sustainability. In that way, sustainability
aspects are ought to be considered. However, the main limitation of this method is that the
evaluation is not primarily focused on sustainability, as the effects the core drivers have
on the business model are analyzed regarding economic benefits. Therefore, not the sus-
tainability of the business model is evaluated, but the effects perceived sustainable actions
have on the existing business model [44]. Another approach of an argumentative single
indicator-based evaluation is presented by BOCKEN ET AL. [35]. They developed the value
mapping tool for qualitatively evaluating and screening business model options to compare
potential business model innovations and strategies. The tool takes a multi-stakeholder
perspective and considers value in multiple forms: value captured, value destroyed, value
missed, and new value opportunities. Based on these aspects, the value mapping tool can
facilitate comparing business model ideas and accelerate decision-making [35].

The main shortfall of an evaluation which is based on single indicators, whether
they are derived from sustainability dimensions or from a business model ontology, is the
neglect of interdependencies between business model elements, (evaluation) criteria and/or
targets. To overcome this problem, other approaches use indicators in indicator systems or
frameworks (1). They are intended to show relations between different sustainability-related
targets, elements, and/or (evaluation) criteria (expressed by indicators) that are structured
in form of a system [39], conceptual framework [42], or a tool [38] among others. Some
of them use business model ontologies/logics like the business model canvas or others
(e.g., [38,42]) and/or systems like the balanced scorecard [39,42].

GODINA ET AL. propose to use the balanced scorecard to assess the influence of
additive manufacturing on business models. They define economic, ecological, and social-
related balanced scorecard perspectives (traditional perspectives learning and growth,
process, market, financial are considered for each dimension of sustainability resulting
in 12 dimensions) [39]. Their ideas base on the model of NICOLETTI JUNIOR ET AL., who
focused on the relation between sustainability dimensions and balanced scorecard perspec-
tives [52]. Afterwards, GODINA ET AL. discuss impacts of additive manufacturing within
the dimensions of the balanced scorecard (e.g., cost reduction is a benefit categorized into
the economic part of financial dimension, energy efficiency improvements are benefits cate-
gorized into the environmental (or ecological) part of the financial dimension). Regarding
the social part, indicators for each balanced scorecard dimension are deducted, e.g., work
satisfaction as part of the learning and growth perspective [39].



Sustainability 2021, 13, 10908

10 of 15

LUDEKE-FREUND ET AL. present a conceptual framework for sustainability oriented
business model assessment (SUST-BMA), which includes perspectives of the balanced
scorecard, as well. The first element of the approach is the business model concept in form
of five business model logics (marketing logic, capabilities and resources logic, financial
logic, production logic contextual logic). The second element is the sustainability balanced
scorecard (SBSC) with the financial, customer, internal process, learning growth and non-
market perspective (basing on FIGGE ET AL. [53]). Both elements are matched by combining
each logic with one perspective (e.g., financial logic and financial perspective, production
logic and internal process perspective) to identify outcomes in form of created value. To
determine particular values for the assessment, using indicators, e.g., as proposed in the
Global Reporting Initiative (GRI)-framework [54] is suggested [42].

Diaz-DIiAZ ET AL. develop a business model evaluation tool for smart cities, which
is based on a business model logic as well. For this, they use the business model canvas
complemented by new elements—social & environmental cost and social & environmental
benefit [24]—to enable the reference to a sustainability-oriented ontology. For some of the
elements of this business model canvas (e.g., cost structure, revenue streams, social and
environmental costs, value proposition) they create parameters (e.g., they ask if the price
of the product/service is better than for other alternatives as part of value proposition).
Additionally, they determine potential “qualifications” for them (in the example of the
value proposition, a value between 0 which means no and 1 which stands for a clearly
positive answer). Finally, they determine a Value of the Business Model (VBM) by creating
a formula that includes the results of the parameters or potential qualifications of the
considered business model elements. Based on this value, it is possible to compare different
business models and make strategic decisions [38].

Next to the indicator-based evaluation in form of single indicators or indicators
in indicator systems or frameworks, indicators used within simulation-based evaluation
approaches (I1I) exist. MELKONYAN ET AL. applied system dynamics for their analysis of
business models and sustainability in the area of energy utility. For the simulation, they
created causal loop diagrams (CLD) and, as a following, a stock and flow diagram (SFD)
was analyzed [43].

Finally, methods of MCDM (IV) are identified as an option to evaluate business models
in terms of sustainability. CHAMBOST ET AL. presented an approach aiming at supporting
the decision-making for an implementation of a biorefinery-based strategy. Therefore, they
identify and weight a set of economic, ecological, and competiveness-oriented criteria.
Afterwards, an utility value is calculated for each alternative (each strategy) to identify
the alternative leading to the most sustainable business model [37]. Another method of
MCDM applied in the context of business models and sustainability [47,51] is the analytical
hierarchy process (AHP). NOSRATABADI ET AL. assessed the sustainability performance of
16 banks. Therefore, business model elements (e.g., value proposition, business processes)
are prioritized in terms of their significance for sustainability by applying AHP. The
identification of the business model elements is supported by using the Delphi method
before [47]. ZHAO ET AL. assessed the business models for sustainable building. They
identified performance criteria of business models (e.g., environmental performance, direct
financial benefit) and indicators for them (e.g., shareholders return and annual growth rate
of return as indicators for direct financial benefit). AHP as well as analytic network process
(ANP) methods are applied to analyze the interdependencies among these criteria as well
as their weights [51]. All these approaches use indicators for evaluation, as well.

This overview shows a wide range of business model evaluation methods with regard
to sustainability, even though the literature review has been narrowed down to only 18
articles. In the following, the results of this work are discussed.

5. Discussion

This paper gives an overview of existing sustainability-related business model eval-
uation approaches. However, different issues arise with this review, which are two-fold:
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On the one hand, there are methodological limitations to our research (A), with respect to
the following aspects: the choice of databases and search terms as well as criteria for in-
and exclusion of articles, the classification of the identified methods presented in the arti-
cles. On the other hand, the methods presented and applied within the identified articles
themselves are worth being discussed, as well (B), with respect to the following aspects:
interpretation of the term evaluation, scope of evaluation, limitation of approaches within
the four categories (I, II, 111, IV), choice of indicators and methods, and cross-dimensional
evaluation methods.

(A) First, the methodological issues of the own study are discussed: By performing
the literature review we could derive a traceable overview and interesting insights. Nev-
ertheless, our work is not free of limitations. This paper is limited to the selected search
terms and databases. The use of additional search terms could have broadened the scope
of the analysis. However, they were chosen aligned with our understanding of the terms
sustainability and business models. Regarding sustainability, we decided to include only
articles that consider all three dimensions. In case methods basing on single dimensions
should be analyzed, search terms like economic, ecological and/or social should been used
along with evaluation etc. Additionally, other data bases could have been used, e.g., Google
Scholar. Moreover, only English literature was taken into consideration.

Another point of discussion regarding the method refers to the classification of the
identified methods. Generally, methods could be classified regarding the scope, the pur-
pose, the target figure, and the type of the evaluation (among others). We decided to
classify according to the type of the method and distinguish between four categories:
single indicators (I), indicator system/framework (II), simulation based evaluation (III),
and MCDM (IV). First, the identified types are not completely independent, as all of the
evaluation methods base on indicators to a certain extent. Second, a classification according
to the scope of evaluation could have been reasonable, differentiating between the whole
business model and components/elements under evaluation. However, we intended to
focus on the analysis of evaluation methods for whole business models and classified them
according to the type.

(B) The second issue addresses the methods presented and applied within the articles
and comprises several issues, which are to be discussed below:

Interpretation of the term evaluation: The term evaluation itself is sometimes perceived
quite differently. Referring to the purpose, authors differentiate, whether solely modelling
the relationships of business model elements is already seen as part of an evaluation, or it
is mandatory that the evaluation includes rules for decision-making. Moreover, it varies
in which stage of business model development the method can be applied: either it is
used for an evaluation at an early stage of developing a business model or it requires
data of a certain level of detail and is therefore suitable for a later stage of business model
development. Therefore, the purpose of evaluation should be determined and based on
this, accordingly the understanding of the term evaluation as well as the method that
serves this purpose is chosen.

Scope of evaluation: Some presented approaches of business model evaluation rely on
the assumption that a sustainable product (as the value proposition and core of the business
model) leads to a sustainable business model by necessity [45] and only this part of the
business model needs to be especially evaluated. However, BOCKEN et al. (2014) showed
the variety of possibilities to obtain sustainable business models and although these are
clearly linked to areas such as sustainable manufacturing and design, the business model
concept allows for a wider view [2]. Following this idea, it seems apparent that evaluating
only one part of the business model is not expedient for a holistic sustainability assessment,
considering manifold effects on economy, environment, and society. Additionally, all
elements of the business models should be analyzed from a long-term life cycle-oriented
perspective.

Limitations of approaches within the four categories (1, I1, I11, IV): The next point refers to the
approaches used in the analyzed papers. As already mentioned in Section 4, the sole use of
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single indicators (I) impedes the consideration of interdependencies between sustainability-
related targets, elements, and/or (evaluation) criteria that are determined by indicators.
This can be a reason to rather use a framework instead of single indicators for evaluating.
In category II, two approaches use the balanced scorecard as a part of evaluation [39,42].
The information recorded and displayed in a balanced scorecard provides a comprehensive
information base for a holistic sustainability assessment of business models. However, the
balanced scorecard concept was originally designed as a means of strategy implementation
and controlling the activities of businesses—and not for evaluation purposes. The third
article of this category presents the so-called value of business model as the result of a
formula that jointly considers business model elements as parameters. It is a debatable
point whether this formula is devised feasibly but it enhances transparency and traceability
of decision-making. Approaches of category III refer to system dynamics to evaluate the
sustainability of business models. However, system dynamics is well-suited for describing
relationships but may lack in an evaluation following the abovementioned understanding.
The last category (IV) comprises the utility value analysis, which is easy to apply but bears
the risk of double counting the same effects if not applied correctly, and the analytical
hierarchy process, that involves a considerable effort for data collection but seams suitable
for an elaborated evaluation (more information about advantages and disadvantages of
MCDM methods can be found in [32]). Summarizing, all above-mentioned approaches
have limitations that need to be considered when choosing the most suitable evaluation
method for each case.

Choice of indicators and methods: Some indicator-based evaluation approaches use
specific indicators [45,46], others use general indicators and therefore provide a more
general evaluation approach [48]. While the approaches of the first group can hardly be
adapted to cases from other industries or areas, they allow for a custom-made and detailed
evaluation of the business model. It appears in both cases, that indicators are not matched
to the dimensions of sustainability. However, to provide a holistic sustainability-oriented
evaluation, it should be considered to derive the indicators directly from the economic,
ecological, and social dimensions. In that way, it is avoided that one dimension is neglected
or unintentionally weighed more than the others are. Additionally, the state-of-the-art of
the dimension-specific evaluation methods should be considered, e.g., by using the net
present value method for the economic assessment or the life cycle assessment for the
ecological evaluation and the respective indicators derived from the method.

Cross-dimensional evaluation methods: Using dimension-specific methods for evaluation
bears the risk of data inconsistencies between the single evaluation parts. It can be chal-
lenging to align the scope of the individual economic, ecological, and social evaluation.
Additionally, conducting three single assessments equals a triplication of work. To avoid
this, a cross-dimensional evaluation could be useful, considering the interdependencies
between the individual sustainability dimensions. A systematic procedure model could
be applied or the use of life cycle assessment could give directions for a subsequent joint
sustainability evaluation of business models.

6. Conclusions

The present research contributes to the literature on sustainability-related business
model evaluation by presenting a structured overview of the state-of-the-art of existing
methods. To address this, a systematic literature was conducted. The focus of the analysis
was laid on the presented and applied methods of sustainability-oriented business model
evaluation. The identified methods were structured into four categories. Analyzing the
existing literature on sustainability-related business model evaluation showed the variety of
already established approaches and the need of refinement regarding the issues elaborately
discussed above.

Further research could conduct a literature review similar to ours, but focus on differ-
ent search terms (e.g., circular business models, triple layered business model, economic,
ecological and/or social, along with evaluation and/or assessment, analysis, review) or
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data bases (e.g., Google Scholar, Wiley Online) or analyze the results based on other criteria
(A). Furthermore, the presented methods within the chosen articles could be elaborated (B).
For example, a systematic procedure model or the use of life cycle assessment should be
considered as possible starting point in future research toward a methodology of integrated
sustainability evaluation. Such research could address the issue of weighting and aggregat-
ing of the single dimension-related results, as well. Basic support for such aggregation is
provided by MCDM methods such as analytic hierarchy process or utility value analysis.
Furthermore, the balance of economic-, ecological-, and social-oriented indicators should
be considered as well as the determination of the outcomes of the indicators.
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