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Abstract: Sustainable Business Process Management (BPM) is a research field that aims to improve the
sustainability performance of organizations’ operations. With its focus on business processes, it has
the potential to bring sustainability considerations from external reporting to the core of organizations.
We present a systematic tertiary literature study to provide a catalog of existing literature reviews and
primary work and to give a consolidated overview of the state and research needs of the field. We
find that Sustainable BPM research has focused on modeling approaches and most of the work so far
is largely conceptual, with a limited sustainability perspective. Based on these findings, we propose
an integration of BPM and Life Cycle Assessment (LCA), an established and rigorous method for
sustainability analysis. We present research opportunities to show how both disciplines can synergize
and leverage methods and techniques for business process automation and innovation to effectively
improve the sustainability performance of organizations.

Keywords: sustainable business process management; systematic literature review; life cycle assessment;
sustainable development; research opportunities

1. Introduction

What is a sustainable organization? From a business perspective, sustainability may
simply mean to sustain the organization’s capability to generate profit over multiple years
or maybe decades. But when we talk about Sustainable Development, the perspective
is different. Here, the focus is not on the organization. It is the planet as a whole that is
to be sustained in its function to provide the means to meet human needs—not just for
years or decades, but for generations to come [1]. Sustainable Development thus requires a
contribution from organizations [2]. In this light, the performance of organizations should
not just be measured in terms of monetary aspects (such as the reduction of costs), but also in
terms of their impact on society and the environment. More specifically, the United Nations
General Assembly has formulated several Sustainable Development Goals that directly
address the performance of organizations, such as ensuring sustainable consumption and
production patterns (Goal 12) or promoting decent work for all (Goal 8) [3]. A common
concept of organizational sustainability is that of a ‘triple bottom line’, where Elkington [4]
argues that organizations should account for social, environmental, and economic impacts.
However, in a recently published piece [5], Elkington himself is rather critical of his own
widely successful concept. The criticism is not so much aimed at the concept itself, but
rather at the observation that it is mainly used and “diluted” to produce reports for external
stakeholders rather than to provide data for “decision-takers [. . . ] to track, understand,
and manage the systemic effects of human activity”. In other words, the challenge at
hand is to bring sustainability from external reporting to the core of the organizations. A
discipline that is traditionally concerned with improving the performance of organizations’
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operations is Business Process Management (BPM). As BPM is concerned with the core of
organizations, their processes, integrating sustainability into BPM could fulfill Elkington’s
demand. Indeed, in recent years, BPM researchers have started to address sustainability
issues under the term “sustainable” or “green” BPM [6,7].

When investigating Sustainable BPM research, we have observed that a substantial
body of knowledge has developed. Several systematic literature reviews (SLR) map the
field by categorizing existing work. SLRs play an important role for scholars in guiding
future research and also helping with developing teaching materials and textbooks [8].
However, the existing studies on Sustainable BPM vary based on the topics that were
analyzed, the level of detail of the analyses, and employed categorizations. While differing
perspectives and concepts are natural in a developing research field, this makes the reported
results often hard to compare, and sometimes even (seemingly) contradicting. Due to these
different perspectives, authors of secondary studies also identify different research needs
and give different recommendations for future research.

To address this, we have conducted a tertiary study, a review of existing SLRs (sec-
ondary studies) [8,9]. The goal of our work is to provide a catalog of secondary studies (and
primary papers identified in the secondary studies) for researchers, to give a comprehensive
and consolidated overview of the findings, and to provide guidance for future research
based on the research needs identified in the secondary studies.

Following guidelines for conducting SLRs [10], we found 11 relevant secondary stud-
ies, for which we conducted a quality analysis, extracted findings regarding the state of
research, and identified research needs. We developed mappings for the employed catego-
rizations to enable a comparison of the results and a consolidated overview of the findings
and research needs. For replicated findings, our study provides a higher level of evidence
by backing them with multiple studies (see [8]). For differences in findings, our study
provides clarifications and interpretations.

A key finding from the secondary studies is that Sustainable BPM research has so
far focused on modeling approaches, with most of the proposals in a conceptual stage.
Furthermore, Sustainable BPM has a narrow focus on carbon emissions and energy use.
In our tertiary study, we also diagnose an inconsistency and missing clarity regarding
sustainability concepts in the secondary studies. To advance, Sustainable BPM should
learn from existing sustainability research, specifically Life Cycle Assessment (LCA). To
our knowledge, the potential of LCA for Sustainable BPM has been mentioned in the
literature (e.g., by [11]), but was so far not explored more deeply. In order to address the
identified research needs and to provide specific recommendations for future research, we
contribute a discussion of research opportunities to integrate LCA and Sustainable BPM.
In particular, we explore how techniques for business process automation and innovation,
such as process mining and robotic process automation, can be leveraged in this regard.

In the next section, we present background on BPM, Sustainable Development, and
LCA. This is followed by the presentation of our tertiary study. We briefly describe our
method for conducting the study and then present our findings on the state of the art and
research needs in Sustainable BPM. Based on our findings, we then present a research
roadmap and discuss recommendations for Sustainable BPM.

2. Background
2.1. Business Process Management (BPM)

Business Process Management (BPM), as a field of research and practice, has been
described as “the art and science of overseeing how work is performed in an organiza-
tion” [12] (p. 1). Typical objectives are to reduce cost, execution times, and error rates
of operations [12] (p. 1). To achieve this, BPM looks at organizations from a process per-
spective, i.e., the coordination of activities that are performed to achieve a business goal,
such as providing a customer with an ordered product [13] (p. 5). One can distinguish
between different traditions of BPM that follow different methods and concepts [14]. In
recent years, however, there have been growing efforts to synthesize these traditions [14].
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While the historic BPM traditions had specific foci, for example on technical aspects and
information technology (IT), this emerging discipline can be seen as addressing a variety
of organizational capabilities, ranging from modeling and IT-supported execution of pro-
cesses to employee training and organizational culture (see [15–17]). A common conceptual
framework in the field of BPM is that of a Business Process Lifecycle. Various authors
have proposed slightly varying definitions (e.g., [12,13,18]). They all share the idea that
business processes go through cycles, in which they are designed, analyzed, implemented,
controlled, evaluated, and improved [16]. Different BPM approaches may address one
or multiple of these life cycle phases; for example, modeling languages such as Business
Process Model and Notation, Petri Nets, or Event-driven Process Chains, are typically
employed in the “design” or “modeling” phase. Maturity models extend this view by
looking at managerial and organizational aspects like the skills and attitudes of employ-
ees [16,17]. Their purpose is to measure how well organizations manage their processes
and to propose improvement possibilities [16]. With their comprehensive view, they can
also be used to structure the field of BPM. One example of such an application of maturity
models is the “Core Elements of BPM” concept [17], where the field of BPM is structured
based on previously developed maturity models. We note that [16] similarly describe
six Capability Areas of BPM, synthesized from various BPM theories and evaluated by
mapping the Capability Areas to maturity models from research and industry. The six
Capability Areas are:

1. Modeling: Methods and IT for the design and analysis of business processes. This
includes the modeling, i.e., the textual or graphical representation of the business
processes, and also the validation, simulation, and verification of the models [16]
(p. 194 and pp. 196–197).

2. Deployment: Methods and IT for the implementation and enactment of business
processes. This includes their measurement and control during enactment [16] (p. 194).

3. Optimization: Methods and IT for the evaluation and improvement of business
processes after enactment [16] (p. 194).

4. Management: Approaches that address the daily management of business processes,
including the definition of required roles and responsibilities with corresponding
skills and training. It also includes the linking of process goals to the organizational
strategy and the management of relationships with customers, suppliers, and other
stakeholders [16] (p. 194).

5. Culture: Approaches that consider values and their translation into attitudes and
behaviors [16] (p. 194).

6. Structure: Approaches that are concerned with the organization chart and gover-
nance bodies that coordinate the management of all business processes within an
organization [16] (p. 194).

In recent years, BPM researchers have started to consider sustainability aspects ad-
ditionally to traditional objectives like time and cost improvements. To assess the state of
Sustainable BPM in our literature review, we describe the concept of Sustainable Develop-
ment and Life Cycle Assessment as an established method for sustainability analysis in the
following section.

2.2. Sustainability and the Life Cycle Assessment Method

The Brundtland Report is often cited as the original conception of the term Sustainable
Development, where it is described as “development that meets the needs of the present
without compromising the ability of future generations to meet their own needs” [19].
The relative vagueness of this definition has been conceived as both a weakness and a
strength [20,21]. An effect of this relative vagueness is that different actors may have differ-
ent understandings of Sustainable Development. The core of Sustainable Development,
however, is about an integrated consideration of concerns for environmental protection,
economic growth, and social justice—and different positions may deviate in the relative
emphasis of these aspects [21]. For the purpose of this study, we do not explicitly posi-
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tion ourselves in this spectrum. However, we employ this common [22] distinction of
environmental, economic, and social concerns to provide some structure when discussing
sustainability aspects. Furthermore, we want to emphasize that two properties of Sus-
tainable Development should guide Sustainable BPM research (see [23]): First, from the
perspective of Sustainable Development, the analysis of an organization’s performance
requires a broadened scope that exceeds the organizational boundaries. Second, one needs
mechanisms to deal with the multilayered and complex nature of sustainability issues.

Life Cycle Assessment (LCA): One important way to conceptualize the broad scope
and complexity of sustainability is life cycle thinking [24]. Applying life cycle thinking
means to evaluate the sustainability of a product or activity via a systemic approach. The
aim is to identify improvement possibilities for the whole system, and not only individ-
ual processes [25], and thereby avoid that (environmental) burdens are shifted to future
generations or other regions of the world [26], as required by the Brundtland Report [19].

The importance of taking a life cycle perspective in order to analyze sustainability in
organizations is also pointed out by [23,27]. Life Cycle Assessment (LCA) is the formalized
method to conduct such an analysis. It is defined as a method to analyze “the environmental
aspects and potential environmental impacts throughout a product’s life cycle” [28]. Note
that the concept of a product life cycle in LCA needs to be clearly distinguished from
a Business Process Lifecycle, as we have discussed before. In LCA, a product life cycle
is understood as the steps in a supply chain, where first the raw materials needed for a
product are extracted, the product is then assembled, then used by a consumer, and finally
disposed of or recycled. In this paper, we generally use the term life cycle when referring to
the LCA concept. When referring to the BPM concept, we explicitly address it as Business
Process Lifecycle.

Important LCA concepts: According to the LCA standard [28], a sustainability anal-
ysis is conducted in four phases. First is the goal and scope definition, where the system
boundaries and basic requirements and assumptions are laid out. Second is the inventory
analysis, where data is collected and calculations take place to quantify relevant inputs
and outputs. Third is the impact assessment, where the significance of sustainability im-
pacts is evaluated. Finally, the last step is the interpretation of the results. One important
distinction in LCA is between inventory data and impact category indicators. Inventory
data can be directly measured in a process (such as emissions of carbon dioxide). Inventory
data then needs to be assigned to corresponding impact category indicators in order to be
meaningful (in this case, carbon dioxide emissions contribute to the impact category ‘global
warming potential’, where other greenhouse gas emissions also contribute) [26] (pp. 44–45).
LCA provides a variety of covered impact categories, among which are resource deple-
tion, climate change, stratospheric ozone depletion, smell, and noise, to name just a few
examples [26] (p. 189). One has to note, and LCA researchers are well aware, that lists of
environmental problem fields or impact categories are never complete and will and have to
be altered with growing knowledge and public reception [26] (p. 183). Biodiversity, noise,
and smell, are examples of impact categories that can be considered ‘under development’,
as LCA researchers work on methods to integrate appropriate measures [29]. Similarly,
LCA provides initial approaches and methods to measure social and economic concerns
from an integrated sustainability perspective [26,30].

3. Materials and Methods

In research domains where several reviews of primary research are already available,
a tertiary study is a suitable alternative to a systematic literature review (SLR) [10] (p. 5).
Tertiary studies follow the same guidelines as an SLR of primary literature. Thus, following
SLR guidelines [10], our study aims at consolidating the results of existing secondary
studies in a tertiary study by addressing two research questions: (RQ1) What is the state
of research in Sustainable BPM? and (RQ2) What research needs have been identified by
researchers in Sustainable BPM? We answer our research questions by identifying existing
literature studies on Sustainable BPM and extracting and consolidating their findings. A
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data package with details on database results, exclusion decisions, quality assessment, and
data extraction is available under [31].

3.1. Search Process

The search was performed in January 2021 on Google Scholar, ACM, IEEE Explore,
Science Direct, Scopus, Springer Link, and Web of Science (see Figure 1). We applied the
search string to the title of the papers. If the database allowed for a more detailed selection
of searched fields, we extended the search to abstract and keywords to find more possibly
relevant papers. We did not search in full text, as this resulted in too many irrelevant
papers—in the case of Google Scholar alone several tens of thousands of papers. To find
relevant literature in the targeted search engines and databases our search string consisted
of three parts: (1) To extract literature on business process management, our search string
requires the presence of the term “business process”. “BPM” is added as a common acronym
of Business Process Management. (2) To extract literature that addresses sustainability
issues, the search string requires the presence of the terms “sustainable” or “sustainability”.
The term “green” is added as it is a widely used synonym for environmental sustainability.
(3) As we are only interested in literature reviews of the topic, we include the term “review”
in the search string. To capture systematic mapping studies as a special form of reviews [10]
(p. 4) we add the term “mapping”. With similar reasoning, “SLR” is included in the string
as it is a common acronym for systematic literature reviews. Lastly, we included “survey”
in the search string as a first search revealed that survey is often used as a synonym for
review. This results in the search string (green OR sustainable OR sustainability) AND
(BPM OR “business process”) AND (review OR mapping OR survey OR SLR).
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3.2. Study Selection

Our initial search yielded 487 results (see Figure 1). Before further analysis, duplicates
were removed. To select all systematic reviews of the topic, the following inclusion criteria
were applied to the remaining 414 candidates. (1) Systematic literature reviews (SLRs) i.e.,
literature surveys with defined research questions, search process, data extraction, and
data presentation on Sustainable BPM, are included. (2) Systematic mapping studies (as a
special form of SLRs) on Sustainable BPM are included. The following exclusion criteria
were defined based on the research questions and to ensure the quality of the findings:
(1) Papers that do not explicitly address issues of sustainable development in the context
of BPM are excluded. (2) Non-reviewed papers are excluded. (3) Papers not published



Sustainability 2022, 14, 11164 6 of 20

in English are excluded. (4) Papers not available online are excluded. (5) Papers that do
not describe a systematic literature review are excluded. After applying the criteria to title
and abstract, 30 candidates remained. Subsequently, the inclusion and exclusion criteria
were applied to the full text of the remaining candidates, yielding nine included articles.
Lastly, a snowball search of the nine final candidates resulted in eleven included reviews
published between 2012 and 2020 (see Table 1, the first column shows the IDs we will use
in the following to refer to the individual reviews). For the snowball search, all referenced
systematic reviews in the included articles were extracted from the full text and reference
lists. For each candidate, we examined whether an inclusion decision was already made;
otherwise, the inclusion and exclusion criteria were applied. Each article was reviewed
for inclusion by two researchers independently. To counteract researcher bias in the paper
selection, disagreements were discussed among the researchers until a consensus was
reached. With some exceptions, the number of reviewed primary articles in each review
increases with time and reflects the growing research field. Six of the articles based their
review on the guidelines of Webster and Watson [32]. Other than that, the reviews use
several different guidelines [33–40].

Table 1. Sustainable BPM literature reviews overview and quality scores.

ID Year Guidelines Reference Num Q1 Q2 Q3 Q4 Total

CST 2012 [32,33] [6] 34 0.5 0.5 0.5 0 1.5

NOPA 2014 [32,34] [41] 26 0.5 0.5 0 0 1

NOPB 2014 [32,34] [42] 11 0.5 0.5 0 0.5 1.5

SGOA 2015 - [43] 36 1 0.5 0.5 0.5 2.5

JCM 2017 [32] [44] 42 0.5 0.5 0 1 2

TSCA 2017 [32,33] [45] 48 1 0.5 0 1 2.5

AHG 2019 [35] [46] 56 1 1 0.5 0 2.5

DCOA 2019 [36–38] [11] 60 1 1 0.5 1 3.5

DCOB 2019 [39] [7] 60 1 1 0.5 1 3.5

TSCB 2019 [32] [47] 12 0.5 0.5 0 1 2

SGOB 2020 [40] [48] 49 1 0.5 0.5 0.5 2.5

3.3. Quality Assessment

The quality of the identified articles was assessed by adapting the quality criteria
from [10], similar to the application of quality criteria in other tertiary studies (e.g., [9]).
The quality of each included article was evaluated according to four quality criteria: (Q1)
The adequacy of the described inclusion and exclusion criteria: 1 if explicitly defined/0.5
if implicitly defined/0 if not defined. (Q2) The likeliness of the review to have covered
all relevant studies: 1 if more than four digital libraries/0.5 if three or four or restricted
set of outlets/0 if up to two or extremely restricted set. (Q3) The presence of a quality
assessment: 1 if explicitly defined criteria/0.5 if quality is discussed/0 if quality is not
addressed. (Q4) The adequate description of identified studies: 1 if clearly presented
and traceable to primary studies/0.5 if information for each grouping is available but not
traceable/0 if only very broad groupings are employed. Each article was scored by two
researchers independently based on how well it satisfied the criteria. Disagreements were
discussed, till a consensus was reached. The final scores for each criterion are displayed
in Table 1. We would like to point out that the scoring is not intended as a judgment of
the individual work, but rather to inform our analysis and discussion, and to provide a
relative comparison of the different studies. For example, the lower Q4 score for the review
with ID CST reflects that it is the earliest study in the field and that at that time a more
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detailed grouping was apparently not possible or necessary, due to a lower number of
primary works.

3.4. Data Extraction and Data Synthesis

In a preliminary investigation of the secondary studies, we identified three main
topics of the conducted analyses: research context, Sustainable BPM approaches, and
sustainability aspects. The data extraction for each topic was documented in a structured
extraction form to capture all information required for further synthesis. To ensure the
quality of the extraction, one researcher extracted the data, and the results were checked by
another. Regarding the first topic, research context, five secondary studies have analyzed
the questions “how?” (e.g., publication venues) and “by whom?” (e.g., author origin)
research has been conducted. Nine out of the eleven secondary studies also identify BPM
concepts and approaches that have been developed to address organizational sustainability.
We subsume these analyses under the topic of Sustainable BPM approaches. The third topic
that authors of all secondary studies have addressed is sustainability or the sustainability
aspects such as carbon emissions or water consumption that have been addressed in
Sustainable BPM. We present our analysis in three similar steps for each topic. First, we
consolidate the classification schemes used by the secondary studies. This is necessary
since the studies used different concepts for presenting their results. The second step is
the consolidated presentation of the studies’ findings, to answer our research question
regarding the state of research (RQ1). In a third step, to answer RQ2, we present the
research needs that secondary studies’ authors have identified for each topic.

4. Results
4.1. Topic 1: Research Context in Sustainable BPM

To complement our analysis of Sustainable BPM, we have looked at investigations of
the research context in the literature reviews. Specifically, we looked at results regarding
the questions of how and by whom research has been conducted. Concerning “who?”,
AHG and DCOA provide an overview of the main individual contributors to the topic.
DCOA additionally looks into the associated disciplines of the papers and the affiliations
of the authors. CST and DCOB analyze on a more general level where the authors stem
from. Concerning the question “how?”, CST, SGOA, AHG, DCOA, and DCOB provide
an analysis of publication types, i.e., whether the identified papers were published in
conferences, journals, or books. DCOA and DCOB go a step further and also distinguish
different conference topics. JCM and AHG also distinguish the research type, meaning
whether a paper is rather conceptual or more applied.

State of Research Regarding Research Context (RQ1): Drawing the findings in the
different studies together, we conclude that most of the research on Sustainable BPM has
been conducted by few research groups in Europe, with interest from researchers in the
issue since 2007, but not a consistent upward trend since then (CST, SGOA, AHG, DCOA,
DCOB). The type of research has been conceptual in nature, with rare implementations and
applications (JCM, AHG). Our interpretation of these findings is that Sustainable BPM is,
as a research field, still young, with only first exploratory work being done by researchers.

Research Needs Regarding Research Context (RQ2): Regarding research needs, au-
thors of secondary studies have called for more international, interdisciplinary, and practice-
oriented collaboration in the field of Sustainable BPM (CST, DCOA, DCOB). These calls
address specifically disciplines such as Life Cycle Assessment, where knowledge about
sustainability topics is already available (DCOA). Furthermore, future efforts should focus
on the implementation, application, and evaluation of approaches (CST, NOPA, SGOA,
JCM, TSCA, AHG, DCOB).

4.2. Topic 2: Sustainable BPM Approaches

The second topic we address to investigate the current state and research needs of
Sustainable BPM is Sustainable BPM approaches. The studies NOPB, SGOA, JCM, TSCA,
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AHG, DCOA, DCOB, TSCB, and SGOB, classify existing Sustainable BPM research by
using similar, yet different BPM concepts. Each column in Figure 2 represents one of the
Capability Areas and each row represents one literature review. To provide a synthesis of
the findings, we have mapped each category to the Capability Areas of [16], as described in
our background section. Several studies used overarching BPM concepts as a reference for
their categories. The study DCOB utilizes the BPM capability maturity model of [16] that
distinguishes between six “Capability Areas” of BPM. This conceptualization is similar
to the one used in JCM, which structures its analysis along “Core Elements of BPM” [49].
NOPB adapted another capability maturity model, “Green IT Readiness” [50], to BPM. The
Governance concept utilized by JCM and NOPB has some overlap with the Management
Capability Area as well as the Structure Capability Area and therefore appears for each
study twice in the mapping. The authors of DCOA describe their distinction of technical
and managerial capabilities as a less detailed or more generalized categorization than
typically employed in capability maturity models. In AHG the analysis is structured along
“Process Lifecycle Stages”, in reference to a concept provided in an older Sustainable BPM
review, NOPA. TSCA’s, TSCB’s, SGOA’s, and SGOB’s authors did not provide an explicit
overarching BPM concept. Their categorization can be seen as emergent from their analysis
of the primary literature. CST and NOPA do not appear in the table, as they did not
classify their papers by BPM concepts—they followed a broader perspective, differentiating
between green IT, green information systems, and “green BPM”, but neglecting to analyze
the “green BPM”-papers further.

The size and color of the circles in Figure 2 show how many papers were allocated
by the authors of the secondary studies to the corresponding categories. From largest
circle (dark red) to smallest circle (light gray), they stand for ≤30 and >20, ≤20 and >10,
≤10 and >5, and ≤5 and >0. While the visualization allows us to identify some trends,
the numbers need to be handled with care. They are not immediately comparable, as
the different studies employed different approaches for their categorization. We noticed
two different categorization strategies. One group of studies performed a rather loose
coding of the identified papers, where the primary studies were analyzed based on the
appearance or discussion of certain concepts. This is the case for AHG and NOPB. In these
studies, one primary paper may appear in most or even all categories. The other group of
studies extracted “topics” or “concepts” from the primary papers and sorted these into
one of the categories. This is the case for DCOB, JCM, SGOA, SGOB, TSCA, and TSCB.
Still, one paper may describe multiple “topics” or “concepts” and thus appear in multiple
categories, but the categorization was in general stricter than in the first group. DCOA
employed the strictest categorization, where every paper was strictly sorted into one of
the three categories. However, their distinction between “technical” and “managerial”
papers together with their introduction of a category “both” also indicates that the borders
between different BPM topics are not always clear-cut. We proceed with a synthesis of
the findings of the secondary studies. For researchers interested in the primary papers,
we have compiled a consolidated list of all primary papers and their descriptions in the
literature studies, available under [51].

Modeling Approaches: The Modeling Capability Area has been the focus of Sustain-
able BPM research. From a topic with only a few contributions in the beginning, it has lately
received the most interest from researchers, as the later studies AHG and DCOB allocate
most papers to this Capability Area. It was even the subject of the dedicated reviews TSCA
and TSCB as a sub-field of Sustainable BPM. Notable approaches for Sustainable BPM are
the adaptation and extension of modeling languages (TSCA provide the most detailed
overview on these aspects), and the definition of patterns (overview provided by TSCB).
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Deployment Approaches: Regarding the Deployment of sustainable business pro-
cesses, researchers have proposed or mentioned different measures or indicators, but little
work has been done on the actual implementation of these measures (see NOPB, SGOA,
JCM, DCOB, TSCA, AHG). Comparing the earliest results from NOPB to the later results
from DCOB indicate that this topic has received little attention altogether. The large number
of papers allocated to Deployment by AHG seems to contradict this conclusion, but AHG
followed a rather loose coding strategy, so, in our interpretation, the categorization of AHG
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only provides evidence that Deployment aspects were mentioned in the primary papers,
but not that specific approaches were presented.

Optimization Approaches: Only some approaches have been proposed in the Op-
timization Capability Area, among which are process mining, benchmarking, and semi-
automatic redesign of processes, as identified by DCOB and JCM. The relatively large
number of papers allocated to the corresponding categories by SGOA, SGOB, and AHG,
appear to contradict this conclusion. However, all three studies provide few examples and
detailed descriptions of approaches. In our interpretation, the relatively large number of
papers allocated by them reflects that many papers discuss the general goal of improving
the sustainability of processes without proposing many specific Optimization methods
or techniques.

Management Approaches: The topic of indicators is classified by JCM as an aspect of
“Strategic Alignment”, as such belonging to the Management Capability Area. Correspond-
ingly, DCOB categorizes some papers discussing “metrics” as belonging to Deployment and
some discussing “indicators” as belonging to Management. In our interpretation, this seem-
ing inconsistency within and between the studies reflects that the definition of indicators is
a management task, while the application of indicators is done during the deployment of
processes. Apart from this, the main contribution of Sustainable BPM researchers in this
Capability Area has been different conceptual frameworks, which extend conventional
BPM concepts, such as maturity models and the Business Process Lifecycle concept with
sustainability aspects (SGOA, SGOB, and DCOB). Apart from this, several different top-
ics have been discussed by some researchers, for example, collaboration with external
stakeholders, or the definition of roles and responsibilities (NOPB, JCM, and DCOB).

Culture and Structure Approaches: Rare but innovative proposals can be found in
the Capability Areas Culture and Structure. As can be seen in Figure 2, only three of the
studies, NOPB, JCM, and DCOB, have even addressed such topics in the scope of their
analysis. Notable examples in these areas are approaches that address sustainability aware-
ness, training programs, and organizational bodies (see, e.g., DCOB). State of Research for
Sustainable BPM Approaches (RQ1): Our consolidated analysis of the secondary studies
shows that Modeling has over time developed as the Capability Area that received the most
attention. In this Capability Area, approaches to adapt and extend modeling languages are
most prevalent. Another prevalent topic to be found in the Capability Areas Deployment
and Management is the definition and application of sustainability metrics or indicators.
The Capability Area Management has received the second greatest attention with a focus
on proposing conceptual frameworks that extend conventional BPM concepts with sustain-
ability aspects. Altogether, Sustainable BPM has so far focused on technical capabilities.
These findings regarding existing approaches for Sustainable BPM can be related to our
conclusion for the first topic, research context. Due to the relative youth of the field, most of
the work so far has been rather conceptual and is as such naturally located in the Modeling
Capability Area (when it comes to modeling languages) and Management Capability Area
(when it comes to overarching frameworks).

Research Needs for Sustainable BPM Approaches (RQ2): To a large extent, the
research gaps pointed out by the authors of the secondary studies mirror the findings of
the previous section, so the areas that have so far received little attention—Deployment
(by JCM), Culture and Structure (by SGOA, SGOB, JCM, DCOA, DCOB)—are identified as
gaps. We could not identify any such proposals concerning the Optimization Capability
Area. In general, one has to note that an area that receives little attention is not necessarily
a research gap—it may just be not relevant [52]. In this case, however, we agree with
the research gap proposals of the secondary studies. We expect that, as Sustainable BPM
advances towards more implementation, application, and evaluation work, the mentioned
Capability Areas will receive more attention. The authors of the secondary studies have
provided several ideas, which topics could be investigated in these Capability Areas, such
as embedding sustainability factors into executable business process specifications (JCM), or
investigations regarding the role of top management commitment and employee behavior
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(DCOA). In the quantitatively strong Capability Areas Modeling and Management, the
authors call for the implementation of sustainable business process modeling languages
in modeling tools (CST, JCM, and SGOB) and sound conceptual frameworks (CST, SGOA,
SGOB, JCM, and AHG).

4.3. Topic 3: Sustainability Aspects Considered in Sustainable BPM

Sustainability aspects are the third topic we investigate in our analysis. As Figure 3
shows, we have sorted the aspects identified in the secondary studies into the three sustain-
ability dimensions environmental, social, and economic. Similar to the previous mapping
regarding BPM approaches, the different studies are sorted chronologically, and the circles
represent the categories used in the secondary studies. Only six of the studies (SGOA,
SGOB, TSCA, TSCB, AHG, DCOA) explicitly analyze the primary papers regarding their
coverage of sustainability aspects. SGOA, SGOB, and AHG, provide an overview of iden-
tified environmental performance indicators. TSCA extracts “Sustainability Principles”
from the primary papers and sorts them into the three dimensions. DCOA and TSCB
follow a broader perspective by looking not only for indicators but also for sustainability
dimensions. DCOA, TSCA, and TSCB reference the triple bottom line [4] to motivate the
categories “Sustainability” and “Environmental sustainability”, or “Ecological”, “Econom-
ical” and “Social” dimensions and add the remaining sub-categories according to their
observations. The analyses of SGOA, SGOB, and AHG, are not explicitly oriented to any ex-
isting sustainability concept or indicator scheme. While the remaining studies CST, NOPA,
NOPB, JCM, and DCOB, do not provide a dedicated analysis of sustainability aspects, they
provide some unstructured descriptions of sustainability aspects addressed in primary
papers. We have extracted these descriptions and list and discuss them here alongside
the more extensive analyses. The size of the circles in Figure 3 reflects the allocation of
the number of primary papers to the corresponding category by the secondary studies.
From the biggest circle (dark red) to the smallest circle (light gray), they stand for ≤40 and
>30, ≤30 and >20, ≤20 and >10, ≤10 and >5, and ≤5 and >0. For the studies that did not
provide a dedicated analysis on sustainability aspects, the mentioned sustainability aspects
are depicted with a small gray circle and dashed lines. As with the previous map on BPM
approaches (Figure 2), the numbers need to be handled with care. SGOA, SGOB, TSCA,
TSCB, and AHG, followed a more loose coding approach, so the numbers reflect whether
the specific concept appears or is mentioned in any way. DCOA categorized more strictly,
with a paper appearing in only one of their categories, according to its main focus. We
proceed with a synthesis of the findings of the secondary studies.

Environmental Sustainability Aspects: A variety of environmental aspects have been
addressed, the most prevalent being carbon emissions and energy consumption. These
aspects can be found under different names: “CO2 footprint” and “energy consumption”
in SGOA, “reduce carbon footprint” and “reduce consumption” in TSCA, “emissions”
and “energy efficiency” in AHG, and “carbon emissions” and “energy consumption” in
DCOA. Apart from this, no clear categorization or focus has emerged from the secondary
studies’ results. Several aspects seem to appear in multiple studies under different terms,
but a mapping was not possible, as the authors did not provide specific descriptions or
clarifications for the concepts. This may also be due to unclear or inconsistent terminology
in the primary papers. We also observed that several identified sustainability aspects are
qualitatively different, for example, “emissions” and “biodiversity” in AHG. The measure-
ment of direct carbon emissions in a process appears straightforward, but measuring the
impact of a process on biodiversity is certainly more difficult.

Social and Economic Sustainability Aspects: Regarding the social and economic
sustainability dimension, DCOA find that some primary papers discuss sustainability from
a broader perspective, but they find none that focuses on social or economic aspects. TSCA
identify some isolated principles that are mentioned in primary papers. In the economic
dimension, these are conventional financial performance indicators such as cost, time,
or profit. In the social dimension, TSCA distinguish between indicators that address an
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organization’s staff (e.g., “wages”, “health and safety”) and the society as a whole (e.g.,
“contribute to social equity”, “track social effects”). It is worth mentioning that the one
paper in the social dimension identified by TSCB is the earlier study TSCA, where some
initial concepts for social business process patterns were proposed. As can be seen in
the second and third columns in Figure 3, only one study, TSCA, has identified social
and economic sustainability aspects. The problem of qualitative discrepancy of identified
aspects mentioned for the environmental dimension also applies here. We conclude that
the social and economic sustainability dimensions are underrepresented in Sustainable
BPM so far.
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State of Research for Sustainability Aspects (RQ1): From a sustainability perspec-
tive, the state of Sustainable BPM research can be described as focusing on carbon emissions
and energy consumption, and missing a clear and shared concept of sustainability aspects.
This missing clear and shared concept is most apparent in the observation that the sec-
ondary studies use categorizations that are qualitatively very dissimilar (e.g., “carbon
emissions” in DCOA versus “avoid unnecessary information” in TSCA) and on various
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levels of abstraction and detail. Existing concepts from environmental sciences (such as
the distinction between inventory indicators and impact indicators in LCA) that could
have provided structure and clarification were not employed. Note that this is not a short-
coming of the studies themselves, but may reflect the difficulty to classify the variety of
sustainability aspects addressed in primary papers.

Research Needs for Sustainability Aspects (RQ2): We have extracted descriptions of
proposed agendas and identified research needs regarding sustainability aspects from the
secondary studies. From the papers that provided a more detailed analysis of sustainability
aspects, DCOA, SGOA, and SGOB, identified the need for future research to broaden the
scope of addressed environmental indicators (SGOB extend this call to social aspects). All
three find that the main focus so far has been on carbon emissions and energy use, with
other environmental topics largely untouched. DCOA states that knowledge about such
topics is already available in environmental sciences and that Sustainable BPM researchers
could learn from them. In particular, the authors mention “waste management” and “Life
Cycle Assessment” as areas that Sustainable BPM researchers can learn from. This mirrors
our conclusion in the previous section that a clear concept of sustainability is missing so far,
but could be provided by disciplines such as LCA. The three studies that have considered a
broader sustainability perspective in their analysis, DCOA, TSCA, and TSCB, all find that
social aspects (and economic, in the case of TSCA) have so far been considered even less
and that this should be addressed in the future. One could argue that conventional BPM,
with its focus on time and cost improvements [12] (p. 1), is already concerned with the
economic sustainability dimension. However, an economic sustainability analysis should
also be conducted from a life cycle perspective, and should not stay within the scope of
one isolated business process or organization [26] (p. 364). We will explore ways how to
integrate this life cycle perspective in BPM in the next section.

5. Discussion
5.1. Pathways to Greener Pastures

Table 2 gives an overview of the research needs we identified in the secondary studies
for the three topics “Research Context”, “BPM Approaches” and “Sustainability Aspects”.
At the core of our recommendations lies the observation that several authors of literature
reviews have called for more interdisciplinary work, especially with environmental sciences
and LCA (the first research need in the topic “Research Context”). So far, to our knowledge,
this has not been explored more deeply. The pathways we propose in the following are
based on the idea to integrate BPM and LCA concepts and methods, so we implicitly
address this research need. For each remaining research need, the last column of Table 2
shows the related pathways. We describe how the research needs are addressed in the
following pathway descriptions.

Table 2. Linking of research needs and research opportunities (pathways).

Topic Research Needs Pathways

Research context
International, interdisciplinary, and practical collaboration. all

Implementations, applications, and evaluation of approaches. 3; 4; 5

BPM approaches

Focus on Deployment Capability Area. 2; 4
Focus on Culture and Structure Capability Areas. 2

Implementation of modeling tools. 2; 3
Development of sound conceptual frameworks. 3

Sustainability aspects
Broadened scope of environmental indicators. 1

Integration of environmental, social, and economic dimensions. 1
Sound conceptualization of sustainability. 1

1. Application of LCA indicators: To address the identified needs regarding the
topic sustainability aspects, (1) a broadened scope of environmental indicators, (2) the
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integration of the environmental, social, and economic sustainability dimension, and
(3) a sound conceptualization of sustainability, BPM should apply LCA indicators. The
definition of key performance indicators (KPI) is an important activity in BPM [16]. As the
capability to quantify sustainability impacts is a central strength of LCA [26] (p. 370), LCA-
based sustainability measures could lay the ground for sustainability KPIs and alleviate
weaknesses in the current state. In the following, we give an example of this weakness and
how it could be addressed by following this pathway.

The one aspect that was addressed most in Sustainable BPM, energy consumption,
actually does not measure an environmental impact [26] (p. 220). Only with additional
information about the energy sources used to generate the energy could one quantify
associated carbon emissions and their effect on global warming (or other impacts associated
with the energy production). Certainly, measuring other aspects identified in the literature
reviews, such as the influence of a business process on ‘biodiversity’ poses a challenge (just
to give one example). In LCA, such questions are addressed routinely. As described in
our background section, LCA distinguishes between inventory data and impact category
indicators. Inventory data can be directly measured in a process, but then the inventory
data needs to be assigned to impact category indicators to be meaningful. In this conception,
energy use and carbon emissions are inventory indicators that need to be translated to
impact indicators (e.g., a quantification of global warming potential). Similarly, the hard-
to-measure environmental aspect ‘biodiversity’ is seen as an ‘impact category’—and a
variety of inventory data is needed to measure it [29] (p. 227). In general, when expanding
the scope of covered sustainability aspects, LCA provides methods to translate scientific
findings into process measures. As we have pointed out in the background section, there
also exist LCA approaches to address social and economic sustainability concerns.

2. Integration of Life Cycle Thinking in BPM: Sustainable BPM runs the risk of
neglecting burden shifting if the analysis stays within the scope of singular processes
within organizations. We see a potential weakness of the BPM perspective here, as in
conventional BPM, the analysis may often stay within organizational boundaries. For
example, [13] (p. 5), while acknowledging that interactions with other organizations are
possible, defines a business process as “enacted by a single organization”. If this perspective
is adapted to sustainability in an ad-hoc manner, Sustainable BPM runs a great risk of
neglecting burden shifting. A simple example based on [26] (p. 5) can illustrate this.
Assume we observe the business process of a kitchen that prepares potato salad. First,
the potatoes are washed, then peeled, and finally cut. A business process reengineering
project may propose to change the process, so the kitchen buys pre-washed potatoes. From
a conventional BPM perspective, the associated time gains would be considered a great
success. Additionally, the organization’s potato salad preparation process suddenly uses
much less water. From an ad-hoc Sustainable BPM perspective, this change may also be
considered a success—while the environmental burden was actually only shifted along
the supply chain to the organization that washes the potatoes. Similarly, there is the
danger of neglecting trade-offs between different sustainability aspects, when for example
a process change apparently decreases water use but causes an increase in energy use
(maybe somewhere else in the supply chain) that goes unobserved. Such considerations
lie at the center of the LCA method, so Sustainable BPM can gain valuable insights here.
On a technical level, researchers should find ways to appropriately integrate life cycle data
into business process models (when addressing the need for implementations of modeling
tools). In this regard, Sustainable BPM will also need mechanisms to account for allocation
and cut-off challenges, as they are discussed in LCA [26] (pp. 29–34): Cut-off refers to the
need for transparent decisions, what data about environmental burdens not to consider (to
cut off), to not overload the analysis. Allocation refers to the challenge that arises when
processes have multiple inputs and outputs and the data about environmental burdens
needs to be appropriately assigned.

When focusing on the Deployment Capability Area in general, the integration of life
cycle data into protocols for automated processes could be a way to achieve real-time
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sustainability measures. For an elaboration of such a protocol in the Internet of Things
context see [53]. On a managerial level, Sustainable BPM should integrate the life cycle
perspective of LCA into its frameworks and culture (when addressing the need for a focus
on the Culture and Structure Capability Areas). One has to note that integrating life cycle
thinking in BPM would not necessarily mean always considering all impact categories and
life cycle phases in every detail. The LCA method itself allows restricting the scope—as long
as this is explicitly stated. The advantage would still be that assumptions for comparisons
are made transparent, so that the unknown factors, as well as the ideal to strive for, are
clear. A general strength of LCA is that it is based on internationally accepted standards, as
this standardization helps to counter the arbitrariness of sustainability claims and supports
the comparability and general quality of sustainability analyses (see [54]).

3. Conceptual Integration of LCA and BPM: Both BPM and LCA follow a process
perspective that could serve as a common ground to adapt concepts and methods. The
main difference is that in BPM the focus is on activities and their coordination [13], while in
LCA one models material and energy flows associated with a product [25]. A conceptual in-
tegration may require some care but appears possible, as for example Petri Nets are capable
as a modeling language to represent both perspectives and have a tradition of being used in
both LCA [55] and BPM [56] research and practice. Another observation is of importance in
this regard. Traditionally, with its emphasis on “product” sustainability, LCA has focused
on manufacturing processes, with a tendency to neglect “supporting” managerial and mar-
keting processes [57]. However, recent developments in LCA address this, and in a newer
ISO standard [58] and guideline [57], the application of the LCA method to “organizations”
(not only “products”) is described under the term Organizational LCA (O-LCA). With
these developments, the perspectives of LCA and BPM are even more aligned, as both are
concerned with organizational performance. Still, the mentioned differences in perspective
require careful investigation in order to develop an integrated conceptual framework. This
again would address the need for a sound conceptual framework for Sustainable BPM, as
was identified in the literature reviews. As conducting an LCA study is largely a modeling
and data collection task, LCA concepts and methods could be integrated into the Modeling
Capability Area, and developing an LCA enhanced Sustainable BPM modeling tool would
address the need for more implementations in Sustainable BPM and provide a foundation
for further developments in the other Capability Areas.

4. Operationalization of LCA: In general, implementations and applications of Sus-
tainable BPM could be a vehicle for operationalizing LCA. Typically, an LCA study is a
one-time project where data is collected and analyzed. The guidelines for O-LCA (the
previously mentioned variant of LCA that expands the scope of sustainability analysis
from products to organizations) [57] make suggestions for the operationalization of LCA,
specifically to use LCA for decision-making, target setting, and performance tracking. In
this context, the guidelines note that O-LCA may help organizations to map the organi-
zation in order to understand the interlinkages between activities and processes—a goal
that it certainly shares with conventional BPM. Given that LCA sustainability measures
are properly integrated, sustainability-aware BPM systems could bring LCA data and
insights into the organization and to decision-makers on various levels of granularity. This
research pathway requires further advancement of Sustainable BPM in the Deployment
Capability Area which has so far received comparatively little attention. However, given
a sound conceptual framework (see pathway 3), we expect that existing approaches and
tools in (conventional) BPM can be extended and adapted accordingly. As one example,
recent legislative developments such as the Corporate Social Responsibility directive of
the European Union [59], make sustainability considerations a question of compliance
with the law. Existing business process compliance checking approaches [60] could be
adapted to (semi)-automatically ensure that processes comply with emission targets (or
other sustainability KPIs) that are based on comprehensive LCA analyses. Furthermore,
process mining enables analyses and process management on an operational level [61].
With process mining techniques, one can analyze the as-is state of a process, using event
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logs as a data source. In this way, process mining can detect deviations from the planned
execution path, as soon as they occur. Hence, an adjustment can be made quicker and
possible violations of sustainability constraints can be avoided.

5. BPM Methods to Support LCA Processes: This pathway is similar to pathway 4,
but aims less at full operational integration of BPM and LCA, and rather looks for pragmatic
applications and implementations of (conventional) BPM methods to improve the process
of conducting an LCA. This appears useful, as conducting an LCA study is a complex
undertaking. Data needs to be collected and updated, various stakeholders need to be
involved, and results need to be reviewed and published. This leads to LCA studies being
costly, time-consuming, inflexible, and difficult to update [62]. Such challenges in LCA
could be supported with business process methods and techniques. Some of the activities
required for efficient LCA analyses may be candidates for robotic process automation
(RPA): RPA enables the automation of tedious activities for humans, which could not
be automated with traditional methods (e.g., transferring data between disconnected
information systems) [63]. Furthermore, in a recently published study, [64] show how
process mining can be employed to efficiently and repeatedly perform LCA analyses based
on event logs of machinery in a production process. As the authors of [64] point out, this
is only an initial investigation, and additional work needs to be done, e.g., regarding the
real-time integration of energy and material flow data. Given an integration of LCA and
process mining as outlined by [64], methods for root cause analysis in process mining
(e.g., [65]), may also help to uncover links between environmental consequences and their
root causes in a process (see [62]).

5.2. Limitations

In our tertiary study, we have excluded papers that did not provide a systematic review,
papers that do not explicitly locate themselves in the sustainability discourse, and papers
not written in English. While the application of such practical exclusion criteria is common
in SLRs (see [10]), future investigations with a broader scope may provide additional
insights. The validity of our findings is constrained by the quality of the secondary studies.
Similar to our search process, the search in the secondary studies was limited and might not
have captured potentially relevant literature that is not explicitly placed in the sustainability
discourse. In some cases, we observed that some results are not immediately backed by
the provided evidence. Our allocation of categories for the consolidation of the secondary
studies’ categorizations is limited by the fact that several of the studies did not provide
explicit descriptions of their categories. Even where descriptions are given, interpretations
of different concepts may differ from author to author. Even though some details of our
mapping can certainly be discussed, we argue that such blurring is natural in a developing
research field, especially where not only strictly technical aspects are covered. As our
review relies on secondary studies, the level of detail we could give regarding existing
approaches and addressed sustainability aspects is limited; often, the secondary studies
only provide brief and generalized descriptions for the identified primary papers. In
proposing LCA as a reference for integrating sustainability considerations into BPM, we are
aware that the development of the LCA method is not without challenges [66]. We argue
that similar challenges necessarily arise in any serious investigation of sustainability issues.
Other related methods and frameworks, such as the Greenhouse Gas Protocol [67] exist,
which may also provide useful orientation for Sustainable BPM and could be investigated in
future research. Still, we maintain that LCA in its comprehensiveness and similarity to BPM
due to its process perspective should be strongly considered in Sustainable BPM research.

6. Conclusions

We have conducted a tertiary study in the field of Sustainable BPM. Our tertiary
study complements the findings of the analyzed secondary studies by consolidating their
mappings of the field and providing an overview of identified research needs (a list of all
primary papers considered in the secondary studies is also available under [51]). We found



Sustainability 2022, 14, 11164 17 of 20

that Sustainable BPM research has so far focused on the Modeling Capability Area, with
most of the proposals in a conceptual stage. We also found that, regarding sustainability
aspects, Sustainable BPM has a narrow focus on carbon emissions and energy use and
we diagnosed an inconsistency and missing clarity regarding the addressed sustainability
topics. To address this, we have proposed several research opportunities to integrate
Sustainable BPM and Life Cycle Assessment, an established and rigorous method for
sustainability analysis. When discussing the research opportunities, we showed how
methods and techniques for business process automation and innovation such as process
mining and robotic process automation can be leveraged.

Sustainable BPM as a research field is well versed to tackle the highly pressing is-
sue of organizational sustainability. It can achieve this by enabling managers to not only
understand the sustainability impacts of their organization but to effectively enact the
necessary changes in their operations. Our proposed research pathways provide the neces-
sary guidance for researchers that work on new approaches that integrate sustainability
considerations in a sound and comprehensive manner. We argued in the beginning that
organizational performance should not be measured solely in financial terms, but also
regarding an organization’s social and environmental impacts. Considering this, one could
suggest that Sustainable BPM does not differ from conventional BPM, but is just BPM that
takes a broader perspective. In an analysis of conventional BPM research, [15] has called
for future BPM research to be less concerned with “puzzle-solving”, but rather focus on
“big picture issues”. One can certainly argue that Sustainable Development is a big picture
issue. Our vision is that in the future there will be no distinction between Sustainable
BPM and conventional BPM, but a BPM discipline that integrates economic, social, and
environmental concerns and develops in a way to enable significant change towards more
organizational sustainability.
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