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Abstract

Organizations are progressively interested in reducing the environmental impacts of business processes, to
contribute to a sustainable future. Green Business Process Management has developed approaches to aid organizations
in this. Previously, we have presented the SOPA framework for holistically assessing and redesigning business
processes for their environmental impact. So far, SOPA has been implemented for simulated event logs. While SOPA
can also assess executed business processes based on real-world event logs, relevant information is rarely captured
as is required by SOPA. Therefore, we extended a business process engine, Camunda, so that this information can
be specified during business process execution.
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1. Introduction

Inlight of continuing environmental degradation, it is increasingly important for companies to make their
business practices more environmentally sustainable [1] by reducing their impact on the environment 1, 2].
For this, the discipline of Business Process Management (BPM) [3], and in particular Green BPM [4], which
provides techniques for assessing, improving, and monitoring business processes for their environmental
impact, has been positioned as useful for companies in this regard [2]. As one concrete approach
positioned in Green BPM, the SOPA framework [5], which provides mechanisms for holistically assessing
and re-designing business processes for their environmental impact (i.e., without focussing on a limited
set of environmental indicators, but instead aggregating a broad range of dimensions of environmental
impact into a single, unit-less indicator [5]) via Business Process Simulation [6] and Life Cycle Assessment
(LCA) [7], can help companies to analyse and improve the environmental impact of their business
processes in a data-driven manner. While SOPA can calculate environmental impacts either 1) via business
process simulation based on a process model and simulation configuration that specify how activity
executions incur environmental impact, or 2) via event log data that directly captures environmental
impacts holistically, the latter option has only been conceptually proposed and not yet implemented.
However, real-world business process execution systems rarely store the holistic information SOPA
would require [8]; therefore, we see the need to provide practically applicable tooling to facilitate SOPA
analyses based on event logs, and to overcome the lack of readily useable data.

For addressing this shortcoming, Business Process Engines, i.e. information systems that are responsible
for supporting the execution of business processes by orchestrating tasks, process participants, data,
and applications [9, 10], are well-situated to allow enrichment of event data during business process
execution (as opposed to ex-post enrichments, see e.g. [11]) with information about environmental
impacts. Therefore, to overcome the existing limitation of SOPA and its implementation, and to allow
companies to capture business process executions so that information about environmental impacts
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is stored in a way useable by SOPA, we: 1) extended one particular business process engine, being
Camunda 7, with concepts of the SOPA framework, and 2) extended an existing implementation of SOPA
to allow comparing actually executed and simulated business processes for their environmental impact.
In particular, we made the following extensions of our previous work [5, 12, 13]: It is now possible for end
users to dynamically specify environmental cost drivers (i.e., entities, products, and services [5]) during
business process execution, and parametrise them (e.g., regarding quantity, weight, or distance). This
is a further extension of the static ex-post analyses supported by existing implementations of SOPA,
which helps in reducing the gap between environmental impacts calculated with SOPA and those actually
occurring in the real world. The resulting event log can then be further used to compare it with simulated
business process executions in SimuBridge [12, 13], a tool for creating, managing, and executing business
process simulation scenarios. Possible analyses could be e.g. assessing further potential for reduction
in environmental impact, or checking whether a business process re-design has led to such a reduction
when being implemented.

Figure 1 shows the main concepts and capabilities of integrating concepts of SOPA into Camunda. In
the following, we present the extension’s features and its components; we also describe its application
and outline potential future work.
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Figure 1: Features of our integration of the SOPA framework and SimuBridge with Camunda, adapted from [12,13];
extended features are shown in italics.

2. Tool Description

2.1. Features

Our implementation, available on GitHub,! now offers the following features to process analysts:

1) Parametrised execution. For every execution of a user task of a business process deployed to Camunda,
a user can now select abstract cost drivers (i.e., a grouping of concrete cost drivers, such as “packaging
material”, without yet being concrete enough for calculating its environmental impact), and select a
corresponding concrete cost driver. These concrete cost drivers represent concrete entities, products or
services, for which an environmental impact can be calculated. In addition, the end user can specify
parameters relevant to the specific concrete cost drivers, such as weight, distance, or quantity. For
this selection and parametrisation to be possible, these abstract and concrete cost drivers need to have
been modelled beforehand in openLCA, which is a tool for LCA analyses. To this end, openLCA allows
integrating various existing LCA databases (see [14]) for simplifying the modelling and analysis of product
systems, i.e. entities, products, services, or materials [13], which in our case are used to represent concrete
cost drivers.

Note that, while emerging approaches support conducting LCAs directly on event log data without
the need for relying on ex-ante analyses with e.g. openLCA that are then used to enrich an event log
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(e.g. [15]), we have found that relevant data is (as yet) rarely present in relevant information systems [8];
hence, relying on expert-conducted and/or LCA database-supported analyses for modelling cost drivers
is in our view nonetheless a step towards supporting sustainable business practices.

2) Extraction of event log. After executing one or more instances of a business process with Camunda, end
users can extract event logs that record information about these instances in XES format [16]. For this,
the configured concrete cost drivers and their parameters of activity instances are used to calculate the
environmental impact of activity and process instances using openLCA. The process analyst can select
any impact calculation method as long as it is present in the used openLCA installation, and supports
aggregating environmental impacts into a single score.

3) Import into SimuBridge. Finally, the resulting event log can be uploaded to SimuBridge” [12], which we
also extended with SOPA concepts in previous work [13]. There, a previously implemented dashboard can
be used to visualize the results and compare them with the environmental impact of simulated business
process executions. Further, SimuBridge can be used to discover and configure simulation scenarios
based on the recorded business process executions, although abstract and concrete cost drivers would
have to be configured again for simulation — this is due to the fact that so far, the tool used for simulation
scenario discovery is not yet aware of SOPA concepts, specifically, the notion of environmental cost
drivers. However, with these two capabilities, end users can now assess I) whether the recorder business
process executions show potential for improvement of environmental impact in line with the SOPA
framework, and II) whether the recorded business process executions, in case they have been previously
simulated and used for business process re-design, have actually led to a reduction of environmental
impact.

2.2. Structure

For offering the described features, we have extended Camunda and SimuBridge in several ways, which
we describe in the following. Figure 2 provides an overview of the components we implemented or
extended significantly.
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Figure 2: FMC diagram [17] of extension’s architecture, with extended component shown in green.

The tasklist component of Camunda 7° now provides a form for each user task, where users can select
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for each activity instance they are executing the relevant abstract and concrete cost drivers, as well as
parametrizing them further. For this, Camunda fetches data about the configured abstract and concrete
cost drivers via a REST API* from openLCA. After completing an activity instance, the configured cost
drivers and parameters are stored internally.

After business process execution, an external event log extractor tool, written in JavaScript, can be
called from within Camunda’s cockpit component to extract XES event logs from Camunda for a specified
business process. Using Camunda’s REST API, activity instances and process instances are collected; for
those activity instances that provide cost driver information, their environmental impact is calculated
using openL.CA’s IPC Sever and REST API, and a pre-defined calculation method. This method aggregates
environmental impacts of the cost drivers into single numeric scores [7, 14], that in our case represent the
environmental impact incurred by a single activity instance through the entities involved in its execution.
The result is an event log with additional information about the environmental impact of process and
activity instances, as described by the SOPA framework (see [5]).

This event log can be uploaded to SimuBridge [12] (a web-based application written in TypeScript
that interfaces with tools for process simulation scenario discovery, e.g., [18], and process simulators,
e.g. [19]), where we have extended the dashboard originally used to compare environmental impacts
of different simulation scenarios. Now, a comparison of actual executions with simulated executions
regarding the average, median, maximum, or minimum environmental impact of process instances or
activity instances is possible.

3. Demonstration and Future Work

For demonstrating our implementation, we show a realistic example of how process executions can be
tracked and analysed in the screencast.” However, we are again unable to make the underlying LCA
dataset available due to licensing issues (cf. [13]); instead, we make a synthetic abstract version of the
dataset, as well as the BPMN process model of a logistics process which we used, available online in the
implementation’s repository. Further, the repository contains additional deployable BPMN diagrams (of
a hiring process and a pizza delivery process, adapted from [13]) that can also be used with the synthetic
dataset.

For future work, there are several interesting angles we want to pursue further in order to contribute to
Green BPM research and practice: First, extending the discovery of process simulation scenarios (see in
particular [18]) so that cost drivers and their parameters can be detected from event logs and be related
to those configured in openLCA during scenario configuration would be a valuable extension. Second,
extending calculations so that for cost drivers, where duration is a parameter, the duration of activity
executions is automatically used as a parameter would also be promising. Third, for script tasks, execution
times and hardware information could similarly be used to automatically derive their environmental
impact in addition to involved cost drivers.

Maturity We evaluated this implementation with three synthetic business processes in the area of
logistics, HR, and food delivery, and several scenarios, for which we used concrete cost drivers derived
from real-world LCA datasets. This allowed us to specify and parametrize the environmental impact
of process executions holistically while executing each process, and to compare it after the fact with
simulated executions of the same process. The implementation of SOPA on which we built has been
presented at a related conference [13], where we also first sketched the need for the parametrization of
cost drivers presented herein.
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A. Online Resources

A screencast showcasing the tool presented herein is available online at https://doi.org/10.6084/m9.
figshare.29382653; the implementation and a demo dataset are available at https://github.com/INSM-TUM/
Camunda--SOPA-Extension.
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