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Simulating Sustainability
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Abstract

This paper highlights specific steps considering the inclusion of a holistic sustainability approach in 
manufacturing companies by focusing especially on the integration of social criteria in an existing 
Environmental Management Information System (EMIS). This EMIS combines discrete event simulation 
(DES), life cycle analysis (LCA) as well as material flow analysis (MFA) and thus already encompasses 
the main aspects of the economical and the environmental perspective at least for the consideration in the 
production phase itself. The contribution will focus on the reasons for an integrated approach and the 
demarcation/mapping of social aspects and indicators for the integration in a single simulation software 
where the other two perspectives already exist. Moreover, methodologies picking up on holistic 
approaches on the sustainability assessment of the whole life cycle of products are highlighted.

1. Motivation and Introduction

ing the 
existing consumption patterns, the environmental damage and the social stress on multiple levels, resulting 
from a manufacturing industry with a single integrated objective/point of view, namely the economical 
(Machning 2011; Bosshart 2011; Hilty, Ruddy 2010; Widok, Wohlgemuth, Page 2011). Many more 

more specific the (Hilty, Ruddy 2010) of extending the present consumption 
patterns of the industrialized countries to all parts of the world, as well as the harmful effects that result 
from a continued development in that direction (OECD 2008, Pinzler 2011; Fuchs 2011, Reller 
Holdinghausen 2011). This development is ongoing, also due to the unbroken 
(wasteful and inefficient) (von Lucke 2011), which is also mainly due to the 
disregard of more complex societal, environmental needs by the individual (considering the consumption). 
This disregard can be understood as the consequence of two major drivers (among others), one the lack of 
awareness/understanding (also of the personal influence) and two the subsumption made by that 

for example family, friends) to make decisions in opposition to the higher societal, environmental needs.
From a capitalistic orientated viewpoint, one can argue that the consumption patterns of individuals 

represent also be the cure for this problem, as once the awareness of imminent danger reaches a tipping 
point (and thus changes the personal perception and then the decision process), the consumption should 
result in a change to greener and more socially compatible products (through the steering of the capital). 
However this poses multiple problems namely the awareness of danger by the majority of the individuals, 
then a greener, more socially compatible production itself, i.e. availability of alternatives (providing the 
individual with similar products, without harming the environment) and lastly the comparability of 
products (allowing for the individuals to actually make the right choice). Acknowledging that the 
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awareness is growing (Kiron et. al. 2012), this paper focuses on an approach for the last two problems. In 
that regard research was conducted over the last decade on how to integrate the environmental perspective 
in an existing simulation software for producing companies and thus enabling them to perceive their 
production processes not only from an economical point of view, but through the integration of
environmental aspects, promote the concepts of a more holistic perception, as well as increase the 
comparability and the understanding of the correlations between environmental and economical aspects 
(one example would be the goal of higher resource/energy efficiency) (see Wohlgemuth, Bruns and Page 
2001, Wohlgemuth 2005, Wohlgemuth, Page and Kreutzer 2006).

After successful first implementations of the software and the realization that an integrated approach 
was still only depicting two of the so called three pillars of sustainability, research was intensified from 
2009 on, considering the definition and the integration of the social aspects of sustainability. This also 

of, for example, 
the social working environments from which they resulted and that if an actual choice from the individual 
should steer capital in a more socially compatible production, a different form of assessment (not only 
through reading corporate information from the media, which can actually be very relevant, see von 
Pappenheim 2009) would have to be at the basis. From extensive modeling and research in this area, it 
became obvious that ing industry represent 
human beings are as resources, that are either available or not (if they are displayed at all), yet other 
attributes or interactions are usually disregarded. The following chapters will focus on why this it is 
relevant to change this, how a holistic sustainability perspective can be conceived/simulated and
furthermore outline first approaches about the ongoing integration in the existing software solution.

2. Sustainability Assessments and Simulation

2.1 Sustainability Perceptions and Resulting Challenges

The concept of sustainability has been well researched, discussed and described since its modern 
invocation, i.e. the Brundtland Report 1987, Rio 1992 and many following publications. Since that time
the problems remain the operability and appliance. This may mainly be due to the encompassing nature of 
the concept itself and the lack of standards/standardized parameters. 

Moreover, the abundance and bipolarity (cf. Lee 2000) of the interpretations of the concept resulted 
in the fact that it is often applied and adapted to a multitude of business processes and products, in order to 
facilitate a sort of global tolerance for the process/product in question, even though only a single or a 
limited number of parameters may have been under special observation (cf. Solding 2009). Also a process
or measure is often labeled sustainable or having sustainable impact under specific conditions, or placed in 
a specific context (for example: his process is economically very sustainable ). It is important to make a 
differentiation between the usage of the term ¨sustainable¨ to describe a well established change in a 
specific direction (described as normative value) and an approach that intends to grasp the full complexity 
of the system in question or is a part of such an (holistic sustainability) approach (see also section 2.2).
Critical voices argue that current sustainability departments are used to derive sustainability reports that 
are purely intended to create a positive image of companies in a way a marketing strategy would (cf. 
Crook 2005).

Furthermore, author Pezzey already issued in 1992 that another big problem with sustainability 
approaches is that the system, that is bound to be made sustainable, changes over time and thus new values 
or even indicators become the subject of assessing its future sustainability thus noting, that in order to 
assess sustainability of a system in question the assessment method would have to change with it in order 
to remain accurate or applicable at all (so might the system itself/its borders). Following that thought, in 
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order to assess sustainability, iterations and the possible change of parameters for the evaluations have to 
be taken into account (see also Lynam and Herdt 1989).

The system-thinking approach adapted for that perception enables to perceive different layers of 
requirements and notably strategies. To clarify one can consider that an individual has an own perception 
of what is sustainable for itself and realize that its choices for investing capital (resources, time) in 
products will not necessarily follow the requirements of the encompassing system (society, environment), 
which is exactly the same for producing companies and thus referring to the challenge issued before.

In order to acknowledge the need for regulation in this matter environmental and societal regulations 
have been established throughout the world in different extends of intervention in the sovereignty of the 
entities in question (producing companies in this case). Regulations in this regard, can be understood as 
functions that convert previously non-relevant criteria to criteria that have to be met in order for the 
system to continue to work properly. To clarify this, before environmental regulations about waste 
management had been in place not every company would invest in waste management, as from an 
economical point of view it did not always make sense. By attributing financial sanctions to the neglecting 
of such a regulation, under the same pretence, the regulation is becoming relevant (also under economical 
criteria) and thus the sustainability criteria, even from and purely economical point of view, change.

When investors and corporate boards believe action on sustainability will lead to the creation of value -

not in a generic sense, but in definable and measurable way, sector-by-sector and company-by-company -

then the case for c (Gilding, Hogarth et al. 2002).
On that matter we have to note that neither current environmental nor social regulations are comparable 
nor really accessible (considering most foreign products) to the consumers and thus a choice regarding 
sustainability criteria can only be made on unreliable or local data.

A change into the right direction can be observed nonetheless and thus it becomes more and more 
important to facilitate tools in order to assess sustainability in the production. In that regard we gave an
example on how it is possible to perceive sustainability under a capital based approach (Widok, 
Wohlgemuth 2011, Widok, Wohlgemuth, Page 2011) and thus making it measurable/usable in simulation.

2.2 Approaches for the Assessment of Sustainability

In order to generally differentiate existing assessment methodologies one can consider following 
categorization taking the mentioned challenges under advisement: There are:

approaches that focus on the optimization of one or multiple rather non-related parameters (no real 
sustainability perception, however often labeled as such, often sustainability reports/marketing),
approaches that try to take into account all available (existing) parameters (weak sustainability, 
usually footprints with a limited amount of parameters, see Neumayer 2004 for examples),
approaches that start by considering the system(s) in question, extrapolate resulting parameters, 
build an assessment-framework and then start assessing it (without iterations),
approaches that do the above as well as take into account normative values for different iterations 
and compare the sustainability of the processes/products/systems in question in comparison to 
those (it is important to measure the sustainability impact of measures considering long and short 
term normative goals in order to take into account that very sustainable measures might have 
negative short term consequences and vice versa - see Hjorth,  Bagheri 2006),
approaches that do the above and consider/enable clear rules for iterations, as well that the 
possibility to integrate new unknown parameters with a special the focus on the 
variability/adaptivity of the methodology (strong sustainability).
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2.3 Sustainability Perspective and Simulation

One has to note that methods of modeling and simulation are already used for a long time for the 
optimizations of production processes (examples under Kuhn and Rabe 1998 or Thiede et Al. 2011), also 
the usage in the context of sustainability has seen a rise in (research) impact in the last years (examples in
Seliger 2012, or Andersson 2011, Reinhard et al. 2013). 

As mentioned in Section 2.1 it is very difficult to combine the holistic orientation of sustainability 
with the exclusion of system-environments (demarcation) when considering the governing dynamics 
(especially when one considers social aspects). In order to assess and at a later point being able to simulate 
sustainability these question have to be well elaborated before the definition of indicators (see figure 1).

Figure 1: Assessment of Sustainability

Figure 1 depicts a first possible iteration of the assessment of sustainability considering a producing 
company as system in question. Once this system has been defined and its system-borders well established 
- resulting from the management/policy decision on the extend of sustainability integration - the definition 
of necessary parameters for the simulation can follow and values/distributions can be attributed. In recent 
years the integration of LCA data enabled former purely factory orientated simulation software to go 
beyond the borders of the factory and thus the once established system borders of the simulation by 
integrating known environmental and even social impact values from used materials. Furthermore, recent 
developments also make use of the possibility of using different simulation techniques (for example 
discrete event simulation DES, agent based simulation ABS, system dynamics SD) for the simulation of 
different phases of the life cycle of products. This integration of different techniques basically represents a 
first step into sustainability simulation by not anymore limiting the perception to the production phase.

The problem of the 
definition phase and an actual sustainable goal cannot be resolved with this methodology, except in case 
parameters are predefined, suggestions in this regard are integrated in the prototype software.
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3. Definition of Social Criteria/Capital for the Use in the Simulation

3.1 Multi-Polarity of the Social Nature of Sustainability

The holistic approach on how to assess sustainability is only the beginning, considering the fact that the 
definition of social criteria in general and the usage of social parameters for the simulation of producing 
companies in particular is still at its very beginning (examples for a framework and footprints under 
Colantinio 2009 and McElroy 2007). Social criteria are as well often labeled as bi-polar, considering their 
respective orientation on either a single individual or a group of individuals (society/organizations/etc.) 
(cf. Lin-Hi 2009), yet when establishing the object of inquiry as a production process we can even define 
at least 3 different layers, namely an individual, groups of individuals (teams, departments, branches, the 
factory, organizations) and encompassing societies (theoretically even countries). Furthermore, Figure 2 
depicts different areas where social criteria can be found to have influence on individuals; the first three 
are direct influences from the work environment, whereas 4 and 5 represent exterior influences.

Figure 2: Social influences in producing companies (Widok, Wohlgemuth 2011)

The first goal of any attempt to simulate the system as a whole was to derive indicators for the social 
perspective that where indeed usable in simulation studies and worthwhile in combination with the 
economical and environmental criteria (which were already well established see Wohlgemuth, V., 
Schnackenbeck, T., Panic, D., Barling, R.-L. 2008). As we are still at the beginning of the research we 

-4 and only concentrated on aspects where we either already had data 
(Social LCA/SLCA) or data could be collected relatively easily (compared to the other areas, such as the 
eluding influence of interaction relations at work).

In order to integrate criteria in the simulation first a concept for their intended usage had to be derived. 
On that matter health and safety standards were considered, as well as working labor regulations, 
furthermore research was intensified about different methodologies on how to qualify stress/negative 
influence on human beings (see Lohmann-Haislah 2012).

Copyright 2013 Shaker Verlag, Aachen, ISBN: 978-3-8440-1676-5



6

3.2 Integration of Social Criteria in Producing Companies

The first point of the integration was the definition of the social parameters; as mentioned in 3.1 the first 
choice was the integration of impacts that resulted from the direct interaction between the considered 
human being and its working environment. These interactions may include: inhaling, or touching of 
substances (generally the contact/dealing with materials and substances, see WHO 1999), repeated
behavior/human machine interactions, noise and other ergonomic aspects (see also Heilala et al. 2008).

The second part was the integration of dose concepts the most prominent are: the stress-strain model 
by Rohmert & Rutenfranz, 1975, the Job-Demand-Control-Model, JDC by Karasek, 1979, the cognitive 
trans-actional stress model by Lazarus & Folkman, 1984 and the model for effort-reward imbalances 
(Modell beruflicher Gratifikationskrisen - Siegrist, 1996), see also (Fleischer et al. 2003, BGW 2012). 
This means that every influence coming from a mentioned criteria is contributed a matrix representing a
dosage influence in such a way, that if the individual in question has to suffer under a certain length/period 
of time and quantity of exposure, different short term and long term results will follow (Figure 3). 

Figure 3: Basis for stress consequences (Lohmann-Haislah 2012)

The third step was to determine/define more complex and controversial parameters, such as a high 
working load, as depicted in figure 3 (or for example stress from having to do multiple tasks at once). The 
controversial part here is that a high load and pressure in this regard is highly subjective, however so are 
material and noise tolerances for example and as with these, there is a possible maximum and a minimum;
all that is needed as missing information is a further qualification (parameterization) of the individual 
(resource) in question to determine individual consequences (simplified) these can be implemented as 
distributions or absolute values. This leaded to the next step, the design for the implementation.

3.2 Conceptual Design for Implementation 

The implementation of the social aspects in the current simulation software (MILAN see Widok 
Wohlgemuth 2011, Reinhard et al. 2013) is still at its very beginning. A new project with this aim has just 
started. So far 18 different measurable and comparable parameters have been identified, including the ones 
already mentioned. Furthermore these are in 6 different groups (for example human machine interaction, 
stress from material/substance interaction, etc.), the design follows a traditional resource layout for the 
human resources to be attributable to different workstations (maybe also additional processes, this has not 
been decided yet). The dosage concept will be in close relation to the shift management, while the human 
resources can be grouped in different pools (to map their qualifications, as well as other relevant 
parameters for example it is possible to attribute a hindering for workstations or processes due to age, or 
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handicaps/disabilities. This would make it possible to project such influences as well.) Data sources 
considering the mathematical functions behind possible consequences from short and long term exposure 
are coming from various WHO reports and further studies such as mentioned the stress report. In order to 
allow for variance distributions can be attributed and the mentioned flexibility considering the subjective 
nature of some parameters is taken into account. To summarize the conceptuall design:

The data to form the needed transformation processes is coming from various scientific 
studies considering health (e.g. WHO 1999), labor regulations (e.g. BGW 2012), and similar 
aspects relevant to the wellbeing of human beings (e.g. Lohmann-Haislah 2012).
Using the described dosage concepts (may be adapted), mathematical functions will be 
extrapolated and related to the depicted social parameters (their implementations).
These parameters will be one the one hand modeled through editors considering the human 
resources, as well as their grouping in pools, their time management in shift management and 
on the workstations/processes themselves; on the other hand the parameterization will 
logically be in dependence of getting real data from real individuals (one would not build a 
model from a manufacturing plant without knowing the performance data from the machines).
Different reports are envisioned, notably with a concentration on the pressure, in different 
forms, put on the individual in question and possible consequences.
Furthermore a module is envisioned that puts the so formed results in relation to the 
economical and environmental data, in order to derive additional correlations/findings.

4. Conclusion and Outline

Sustainability is a concept that addresses the hope for continuous well-managed change in the world. This 
change will only be well-managed if the data at its basis and the approach on how to assess it are going to 
be balanced and encompassing a multitude of different perceptions.
software for the manufacturing industry social criteria are almost non-existent, even though everyone 
knows the importance of motivation, well being and human interaction for the productivity of an 
individual and thus a company. Studies have shown that ergonomic and other health influencing aspects in
the manufacturing industry can be assessed (see for example Fleischer et al. 2003), in addition to this
recent studies (Lohmann-Haislah 2012) have shown ways to assess different psychological, human 
orientated aspects at work and have highlighted their importance. This leads back to the introduction and 
the missing comparability of products regarding social (and also still environmental aspects). Considering 
this deficit it is our conviction that the integration of social criteria in the simulation of manufacturing 
processes can be one step in the right direction, acknowledging that it is only a small one.

To answer a recurring question on why this integration should be done in simulation software and if 
social criteria should not rather be addressed in management approaches and in the daily routine (see 
Dubielzig 2009), we point out that 75% of the product costs are committed by the end of the conceptual 
design phase (of product lines) (Shetty 2002) and that simulation software is of course also used to plan 
such lines ahead. Naturally, in the same way as 75% of the costs are determined prior to the actual 
production, also most of the errors considering pressure on individuals is determined in that phase. The 
neglecting of social criteria in simulations would only contribute to this fact. Besides, considering an 
unknown amount of correlations between environmental, economical and social aspects, simulation 
studies may enable the finding of new strategies and new best practices for that matter.

Lastly we acknowledge the fact that this is still far from the holistic approach hinted under point 2.1, 
however if the integration of social criteria succeeds in the production phase of a products life cycle, the 
integration of similar approaches on the other levels of the life cycle becomes more and more realistic and 
thus hopefully in the near future a simulation that is able to address sustainability as a whole.
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