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”Industrial ecology at its basis is a social construction.”

- Cohen-Rosenthal (2000).
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Abstract
This thesis researches the interaction between the revitalisation of an industry through industrial sym-
biosis and its local workforce, via a case study on the sugar industry in Norte Fluminense, Brazil.
Agent-based modelling is used to gain insights in the case study with regards to the workers’ percep-
tion of their own status, power, their skills, (un)employment and the company’s ability to hire those
workers. The case is contextualised by the proposal of Santos and Magrini (2018) to sustainably de-
velop the Norte Fluminense region through the implementation of an agro-industrial symbiosis network.
It is analysed that an industry revitalised through industrial symbiosis could positively influence its local
workforce in terms of job quality and occupational skills. However, this depends on the kind of indus-
try involved, the incentives for the industrial symbiosis network for including the local workforce, and
the context and history of that industry. The prerequisite for these positive effects is the provision of
additional education needed for the workforce to be included in the revitalisation of the industry. When
the appropriate education is organised, the workforce could positively influence the revitalisation of
an industry by providing the local support that is needed for industrial symbiosis exchanges to take
place. These exchanges are build on the mutual trust of the key personnel of the industrial symbiosis
network. The emergence of an industrial symbiosis network from an existing industry should happen
gradually; the education for the potential workforce and the creation of jobs should be aligned to avoid
unnecessary mismatching between skills required and skills available.
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1
Introduction

This thesis aims to contribute to the field of industrial ecology, specifically to the branch of industrial
symbiosis and the social dimension of modelling in industrial ecology. In collaboration with the PhD
research of Santos and Magrini (2018), the potential of an agro-industrial symbiosis network in Norte
Fluminense, Brazil, is investigated. Ms Santos proposes to revitalise the sugar industry in that region
through a biorefinery-centred industrial symbiosis network. The thesis considers this proposed scenario
as a case study to gain insights into how the workforce of an industry is affected by, and affects, the
revitalisation of that industry through industrial symbiosis. Because of the complex adaptive nature of
such a system, agent-based modelling is used. The context of the case and identified knowledge gap
call upon a social perspective in modelling.

1.1. Industrial symbiosis: one of the main branches of industrial
ecology

Industrial ecology (IE) stresses the importance of taking a systems perspective in analyses of amongst
others material and energy flows, which results in multi- and interdisciplinary research (Lifset and
Graedel, 2002). This thesis is contextualised by industrial symbiosis (IS), a main branch of the field of
industrial ecology, see figure 1.1.

Figure 1.1: Industrial ecology branches (Chertow, 2000)

For this research, IS is defined as appears most commonly in literature: it ”engages traditionally
separate industries in a collective approach to competitive advantage involving physical exchange of
materials, energy, water and by-products” (Chertow, 2000). Industrial symbiosis is at the heart of eco-
industrial parks (EIPs) (Agarwal and Strachan, 2006; Chertow, 1998), and application of IS benefits
the three aspects of sustainable development: social, economic and environmental. The exchanges
of materials, energy, water and by-products between companies, are further on called IS exchanges.

The social dimension of industrial symbiosis The social aspect of IS that is elaborately researched
contains topics like the social relationships and shared norms between key personnel in industrial sym-
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2 1. Introduction

biosis networks (ISNs). Important social characteristics for IS include openness, trust, and communi-
cation. Research often investigates how and to what extent these characteristics influence an ISN
(Ashton and Bain, 2012). However, influence of and on the people who are involved in an IS but are
not key actors directly influencing an IS, is lacking research. These non-key actors influencing an IS
are defined as the ”external social dimension”, and shall return under that name at a later stage.

Valenzuela-Venegas et al. (2016) state EIPs focus to ”care about the life of people in local com-
munities”, and although its social impacts are not obvious and hard to quantify, jobs, life style and
health in the local environment are said to be benefited. However, of the 249 indicators found by
Valenzuela-Venegas et al. (2016) measuring EIPs concerning the three dimensions of sustainability,
only 4% is social (e.g. job creation), and 4% combined social with environmental or economic (e.g.
health). Moreover, in a recent comparison of IS indicators through agent-based modelling, Couto Man-
tese and Capaldo Amaral (2017) describe the indicators that are most widespread in literature. These
are elaborated by Tiejun (2010) without mentioning the external social dimension. In addition, the ab-
sence of insights of IS on the people indirectly involved is also noted in related fields like the supply
chain industry (Bansal and Mcknight, 2009).

Revitalising an industry through industrial symbiosis The ’organizing [of] self-organization’, the
designed emergence of industrial symbiosis networks and the success or failure of such networks are
much researched topics to analyze the potential of developing EIPs (Chertow, 2007; Chertow and
Ehrenfeld, 2012; Yap and Devlin, 2017, e.g.). But, very little research considers the revitalisation of an
existing industry through the process of industrial symbiosis, as was revealed through literature review.
A relevant example is the project GERIPA (Geracao de Energia Renovavel Integrada a Producao de
Alimentos) by Ometto et al. (2007), a social and ecological agro-industry model based on agro-industrial
symbiosis. This project aims to design an eco-industrial park which includes sugarcane and sorghum
cultivation, cattle, forest reserve, industrial sectors, housing, hospital and leisure area, and - if approved
- will be built on unused and marginal land and thus not within existing industry. The few cases that
study the revitalisation of an industry through IS reveal that the local community can benefit in terms of
well-being and job creation (van Berkel et al., 2009b; Taddeo et al., 2012).

Regarding the difference between transitions of existing industries or the implementation of indus-
tries built from the ground up, Boons et al. (2011) state that ”to ensure system change rather than
system optimization, it needs to emerge from the existing system”.

With the revitalisation of an industry, the necessary employees for new companies must be ade-
quately skilled to be able to provide a workforce for this industry. One of the major challenges in terms
of employment in most countries is the mismatch between skills available and skills required because
of these swift and considerable changes in labour markets (OECD, 2017a).

The circular economy concept The closed loop system in an industrial symbiosis network, or eco-
industrial park, is also the common base of, and pre-dates, the circular economy (CE) concept (Murray
et al., 2017). The ideal of the latter is to turn the linear economy that takes natural resources from
the environment and turns it into waste via production, into a ”cyclical closed-loop system”. Like IE
(figure 1.1), the CE has been framed in three dimensions: firm, inter-firm wherein IS is included, and
regional. In addition, industrial ecology is one of the schools of thought that served as a base for the
development and refinement of the circular economy concept.

Although extensive research has been done on the origin and concept of the CE, few studies in-
vestigate the implementation and assessment of agricultural industries (Winans et al., 2017), like the
sugarcane industry in Brazil. Further studies linking IS and CE point out that IS can help defining CE
goals and methods on the local and regional level (Gibbs et al., 2005; Stahel, 2013).

The circular economy is also coupled to benefitting the three pillars of sustainable development.
Again, the social component is lacking assessment (Murray et al., 2017; Winans et al., 2017), even
though the most commonly used definition for sustainable development is to ”meet the needs of the
present without compromising the ability of future generations to meet their own needs” (Brundtland,
1987, p. 43). Therefore, the circular economy is redefined by Murray et al. (2017) as ”an economic
model wherein planning, resourcing, procurement, production and reprocessing are designed and man-
aged, as both process and output, to maximize ecosystem functioning and human well-being”. Because
this definition takes into account the social pillar of sustainable development, this is the CE definition
that will be used further on in the thesis.
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Social modelling in industrial ecology

”Industrial ecology is taken to be the activity of designing and managing human
production-consumption systems, so that they interact with natural systems, to form an integrated
(eco)system which has ecological integrity and provides humans with a sustainable livelihood.”

- Kay (2002)

Like Kay, Fischhoff and Small (2000) emphasize the importance of human modelling in industrial ecol-
ogy. Until 1999, only the field of economics has been used significantly in achieving an understanding
of, and predicting and shaping human behaviour through formal systems modelling. However, this so-
called normative modelling is based on the principle that individuals take rational choices whilst being
aware of all possible consequences of their actions, in an efficient marketplace. Human behaviour is
too complex and unpredictable to render this realistically, and individuals make decisions that affect
their environment significantly. On the other hand, positive models that aim to capture how people
actually behave, show people’s emotional, social, cognitive, and cultural determinants (Fischhoff and
Small, 2000). With modelling - and not for example traditionally social quantitative or qualitative re-
search methods - insights can be applied more generally even though there is only one case studied,
because you construct the mechanisms that cause a certain behaviour. Agent-based modelling (ABM)
is an emerging technique which allows adaptive ’agents’ to interact with each other based on various
rules of behaviour. This positive modelling approach can simulate the emergent behaviour of social
systems (Epstein and Axtell, 1996), which is a great opportunity for industrial ecologists.

Knowledge gap From the research that resulted in the above-mentioned topics, the following knowl-
edge gap is found that will be addressed in this thesis.

Knowledge gap

An understanding of the social effects of the revitalisation of an industry through industrial symbiosis.

1.2. Case study
Santos and Magrini (2018) propose a scenario for sustainably developing the Norte Fluminense region
in Brazil through the revitalisation of the sugar industry. The proposed theoretical design enables the
implementation of a biorefinery-centred agro-industrial symbiosis network (agro-ISN) in the studied
region, which in the long term is expected to benefit the region in multiple social, environmental and
economic aspects. This proposal is the main case study of the thesis.

To investigate the simulated effects of an agro-ISN on the external social dimension, an agent-based
model is created in the context of the case study. The model will serve as a proof-of-concept, because
other examples of similar models have not been found and there is no possibility of gathering data for
calibration of the model. Furthermore, Ms Santos created an ABM of the sugarcane farms, sugar mills,
biorefineries and other industries that will be attracted by the agro-ISN. As an addition, to illustrate the
use of the model created for this thesis, the model can be combined with Santos’ model; like industrial
symbiosis, Santos’ outputs will serve as inputs for my model and vice versa.

1.3. Scope
There is an abundance of factors that could be researched with the proposed agro-ISN in Norte Flumi-
nense as a case study for ISNs affecting the local population and vice versa. However, the model will
focus on the sugar industry employees and the subsidies necessary for them to reach a higher level
of job quality and skills, a higher perception of their own status and power, a minimal unemployment
level, and for the ISN the ability to fill their vacancies with locals. This choice was made because of the
context of the case study, which will be elaborated on in chapter 2 and 4, and because more attention
should be paid to power relations, labour conditions and governance systems in IE (Sahakian, 2016).

Santos’ model covers the business and technical side of the agro-ISN; it contains the companies
that produce and exchange all kinds of waste streams, their mass balances, and investigates options
for different kinds of biorefineries and configurations of IS. The model created for this thesis will zoom in
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on the individual, social aspects; it involves the workforce that is necessary to make such an industrial
park a success.

With a time and space limitation, choices must be made to narrow down the scope of this research.
With a case study in Norte Fluminense, Brazil, and the option of going to Brazil being too time consum-
ing and inefficient because the language is not spoken by the author, all information necessary should
be gathered from literature, some of it validated by Santos. This also limits the options of different types
of people of the sugar industry workforce to be investigated, instead of for example including also their
families, other locals that are employed in other industries, or consumers of the products from the sugar
industry.

1.4. Research design
The thesis is defined by the aim, research questions and model questions elaborated on in this section.
The research aim is visualised in figure 1.2; the same kind of visualisations will be used throughout this
report to clearly convey the gained insights. The icons are always explained in the caption of the figure
and will be used consequently in all visualisations.

1
2

3

4
5

Figure 1.2: The research aim is to gain insights in how an industry’s workforce (4) is affected by, and affects, the revitalisation
(3) of that industry (2) through industrial symbiosis (1), via a case study on the sugar industry workforce in Norte Fluminense,
Brazil (5).

The questions are divided into two categories: research questions and model questions. The research
questions enable insights for industrial ecology, industrial symbiosis and the circular economy con-
cept. Model questions are constructed for the case study at hand, and together with the research sub
questions, will help answering the main research question.

As the model will be focused on job quality, (un)employment, skill level and the workers’ perception
of their status and power, the insights for IE, IS and CE will concern those factors, as well as the
subsidies necessary to achieve certain levels in those factors. Furthermore, with the revitalisation of
an existing industry as a scenario background, an objective is to compare a scenario with the ISN
implemented and without.

1.4.1. Research questions
From a theoretical, more abstract perspective, this thesis answers the research questions posed below.

Main research question

How is the workforce of an industry affected by, and affects, the revitalisation of that industry through
industrial symbiosis?

The main research question - which is answered in chapter 9 - is split up in sub questions to delve
deeper into the main themes at hand. Combined, the sub questions can help answering the main
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question. An indication is made in which chapter the question is answered; conclusions are elaborated
on at the end of those chapters.

Research sub-questions

1. What is known about how industrial symbiosis influences the (potential) local workforce, and vice
versa? Chapter 2

2. What is a possible method to simulate the effects of an industrial symbiosis network on the local
workforce, and vice versa? Chapter 3, 4 and 5

3. What insights does the case study provide with regards to the interaction between an industry-
revitalising industrial symbiosis network, the circular economy and its local workforce? Chapter
2 and 7

The model questions are specifically designed for the case study, and again answered in the chapter
indicated and concluded at the end of those chapters. The main model question is answered in chapter
7.

Main model question

How is the current Norte Fluminense sugar industry workforce affected by, and affects, the proposed
agro-industrial symbiosis network in terms of (lack of) employment, job quality, skill level, status and

power?

Model sub-questions

1. What social theories can be used in an agent-based model to make agents socially aware, whilst
being relevant for the main research question? Chapter 2

2. How are the social behaviour models or social theories applied in the case study? Chapter 3 and
4

3. How do the subsidy choices and modelled decision behaviour influence the effects of an agro-
industrial symbiosis network on the current sugar industry workforce, and vice versa? Chapter
7

1.4.2. Approach
The method on how to approach the research questions stated above is developed from a complex
adaptive systems perspective. As base of the method, there are five steps: literature review, concep-
tualisation, formalisation, analysis, and results and evaluation, see figure 1.3.

Firstly, the literature review gives an overview of preliminary research on theories and case studies
of agro-ISNs, human behaviour, social behaviour, and covers the history, context and current situation
of the case study of the sugar industry workforce in Norte Fluminense. Secondly, the conceptualisation
phase is initiated with the conceptual research design, from which the problem owner is found and the
actors are identified, the agent’s behaviour is studied, important indicators are selected and the rele-
vant theories on social and human behaviour are applied. Thirdly, the conceptualisation is formalised
and divided into actions and interactions between the important actors, after which the model is imple-
mented. Fourthly, the analysis phase consists of verification, experimentation, data analysis, validation
and model use. Finally, the results of the model will be evaluated and applied to the existing knowledge
of industrial symbiosis and the circular economy.

1.4.3. Model collaboration: who does what?
The aim of collaborating with Ms Santos is that both models can function separately but are more
realistic when combined. Everything in this report is own work, except Santos’ work in the combined
model, which shall be mentioned explicitly. Santos’ model simulates the business and technical side
of the case study - from now on called the technical model - whereas the model presented in this
thesis simulates the individual, social side, from now on called the social model. The technical model
consists of the sugarcane farms, mills, industries and biorefineries that produce and exchange streams
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Figure 1.3: Research framework

of wastes, with the aim to find out which technological type of biorefinery and configuration of IS is
”best” for the revitalisation of the sugar industry in Norte Fluminense. The ”best” type of biorefinery
and configuration of IS for Santos’ research is determined by the resulting number of jobs created, the
recycling ratio achieved, the amount of sugarcane produced and the lifetime of mills and biorefineries
(Santos and Magrini, 2018). In contrast, the social model zooms in on the workforce of the sugar
industry, including the companies and the union in the region to capture their world more completely.

When the models are combined, the behaviour of all agents will influence each other; the technical
model influences the social model and vice versa. For example, the mill owners could go bankrupt
because the market does not create enough demand. This means that all individuals working at that
mill are fired. Another example, this time where the social model influences the technical model, is that
of farm employees becoming more educated and resigning from their job to find a higher quality job
that requires more skills.

1.5. Reading guide
This thesis is written consistently with the approach shown in figure 1.3. In chapter 2, the theoretical
background information, the necessary literature reviews, preliminary case study context and history,
and the theories used for conceptualisation are discussed. At the end of the chapter, the first research
question and first model question are concluded. The method and tools used for this thesis research
are elaborated on in chapter 3. Thereafter, in chapter 4, is explained how the world of the sugar industry
workers is conceptualised. This chapter is concluded with answers to the second research question
and second model question. Chapter 5 dives into the implementation of the model; this includes the
concept and model formalisation. On the experiments that are performed with the model is elaborated
in chapter 6. The results of these experiments are discussed in chapter 7. This chapter includes an
example of the model use of the case study and again ends with a conclusion, this time the third and final
model question and main research question. In the second last chapter - chapter 8 - is discussed how
the model and results are and could be interpreted and possibly extrapolated, and recommendations
for future research are elaborated on. The thesis is finalised in chapter 9, which covers the thesis’ main
conclusion and a personal reflection.
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Revitalising an industry through

industrial symbiosis: a social perspective
The theoretical perspective used in this research is a complex adaptive systems view (section 2.1) used
on the system of the proposed agro-industrial symbiosis network. Agro-ISNs are reviewed in section
2.2 and section 2.2.1 zooms in on a part of the proposed agro-ISN: the concept of biorefineries. The
workforce of ISNs is investigated in section 2.3. The literature on the social impacts of the agricultural
and biobased sector, IS and agro-ISN is reviewed in section 2.4. Section 2.5 elaborates on the Norte
Fluminense case. The second last section of this chapter reviews literature that is found to create
socially aware agents. Finally, section 2.8 concludes the chapter by answering the first research and
first model sub-questions.

2.1. Complex adaptive systems
Kay (2002) describes socio-technical systems as a class of complex adaptive systems (CAS). A socio-
technical system can simply be seen as the social network of actors and the physical, technical entities
that together form a CAS, like an agro-ISN.

Thinking in systems is inherently connected to industrial ecology, therefore, this research perspec-
tive is used throughout the thesis and underlies the model’s design. Below, complex adaptive systems
are firstly explained per concept, then as a whole.

Systems A system is ”[...] a representation of an entity as a complex whole open to feedback from
its environment (Ryan, 2008). More extensively explained by Ryan (2008), systems (1) are an ide-
alisation; (2) have multiple components; (3) components are interdependent; (4) are organised; (5)
have emergent properties; (6) have a boundary; (7) are enduring; (8) effect and are affected by their
environment; (9) exhibit feedback; and (10) have non-trivial behaviour.

Adaptive In biology, the ability of an organism to adapt implies the results from natural selection: an
alteration in the organism’s structure or function by which it has a better fit for survival and procreation in
its environment (The American Heritage Science Dictionary, nd). In the context of CAS, to be adaptive
is to have ”improvement over time in relation to [the] environment”, by ”specific kinds of changes in
response to specific types of stimuli” (van Dam et al., 2013). The types of stimuli one adapts to must
be constant or periodic (within a lifetime).

Complexity Complex is the conceptual opposite of simple. When a system is not-simple, it can be
complex, and/or a special type of complexity: complicated. Real world systems are inherently com-
plex; adaptive systems are even more so, because of its relationships between elements. Changes
to complex systems are inevitable, and every small change alters the rules of that system in some
way. When additions to systems are complicated, they will adapt themselves and force a change in
the system until they are embedded. Viewed in the right way, these complicated additions can look

7
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simple. It is very important to keep in mind the observer dependence, which includes what the observer
finds important in a complicated system. One of the dimensions that are crucial in complexity dynam-
ics, is time. Over time, complicated additions to systems can disappear into the total system complexity.

When the three previous concepts are put together, you have complex adaptive systems. One of
its basic mechanisms is chaos; the most relevant features of these for socio-technical systems are
explained. (van Dam et al., 2013) define chaos as ”complex behaviour, arising in deterministic, non-
linear dynamic systems, when relatively simple processes or rules are repeatedly applied”.

Emergent behaviour is, however rarely predictable, always moving towards attractors or away from
repellents. It is also the behaviour of the overall of CAS. Emergent behaviour is easier to understand
than the mechanisms or processes that cause that specific behaviour. For example, human conscious-
ness is thought of as emergent behaviour, which cannot be understood by examining separate parts
of the brain. The reader is referred to (van Dam et al., 2013) for further elaboration on the topics of this
section.

The above-explained concepts are the very basis of the agent-based modelling. This process is
explained in chapter 3. The next section elaborates on agro-ISNs, the CAS under study.

2.2. Agro-industrial symbiosis networks
Agro-industrial symbiosis involves agriculture in the exchange of e.g. wastes, services and infrastruc-
ture in a cluster of industries. For example, waste heat of industries can be used to heat greenhouses,
and in return, the agricultural waste can be converted into platform chemicals (Clark and Deswarte,
2015) that are used in those industries.

A search on Web of Science with the topic ”agro-industrial symbiosis” generates only one result:
Ometto et al. (2007) researched the strategies to implement an agro-industrial symbiosis network and
its resulting benefits, in Brazil. As mentioned in chapter 1, Ometto et al. (2007) designed a system which
included most things necessary for a self-sustaining new area: environmentally friendly agriculture and
energy production and thus work, housing, leisure area, and so forth.

On the other hand, ”agro-industry” is a more common name for this kind of industry and can include
symbioses of all kinds. The sugar industry in Brazil is a much-researched topic in this field and typically
involves the production of energy carriers (Macedo, 1992; Martinelli and Filoso, 2008; Pandey et al.,
2000, e.g.).

A related topic comes up when the subject is taken even more broadly, i.e. including industrial ecol-
ogy. Fernandez-Mena et al. (2016) state that a new field called ”agro-industrial ecology” is necessary
for mitigating environmental damage from agricultural food production. Specifically, they look at nu-
trient cycling in complex social-ecological systems; their identified approaches include Environmental
Assessment tools for the ecological dynamics, Stock and Flow methods for organisation scenarios,
and ABM for the social dynamics.

Fernandez-Mena et al. (2016) are the first proposing the field of agro-industrial ecology and find it
a promising method to address issues in agro-food socio-ecological systems. This quite recent study
points out that ABM can be the right tool to use when assessing the social side of an agricultural system,
which is the case for this thesis.

To further explain the conceptualisation of the proposed agro-ISN, the following section will elabo-
rate on biorefineries.

2.2.1. Biorefineries
The most comprehensive definition of the concept of a biorefinery is ”[...] the sustainable processing
of biomass into a spectrum of marketable products and energy” (IEA, 2008). The core activity of
the concept includes a wide range of technologies that turn biomass resources into chemical building
blocks, which are used for biofuels, chemical applications and other value-added products (Cherubini,
2010). A biorefinery can be a single facility or a network of facilities, and the necessary feedstock can
come from agriculture, forestry, industries, households, and aquaculture. However, most of the existing
biorefineries operate stand-alone and with feed and food competitive raw materials.

Biomass feedstock Sugar crops, like sugarcane, are one of the most used biomass feedstock, be-
cause of its carbohydrates. The sugar molecules must be extracted to make use of the carbohydrates,
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after which they can be easily fermented to ethanol or processed into another chemical substance.
Lignin is the main component of another commonly used feedstock: lignocellulosic biomass. From

the total dry matter of sugarcane, residues like sugarcane bagasse make up 15 to 25%. These non-
carbohydrates cannot be fermented but can be used for chemical extraction or energy generation
(Cherubini, 2010).

Technology In a biorefinery, several technological processes must be applied to obtain the required
substance from biomass. The four main processes are (1) thermochemical (gasification and pyrol-
ysis); (2) biochemical (fermentation and anaerobic digestion); (3) mechanical/physical (cutting and
separation); and (4) chemical processes (hydrolysis and transesterification). Most common is to first
mechanically reduce the size of the feedstock and to separate the feedstock components. Lignocel-
lulosic pre-treatment, e.g. that of sugarcane bagasse, is also performed mechanically. Thereafter, a
wide range of (bio)chemical reactions and processes can ferment or depolymerise the sugar molecules
and proteins to derive chemicals, such as succinic acid (Cherubini, 2010).

Depending on the biorefinery’s technology, it can fall into the category of high-tech industries. This
is the case for the proposed biorefineries in Norte Fluminense, which aim to produce succinic acid.
High-tech industries can involve a strong competition that can result in pressure on the quality of the
relationship between bosses and employees (Harpaz and Meshoulam, 2004). Large investments must
be made on the one hand to manage the job quality, while on the other hand, a complex system can
be handled to track below-average performing workers (Harpaz and Meshoulam, 2004).

Products Broadly seen, there are two categories of products from biorefineries: energy and material
products. The most important energy products include gaseous, solid and liquid biofuels. The most
important material products are chemicals, organic acids, polymers and resins, biomaterials, food and
animal feed, and fertilizers (Cherubini, 2010). In the case study performed for this thesis, the organic
(bio-based) succinic acid will be the main product of the proposed biorefineries. This platform chemical
can be converted into at least 30 different products (Santos, 2013; Santos et al., 2014) and it consumes
CO in its production process. The products that can be produced include butanediol, polybutylene
succinate and polyurethanes (Santos and Magrini, 2018).

2.3. The social dimension of industrial symbiosis
As noted in chapter 1, important social characteristics for IS include, amongst others, trust. Although
these characteristics apply to the key personnel in an ISN, support from the local community - in this
case the workers - is essential in the creation of IS exchanges (Simboli et al., 2015). This community
agreement must be sustained to be able to ”build a culture for sustainable local development” (Simboli
et al., 2015). Therefore, it is assumed that trust between the workforce of an industry and their bosses
plays a key role in the development of an ISN.

One of the many studies that highlight the importance of trust in the realisation of IS exchanges
(Hewes and Lyons, 2008; Chertow et al., 2008, e.g.) is the work on the development of trust in ISNs
of Doménech and Davies (2011). Their analysis of the social mechanisms that allow for the success-
ful emergence of an ISN, identifies that the development of a mutual trust requires time and regular
meetings in person. Moreover, it is associated with a heuristic decision-making approach and a cer-
tain degree of reciprocity (Doménech and Davies, 2011). Comparing ISNs to other industrial parks
with by-product and knowledge exchanges, the ability of ISNs to be more successful than the other
industrial parks largely depends on their capabilities to develop embedded relations where trust is key
(Doménech and Davies, 2011).

Continuing on this topic, the research of Hewes and Lyons (2008) on champions and the role of trust
in EIPs is consulted. They analyse two successfully implemented cases of IS, of which the initiator of
the IS exchanges took different approaches. However, in both cases, there was greatly invested in
developing social relationships, where the community and local support proved key in promoting those
relationships. The predominant themes that appeared in the interviews conducted by Hewes and Lyons
(2008) included ’bringing people together’, ’developing local support’, and again, ’building trust’. These
themes are all issues of trust and time; like Doménech and Davies (2011) analysed, the development
of trust takes a considerable amount of time.
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2.4. Comparable case studies
This section elaborates on different case studies conducted for the agricultural and biobased products
sector, industrial symbiosis, and finally a brief mention of a discussion on agro-industrial symbiosis
networks. Cases are chosen that are most similar to the case study in this thesis. Moreover, differences
between methods used in the case studies, cultural and spatial differences will be taken into account.

Social impacts of bioethanol production in Thailand A recent case study of Papong et al. (2017)
on the environmental and social impacts of bioethanol production from cassava and sugarcane mo-
lasses in Thailand is somewhat comparable with this thesis project. Regarding the social impacts,
indicators that are used are the direct and indirect employment, wages, and occupational injury effects
in the agricultural and industrial stages of the bioethanol production. The method used to identify these
effects is a combined process-based and top-down approach, respectively using site-specific data and
input-output analysis. Indeed, the method used by Papong et al. (2017) is different from the method
used for this thesis, which should be considered when comparing the case with the thesis outcomes.
Direct effects are measured by collecting data, while indirect effects of employment and work injuries
are computed using input-output analysis. The results are compared with conventional gasoline pro-
duction in Thailand.

Results show that bioethanol production employs 15 - 18 times more people in total, income is about
14 - 21 times more, and there is a higher risk of fatal occupational injuries than with the conventional
gasoline production supply chain. The biggest employment contribution (70%) in the molasses supply
chain comes from the cultivation of sugarcane. However, the quality of this kind of job is considered
low. Working conditions are similar to that of agricultural jobs in Norte Fluminense: workers are mostly
daily and seasonally employed, are low-skilled and the health conditions are poor. On the other hand,
high agricultural employment rates can indicate rural area development (Papong et al., 2017). The
higher income achieved with bioethanol production could also imply an increase of income distribution
in agricultural workers in the countryside. However, it should be noted that this distribution is measured
in US$/GJ of energy produced, so maybe less bioethanol is produced with more workers, compared
to more gasoline, produced with less, higher educated workers. Finally, the occupational injuries in
the cultivation stage are all non-fatal, mainly because of the low amount of mechanized operations
at the cassava and sugarcane farms. For the process of sugarcane to bioethanol, half of the fatal
accidents occur indirectly in feedstock processing and the remaining occurs indirectly in the conversion
of molasses to bioethanol. Advised is to encourage health and safety training throughout the whole
supply chain of bioethanol from cassava and sugarcane.

Social impacts of sugarcane ethanol in Brazil A less recent study by Goldemberg et al. (2008) in-
vestigates the environmental and socio-economic impacts of ethanol production from sugarcane in São
Paulo State, Brazil. Amongst the social impacts, jobs, working conditions, wages, income distribution
and land ownership are researched. However, this is more a summary of statistics and only focused on
São Paulo State, whereas for this thesis the interest lies in the interaction between the sugar industry
and its workforce.

Industrial symbiosis The social dimension of IS is generally explained by Bansal and Mcknight
(2009). The research distinguishes the three pillars of sustainable development as economic prosper-
ity, environmental integrity and social equity. The latter is explained that all people including future
generations are provided equal opportunities. The three pillars are interconnected and in the best sit-
uation, they can create a win-win-win situation, for all three aspects of sustainable development. It is
said that this ideal can be constructed with IS.

On the social dimension, theoretically, IS enhances the social equity within communities because it
provides the need for strong and professional relationships between the involved actors. These commu-
nities share a sense of collaboration and responsible orientation (Bansal and Mcknight, 2009). It must
be noted that the strong and professional relationships apply to the business managers and owners
that are actively involved in the development of an ISN; no research is conducted for the relationships
of their employees.
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Agro-industrial symbiosis networks As explained in section 2.2, agro-ISNs are not yet a common
concept that is written about. In the existing body of literature, no social effects can be found around
this specific concept or related terms such as agro-industry.

2.5. Case study: the sugar industry workforce in Norte Fluminense
The thesis researches one elaborate case study, therefore this chapter is fully dedicated to the context
of that case study: the Brazilian sugarcane market, the Norte Fluminense region, and how this region
could be developed through industrial symbiosis.

2.5.1. Brazilian sugarcane market
In the largest South American country, sugarcane production already existed from 1540, in the time of
the colonization (IBGE, 2016). Nowadays, Brazil is the biggest sugarcane producer in the world with a
yearly average of almost 500 million tonnes of sugarcane produced. In addition, sugarcane is the third
most produced commodity in the world (FAO, 2014).

Sugarcane is currently a major source of income in the Brazilian agricultural sector (Ometto et al.,
2007). In Brazil in 2014, of its 80,017,000 ha of arable land, 13% is harvested sugarcane (FAO, 2014).
The two main products derived from sugarcane are sugar and alcohol. Ethanol, which can be made
from alcohol, is an alternative fuel for road vehicles. Its use started shortly after the Oil Crisis in 1973
when oil prices quadrupled. Two years after the crisis, the ProÁlcool project or National Program of
Alcohol was created by the Brazilian government to stimulate the use of alcohol from sugarcane, to
reduce the country’s dependence on oil import. The ProÁlcool project has since been continued and
revived by, for example, promoting the production of cars that are especially designed to drive on a mix
of ethanol and gasoline. In addition, the sugarcane bagasse that is left over after sugar and alcohol
production contributed greatly to the amount of renewable energy in Brazil. In 2010, 19.3% of the
energy mix consisted of sugarcane products (Hofsetz and Silva, 2012).

Even though Brazil is world’s biggest producer of sugarcane, the absolute amount of sugarcane
produced is stagnating or even in decline (FAO, 2014). Furthermore, social and environmental impacts
that can be indicated are amongst others biodiversity loss, burning, pesticides, high water consumption
and erosion. The current system in Brazil - the Conventional Sugar and Alcohol Production System
(CSAPS) - is mainly based on single-crop techniques with the intensive use of fire, water, fertilizers and
pesticides (Ometto et al., 2007). The most negatively influencing environmental impacts are caused
by the exploitation of rural workers; burning organic residues on sugarcane harvest ground, intensive
use of fertilizers and pesticides, the inadequate use of distillery effluents and the concentration of land
and income through unfair land tenancy (Ometto, 2000).

2.5.2. Norte Fluminense region
History The Norte Fluminense region lies in the north of Rio de Janeiro State, Brazil (Figure 2.1).
The geographically extensive and flat region has always been rich in agricultural activities like the
production of sugarcane. Following an exploration and later consolidation of oil and gas fields in the
Campos Basin in the late 1970s (Santos and Lima, 2015), the number of sugar mills declined from 18
to 3 sugar mills in the last 30 years (Macedo, 2007; Santos and Magrini, 2018). The area of sugarcane
crop farmland has decreased by 81.5% from 1990 - 2015 (Santos and Magrini, 2018). Because of this
shift in activities in the region in the period between 1970 and 2000, there was an intense migration
from rural to urban areas (Santos and Lima, 2015).

Economy There are two major sugarcane-producing regions in Brazil, one in the south-central and
one in the north-east. Norte Fluminense falls outside of these regions defined by UNICA (2016). Nowa-
days, the Norte Fluminense region’s economy is mainly based on oil activities. Because of the off-shore
oil extraction, many industries go to cities in the municipalities of Campos dos Goytacazes and Macaé
since they are at sea. Respectively, the share of industry as a percentage of the total gross value
added (GVA) for these municipalities was up to 85% and 49% in 2012 (Wójtowicz, 2016). In the same
year, the agriculture sector added only up to 19% in some municipalities of Norte Fluminense, to the
region’s total GVA. However, the municipality of Campos dos Goytacazes in Norte Fluminense was and
currently still is one the main producer of sugarcane in Rio de Janeiro State. Furthermore, the GDP per
capita in Campos dos Goytacazes was in 2012 one of the largest of the country (R$95,500), compared
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Figure 2.1: Norte Fluminense region (red) in Rio de Janeiro State, Brazil (Abreu, nd)

to the average of less than R$22,000 in that year (Wójtowicz, 2016). Besides those two municipalities,
Norte Fluminense does not show great development, being linked more to livestock farming and other
agricultural activities.

Demographics Norte Fluminense region is located in the area between Rio de Janeiro and São Paulo
that is, by some researchers, described as a so-called Megalopolis (Wójtowicz, 2016). Population
densities in the Brazilian Megalopolis are highest in the metropolitan areas of Rio de Janeiro and São
Paulo, and lowest in the Norte Fluminense region, with 92 people per km . However, in the time period
of 2000 - 2014, the region experienced remarkably high population growth rates compared to the rest
of the Megalopolis. Especially in the period of 2000 - 2010, this number could be as high as 11%
annual population growth in the south of Norte Fluminense. Most of the inhabitants - around 70% - live
in urbanized areas.

The high GDP mentioned in the previous paragraph does not comply with the Human Development
Index (HDI) of Norte Fluminense. The HDI is the sum of a combination of indicators for education,
life expectancy and per capita income, used to rank countries or areas in their human development
progress. The ranking goes from 0 to 1, with 1 as the ’most developed’. Only in Macaé municipality
the HDI is between 0.740 - 0.779, for the remaining of Norte Fluminense the HDI is between 0.611 -
0.719. This could suggest that there is no direct relation between a high GDP and the quality of life of
inhabitants. In addition, it is possible that GDP and the power to create a better living environment is
unequally divided among the residents.

Social issues The sugarcane production industry is employed by local and travelling workers. The
latter are nomads from various parts of the country, seeking for better employment and income, fol-
lowing illusory promises from their contractors (Silva, 1999). The work on the plantations is physically
hard. It is common to have no formal contract and no coverage of social security, a low wage, and
the work causes serious health risks (Macedo, 2007). However, the workers are low skilled, illiterate
and have few chances of inclusion in the dynamic and competitive labour market; the plantation work
provides an important source of employment for this significant segment of the population.

Throughout the development of the sugarcane production industry, environmental claims led to new
regulations requiring partial or full mechanisation of sugarcane harvesting, avoiding the local pollution
from burning. Indeed, the burning of sugarcane crops for harvesting is mandated to be over by 2020
(COAGRO, nd), especially in the most productive regions. Already, measures are in place to facilitate
this law.

At this moment, the region is highly dependent on non-renewable resources and a volatile market
(TWB, 2005). It still struggles with inadequate health care for its inhabitants, urban infrastructure prob-
lems, housing deficit and slums. On top of that, 32% of the population is poor (Santos and Magrini,
2018).

2.5.3. Revitalising an industry through industrial symbiosis
As mentioned in chapter 1, only a few studies consider the revitalisation of an industry through IS. Of the
six studies that were found, four research cases in Japan. Two analyse the Eco-Town program, which
aimed to revitalise the local industry while solving the waste management issues (van Berkel et al.,
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2009b; Ohnishi et al., 2012); one quantitatively analyses industrial and urban symbioses in Kawasaki
(van Berkel et al., 2009a), of which both of the symbioses types have been implemented to revitalise
the industries there; the last one researches the combination of IS with a combined heat and power
plant (CHP) utilising the local sugarcane industry (Kikuchi et al., 2015). Only van Berkel et al. (2009b)
mentions social benefits from the Eco-Town program; in terms of amenity and productivity, respectively
the local community benefits from improvements in environmental and life quality (i.e. corporate social
responsibility), and the society as a whole benefits from job creation and community investments.

The other two studies involve cases in the Abruzzo region in Italy: Simboli et al. (2015) regard the
potential of industrial ecology tools, i.e. industrial symbiosis, for the local agri-food clusters; Taddeo
et al. (2012) analyse the potential of IS to revitalise a historical chemical site. The latter is most similar
to the case and proposal of Santos and Magrini (2018) for revitalising the sugar industry in Norte Flumi-
nense; the chemical site in Abruzzo has faced a decline in industrial activity and because of the global
economic crisis has to inventively reconfigure the industry (Taddeo et al., 2012). The local government
funded the exploratory research of Taddeo et al. (2012), and due to the before-mentioned reasons, the
choice was made to develop the industry through industrial symbiosis. As similarly analysed by Santos
and Magrini (2018) for the Norte Fluminense case, the local community in Abruzzo benefits from the
revitalisation through IS via job creation (Taddeo et al., 2012).

Thus, it can be concluded that the local community can benefit from an industry revitalised through
industrial symbiosis in terms of well-being and job creation.

2.5.4. Proposal for revitalising the sugar industry in Norte Fluminense
The following paragraphs elaborate on the scenarios that Santos and Magrini (2018) propose for re-
gional/local development in Norte Fluminense through industrial symbiosis. Four scenarios are devel-
oped: the reference or baseline scenario, and the short-, mid- and long-term scenarios. At the start,
there is no agro-ISN, and the scenarios work towards a situation when there is a biorefinery that attracts
more and more other industries, resulting in an agro-ISN.

Reference The reference scenario consists of sugarcane farms, sugar and ethanol production facil-
ities and the combined heat and power plant. The farms supply sugarcane to the sugar production
facilities, which produce bagasse, filter cake and molasses as by-products. The bagasse serves as
feedstock for the CHP, while the ash from the CHP and the filter cake from sugar production are used
on the farms as fertilizer. The molasses go into ethanol production, which results in CO , vinasse, used
yeast and fusel oil waste streams. All of these are disposed of, except the vinasse, that is recycled by
the farm as fertilizer.

The above-mentioned streams do not compose of the complete picture of this system, there is a
remainder of liquid waste: boiler effluents, i.e. condenser effluents from sugar production and phlegm
from ethanol production. As can be concluded from the recycled streams, there are already five internal
symbiotic streams, however, they do not comprise of an ISN.

Short-term Short-term interventions in the reference scenario include the diversion of sugarcane
bagasse from the CHP to the biorefinery. The latter consists of three separate units: pre-treatment
and separation; saccharification and co-fermentation; and concentration and recovery. Estimated is a
total production of 93 thousand tons of bio-succinic acid (bio-SA). This change in the system results in
eighteen waste streams, of which eight from the existing sugarcane mill, six from the biorefinery, and
four from both. As a replacement for the sugarcane bagasse, the CHP would now be fuelled with straw
recovered from sugarcane cleaning and the dry lignin from the pre-treatment process. A fraction of the
CO from ethanol production would be used with the bio-SA fermentation. Furthermore, it is found that
twelve waste streams can be completely or partially be used in the mid- and long-term scenarios.

Mid-term In this period, the system is transformed to the hypothetical regional agro-industrial sym-
biosis network that has been mentioned before. There would be exchanges of waste material between
the biorefinery and the already existing 28 industrial sectors in the Norte Fluminense region. Four of the
industrial sectors can take in five waste streams: the remaining CO would go to a soft drinks producer;
the fusel oil would be used by a distilled spirits manufacturer; the used yeast is recycled at an animal
feed producer; and the bio-SA would be feedstock for an industrial surfactants manufacturer. Again,
recycling options are discovered for the long-term scenario.
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Long-term To consume the remaining waste streams, a new effluent treatment facility would be intro-
duced. Again, a biogas production unit would be installed in this facility. The biogas would also serve
as fuel for the CHP. The by-product lignin would be used by an adhesive manufacturer, and the filter
cake from sugar production would be used as feedstock for wax manufacturing. To avoid the costs
and environmental burden from recycling lube oil, a lube oil re-refinery would be deployed. The heat
of atmospheric emissions like flue gas and particle matter would be recovered before its release, while
the off-gases from bio-SA fermentation would be internally recycled.

The potential benefits of the proposed agro-ISN are estimated without the sugarcane bagasse that is
fully used in the CHP in the reference scenario, without vinasse and other effluents from the sugarcane
mill. Eventually, the solid and waste that is diverted from the landfill are respectively 213,943 t/y and
36,000 t/y. The amount of CO emissions captured is estimated at 54,668 L/y and 52 jobs are created.

2.6. Indicators
Indicators provide specific information on the state or condition of something. In this case, social in-
dicators are going to be used to measure the job quality of the sugar industry workers in the Norte
Fluminense region. This section elaborates on the theory of selecting indicators. Widely used social
indicators like the Human Development Index are not used for this case study, because of the lack of
information accessible and the different focus of this ABM. The HDI, as explained in section 2.5.2, is
not focused on employment; which is the case for this thesis. Therefore, a specific search for the right
indicator is conducted.

Selection of indicators A selection of indicators will be conducted similarly to the comparison of
frameworks for analysing social-ecological systems by Binder et al. (2013). They use main criteria for
an initial selection of the frameworks they want to compare and contextual and structural criteria for
the actual comparison of the frameworks. A literature research of peer-reviewed journals and books
provides a list of frameworks that comply with the initial criteria. Contextual criteria are then used to
describe the frameworks, however, this is out of the scope of this research. Structural criteria are
used to compare the frameworks, and each criterion is coupled to a question that is found in relating
literature. The structural criteria are divided into three categories: social system, ecological system,
and social-ecological system. For all three, questions are asked how the system is conceptualized,
and how the dynamics within and the interactions between the levels of the system are considered.
For the social systems, these are for example learning processes, decision making and negotiation.
Also, the framework can interact on four different social scales (Miller, 1978; Scholz, 2011):

• Macro, i.e. society
• Macro →micro, i.e. society influences the individual
• Micro →macro, i.e. how individual decisions influence society
• Micro, i.e. only individual decision making

Furthermore, a distinction is made between a bidirectional or unidirectional interaction between the
social and ecological systems. The fourth criterion divides the frameworks into action- and analysis-
oriented. Analysis-oriented frameworks would be providing general information that can be used for
multiple purposes, like to formulate or approach different research questions. Action-oriented frame-
works enable intervention in the socio-ecological system, for example, to decrease the vulnerability
of local communities (Hinkel and Bisaro, 2015). Finally, guiding questions are set up to choose the
framework that is most applicable to the research at hand.

Only a few of these steps are taken because of the limited amount of social indicators available in
literature, these are described in chapter 3.

2.7. Social perspective
The following sections explain the theoretical foundation for conceptualising and formalising the case
study of the sugar industry workers in Norte Fluminense into an agent-basedmodel. Firstly, an overview
is given of some widely applied social theories. Secondly, one of the theories of that overview, the
power and status theory, is elaborated on in section 2.7.1. Thirdly, in section 2.7.2, the power-status
theory of emotions is discussed. Fourthly, a theory based on the life of the sugar industry workers in
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Pernambuco, Brazil, is explained in section 2.7.3. Finally, a modelling theory that aims to represent
human behaviour in terms of personality traits is discussed in section 2.7.4.

Overview of social theories
Social structures can be seen on a macro and micro scale. The former studies the effect of whole popu-
lations and societies on individuals, and the latter studies every day, face to face interactions between
individuals or small groups, and its effects on the larger patterns of society. These two sociological
fields are of great importance for the research of how an industrial symbiosis network affects its em-
ployees, and how individuals affect the ISN. In this section, a few of these sociological theories will be
discussed.

Theory of planned behaviour One of the most widely applied behavioural theories is the theory of
planned behaviour (TPB) (Ajzen, 1991), which originates from the field of social psychology. In the TPB,
it is assumed that people are rational, make systematic use of the knowledge available and consider
the consequences of their behaviour before they decide to (not) act in a certain way (Ajzen, 1991).

Opportunity cost theory Opportunity cost is the anticipated cost of the best option after the option
of choice (Buchanan, 1991). For this concept to be of value, scarcity and choice must be present; the
opportunity cost expresses the basic relationship between these two. Scarcity introduces the necessity
of choice; that of rejected and selected alternatives. The opportunity cost can only be defined if there
are alternative options to the choice an individual wants to make (Buchanan, 1991).

Conflict theory On a greater scale is Karl Marx’ conflict theory. He believed that inequality in a popu-
lation would fuel a change in a society. The conflict theory describes that society consists of institutions
that benefit the powerful and create inequalities. This causes large groups of people being at odds with
each other until the conflict is resolved. The downside of this theory is that it only takes into account
drastic change, but does not involve any stability or unity.

The three above-mentioned theories are widely used for all kinds of sociological research. However,
the sugar industry workers are people and thus not rational, and using the TPB would bring down the
level of realism in the ABM. Opportunity cost can be seen as more realistic and less rational since
the comparison that a person wants to make exists of the options that are perceived by that person.
However, costs are not the only aspect of these agents’ world, and economics is not the right way of
measuring aspects of the life of the sugar industry workers (de L’Estoile, 2014), as explained in section
2.7.3. Finally, the conflict theory does imply a change in the system in Norte Fluminense, however, the
scale is not appropriate for this case because the individual lives of the sugar industry workers are not
accounted for. More appropriate theories are found in the field of social simulation and explained in the
following paragraphs.

Applied social theories
The theories that are applied to conceptualise the case study at hand are described in the following
sections, although first is elaborated on the theories that could be used to create socially intelligent
agents.

Socially intelligent agents Hofstede (2015) outlines the urge for and initiates the development of a
method to model agents with social intelligence. This paper provides a solid basis for the theories that
will be applied to the model. An outline of the overall theory is discussed below, the main theory that is
used is explained in detail in section 2.7.1.

In a person’s early life stages, social intelligence is developed through an acquisition of norms and
values. Next to that, people have innate drives and motives that are profoundly social. GRASP cap-
tures the perception of the social world that people experience and consists of Group identity, Rituals,
Affiliation, Status, and Power (Hofstede, 2015). The theory is developed from the perspective that ar-
tificial intelligence agents are like children; they still have to learn about the social world and do not yet
think in categories from any civilization. The major difference between AI agents and children is that
the former lives in a very limited and specific world, while children have to learn to understand the full
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complexity of the real world. However, as children learn, GRASP can be used for agents as the ”men-
tal architecture of social life that underpins and precedes their reasoning in any particular situation”
(Hofstede, 2015).

As mentioned before, there is a range of social theories from micro to macro scale. Hofstede (2015)
divides the approaches that substantiate his GRASP theory in levels of (1) all people, of a (2) single
group of people, and of the (3) individual. At the first level, the power and status theory by Kemper
(2011) is used as a generalised theory across people to present the dynamics of social life. This
level represents that people recognise rituals, categorise other people in groups, and are driven by
affiliation, power, and status. For the second level, culture, social identity and rituals are valued as the
characteristics of that specific group of people. On the level of the individual, there are variations in
capabilities, motives, and attributes: people have different personalities, no matter in what group or
culture their social world exists in. This level makes use of amongst others the power-status theory of
emotions (Kemper, 2006).

The power and status theory and the power-status theory of emotions are the most compatible with
the case study. Power struggles and status deficits have been the norm rather than the exception for
sugar industry workers in Norte Fluminense. Furthermore, emotions function as a warning to people
about dynamics in the power-status relationships, such as threats or opportunities. The agents that
are experiencing these emotions should be aware of their actual and ideal state, and whether there
is a chance to achieve this perfect state or not. The opportunities of the agents are also explained
by another theory, not mentioned by Hofstede (2015): the theory of fields of opportunities and frames
of references by de L’Estoile (2014) (section 2.7.3). Besides that, the level of the single group of
people is taken into account by distinguishing different agents: the sugar industry workers (workers),
companies, and the union. In this aspect, the agents can divide their world into ’us’ and ’them’, and be
in the group with a most similar status as themselves. However, the agents cannot choose or change
their social identity, since this is irrelevant to the model question. The agent’s culture might be an
important influence on the choices of the agents, however, this is not taken into account due to time
limitations and the lack of a method on how cultural characteristics might influence the decision-making
of the agents.

A preliminary application of GRASP to the case study is shown in Table 2.1, of which the different
elements will be more elaborated on in chapter 4. The social elements in Table 2.1 are perceived by the
sugar industry workers, and relative weighing is applied to power and status, ranging from insufficient
(-), to adequate (o), to excessive (++).

Table 2.1: Preliminary application of GRASP, adopted from Hofstede (2015)

workers companies unions

groups us them us

rituals report to union hire people organizes strikes

participate in a strike fire people negotiates with companies

take another job increase resources / demands requalifies workers

participate in job training decrease resources / demands

affiliation “friends” with company or

“friends” with union

status – o +

power – ++ +

2.7.1. Power and status theory
The power and status theory by Kemper (2006) holds that there are two central dimensions operative
when humans interact: power and status. Social relations, the actions directed to, with, for, and against
each other, decide who gets what of the available benefits and rewards, and by what means. In a
relationship, to have power is ”to be able to coerce others to do what one wants them to do even when
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they do not want to do it” (Kemper, 2006).
In a relatively stable power-relation where one actor has structurally more power than the other(s),

we can predict that the one holding the power will obtain his or her way more often than the other(s)
(Kemper, 2006). This involuntary compliance can be obtained through power tactics like physical and
emotional violence. Once a stable power relation is established, these kind of power moves are quite
rare. Status, on the other hand, is voluntary compliance: people happily support, approve, respect,
accept and admire others without obligation. In a relationship, these benefits are rewarded to actors
with a high status. Like power, a stable status relation follows a structure in which status is conferred
and claimed in a set pattern, according to the theory of Kemper (2006).

The before-mentioned interactions occur at micro-level. At the macro dimensions, the power-
status theory can be applied with a change of terminology. At the societal level, freedom and justice
are more applicable instead of respectively power and status. Social movements, like the sugar industry
unions, are often motivated by freedom - the moderation of power - or justice - an equal distribution of
the benefits (Kemper, 2006).

When actors have, to their own perception, sufficient power and status, they need to do little to
maintain that state. When there are other actors in the relationship that have too much power or actors
think he or she has too little power or status, they are motivated to make a change in the relationship
(Kemper, 2006). This can either be a reduction of the other’s power or status, or an enhancement of
the actor’s own power or status. Actions not related to using power tactics or conferring status are the
meta processes that an actor will engage in when they feel a real or imagined power or status deficit
(Kemper, 2006). The relevant actions for the Norte Fluminense case study for a power and status
deficit are explained below.

Power deficit Actors feel vulnerable when they lack the power to defend themselves and are there-
fore provoked to engage in the following activities (Kemper, 2006). Dependency reduction in a power-
status structure of one person on another, leads to a reduction in the power of the other, however,
this reduction of dependency has been achieved. When a dependency reduction cannot be achieved
or is irrelevant, coalition-building can be a strategy to act against the one whose power is opposed.
Actors in a coalition can have different motivations to participate in the coalition; from a grieve against
a common enemy to receiving satisfactory benefits from the one who feels the power deficit (Kemper,
2006).

The last action mentioned in the status-power theory, bluffing, propaganda, and disinformation, is
not taken into account because of the great level of detail it entails. Furthermore, it is irrelevant for the
case study: no incidences of bluffing, propaganda or disinformation are found in the literature review
on the case.

Status deficit According to the theory of Kemper (2006), a status deficit is an emotional state of feel-
ing that one does not receive the appropriate amount of respect, approval, acceptance, appreciation,
or love. As a consequence, an actor might try to obtain a higher status by engaging in the following
activities. Formal attainment according to universalistic criteria is one of those activities: in general,
higher education or preparation for a superior occupation are regarded as status-deserving (Kemper,
2006). This is not only the case within the context of that education or occupation but outside as well.
Another category of activities is normative appeals: in the context of dealing with long-standing tra-
ditions or in institutions, the status-deficit actor may appeal to norms of justice or fairness (Kemper,
2006). This appeal can range from taking legal actions to a simple conversation where the injustice is
claimed. When the others in the group do not feel that there is any injustice, this action can have an
opposing effect. Then, the actor who appealed to the norms may be denied deserving status in such a
situation, and be regarded as ”troublemaker”.

The eleven other forms of acting on a status deficit are not taken into account because they go
into the small details of interactions between people in groups. For the case study, the most important
actions are those directed from a member of one group to a member of another group, such as from
workers to their bosses. Formal attainment and normative appeals can be regarded as such.

2.7.2. The power-status theory of emotions
Important aspects of the result of power-status relations are the accompanying emotions. The power-
status theory of emotions (Kemper, 2006) is derived from the notion that a ”large class of emotions
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results from real, imagined or anticipated outcomes in social relationships” (Kemper, 1978). When two
people interact in a power-status relationship, there are 12 possible outcomes in terms of their power-
status structure, according to Kemper (1978). Actor A and actor B’s power or status can either rise,
decline, or remain unchanged. Because both actors might have a change in their status and power,
here called A’s and B’s relational channels, there is a total of 81 possible sets of outcomes in the four
relational channels. Every relational channel produces an emotion, and thus four different emotions can
occur. However, there will be a dominant emotion that will reduce the interference of the less intense
emotions in the other relational channels. In a stable social relation, like the sugar industry workforce
has with their company, the power-status dimensions that are perceived can be felt as insufficient,
adequate, or excessive (Kemper, 2006). In terms of interaction between two people, emotions occur
from his or her own status and power, and the other’s status and power (Kemper, 2006).

For the studied case, the emotions resulting from their power-status relations are not taken into
account for the actions that the agents undertake. An option is to implement emotions as results of the
agent’s status and power. However, to say that certain emotions would then influence their actions, and
especially how they would influence their actions, goes beyond the scope of this thesis. Furthermore,
psychological studies on the sugar industry workforce would be needed, which are not available or
obtainable in the present time.

2.7.3. Fields of opportunities and frames of reference
The social world of the sugar industry workers cannot appropriately be measured by economic the-
ories (Coelho et al., 2006; Martinelli et al., 2010; de L’Estoile, 2014, e.g.). With calculability as one
of the defining factors of our world nowadays, uncertainties must be contained in rationalisation and
predictions of the future. Efforts to reduce uncertainties or estimate the probability of a future event is
considered in these economic theories. Suggesting to move beyond an economic framework to inves-
tigate the ”life situation of the poor [on former sugarcane plantations in Northeast Brazil]”, de L’Estoile
(2014) proposes to explore the fields of opportunities and frames of references that structure the life of
the sugar industry workers.

In the early 1990s, people that worked on sugarcane farms in Pernambuco, the Northeast of Brazil,
have been living in a continuous state of volatility, which became the ’normal’ state of being. De L’Estoile
(2014) calls this structural feature radical uncertainty, which consists of all the things that are completely
out of one’s control, for example, a failed harvest caused by climate change. If radical uncertainty is
distinguished by unpredictability, relative uncertainty depends on how one sees its own social world
(de L’Estoile, 2014). This kind of uncertainty is determined by one’s norms and values; in Pernambuco,
the interactions between workers, their families, and the companies they work at follow the norm of both
negative and positive reciprocity. However, one does not know for a fact that the interacting other person
follows this norm and will respond the way one expects; this is considered as relative uncertainty.

Both the types of uncertainty make up the frame of reference and the daily expectations of the
sugar industry workers (de L’Estoile, 2014). Over time, people have developed ways to deal with
these uncertainties. In the time that workers had no stability, legal protection or social security, they
relied entirely on their loyalty towards and relationship with the company boss. This relationship was
described as reciprocity and ”friendship” (de L’Estoile, 2014); the ”good boss” would, for example,
bring a very sick family member by car to the hospital as an act of friendship. This description was also
used for the worker’s relationship with the unions that were formed later, which sometimes resulted in
conflicting loyalties towards the worker’s bosses and unions (de L’Estoile, 2014). The life of the sugar
industry workers in Pernambuco changed entirely during big land reform projects in late 1997, and while
some aspects may have increased in stability, other aspects of their lives increased in uncertainty. In
this respect, most of the workers continued to act according to the frame of reference of the old sugar
industry world by being loyal to the friends who are socially more powerful than one’s self.

De L’Estoile (2014) concludes that one needs friends of the same social status, to help on a daily
basis through reciprocity, and friends that are of higher social power or status, to help in case of a crisis,
e.g. a very sick family member. Furthermore, these ”friends” that one has - double quotation marks
are used because the workers were not treated well at all by their boss (section 2.5.2) - are important
for the enrichment of one’s field of opportunities. Adding to this, trust in a God often contributes to the
hope that one can experience (de L’Estoile, 2014).
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2.7.4. Human behaviour modelling theory
How individual decision making is modelled is one of the key elements in making an agent-based
model. In real life, ”human behaviour is one of the key factors [...] to develop policies to promote more
sustainable resource management regimes” (Pahl-Wostl and Ebenhöh, 2004).

Pahl-Wostl and Ebenhöh (2004) developed an ABM approach using a set of decision heuristics
to represent human behaviour. Characterised by nine attributes, the agents devote different levels of
importance (from 0 to 1) to cooperativeness, fairness concerning others, conformity, fairness concern-
ing me, positive reciprocity, negative reciprocity, risk aversion, commitment and trustworthiness. The
agents also expect a certain level of the importance of attributes that other agents have. In the pa-
per by Pahl-Wostl and Ebenhöh (2004), the agents are assigned with random values for the different
attributes, and they expect the same levels that they have with other agents until this is changed by
experience. A second learning process concerns the agent’s heuristics; a negative experience with
one heuristic should lead to the choice of another heuristic in the next similar situation.

Figure 2.2: Attributes forming the decision making process, adopted from (Pahl-Wostl and Ebenhöh, 2004)

To apply the heuristics to an ABM, Pahl-Wostl and Ebenhöh (2004) recommend differing individual
attribute values and the set of heuristics per type of agent and between agents of the same type. For
my case study, the decision problem implies that the most important attributes are commitment and
trust of others, while reciprocity is already represented in the ”friendship” between workers and their
company or workers and their union. Moreover, the attributes can be used as a variable to investigate
how the personality traits of the agents influence the model.

Depending on the agent’s attribute values and the agent’s expected attributes of others, a heuristic
is chosen and a decision is made. For example, a rule can be that more than 0.7 risk aversion means
that an agent will decide not to take a big risk, even when the reward is high. An example of a decision
matrix applied to the case study is depicted in Figure 2.2.

It should be noted that this method will not actually represent the people in the Norte Fluminense
region. Heuristics and attributes in real life are formed by years of experience, culture and social envi-
ronment; for the model, a lot of assumptions should be made. However, this method provides support
for simulating human behaviour, which is one of the key aspects to gain insights into the knowledge
gap addressed in this research.
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2.8. Sub-conclusion
From the literature review in this chapter, the first research sub-question can be answered: What is
known about how industrial symbiosis influences the (potential) local workforce, and vice versa?

This thesis aims into gain insights in how an industry’s workforce is affected by and affects the revitali-
sation of that industry through industrial symbiosis, via a case study on the sugar industry workforce in
Norte Fluminense. This aim is approached more broadly with the first research sub-question. There-
fore, a literature review is conducted on IS and their local workforce. Furthermore, a more specific
search is done for comparable cases as reference material for the final results.

The literature that is most comparable with what is sought with regards to IS and their local workforce
studies the relationships between managers and key personnel in (developing) ISNs. The insights from
these studies that are applicable to the final research question are visualised in figure 2.3. The main
social theme is the role of trust in the development of IS exchanges. Doménech and Davies (2011)
also couple trust to the community and argue that local support proved to be key in promoting social
relationships between initiators of IS exchanges (e.g. the managers of a company in an ISN). For this
trust and social relationships to develop, a certain amount of time is needed. Furthermore, it is expected
that IS enhances social equity within communities because it provides the need for professional and
strong relationships between the involved actors.

1

2

3

4
5

Figure 2.3: The role of trust (2) is essential to a successful relationship between managers of businesses that want to initiate IS
exchanges (1) and the approached business for exchange (3). The community, or local workforce (4), can enhance these social
relationships. As result of IS exchanges it is expected that the ISN improves the social equity (5) within communities.

The bi-directional effects from IS and their (potential) local workforce are investigated with the few
case studies that could be found. The most relevant case is the study from Papong et al. (2017) in
Thailand. Papong et al. (2017) showed that bioethanol production employs more people and gener-
ates a higher income for the employees compared to conventional gasoline production. The biggest
employment contribution (70%) comes from the cultivation of sugarcane. Although these results are
perceived as positive for the local workforce, advised is that health and safety training is encouraged
throughout the whole supply chain from cassava and sugarcane to bioethanol.

Revitalising an existing industry through industrial symbiosis can result in an increase in well-being
and job creation; both of which are considered positive effects for the local community around that
industry. However, these effects are measured with only a limited amount of case studies and do not
consider the effect of the local community, or workforce, on the industrial symbiosis network.

The literature review revealed and confirmed the large knowledge gap concerning the interaction
between IS and its external social dimension. Existing studies often superficially touch on the social
side - to include the three pillars of sustainable development - but do not dive deep into, for example,
the drivers for a successful realisation of industrial symbiosis with the inclusion of the current local
workforce.

The last section of this chapter aims to answer the first model question: What social theories can be
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used in an agent-based model to make agents socially aware, whilst being relevant for the main re-
search question?

For the studied case, it was identified that there are and have been a lot of power struggles in the sugar
industry in Brazil. The life on the plantations in the time of slavery and the life outside the plantations
after the land reforms was and is hard for the workers. However, the workers could have a ”good”
boss or were union member, which both helped them survive. Because of this history and context, the
choice is made to use the power and status theory by Kemper (2006) and the theory on the frames
of references and fields of opportunities from de L’Estoile (2014). The power and status theory was
found from the GRASP theory from Hofstede (2015), which was used as a base for the search for
theories. Finally, the wish to represent the workers more realistically resulted in finding the human
behaviour modelling theory by Pahl-Wostl and Ebenhöh (2004). Further investigation into the case
study resulted in the choice to only use commitment and trust of others as attributes from the human
behaviour modelling theory for the agents that represent the workers.

These social theories are of relevance for the main research question because they help simulate
the workforce of an industry, in this case, the Norte Fluminense sugar industry. The attempt to represent
the people in a workforce more socially aware, and not purely rationally thinking as, for example, the
theory of planned behaviour proposes, provides different insights than with conventional ABM theories.
Moreover, the applied theories enable the modeller to involve the social world of the agents in the model;
for case studies like the one at hand, with a strong, complex historical background, the social world is
of great importance. Like de L’Estoile (2014) states, the sugar industry workers cannot be realistically
represented by economics, which is often used to represent agents in an ABM.

However, with these theories alone, the ABM could not yet be made. This exact process is elabo-
rated on in the answer to the second model question in chapter 4.





3
Using a social perspective in

agent-based modelling
The theories from the last chapter are applied to the case study with the tools that are explained in
this chapter. First, in section 3.1, is explained why modelling is used in general, as agent-based mod-
elling is employed as the main tool for investigating the case study. Second, agent-based modelling
is elaborated on in section 3.2, which includes argumentation for the use of agent-based modelling
specifically. Third and final, section 3.3 describes how the theories from chapter 2 are used for the
conceptualisation and formalisation of the model.

3.1. Why modelling?
The thesis takes on a social perspective while investigating the workforce of the industrial symbiosis
revitalised industry. In social sciences, traditional research includes qualitative and quantitative meth-
ods; respectively analysing individuals through interviews and observations, and statistically analysing
patterns of large groups of individuals, mainly through individual measurements. While qualitative re-
search aims to generate insights into the individual’s behaviour and internal psychology, quantitative
research intents to identify relevant features of amongst others the behaviour and culture of popula-
tions. To answer the main research question (chapter 1), both an individual and population approach
can be taken; the interaction between an industry and its workforce can be researched through the
worker’s individual behaviour and through the interaction of the workers and their bosses. However,
for both the qualitative and quantitative methods, interaction with the subjects of research is needed.
As explained before, this is not achievable due to time, language, and geographical constraints.

When these constraints would be not applicable or somehow overcome, modelling would still be
assumed the most logical option for this type of research. Scientific modelling aims to represent real-
world phenomena in an objective and rational way; by doing so, models can generally be applied to
different cases of the same phenomena. The difference between qualitative and quantitative research
and modelling is that, by looking at historical and current measurements, models can be created for
future or hypothetical situations like that of the case study at hand. By creating a model based on
the relevant individual features of the workers and their environment, and taking into account their
individual decision-making, this thesis touches on the individual’s behaviour and internal psychology,
as well as the behaviour of the population, the workforce as a whole. This way, the research question
is approached socially and psychologically and because of the choice for a model, the case study can
be generalized to a broader application. Since the aim of this thesis is to investigate the interaction of a
workforce and industry revitalised through industrial symbiosis in general, it is believed that modelling
is the most logical choice.

3.2. Agent-based modelling
To be able to explore and investigate the interaction between the current sugar industry workforce
and the proposed agro-ISN in Norte Fluminense, this system is simulated with agent-based modelling.
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Changes and adaptations of agents that are triggered by the development, operation and management
of the technological sphere, can be simulated over time. The physical artefacts used for the hypothetical
agro-ISN will form that technical network. As the model is built with agents, which Shalizi Rohilla (2006)
considers ”a thing which does things to things”, a schematic overview of those agents in the model is
depicted in figure 3.1. Unless cited otherwise, the information in this section is obtained from van Dam
et al. (2013).

Figure 3.1: Agent-based model structure (van Dam et al., 2013)

As the smallest element of an ABM, agents consist of states and rules, hence they are capable
to respond to changes and act on those in anticipation. Furthermore, agents are autonomous, can
perform actions on itself and others, and anticipate, receive and react on inputs from the environment
and other agents. The state of an agent is defined by a specific collection of parameters (Wooldridge
and Jennings, 1995), and every different part of an agent’s state can be made ”publicly” known, or
”private” and thus not observable by other agents. The state of an agent can be changed by its rules,
usually based on the assumptions made by the modeller and more specifically can be named decision
rules. Types of decision rules include: rule based, multi-criteria decision making, inference engines,
evolutionary computing, and machine learning. Actions are the ”things” that agents do, based on their
states influenced by their decision rules. All of the agent’s actions and state changes represent the
behaviour of an agent. The sum of all behaviours of all agents together, including interactions between
agents and between agents and the environment, is the emergent property of the modelled system.

Agents are based in a certain environment, which provides the structure and space that is needed
for the agents to interact. The environment is like a sensor, measuring time, agent’s parameters, and
providing information to the agents. An environment can be structured as a soup, space, small-world
network, and scale-free network. These structures can be used singular or multiple, and can be used
combined. Since real-world systems exist with a continuous real time, where actions are taking place
in parallel, this should also be understood in order to represent them. ABM’s take place in the discrete
time of computers; this is represented by a ’tick’ for each time unit.

3.2.1. 10-step process
This thesis research applies the ABM framework of van Dam et al. (2013). The 10 steps of the frame-
work - that should be used iteratively - are:

1. Problem formulation and actor identification: create a well-formulated problem statement.

2. System identification and decomposition: define the system boundaries from a CAS perspective.

3. Concept formalisation: convert the decomposed system into software data structures.
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4. Model formalisation: create a model narrative and express in pseudo-code.
5. Software implementation: implement the decomposed system and pseudo-code in a program-

ming environment.
6. Model verification: analyse if the software implementation corresponds with the conceptual model.
7. Experimentation: experiment with the model to provide insights in the problem statement of the

first step.
8. Data analysis: explore, visualise, interpret and explain data, and look for interesting patterns.
9. Model validation: use methods for validation to see whether the model design answers the prob-

lem statement.
10. Model use: use the results of the previous steps to provide answers to the problem stated in step

1.

ABM is a bottom-up systems approach and stakeholder participation produces greatly valued infor-
mation (Pahl-Wostl, 2003). However, due to the limited time of this project and the language barrier,
all necessary information will be obtained by literature review possibly obtained through collaborative
searching in Portuguese together with Ms Santos. Some of the information could only be found in
Portuguese, so an online translator tool is used for understanding the literature. With confirmation of
Santos of the correctness of the translation, eventually these sources are used as well.

Tools that are used for the implementation of the model and data analysis are respectively Netlogo
(Wilensky, 1999) and R (R Core Team, 2013), mainly because of the open source community that
supports both of these software tools. This makes them relatively easy to learn and understand on the
short term, because of the extensive online help platforms. Furthermore, Netlogo especially is suited
for this kind of research since it can easily be used for a proof-of-concept model, like is developed for
the case study. R is used as exploration and visualisation tool for the data that is generated with the
experiments in Netlogo, and is considered as one of the best statistical visualisation tools available
online.

3.2.2. Why agent-based modelling?
The system under research is a so-called ”human system” (Bonabeau, 2002) - the workforce in the
Norte Fluminense sugar industry are all individuals making decisions in their own, personal way. Other
modelling techniques for human systems, or for modelling human decision making, are purely eco-
nomic or mathematical models, or based on a scenario ”what if?” approach which does not provide
the opportunity to explore the large range of possible (future) scenarios and outcomes (Wainwright
and Mulligan, 2005). ABM is chosen because it can represent the system more realistically than other
modelling methods: the individuals in the model can exhibit complex behaviour like learning and adap-
tation, and the actions of the relevant actors of the system are irrational and thus discontinuous and
non linear, which are all features that can be included in an ABM (Bonabeau, 2002).

For the Norte Fluminense case study, and specifically for the social perspective that is used for
conceptualisation and formalisation of the model, the features that ABM enables cannot be found in
other modelling tools. The external social dimension of an agro-ISN cannot be modelled with rational
economic models; if real people are to be represented by a computer model, it is preferred that they
can behave irrational. The human behaviour modelling theory by Pahl-Wostl and Ebenhöh (2004)
for example, supports irrational behaviour by looking at the characteristics of agents, instead of, for
example, following a maximising profit formula. The benefit of using ABM is that theories like these,
and the ones that are applied to this case study, can all be combined and formalised into a single model.
Furthermore, and what might be the greatest benefit of using ABM, there are no limitations concerning
data unavailability, which is the case for this thesis. Therefore, a proof-of-concept can be made, which
can serve as a basis for other ABMs that work with more socially aware agents.

3.3. Method
The lack of knowledge on how to create socially intelligent agents (Hofstede, 2015) calls for applying
theories that have not yet been used in ABM. Therefore, the method on how to apply theory from
chapter 2 to the case study, is explained as the conceptual framework. In the following paragraphs is
explained how other approaches, outside of the 10-step ABM process, are applied.
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Indicator selection After problem formulation and actor identification (steps 1 and 2 of ABM), a com-
parison is done between different social indicators via the method of Binder et al. (2013), to pick the
most appropriate indicator for job quality. As mentioned in section 2.6, main criteria will be set up and
used for an initial selection of indicators found with a literature research of peer-reviewed journals and
books. Then, structural criteria for the indicators must be defined. Finally, a choice is made for the
most appropriate indicator.

Attention should be paid to other indicators that are not directly derived from literature research.
These will only become clear after steps 1 to 4 of the ABM process, because then the system is re-
searched sufficiently to say which indicators are important for the inputs and outputs of the model.

Human behaviour modelling The decision behaviour of the agents is modelled via the heuristics
approach of Pahl-Wostl and Ebenhöh (2004). In the first two steps of the ABM process, it becomes
clear what type of agents should be modelled, what kind of decisions they are able to make, and what is
necessary for them to make those decisions. The decisions are coupled to the most important character
attributes relevant to that decision (Pahl-Wostl and Ebenhöh, 2004). As the behaviour of the agents
will depend on the value of their attributes, literature review on behaviour of similar groups as the sugar
industry workers in Norte Fluminense will enable a decision to assign certain values. Heuristics are
made through logical thinking with the literature research of the case study in mind. In these phases of
conceptualisation and formalisation, the necessary data is gathered via online sources and if necessary
with the help of Santos.

Conceptual framework The application of the theory from chapter 2 to the case study in the first
four steps of ABM, is depicted in figure 3.2. This conceptual framework gives an overview of what is
applied to which of the following aspects of the agents: their actions, perceptions, states and decisions.
A micro and macro level is considered: micro consists of the individuals, while the macro level looks at
the society in the system as a whole.

AGENTS

Workers in the 
sugar industry in 

Norte Fluminense

INTERNAL PROCESSES

agent states
agent decisions

agents perceptions

Companies where 
the workers are 

employed

Indicators for 
measuring the 
agents states

agents 
actions

agent states

THEORY

GRASP (Hofstede, 2015)

Fields of opportunities and frames of references
(De L’Estoile, 2014)

Human behaviour modelling
(Pahl-Wostl and Ebenhöh, 2004)

Power and status theory (Kemper, 2006)

(Binder et. al., 2013)

Groups
Rituals

Affiliation
Status
Power

Reciprocity
Characteristics

Ethnographic and anthropological studies 
on the workers of the sugar industry in 

Norte Fluminense

micro level

macro level

Figure 3.2: Conceptual framework

The micro level is divided into the agents and their internal processes, with arrows in between the
internal processes and agents to indicate where the chosen actions, perceptions, states and decisions
of the agents are derived from. The current two actors, as chosen from the preliminary literature review
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from the case study in chapter 2, are the workers in the Norte Fluminense sugar industry, and the
companies where the workers are employed at. The sugar industry consists of the sugarcane farms,
sugar mills, and other industries related to the sugar industry in Norte Fluminense.

The macro level shows the method for selecting the right indicator for measuring the worker’s states.
As mentioned before, most indicators are obtained from the model conceptualisation and are thus not
picked by applying the method of Binder et al. (2013).

On the left side of figure 3.2, the theory from chapter 2 is linked to the application of that theory
at the micro and macro level of the model. The double arrows between the agents and their internal
processes can be associated with the theories that are in the same horizontal line. The ethnographic
and anthropological studies on the workers of the sugar industry in the region under study are elabo-
rated on in the next chapter, which dives into the conceptualisation of the case study. Also in the next
chapter, the agent groups, or types, actions, states, decisions and perceptions are explained.

After the system identification and decomposition, the third until the tenth step are followed accord-
ing to the ABM 10-step process (van Dam et al., 2013). Thereafter, the results are evaluated with the
current knowledge of case studies and findings done throughout the research. Insights will provide a
beginning of an understanding of the knowledge gap presented in chapter 1.





4
Conceptualising the world of the sugar

industry workforce
In this chapter, the world of the sugar industry workers - as perceived from literature - is conceptualised
with the first two steps of agent-based modelling. Section 4.1 elaborates on problem formulation and
actor identification and in section 4.2 the system is identified and decomposed. This is called the
model conceptualisation, which is formalised into a proof-of-concept model in chapter 5. The chapter
is finalised with the conclusion that answers the second model question.

4.1. Problems and relevant actors
Problem The problem that is addressed in this agent-based model is the lack of insight in how the
Norte Fluminense sugar industry workforce is affected by and affects the proposed agro-ISN in terms
of (lack of) employment, skill level and job quality. The agents that are most relevant in this aspect are
the current sugar industry employees (workers), the companies they work in, and the workers union in
Norte Fluminense. The timespan that is addressed is from 1999 to 2040, because of collaboration with
Ms Santos and the availability of historical data.

A two-way focus is used: (1) from individual to society (social and socio-psychological), and (2)
from society to the individual (macroeconomic). The first point of focus is on human decision-making
processes influenced by their relevant characteristics, the relationships between the different agents,
and their resulting actions from those character traits and relations. The second point focuses on the
external market effects on the employers and their decision to hire or fire someone, and the effect of
hiring and requalification subsidies.

Emergent patterns The combination of the sugar industry that is in decline, the violation of good
labour conditions by sugar supply chain companies and the low education level of the sugar industry
workforce brings us to the following observed emergent pattern of interest: the sugar industry workers
are ’trapped’ in their jobs (Chase, 1999) and do not have the opportunity to obtain a better job, which
is defined by the job quality and skill level required for that job.

It is proposed by Santos to revitalise the sugar industry in the long term with an agro-ISN. For the
exploration of different configurations of subsidies and social attributes, two main scenarios are chosen
in which the only differences are the number and type of companies:

• The reference scenario of the current situation: with sugarcane farms, and sugar and ethanol
producing mills; no subsidies are supplied for hiring or requalification.

• The proposed scenario: with sugarcane farms, sugar and ethanol producing mills, and other in-
dustries (adhesive manufacturers, effluent treatment and biogas production plants, and cosmetic
wax producers), and in 2013 also biorefineries; subsidies can be supplied in different fashions for
hiring and requalification.
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Initial hypothesis In the proposed scenario, the desired emergent pattern of interest, or initial hy-
pothesis, is that the workers are able, and will to switch to a better job, again defined by the job quality
and skill level. Furthermore, it is expected that the overall job quality of the employed jobs rises, the
agro-ISN is able to fill their jobs with locals and the worker’s perception of their own status and power
increases.

This is the kind of emergence imposed by rules that force the model to produce these results.
However, this desired outcome is then influenced by the social interactions between all agents and
characteristics of the workers. This is the mechanistic representation of the adaptive behaviour of
individuals.

Whose problem are we addressing? The targeted decision-makers are the policymakers respon-
sible for the proposed agro-ISN. Questions that can be asked in this regard are: should we promote
this proposed agro-ISN with requalification and hiring subsidies, and if so, how do the social interac-
tions between the workers, union and companies and worker characteristics influence the foreseen
outcomes?

The second targeted decision-makers are the companies. In the model, they are not able to make
decisions like the policy makers aforementioned but their decisions are already made for them. There-
fore, a short explanation of the questions that they could have in this regard is given.

Questions that can be posed by the companies are: how do we benefit from providing a better job
quality for the workers, and why would we prefer to hire local people from the current sugar industry?
The first part of the question can be answered theoretically by consulting Diener and Seligman (2004),
in their research towards an economy of well-being. Here, they state that employees who experience a
high level of well-being have a better working performance than employees who experience a low state
of well-being. This includes helping colleagues at work in various ways and having better social rela-
tionships in general. The level of well-being is less frequently coupled to income, and more commonly
determined by work satisfaction and social relationships (Diener and Seligman, 2004).

About the second part of the question, local growth has significant positive effects on labour markets
(Bartik, 1991). A sudden job increase allows the local workers to develop their employment experience,
which improves their long-term market success. This can be perceived as beneficial for the companies
because of the availability of adequately skilled workers for their vacant jobs.

Agents There are three types of agents in this system. The sugar industry workers, initially working
at sugarcane farms, sugar mills and other industries currently in the sugar industry in the region. In a
later stage, they can be potentially working at the biorefineries and other industries involved in the ISN,
the latter which are producing adhesives, biogas, cosmetic wax, and treating effluent. The second type
of agents are the companies where these workers are employed. The third agent type is the union in
Norte Fluminense: SISERJ.

Our role As the modeller, my role is to explore the possibilities of an ABM to simulate more realistic
agents by involving social and psychological aspects, concerning the case study.

4.2. The system - decomposed
The world of the sugar industry workers, from now on simply called the workers, exists mainly around
the place where they work: in the settlements or towns around the farms or mills. Labour on the farms
can be manual or mechanized, as is decided by the farm. A typical sugar industry worker is male,
18 - 25 years old, has received education for 0 - 4 years when working manually on the farms or 8
- 11 years of education when operating mechanized harvesters, and is most likely a seasonal and/or
migrant worker (Rocha et al., 2010). The two parties that are most influencing their employment, skill
level and job quality, are the companies the workers are (potentially) employed in, and the union that
continuously strives for improvements in labour regulations or so-called ”rights” of the workers (Sigaud,
2008). There is only one sugar industry workers’ union in Norte Fluminense: SISERJ, Sindicato da
Indústria Sucroenergética do Estado do Rio de Janeiro, or Sugarcane Industry Union of Rio de Janeiro
State.

Throughout history, the exercise of power of the sugarcane farms and mills owners have dominated
the lives of the workers (Sigaud, 2008). As former slaves, or moradores, the workers lived and worked



4.2. The system - decomposed 31

on the farms that initially also produced sugar. Later, the production of sugar was centralized in usinas
(sugar mills), which resulted in a relative loss of power of the farm owners (Sigaud, 2008). At this time,
more rights were obtained for the sugar workers, and to avoid to comply with those new regulations,
some workers were sent away from the farm to live in towns nearby. In most of these cases, the
workers continued to work on the same plantation as clandestinos, still, or now without any formal
contract (Sigaud, 2008). Another method for the companies to avoid regulations, and which often was
associated with slave-like labour conditions, was to hire gatos (Coslovsky and Locke, 2013). They are
middlemen for recruiting workers, who provide the right amount of workforce on demand. However, this
practice was banned under the National Commitment, an agreement between companies and unions,
and thus will not be taken into account.

The words that are used in the daily lives of the workers are analogous to the past: cativeiro (cap-
tivity), used to describe the contemporary work conditions on the farms; liberto (free), used to describe
the worker’s feeling when they could live in a town; and cativo (captive), which means ”designated
unconditional submission to the boss”, all remember the time slavery officially existed (Sigaud, 2008).
The current, still existing big differences in power and in enacting power are nowadays investigated by
amongst others private auditors and inspectors of labour conditions. For the simplicity of this model,
this control is performed by the union by having workers report their complaints to them.

The outline of the sugar industry sector transforming to an agro-ISN was established by applying theo-
ries for social interactions between the workers, companies and union that lead to the decision making
of those workers. The big differences in power and status are used for representing the social interac-
tions of the agents in this model, explained in section 4.2.1 as their perceptions. To make the model
more realistic, the commitment and trust of the workers are included to influence the choices that they
can make, these are elaborated as their characteristics. The two other agent types in the model are the
companies and the union, respectively explained in section 4.2.2 and 4.2.3. Furthermore, the concept
of a job and training is described in section 4.2.4. All possible interactions between the agents and
thus the choices they are able to make are elaborated in section 4.2.5. The policy instruments that will
be tested and the criteria that measure the outcomes of the model are explained in section 4.2.6. The
environment where the agents exist in and its external variables are outlined in section 4.2.7.

4.2.1. Workers
Perceptions - group identity, affiliations, power and status All agents have perceptions of their
own and other’s power and status, which can be insufficient, adequate, or excessive. In the current
situation, these perceptions are as shown for the power and status respectively in Table 4.1 and 4.2.

Table 4.1: Initial power perceptions of the agents

Power
other

self workers companies union

workers insufficient excessive insufficient

companies adequate adequate excessive

union insufficient excessive insufficient

The perceived own power and status of the workers and the union is insufficient; the workers find
they do not receive enough respect from their company, who makes them work hard for little benefits.
Furthermore, the workers do not have the power to make the others comply with their wishes, such as
receiving a piece of land where they can work on themselves at the moment they want to (Sigaud, 2008).
The union initially has no influence over the companies and thus feels a power deficit; the union’s status
is insufficient because they do not get any attention from either the workers or companies. The workers
and union perceive the company’s power and status as excessive, because of the same reasons their
own power and status are insufficient. The companies think their own power and status are of adequate
level, as they choose not to act on the power and status deficit that the workers perceive of themselves.

As explained in section 2.7.1, a status deficit causes agents to obtain formal attainment according
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Table 4.2: Initial status perceptions of the agents

Status
other

self workers companies union

workers insufficient adequate adequate

companies adequate adequate excessive

union insufficient excessive insufficient

to universalistic criteria or to appeal to norms of justice. A power deficit provokes agents to reduce
their dependency of the one with excessive power, or to build a coalition. These actions are explained
in section 4.2.5. Through these actions, the power and status relationships can change: with each
interaction, one’s power and status can remain the same, increase, or decrease.

The emotions resulting from a certain power-status relationship are explained in section 2.7.2.
These emotions can be used to indicate how the agents feel in the particular situation they are in.

Other types of perceptions that the agents are experiencing are the perception of friendship, which
is related to reciprocity, their field of opportunities and frames of reference. Workers can be ”friends”,
as explained by de L’Estoile (2014), with either the company they work at or the union. As explained
in section 2.7.3, the friends determine largely the fields of opportunities; the union gives opportunities
to improve work conditions and to acquire skills, while companies provide better job opportunities.

Characteristics The most important attributes of the human behaviour modelling theory of Pahl-
Wostl and Ebenhöh (2004) (section 2.7.4) are chosen on the basis of the worker’s decision problems.
The decision problems of the other agents, the companies and the union, require a different kind of
incentive and have a much more straightforward method of decision. The companies, for example,
need enough employees and only comply with more regulations when they are forced to. The union
has the goal to obtain the best labour conditions for the workers as possible and will make every decision
based on this. Because the workers have to make choices concerning their employment - see section
4.2.5 for the actions they can perform - commitment and trust of others are thought to be the most
important attributes. The workers will have a level of 0.0 - 1.0 in terms of these attributes, and on the
basis of the heuristics that are developed in the formalisation phase (chapter 5), choices will be made
for the levels of these attributes.

4.2.2. Companies
Companies can be a sugarcane farm, sugar mill, biorefinery or other industry; the latter is a collective
name for companies that are already a part of the sugar industry in Norte Fluminense or are in a later
stage founded as an addition to the agro-ISN. The company agents include their decision-makers like
managers and owners, and thus all decisions are made by the company itself. Each company has
a certain number of jobs that can be filled by employees, if the job is not filled, it is considered as a
vacancy. More on the concept of jobs is explained in section 4.2.4.

Interaction with the technical model The only factors from Santos’ technical model influencing this
social model are the number of companies over time and the number of jobs at each company, which is
a set number for the whole time period. From 1999 to 2013, the number of mills goes from 9 to 3, which
is obtained by Santos from historical data. The number of farms stays the same throughout the time of
the model; from historical data, there are 5500 farms, but this number is reduced to 550 to improve the
computation time of the model. The number of jobs per company is also determined by Santos, and
obtained from historical data and computed by the processing capacity of the companies.

The interaction of this thesis’ model with the technical model includes the productivity of the com-
panies, which is in turn influenced by the number of jobs that are employed at that company and by the
occasion of a strike. More vacancies result in a lower productivity; a strike also lowers the productivity.
The final productivity is translated into the processing capacity of the companies in Santos’ model.
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4.2.3. Union
There is one agent of the union type; which represents the only union for the sugar industry in Norte
Fluminense: SISERJ. The agent includes all decision making of the union. The rate of workers that
is union member could not easily be found because the search had to be conducted in Portuguese.
However, the unionised rate of workers was determined at 37%, as guestimate of a compilation of
information (Arbache, 2008, e.g.). Afterwards, a number of (trade) unions of the sugar and alcohol
industry in Brazil were contacted via email: SISERJ, SINDAĊÙCAR, ALCOPAR, FERAESP, amongst
others. Although the unions responded, different numbers for different years were found in the sent
and recommended literature for the union membership rate in the sugar industry in 1999. Therefore,
the unionised rate of the workers is kept at 37%.

4.2.4. The concept of a job and training
The world of the sugar industry workers contains two types of concepts: jobs and training. The com-
panies have jobs which can be occupied by workers if they are adequately qualified; workers can be
either employed when they have a job or are otherwise unemployed. When subsidised by the govern-
ment, requalification training, or simply job training, is organised by the union. These two concepts are
explained in the following paragraphs.

Job concept Jobs can belong to different types of companies and are different per type of company.
A job is defined by the skills that are required for that job and the resources and demands the company
chooses to supply to or require from the workers. It is assumed that each company only has one kind of
job for their employees; i.e. all the jobs at the mill require the same skill and have the same resources
and demands.

The resources and demands of a job are used to measure the incidence of job strain, which in turn
is one of the three dimensions of job quality by the OECD (2014). The composite indicator of job strain,
which means the workers face a situation with more job demands than the number of resources they
have at their disposal, is depicted in figure 4.1. If job strain is experienced, it can be a measurement of
the number of jobs that are harmful to one’s health. This indicator is chosen according to the method
explained in chapter 3; an overview of the main criteria used and an initial selection of indicators can
be found in appendix A.

Figure 4.1: Job quality (OECD, 2014)

Training concept A successful method for requalification of the sugar industry workforce is the Pro-
gram for Retraining Sugarcane Workers, or RenovAcão (UNICA, 2010). This program was organised
by the Brazilian Sugarcane Industry Association (UNICA), the Federation of Salaried Employees of
the State of São Paulo (FERAESP) and supply-chain companies, and financially supported by the
Inter-American Development Bank (IDB). RenovAcão was initiated because of the mechanisation of
sugarcane production; for each harvesting machine, 80 employees are replaced. Two types of retrain-
ing were organised: for positions in the mechanized sugarcane farm, and for work in other agricultural
services and in the industrial and urban sector. The training programs are designed in a way that the
workers continue to earn wages, to ensure they participate in all the lessons and workshops.
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For the case study, training is conceptualised with RenovAcão as an example, potentially funded
by governmental or other institutions - which is not defined because it lies outside this thesis’ scope.
Similar is that workers can participate in a training program whilst having a job, and it is assumed
that the trainings, which are for obtaining general skills for the agro-ISN supply chain, are successfully
completed by every worker. The program can only be initiated when the union receives subsidies.
Because the subsidies are specifically aimed at requalifying the workers in the current sugar industry
for the proposed agro-ISN, no subsidies will be provided in the reference scenario.

4.2.5. Interactions - rituals
All internal processes and interactions shape the worker’s fields of opportunities; this occurs in the
’mind’ of the agent. The following actions of the workers can be seen as the typical rituals that are
performed to act on status or power deficit.

Social interactions The social interactions between companies, workers and unions give the workers
a perception of the power and status of his or her self. As mentioned before, the agents start with a
perception of themselves. Over time, the agents exercise power on and confer status to other agents
which changes their perceptions. Furthermore, actions that are perceived as status rewarding can lead
to ”friendship” between the actor that received the status conferral, and the actor who conferred status.

Internal processes Inside the ’mind’ of the workers, or their unconsciousness, workers have a per-
ception of their own level of power and status. Every tick, this is updated with help from a memory:
the workers remember if they have been hired, for example.

Actions and interactions The worker’s fields of opportunities are defined by their perception of their
own status and power. When workers perceive a status deficit, they can act on this by joining a strike
(normative appeal) or applying for training (formal attainment according to universalistic criteria). A
power deficit is acted on by applying for a new job (dependency reduction) or joining the union
(coalition-building) (Kemper, 2006). Depending on their deficit of status and/or power, different oppor-
tunities present themselves. With the help of heuristics and thus the workers’ level of commitment and
trust of others, the workers are able to make a decision on which action to take, as explained in chapter
5. Trust of others is further on simply called trust.

Further actions of the workers include the possibility to report complaints about their job quality to
the union. The companies have the possibility to hire or fireworkers. The union can negotiatewith the
companies about the quality of the workers’ jobs, and are able to requalify workers when they receive
requalification subsidies.

4.2.6. Policy instruments and criteria
The input and output of the system are respectively the policy instruments and criteria that are tested to
explore the options of this proof-of-concept model. One of the policy instruments already mentioned is
subsidising the union for a requalification program, the other instrument is subsidising the companies
to be able to hire from a bigger range of workers in terms of skill level.

The criteria that are used to measure the effects of the policy instruments are the vacancies (the
percentage of jobs that are not filled), the unemployment (the percentage of workers without a job), the
job quality (the percentage of the incidence of job strain), the average skill level, and the number of
workers that feel a status and power deficit, or are satisfied with their status or power (adequate level
of status and power).

4.2.7. Environment
The environment where the workers, companies and union exist in is determined by variables from
Santos’ model: the number and type of companies, for the farms and mills from historical data, the
number of jobs per company, and the market forces which can make companies go bankrupt or start
operating again. Furthermore, the environment enables all the interactions between the companies,
the union and the workers.

From the environment and the actions of the agents is concluded that the most logical time step
is one year or one harvest season. This is the same for Santos model and seems realistic since
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actions include applying for a job and obtaining training for the workers, hiring for the companies, and
negotiating for the union. These actions take time and are most likely to happen within one year.

The system, its decision-makers and their instruments to reach their objectives measured by the criteria,
the other stakeholders, and external variables are shown in figure 4.2. This diagram represents the
visual conclusion of the system identification and decomposition.

4.3. Sub-conclusion
Answered with insights from chapter 3 and the current chapter is the second model question: How are
the social behaviour models or social theories applied in the case study?

The 10-step ABM process involves a system identification and decomposition step, in which the Norte
Fluminense case is investigated thoroughly with anthropological and ethnographic studies. All rele-
vant aspects involving the employment of the sugar industry workers are tried to be touched on and
decomposed into useful agents, objects, states, actions and interactions for the model. The theories
as explained in chapter 2 are applied throughout the identification and decomposition of the system.
For all the identified relevant (inter)actions that occurred in the history of the sugar industry workers, a
connection is made with the theories. For example, the power and status theory argues that there are
certain actions one can take when they perceive a power or status deficit (Kemper, 2006). Since the
theory explains clearly when people feel such a power or status deficit, this is identified for the agents
under research. In addition, there are plenty actions one could take to increase their perception of their
own power or status as elaborated by Kemper (2006), and they are easily relatable to the case study.

The theory of frames of references and fields of opportunities was by de L’Estoile (2014) derived
from studying a very comparable case in Brazil. Therefore, this theory was by definition already applied
to, at least, a very similar case study. However, conceptualising the theory into a valuable proof-
of-concept for the case study required combining the theory with the actions for obtaining adequate
power and status. The frames of reference of the sugarcane plantations were used from the theory
of de L’Estoile (2014), in which is explained that the workers can be either ”friends” with their boss or
their union. This influences the status and power acquiring actions one can take, which are seen in
this model as the worker’s fields of opportunities, partly enabled by the ”friends” they have.

Finally, the human behaviour modelling theory of Pahl-Wostl and Ebenhöh (2004) is applied in the
conceptualisation of the system. The theory identifies nine different attributes a person can have for
themselves and about others: cooperativeness, fairness concerning others, conformity, fairness con-
cerning me, positive reciprocity, negative reciprocity, risk aversion, commitment and trustworthiness.
From these the most important and most applicable two are chosen: commitment and trust of others,
the latter which is the trustworthiness of other people. These two were perceived as the most influenc-
ing attributes the sugar industry worker can have regarding their choice of action that is within their field
of opportunities. Trust is mainly chosen because the desired emergent pattern of the model is that the
workers have the ability to switch to a better job, defined by job quality and skill level. Trust is needed
for people to make a big change in their life, like changing jobs. Commitment is chosen because the
workers may have a certain degree of commitment towards their ”good” bosses, and may not be willing
to give up their loyalty in return for what is here defined as a better job.
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Figure 4.2: System diagram
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Model implementation

Even though so much is yet undiscovered on the subject of modelling socially intelligent agents, the
choice is made to go beyond the conceptualisation phase and to formalise and implement the model.
Model implementation enables exploration of the concept; it provides material for a proof-of-concept.
This chapter consist of the formalisation of the concept (section 5.1) and model (section 5.2). The im-
plementation of the model into Netlogo is briefly elaborated on in section 5.3. Thereafter, it is verified
in section 5.4 that the model does what it is intended to do. This chapter is concluded by answering
the second research sub-question in section 5.5.

As with most ABMs, the purpose of this model is not to perfectly describe reality but to better understand
the interactions and the possible scenarios. To be able to do so, a lot of assumptions have been made
to design the system into one that is understandable by the software used. The full list of assumptions
can be found in appendix B.

5.1. Formalising socially aware agents
The concept must be formalised into data structures that the Netlogo software can understand. All
the states of the agents and objects, and which value they can have, can be found in appendix C. All
states and actions of the agents and the states of the objects are respectively shown in figures 5.1 and
5.2. The full overview of states and actions of the model can be found in appendix D. For the most
important state variables and the non-obvious ones is explained in the following paragraphs why they
are formalised as such. In the following sections, the (inter)actions of agents are written in a bold font,
and the states of the agents or objects are written in italic font.

Floats Floats are numbers with decimals, and the following states of the agents and/or objects are
formalised as such. Skills are measured on a scale from 0.01 to 1.00; all jobs are the same per com-
pany, and with the requalification training the workers can obtain general skills, applicable for all jobs
in the agro-ISN. This formalisation allows compatibility for all jobs and provides a big enough range for
measuring differences in skill levels. The skills are also variables for the training - the skills that are
added; and for the jobs - the skills that are required for that job. An important assumption here is that
all jobs are the same per company type (appendix B, assumption 7).

Status and power is measured on a scale from -1.0 to 1.0, with steps of 0.1. The negative values
represent a status or power deficit at the point of a deficit threshold, and above that threshold an
adequate level of status or power (appendix B, assumption 11). Each worker can gain or lose status
and power each year, how much is determined by input variables. The mechanisms that determine
when workers lose or gain status and power are explained in section 5.2; with these mechanisms
is simulated that changes do not occur within only a few years, as described in the literature on the
history of the sugar industry in Brazil. As explained before in chapter 4, the level of commitment and
trust of others of the workers is a random number between 0.0 and 1.0; Pahl-Wostl and Ebenhöh
(2004) recommend this type of formalisation, as well as assigning a high and low level to the attributes.
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Workers
states

actions

skills [float]
status [float]
power [float]
commitment [float]
trust-of-others [float]
company-friend? [boolean]
union-friend? [boolean]
join-strike? [boolean]
opportunities [list]
demands-last [integer]
resources-last [integer]
demands-now [integer]
resources-now [integer]
skills-last [float]
number [integer]
fired? [boolean]
hired? [boolean]
apply-training [boolean]
job [object]
training [object]
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update-perceptions
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Union
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current-resources [integer]
current-demands [integer]
desired-resources [integer]
desired-demands [integer]
complaints [integer]
negotiation [integer]
trainings [integer]
training [object]

requalify-workers
negotiate

Companies
states

actions

technology [string]
strikes [integer]
productivity [integer]
vacancies [integer]
bankrupt? [boolean]
operating? [boolean]
jobs [object]

hire
fire

Agents

Figure 5.1: States and actions of the worker, company and union agents

Jobs
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skills-required [float]
resources [integer]
demands [integer]
employee [integer]
applicant? [number of agent]

Training
states

trainee [number of agent]
skill-added [float]

Objects

Figure 5.2: States of the objects
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For this again, thresholds are made for the high and low levels of the worker’s attributes (appendix B,
assumption 23).

Integers Integers are whole numbers, in the model used for counting the number of an occurrence of
something: for the companies the strikes they have had and their number of vacancies, for the union
the complaints they receive from the workers and the times they have been in negotiation with the
companies.

The resources and demands of the jobs are variables of the jobs but are also measured by the
union (current and desired), and by the worker (from the current year and the year before that). These
are all formalised as levels of 0, 1, or 2. The 0 for the resources can be seen as no work autonomy
and no learning opportunities, 1 represents that there is work autonomy in the job, and 2 means work
autonomy and learning opportunities available. The measure of good workplace relationships is left
out: this cannot be guestimated with the literature that is available. With 0 demands, the job does apply
time pressure or physical health risks on the workers, 1 demand means that the workers that occupy
that job do experience time pressure, and 2 demands add the physical health risks to the time pressure
that workers experience.

Booleans Almost all the other variables are booleans: these are always either true (yes) or false (no).
For example, when a worker is a member of the union, then the variable company-friend? is true.

5.2. Model narratives
The general actions the agents in this model undertake are depicted in the flowcharts in figure 5.3.
The actions per agent are explained as model narratives in the following paragraphs, and all of the
flowcharts for all specific actions can be found in appendix E.

Workers Workers start with perceiving their level of status and power, which results in a combination
of a few or all of the following opportunities: apply for training, apply for a job, strike, or join the union.
These opportunities can be seen as a list of actions they want to undertake to increase their status
and power. When the workers feel their status and power are adequate or excessive, and they are no
friends, or member, of the union, they become friends with their company. Next, the workers make a
decision on what action they are going to undertake, based on whether they are friends with the union,
friends with their company, or friends with no one, their level of commitment and trust of others, and
the resources and demands of their job.

All the different pathways that workers can follow depending on the before-mentioned variables,
are modelled as heuristics (Pahl-Wostl and Ebenhöh, 2004). The worker can only act if the chosen
action is in their list of opportunities, otherwise, he or she continues with the same as before, i.e. no
action is undertaken. When the agent applies for a job or training, the respective company or union
decides whether the agent is hired or not, or if they are accepted for the training or not. Workers can
only apply for jobs that require the same or lower level of skills as they have. Workers that are friends
with the union and have less resources than demands in their current job, have the chance to report
their complaints to the union. When more than 50% of the workers of a certain company want to join
a strike, the strike is initiated and the company does not operate or produce anything for one year.
This 50% mark is an assumed value, derived from experimentation with the model with the aim to most
realistically represent the timing of the strikes.

At the end of action-sequence of the workers, their perceptions are updated according to a com-
parison of the demands and resources of their last job and current job, the skills they potentially gained,
and whether they have been hired or fired in that year. Finally, their memory is updated, which consists
of their skills, demands and resources of the current year and the year before that.

Companies Companies try to fill all of their vacancies by hiring workers, but are only able to do so
if agents are applying (appendix B, assumptions 2, 20 and 21). When a company cannot find anyone
for a job, it stays vacant, and the company’s productivity declines. The productivity of a company is
defined by the number of occupied jobs times the skill level required for those jobs, times the productivity
weighing for the specific company type (appendix B, assumption 6). A 100% productivity is reached
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Figure 5.3: General actions of the agents
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when all jobs in the company are occupied, from this and the skill level required for those jobs, the
productivity weighing has been calculated.

Hiring subsidies can help fill the vacancies (appendix B, assumption 17). The number of jobs that
a company can fill with the hiring subsidies is calculated by the percentage hiring subsidies times the
total jobs at that company. Now, the company has an increased range (10%, an assumption) of who
they can hire, which means that the company can even hire workers with a slightly insufficient skill level.
The worker’s skill level will increase by being hired with hiring subsidies; he or she learns on-the-job.

Market forces from Santos’ technical model, here the external variables, influence when a company
goes bankrupt. In this occasion, all employees are fired. The same market forces can determine if a
company starts operating again, which would mean that it has to try to hire workers for all their jobs.

Union Without any subsidies for requalification of the workers in the farms and mills, the union only
keeps track of the complaints that are reported by the workers. When more than 50% of the workers
have reported complaints, they start negotiating with the companies. This threshold of 50% is based
on try-outs with the model, after which this percentage is chosen because it seemed to take an adequate
time before the union starts negotiations. Firstly, the union tries to lower the demands of the jobs for
each company. The company complies with lowering the demand with one level if they experienced at
least one strike. The second time there are more than 50% of the workers reporting complaints - this
number is reset after negotiation - the union demands that the resources of the jobs of each company
are increased. Again, the company will comply with increasing the resources with one level if they
experienced at least 2 strikes. The third time, the union tries to decrease the demands again and the
fourth time to increase the resources.

With requalification subsidies, the union can organise trainings where workers can increase their
skills. The number of trainings the union can supply is the percentage of subsidies times the total
number of farms and mills jobs. Workers go to training while they have a job.

5.3. Model implementation
The model is programmed in Netlogo, see the SVN server for the full model code1.

5.4. Verification
Multiple checks and tests are performed to see whether the model does what it was intended to do
according to the conceptualisation and formalisation. The following tests are elaborated on: recording
and tracking agent behaviour, single-agent testing, breaking the agent, time-line sanity check, and
multi-agent testing. The latter includes analysis on the variability of the model outputs with the settings
of the proposed scenario.

Recording and Tracking Agent Behaviour

• By recording the inputs, states and outputs of agents and comparing them with what should
happen following the flowcharts, is confirmed that the agent’s states are changed and updated
correctly.

• By creating a log of the input and outputs of each of the internal processes of the workers and
comparing them with what should happen following the flowcharts is confirmed that the agents
follow the correct decision pathway.

Single-Agent Testing With this method, you compare the inputs, internal processes and outputs of
single agents and objects with a theoretical prediction. In this case this prediction is obtained from
the flowcharts, that represent all actions and interactions that are happening in the system. For the
actions that influence the agent’s internal processes and outputs is checked whether these numbers
correspond:

• A single worker’s perceptions and opportunities: with an adequate level of status and power,
low commitment level and high level of trust of others, and no friends with the union: the worker

1https://svn.eeni.tbm.tudelft.nl/IgorNikolic/education/students/FrederiqueDeGroen/thesis/model
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becomes friends with its company. The worker has the opportunity to apply for training or a
job, and eventually applies for training every tick. His or her skills increase eventually to 1 (the
maximum) and his or her status increases with 0.1 per year. → confirmed

• The update of a single company: with only one worker employed out of 10, it has a productivity
of 10% → confirmed

• The negotiation of a single union: the negotiations continue until the resources of the jobs
are bigger than the demands of the jobs; the workers stop striking when they experience more
resources than demands. → confirmed

• Strikes at a single company: companies that experienced a single strike will always have strikes
every year. Workers were continuously participating in strikes when they had certain character-
istics, friends and status and power. This is resolved by changing that the workers do not strike
anymore when they no longer experience job strain. → solved

Breaking the agent By setting all parameters and thresholds to the maximum, you try to break the
agent or the system. This results in that all workers follow the same decision pathway; they all stop
being a member of the union. → confirmed

Time-line sanity check The scenario is build for 41 ticks, or years; from 1999 to 2040. To check
whether there are no emergent patterns or cyclical behaviour over a much longer time than the modelled
time-space, the model is run with 200 ticks, or 200 years. As an example, see figure 5.4. Also for the
rest of the outputs and indicators like average trust and number of strikes, it is confirmed that the
outcomes stabilize within the expected time (41 years, 41 ticks). → confirmed
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Figure 5.4: Timeline sanity - percentage vacancies

Multi-agent testing By testing the whole model it can become clear that some expected patterns are
(not) there. A test with an insufficient number of workers proves that the productivity is indeed lower
when there are not enough people to fill all the jobs. There were less than 300 workers for 400 jobs,
and productivity dropped under the 90%.

Furthermore, the variability of outputs can be measured and evaluated when testing the full model.
An example is shown in figure 5.5 to demonstrate that there are no big outliers, which is expected with
the inputs of the tested model. Again, this also accounts for the following other output variables: the
standard deviation for average status, average trust, average commitment and average skill level is
between 0.01 and 0.08. The standard deviation for percentage vacancies, average productivity and
job strain of the employed jobs is above 1. Again, this is expected, because of the sudden jump from
0 to 20 biorefineries (figure 5.4), the resulting decline in productivity, and the desired decrease in job
strain.
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While conducting experiments, a mistake was found in the code. The status and power were in-
creased instead of decreased when workers were fired. This happened because of the wrong im-
plementation of updating the worker’s perceptions. When the workers supposedly decreased their
perception of status and power below 0, which was the case for almost all workers, the status and
power would be updated to 0. This means an increase in status and power for all of those workers.
This is fixed by replacing the 0 with a -1; the workers cannot have a status and power lower than -1.
This was the initial idea of the function to update the worker’s perceptions but wrongly implemented.
This has caused some delay, unfortunately, because all experiments had to be run again.

5.5. Sub-conclusion
The second research sub-question can be answered with the current and the two former chapters:
What is a possible method to simulate the effects of an industrial symbiosis network on the local work-
force, and vice versa?

Agent-based modelling is chosen as the tool to simulate the effects of an ISN on its local workforce
and vice versa. The ABM made for this thesis attempts to represent the people under subject, the
sugar industry workforce of Norte Fluminense, as social human beings. These workers live in a world
which is - in their ’mind’ - made out of perceptions of power, status, frames of reference and fields
of opportunities. Furthermore, the human side of the workers is represented by their attributes, or
character traits; all workers have a certain level of commitment and trust. The actions and interactions
of the workers with the union and the companies are all determined by their perceived level of power,
status, commitment, trust, and fields of opportunities.

The companies in the model are much more simplified than the workers. Their decisions are solely
based on their aim to fill all their vacant jobs with current sugar industry workers, of which the success
of filling these jobs depends on the worker’s applications. Since the companies are in a system with
only the local current sugar industry workforce, the decision for hiring only locals is already made for
them. The choice that is made to not include non-local workers arose from Santos and Magrini (2018)
their proposal to sustainably develop the region, which is assumed to also include the workforce in that
region.

As the companies, the union is also more abstractly represented than the workers. They act on
their aim to improve the working conditions for the sugar industry by negotiating with the companies
about a decrease in demands and increase of resources. The union negotiates with the companies
when the number of complaints from the workers has reached a certain threshold; the achievements
of the negotiations depend on whether and how many strikes the companies have experienced.

Agent-based modelling, especially for this kind of proof-of-concept model, implies that the effects
of the agro-ISN on the workers and vice versa will be measured with emerging patterns. These can
include all the states of the agents: the worker’s trust, commitment, power, status, skills, and job strain;
the companies vacancies, productivity, strikes, and the union’s negotiations, number of complaints
received, and requalification trainings given.

Overall, this thesis presents a possible method to simulate the effects of an industrial symbiosis
network on the local workforce and vice versa. However, it is noted that this is only one of the many
ways to interpret and conceptualise the real-world system under study.
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Exploration and experimentation

The seventh step of the agent-based modelling process is described in this chapter, which starts with
a paragraph explaining the initial set-up of the experiments. Thereafter, in section 6.1, the aim of the
exploration and experimentation is made clear, as well as the input parameters and the relevant output
variables. Furthermore, the time frame, scenarios and scenario space that are explored are elaborated
on. In section 6.2 is explained how exactly those scenarios and scenario spaces are explored. The
experiment designs is discussed in section 6.3. A short explanation of the data analysis is given in
section 6.4, of which the resulting emergent patterns are elaborated on in chapter 7.

Initial set-up This thesis’ social model is constructed with expectations of an external input of the
number of companies per year, which type of companies and how many jobs are available per company.
To be independent of Santos, these inputs are simulated in the model. Therefore, from 1999 to 2013,
the number of farms and mills is equal to that of Santos’ model. From the start of the model, 1999, it is
assumed that then other industries already exist.

Initially, companies going in and out of operation or going bankrupt and being founded was simulated
very static. Only in 2013, there were 20 biorefineries founded. Furthermore, there was the option of
forcing a random company to go bankrupt every year which consequently led to them firing all their
employees. This resulted in a modelling artefact: these companies only went ”bankrupt” for one year
and started operating again the next year, in which they hired again the needed workers.

After exploring this set-up, it became clear that the artefact and static in- and out-going of operation
of the companies did not simulate the expected dynamics from Santos’ model and her thoughts of the
expected future. Thus, a new company dynamic was brought into experimentation. The years from
1999 to 2013 are the same concerning the initial set-up. However, from 2013, a dynamic is created to
simulate semi-randomly the bankruptcy of farms, biorefineries and other industries, and the foundation
of biorefineries and other industries. The semi-random formalisation (appendix B, assumption 24) for
this company dynamic can be found in appendix G. The mills do not go bankrupt because without those
there would not be any feedstock for the agro-ISN. The general trend of the company dynamics can
be seen in figure 6.1, of which the number of farms is divided by ten to show more clearly the change
in the number of mills, other industries and biorefineries. Figure 6.2 depicts the number of farms, mills,
other industries and biorefineries over time in a single run, as an example.

The number of jobs per farm and mill is equal to those of Santos and Magrini (2018), the number
of jobs per other industry and biorefinery is guestimated: respectively 10 and 20 per company. This
number is not based on real data because the model is made as such to receive the number and
types of companies and number of jobs per company as input. This will be the case when the model is
combined with, for example, Santos’ technical model. The sources for the historical data on the number
of mills and farms can be found in appendix F.

This chapter includes elaboration on the experiments that are done with the two scenarios as dis-
cussed above: the initial, static company scenario and the second, dynamic company scenario.
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Figure 6.1: The number and type of companies over time in the more dynamic company scenario, 900 runs.
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6.1. Aim of the exploration and experimentation
The aim of exploring this model is to run experiments that produce data that is useful for gaining insights
into the model and research questions. Especially, how the Norte Fluminense sugar industry workforce
is affected by and affects the proposed agro-ISN in terms of (lack of) employment, job quality and skill
level. To investigate these variables, the outputs of interest are:

• Percentage vacancies of the companies; i.e. jobs for which the company cannot hire anyone.

• Percentage unemployment; the part of the workers that do not have a job.

• Percentage job strain of employed jobs; the part of the total number of employed workers who
experience job strain, i.e. when the job requires more demands than the resources it offers.

• Average skill level; the average level of the skills of the workers.

• Average power; the average perception of the workers’ own power.

• Average status; the average perception of the workers’ own status.

Additional outputs of interest for further research, but for now outside the scope of this thesis, could
be: the percentage job strain of the total jobs, i.e. the part of the all the jobs in the system for which the
workers would experience job strain; the percentage secure workers, i.e. the part of the workers that
feel they have adequate power, which results in feeling secure; and the percentage satisfied workers,
i.e. the part of the workers that feel they have adequate status, which results in feeling satisfied.
Furthermore, the model allows for a large set of thresholds and parameters to have different values.
The input variables that is experimented with, and the range in which the experiments are performed,
are:

• The number of workers in the model, with a 100% being the initial number of jobs available in
1999: 0 - 200%.

• The percentage workers that is initially a union member: standard set at 37%.

• Height of the requalification subsidies: 0 - 100%.

• Height of the hiring subsidies: 0 - 100 %.

• Subsidy options: both always on or off with different levels of subsidies, 4 years on / 4 years of
for both subsidies in phase, 4 years on / 4 years of for both subsidies out of phase, exponential in-
crease of both subsidies, exponential decrease of both subsidies, randomly distributed subsidies
over 20% of the time, random height of the subsidies every year.

• All workers have an initial power and status deficit: standard true.

• Thresholds:

• Power of the workers is insufficient at: -1 - 1.

• Status of the workers is insufficient at: -1 - 1.

• Workers characteristics (both) are high at: 0 - 1.

• Workers characteristics (both) are low at: 0 - 1.

• Level of in- or decrease of the workers states:

• Maximum in- or decrease of commitment per year: 0 - 1.

• Maximum in- or decrease of trust of others, per year: 0 - 1.

• Maximum increase of status for skill increase per year: 0 - 1.

• Maximum increase of status for having a better job quality than the year before: 0 - 1.

• Maximum decrease of status for having a worse job quality than the year before: 0 - 1.

The experiments are conducted under specific conditions which are defined by the time frame, different
scenarios and scenario space (van Dam et al., 2013). These are explained in the following paragraphs.
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Time frame In the verification step (section 5.4), a time-line sanity check has been performed with
positive results: the time that is set for the model (41 years) is enough for the formation of the desired
emergent pattern. Furthermore, a longer timeline would result in the workers not being able to work
anymore because of, for example, old age or death of the workers. The new dimension that this
expanded time frame would add, for example, children being born and starting to work in the sugar
industry, falls outside the scope of this thesis. Therefore, the time frame used for all of the experiments
is from 1999 to 2040.

Scenarios As distinguished by van Dam et al. (2013), there is a difference between scenarios and
scenario space in the exploration of a model. They link hypotheses of type one to scenarios and
hypotheses of type two to the scenario space. The first type of hypothesis should provide insights
in the emergent pattern of interest (section 4.1), to repeat: workers are able to switch to a ”better”
job, defined by skill level and job quality. Furthermore, it is expected that the overall job quality of the
employed jobs improves, the agro-ISN is able to fill their jobs with locals and the worker’s perception
of their own status and power increases. Considering this is a proof-of-concept model, there is no
”right” answer; there are no hypotheses that can be confirmed or rejected. Furthermore, this emergent
pattern of interest is not a real-world observed regularity, and thus cannot be falsified with real-world
parameter values, since this data is not available. On the other hand, we are able to create a scenario
that is thought to be most similar to the current situation, and what might be simulating the future
behaviour of the proposed situation over time.

After an iteration of experiments, the parameters for these more realistic current and proposed
scenarios are determined (see appendix G), and are further on respectively called the current scenario
and the proposed scenario. These scenarios are explored by experiments discussed in section 6.2
and 6.3. The differences between the current and proposed scenario, and additional options for the
scenarios are:

• Biorefineries: In the current scenario there are no biorefineries, in the proposed scenario with
static company simulation there are 20 biorefineries introduced in 2013, and in the proposed
scenario with dynamic company simulation a semi-random number of other industries and biore-
fineries are introduced and a semi-random number of farms, other industries and biorefineries go
bankrupt.

• Bankruptcy: In addition to both scenarios with static company simulation, there is the option of
making a random company go bankrupt every year as a simulation of market forces.

• Subsidies: The subsidies that are supplied every year differ: in the current scenario there are
none, in the proposed there are 25% requalification and hiring subsidies supplied annually. This
represents respectively the amount of money necessary to requalify 25% of the workers that are
at that moment working in farms or mills, and the amount of money necessary for each company
to hire 10% less qualified workers for 25% of their total number of jobs. These subsidies are not
supplied in the current scenario because they are specifically implemented for requalifying and
hiring the current sugar industry employees.

Scenario space Explorations of the scenario space aim for investigation of conditions under which
the emergent pattern of interest might occur, and whether there are parameters that influence that
pattern and how (van Dam et al., 2013).

The focus lies on the relation of certain parameters and the resulting behaviour. This type of ex-
ploration asks for large experiments with for example broad parameter sweeps, which are explained
in section 6.3. All the explorations of the scenario space are designed within the proposed scenario,
which means every experiment is configured as the static company scenario or the dynamic company
scenario, and certain levels of subsidies supplied over time.

6.2. Explorations
Since there are many levels of uncertainty in the model - no data or examples of similar ABMs using the
same theories - no hypotheses are used, but solely explorations of the scenarios and scenario space.
The explorations that are used for experimentation are the following:
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Exploration of the scenarios over time

1. The two current standard scenarios: with and without a random company going bankrupt.

2. The three proposed standard scenarios: with and without a random company going bankrupt,
and in addition the more dynamic company scenario.

3. The emergent pattern of interest is expected to appear in the proposed scenarios, and all sce-
narios are investigated with regards to the outputs of interest (section 6.1).

Exploration of the scenario space

1. Exploration on the scarcity and abundance of workers in terms of their unemployment, and the
company’s vacancies and average productivity. The percentage workers are measured on the
initial number of jobs in 1999, with that number of jobs equal to a 100% workers.

2. Exploration how different sets of subsidies (section 6.1) influence the outputs of interest.

3. Exploration how different levels of threshold and levels of changes in parameters influence the
outputs of interest.

6.3. Experimentation design
Experiments are designed in a way to explore the scenarios and the scenario space, as discussed
in section 6.1 and 6.2. An overview of all the experiments performed can be found in appendix G.
The number of repetitions of every run is restricted by the large number of parameters that can be
experimented with, the large number of outcome variables and the many different experiments that
can be done due to the exploratory nature of this research. For example, a full factorial experiment
with all of the thresholds would take the authors personal computer around 3 full days to run (70 hours);
this would be too time-consuming because it would be only one of the many experiments that need to
be done.

Latin Hypercube Sampling (LHS) is a statistical method to generate evenly distributed sample points
for variable inputs, with a maximum number of runs (McKay et al., 1979). It is however chosen that the
experiments are only run with one set of input variables or that the experiments are (partly) full factorial.
An exploration through different values of input variables, thresholds and maximum in- or decrease of
the worker’s states have pointed out the differences are not substantial enough to generate LHS input
variables.

Starting with the scenarios, an exploration is done on the dynamics over time for different settings
in the current and proposed scenarios. The scenario space is investigated with a few different experi-
ments. The exploration of the scarcity or abundance of workers is investigated through experiments for
0 to 200% abundant workers. Subsidy height and options are explored through various experiments
from 0 to 100% for both subsidies; initial experiments look at a broad range (from 0 to 100%), while a
further investigation looks at smaller steps (from 0 to 25% and from 0 to 10%). The characteristics and
power and status thresholds and increments are explored with 4 different configurations, these can be
seen in appendix G in table G.2.

6.4. Experimentation outcomes - data analysis
The data1 from the experiments is analysed and visualised with R2 (R Core Team, 2013). Through an
iterative process of data exploration, identifying emergent patterns, and again performing experiments,
the patterns of interest are found in order to answer the model questions, and eventually also the
research questions posed in chapter 1. These patterns are shown, interpreted and explained in chapter
7. As van Dam et al. (2013) put it, results of the experiments can explain ”[..] whether the regularity
is stable or not, whether there are any concurrent behaviours of interest, or what might be the future
behaviour of the whole system under investigation”.

1https://svn.eeni.tbm.tudelft.nl/IgorNikolic/education/students/FrederiqueDeGroen/thesis/model/Experiments/Data
2https://svn.eeni.tbm.tudelft.nl/IgorNikolic/education/students/FrederiqueDeGroen/thesis/model/Experiments/R-scripts
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Results

First, the most relevant outcomes of the experiments from the last chapter are described in section 7.1;
it elaborates on the observed emergent patterns found from the explorations of the scenarios and the
scenario space. Second, section 7.2 discusses the use of the model for the studied case. The third
and final section of this chapter concludes with answering the final model sub-question, the main model
question and the final research sub-question.

7.1. Emergent patterns
By analysing the data from the experiments it can be determined if the expected or desired regularity
emerges and when. Different types of emergent patterns of interest include dynamic behaviour, e.g.
exponential over time or over a certain variable; metastable behaviour, outcomes of multiple runs that
for example cluster in two sets; attractor changes, a sudden change or collapse in the experiment
outcomes; and when there is a lack of a pattern, random outcomes that do not seem to follow any
pattern (van Dam et al., 2013).

To explore the different scenarios as explained in chapter 6, the dynamics over time of all output and
internal variables are analysed. This enabled further exploration of interesting patterns through exper-
imentation with the shortage or abundance of workers, value and timing of subsidies, and thresholds
and increments. In the following sections, the emergent patterns of interest are elaborated on.

Behaviour of the outcomes of interest in the current and proposed scenarios
The behaviour and interesting patterns that are found in the exploration of the current and proposed
scenarios are described in the following paragraphs. Figure 7.1 consists of six graphs, each with an
output of interest on the y-axis, over the time on the x-axis; from 1999 to 2040. The different scenarios
are indicated with colours, of which the legend names are linked to the names of the scenarios in
chapter 6.

Dynamic behaviour First, the dynamic behaviour is described per outcome of interest as described
in chapter 6. These will help to answer the main model question. The outcomes in figure 7.1 are
explained from left to right and from top to bottom:

• The average power of the workers increases with the emergence of the agro-ISN, because there
are more companies where the workers can be hired.

• The average status of the workers is increased by the decrease in job strain in 2007 and 2016; it
is even more increased by the average skill increase of the workers, which in turn is caused by
the availability of requalification training.

• The skills of the workers are increased because of the requalification training organised by the
union.

51
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Figure 7.1: The six outcomes of interest over time with five different scenarios.
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• Job strain is decreased because the 50% threshold of complaints is reached in 2007, and again
in 2014. The amount with which the job strain decreases is dependent on the number of strikes
per company. More strikes, especially more companies with strikes, means a lower percentage
overall job strain after negotiation.

• Compared to the static scenario, where only 20 biorefineries are founded in 2013, a more dynamic
in- and out-going of operation of the companies result in a larger variability in the unemployment
and vacancies percentages.

• Unemployment causes a reduction in power; the years where unemployment rises slightly until
2013, caused by the decline in the number of mills, are the same years as for where the average
power decreases slightly.

• Vacancies are largely influenced by the skill increase of the workers and the in- and out-going of
operation of companies: with only a small increase in average skills, the percentage of vacancies
rise quickly over time.

Emergent pattern of interest The emergent pattern of interest is found in the proposed scenarios:
workers are able to switch to a ”better” job, defined by skill level and job quality. The average skill level
of the workers rises with 118% and there are around 30% fewer workers that experience job strain
in 2040. This is achieved with workers completing an average of 11,621 requalification trainings from
2000 to 2040; which is calculated by taking the average of the 150 experimental runs that have been
performed with all the proposed scenarios (appendix H). Further expectations about increasing overall
job quality and the increase of power and status of the workers are all met in the three researched
proposed scenarios. The incidence of job strain over all of the jobs decreases with approximately 28%
(appendix H); the power and status of the workers increase with respectively 0.028 and 0.166 (top two
graphs in figure 7.1). The agro-ISN is able to fill their jobs with the local sugar industry workers, but
if the industry keeps growing over time, there are not enough workers from the current sugar industry
with the ambition to acquire sufficient skills to work in the new companies.

For all scenarios, the number of complaints has built up to 50% in 2007, that is also when there is a
big drop in incidence of job strain. That same year saw a total average of 689 strikes in 95 companies
over all scenarios. This counts up to an average of 7 strikes per company over 8 years.

The main outcome of the scenario exploration is that the company dynamics, i.e. the rate at which
companies are founded and go bankrupt in the system, is very important for the model results. It mainly
influences the rate at which workers must be (re)qualified for the newly created jobs.

Distrust with an abundance of workers
With a workers abundance, the trust decreases strongly as can be seen in figure 7.2. This relatively
high trust with a workers shortage and relatively low trust with a workers abundance can be explained
by the job shortage. Workers’ trust decreases from the experience of applying for jobs and not being
hired. Since the number of jobs is the same for every percentage of workers, it is predefined that there
will be a job shortage. However, over time, new biorefineries and other industries are founded after
which trust levels increase again to a relatively stable position (appendix I).

Trust in employment Considering the found pattern of distrust with an abundance of workers in the
real world, it can be assumed that there is always an abundance of workers, or job shortage. There
are no countries, or even regions, where there is no unemployment or vacant jobs (OECD, 2017b;
Organization, 2018). Results of a study on the psychosocial work conditions, unemployment and trust
of the population in a Swedish region pointed out that 40% of the men and women in the working
population had ”low generalized trust in other people” (Lindström, 2009). The odds of low trust levels
of people included in the job strain and unemployed groups were significantly higher than those in
the relaxed group. The latter is considered the most beneficial in terms of health. Comparable to the
indicator of job strain used in this thesis, Lindström (2009) uses the term job strain if one has little
control over their work situation in terms of freedom, creativity, repetitiveness, and responsibility, and
the demands of the worker in terms of skills required, work pace, intensity, and the possibility to keep
up with colleagues, is high.
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Figure 7.2: Average trust of the workers with different percentage initial workers measured to the number of jobs in 1999. There
is a strong downhill negative linear relationship, Pearson’s correlation coefficient r = -0.79.

Hiring subsidies not effective when not aimed at specific groups
The exploration on how different sets of subsidies influence the outputs of interest as described in chap-
ter 6, resulted in the following findings. Hiring subsidies seem to be ineffective concerning the average
skills, power, status, unemployment and incidence of job strain of the workers, and vacancies of the
companies - especially compared to the requalification subsidies. Appendix J contains graphs with a
comparison of 0 and 100 hiring subsidies, with no significant difference between the two concerning
the aforementioned outputs. Figure 7.3 is an example of a comparison between the least and most
hiring subsidies (upper x-axis), for the percentage vacancies (left y-axis), over time (lower x-axis).

Hiring subsidies are aimed at providing jobs for the (low-skilled) unemployed, certain minority groups,
or for companies to be able to fill vacancies where, for example, the requalification subsidies have cre-
ated a labour market for. However, as a result of the formalisation of the hiring subsidies, the hiring
subsidies in the model are not specifically aimed at, for example, the lower skilled workers. In the
model, hiring subsidies are aimed at the sugar industry workforce in general, since they are the target
group for achieving sufficient employment in the agro-ISN. Furthermore, workers with a higher skill
level than required for the job can also be hired with hiring subsidies.

Almost no workers who need the hiring subsidies are hired with hiring subsidies. This is analysed
by only counting the workers that are hired with a skill level below the required skill level of a certain job,
measured over 50 repetitions of an experiment with hiring subsidies set at a 100. From the workers that
apply for jobs and are hired without needing the hiring subsidies, 25% is hired over the full 41 years.
The highest level of hiring subsidies (100) means that companies are able to hire every worker they
need with hiring subsidies. Since the companies first hire with these subsidies, in this experiment they
only hire with hiring subsidies.

A more in-depth investigation into the model - also with lower hiring subsidies - shows that indeed
not all workers that are hired with hiring subsidies needed those subsidies; they already had enough
skills for the job. For example, in 2013, the three workers that are all hired with hiring subsidies in a
new biorefinery, all had a skill level higher than 0.9, while the skill level required for a biorefinery job
is 0.6. This emergent pattern can be interpreted as a mismatch between the worker’s occupational
ambitions and the companies that have no specific aim for the hiring subsidies.
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Figure 7.3: The percentage vacancies over time, compared to the proposed static company and dynamic company scenario,
with different combinations of the value of the hiring and requalification subsidies, that are supplied annually. The number of
workers is double the initial number of jobs.
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Slow division of requalification subsidies result in low unemployment and low
vacancies
More subsidies do not always generate better results, as with the hiring subsidies. A slow division
of the requalification subsidies, i.e. subsidies of a low value supplemented continuously over time,
is beneficial for keeping the percentage vacancies and unemployment low (appendix J). Additionally,
the average power rises higher than in a scenario where more subsidies are supplied (appendix J). In
order to keep the percentage vacancies and unemployed workers as low as possible, ten requalification
subsidies should be supplied which corresponds with a number of trainings that equals 10% of the total
farm and mill jobs. In 1999, this is equal to 228 requalification trainings; this is almost the same in 2012
(223), the last year where the number of farms and mills are the same in every experiment.

This pattern emerges because in a scenario with 10 requalification subsidies, the companies have
sufficient time to find the appropriate workers for their jobs, and not all of the workers have to be divided
into their newly created jobs at once. This causes mismatches for workers with different levels of skills
and jobs requiring different skill levels. As noted in chapter 1, most countries face issues with skill
mismatches. This mismatching goes both ways: the companies are not able to find adequately skilled
workers for their jobs, while the qualified unemployed have a hard time finding the appropriate job that
matches their skills (OECD, 2017a).

Regarding the timing of the subsidies, the 4 years on and off option could be beneficial for very
long-term planning, because, for example, the average skill level keeps on increasing, and still has an
upward motion in 2040. Similar to the slow supplementation of subsidies is that same timing option -
4 years on and off - preferable considering the vacancies and unemployment (appendix J). However,
the results of all of the different subsidy options that are not continuously supplied with the same value,
are less beneficial than those that are always continuously supplied with the same value.

In a news article from January 2018, it is announced that industry unions in North and Northwest
Fluminense, in collaboration with SENAI, offer 326 free (re)qualification courses aimed at industrial
workers, their dependents, the unemployed who have already worked in the industry and the general
public (de Italva, 2018). In addition, there are more than 8,000 course openings on the planning for
April 2018. SENAI, the National Service of Industrial Training in Brazil, is a non-profit organisation
that is said to be renowned for its professional education, especially in technological services for the
Brazilian industry (da Industria, nd). Their objective is to prepare and improve skills of the workers to
meet the labour market demands. At the qualification courses, new skills can be developed, similar to
the requalification training in the model. In Norte Fluminense, vacancies for the training are offered by
over 10 unions, including SISERJ, the union representing the sugar industry in Rio de Janeiro (de Italva,
2018).

The workers skills range increases
From 1999 to 2040, the workers have an overall large skill range. In figure 7.4, the average skills of
employees per company are plotted for 2000, 2010, 2020, 2030, and 2041. With 10 requalification
subsidies, the average skill level rises, but the variation of the worker’s skills also increase, from a
standard deviation of 0.11 in 2000 to 0.20 in 2041.

Delayed negotiations of the union results in a lower overall job strain
Experimentation with the characteristics thresholds has resulted in finding another emergent pattern.
More extreme high (0.9) and low (0.1) characteristics thresholds, instead of respectively 0.3 and 0.7,
can be seen as a situation where there are a lot of people with the same kind of character traits.
There is a larger group of people with a mild character in terms of commitment and trust. These mildly
characterised workers complain less, but they are still participating in a lot of strikes. Because it takes
a much longer time to reach the 50% threshold for the union to start their negotiations, the greater part
of the companies has already experienced a number of strikes. Therefore, the job strain drops to the
lowest level found in all of the experiments (figure 7.5). However, it takes 26 years to drop instead of 8
years.

Higher power for stubborn workers
People that are not so quickly influenced by others concerning their trust - stubborn people in this
sense - increase their power more than people that react more strongly to others in the case of trust
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Figure 7.4: Average skill level of the workers employed per company, over time.

(appendix L). The differences between the average power of workers with a trust in- or decrease of
0.05 and workers with a trust increase of 0.2 for being respectively hired or not hired when applying for
a job, are significant (Pearson’s Chi-squared test, p-value = 0.017).

Highly committed workers result in low unemployment and vacancies
The lowest unemployment and lowest vacancies levels are measured with the lowest trust in- or de-
crease (0.05) and highest commitment in- or decrease (0.2) (appendix L). The difference between this
increment parametrisation and the standard settings of 0.1 in- and decrease for both trust and com-
mitment, is however not significant. Pearson’s Chi-squared test gives a p-value of 0.29 and 0.12 for
respectively the differences in unemployment and vacancies between the scenarios.

Anyhow, with a higher commitment - average commitment is highest in the mentioned case (ap-
pendix L) - more people will stay at their current job. This high commitment is caused by the high
increment level and increases in job quality, although the latter is not specifically lower than in other
cases.

Low ambition of quickly satisfied workers
A lower status increase (0.05) for new skills gained, results in a higher average skill level of the workers
(appendix M). When the increase is high (0.2), the workers do not feel the need to obtain more skills
after a short period of training time. This quicker satisfaction of the workers affects the vacancies,
unemployment, and job strain negatively (appendix M).

7.2. Model use
As noted in the introduction, an example of the use of this model is to merge it with Santos’ model.
Both models would benefit from this combination because it provides another layer of depth. Whereas
one model would primarily be aimed at the individual and the other mainly at the institutional level, the
combination of these two models makes it possible to have both. The models are merged, however, no
experiments were designed or performed with the merged model because of a lack of time. Therefore,
the use of the model is demonstrated as a stand-alone model for the relevant actors in the studied
case.

Advise for the policymakers of the agro-ISN The questions posed in chapter 4 related to the tar-
geted policymakers can be answered with the model results. The policymakers responsible for the
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proposed agro-ISN could ask themselves whether they should promote the agro-ISN with requalifica-
tion and hiring subsidies, and if so, how do the social interactions between the workers, union and
companies and worker characteristics influence the foreseen outcomes?

With the insights gained from the model, it is advised to those who decide over the policies for
subsidies in the proposed agro-ISN to invest with moderated requalification subsidies over the long-
term. This enables the requalified workers and newly created jobs to be matched more correctly. With
regards to the size of the requalification subsidies, in the scenario with ten requalification subsidies
when provided annually, from 2018 to 2040 an average of 4886 requalification trainings are received.
To give an indication of the financial costs for these trainings, a comparison is done with the RenovAcão
project. Investments by the Inter-American Development Bank (IDB), UNICA and partners added up
to R$2,403,494 and in the first phase, 2,000 vacancies for retraining were offered (UNICA, 2010). The
sources of information concerning RenovAcão are unclear whether these investments were only used
for these 2,000 trainings, or if they were used for more, or if more investments have been made. In the
situation where the R$2,403,494 was solely used for the 2,000 trainings, R$1,202 is spent per training
(UNICA, 2010). For a total of 4886 trainings, this would add up to an investment of R$5,871,736 over 22
years for the studied case. It is assumed that the investment made by the IDB, UNICA, and partners
in the RenovAcão project was specifically aimed at that first year where they offered 2,000 course
vacancies.

Hiring subsidies could be implemented, instead of long-term, with limited time. Orszag and Snower
(2003) analysed that if workers have the chance of a wage increase with the increase of their expe-
rience, short-term hiring subsidies provide better results than long-term subsidies to compensate, for
example, a low wage. The subsidies must, however, be aimed at a specific group for a specific target.
For example, Kitao et al. (2011) show that hiring subsidies have a positive effect on job creation when
aimed at low-skilled workers and this effect is even larger during a recession, which can be compared
to the decline of an industry like the sugar industry in Norte Fluminense. When applied correctly, hiring
vouchers, for example, can improve welfare and employment, are self-financing and do not raise earn-
ings inequality (Brown et al., 2011). However, this is information found in literature. From the model
results, the only conclusion that can be made is that hiring subsidies must be aimed at a very specific
group of people. For the policymakers is advised to use specifically aimed hiring subsidies - when
needed - as short bursts to push the labour market if the development of the region is not going as
expected.

7.3. Sub-conclusion
The final model sub-question, main model question and final research sub-question can be answered
as a conclusion of this chapter. First, the final model sub-question is answered: How do the subsidy
choices and modelled decision behaviour influence the effects of an agro-industrial symbiosis network
on the current sugar industry workforce, and vice versa?

The influence of the subsidy choices and modelled decision behaviour is analysed from three per-
spectives: the availability of workers (shortage or abundance), the value of supplied subsidies and
their timing, and the modelled decision behaviour in terms of the characteristics and power and status
thresholds and increments.

The effects of the agro-ISN on the sugar industry workforce and vice versa are indeed influenced
by the subsidy choices and modelled decision behaviour; how these influence the bi-directional effects
is explained on the basis of the identified emergent patterns.

The trust of the workers declines when there are not enough jobs available for everyone that de-
sires to change jobs, and rises again if more jobs are available. The agro-ISN can therefore influence
the workers in terms of increasing their trust with the advent of more companies and thus more jobs.
Workers with a higher trust of others are more inclined to apply for a new job or job training, which could
lead to a better job with perhaps a higher job quality and more skills required for the workers, and for
the agro-ISN sufficient applicants for their vacancies.

Hiring subsidies can theoretically be effective, but in the way that they are formalised this is not
the case. Therefore, a change in the value or timing of the hiring subsidies does, almost entirely, not
influence the interaction between an agro-ISN and its workforce. Hiring subsidies should be more
specifically aimed at certain people, for example, the low-skilled workers.
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Requalifying the workers - potentially with subsidies - is essential for the successful realisation of
an agro-ISN if the current workforce of the sugar industry is considered as the preferred employees.
Without requalification training, there would not be enough adequately skilled people in the region to
fill the vacancies of the new companies in the agro-ISN. A slow division of the supply of requalification
trainings is preferred over a big burst of trainings; time is needed to match the (acquired) skills of
the workers with the vacancies of the newly found companies. A continuous supply of requalification
trainings provides the best results concerning the power, status, skills, job strain and unemployment
of the workers, and vacancies of the companies. However, this might not be representative for a real-
world scenario. A more realistic scenario for requalification training is that subsidies are supplied every
other four years; this scenario gives the best result from the different scenarios created. The subsidy
options that are explored for both subsidies are four years on and off in or out of phase, exponential in-
or decrease, completely random and only sometimes available. To conclude, requalification subsidies
greatly and positively influence the effects of an agro-ISN on its workers and vice versa.

Even with the average skill level increasing, there is a wide range of skills amongst the workers.
This can imply that there should be a sufficient range of skills necessary within the jobs created by the
agro-ISN so that all workers are able to find a job appropriate to their ambition and skills. The wide
range of skills is caused by the modelled decision behaviour of the workers, which makes it possible
for each individual unique agent to follow their own pathway. With this identified pattern is shown that
indeed not all agents have the desire to obtain new skills through requalification training.

A pattern that was discovered concerning the modelled decision behaviour, is that delayed negotia-
tions of the union can result in larger achievements with regards to lowering the incidence of job strain.
This is the case for a larger group of workers with a mild character in terms of commitment and trust.
The influence of the workers on the agro-ISN’s quality of the jobs is much greater with this configuration
than when the characteristic thresholds would be parametrised differently. A low incidence of job strain
in the agro-ISN is preferable for the workers, however, the companies have to achieve this increase in
job quality organisationally and financially.

In addition to the influence of the worker’s character traits, the more stubborn workers are, the
higher resulting power they have. There is a significant difference in the power of stubborn workers
and workers that are adapting easily in terms of their level of trust. The higher the level of power of
the workers, the more they feel secure in the job they currently have and therefore do not have the
desire to change to a new job, join requalification training, join the union or participate in a strike. An
average higher power of the workers could result in fewer costs for the agro-ISN and union in terms of
job quality and requalification trainings.

Although the difference between the modelled behaviour for different threshold values for commit-
ment is not significant; the higher the average commitment of the workers, the longer they stay at their
current job.

The last emergent pattern analysed is that quickly satisfied workers can be seen as workers with
a low ambition; their skill level is much lower than workers who are not so easily satisfied. A lower
average skill level results in a higher unemployment rate and a higher percentage of vacancies, which
is undesired for both workers and agro-ISN. The agro-ISN needs, at least a partly ambitious workforce
in order to operate with a local workforce.

Second, the main model question shall be answered: How is the current Norte Fluminense sugar
industry workforce affected by, and affects, the proposed agro-industrial symbiosis network in
terms of (lack of) employment, job quality, skill level, status and power?

From the exploration of the current and proposed scenarios, a comparison can be made between the
two, concerning the (lack of) employment, job quality, skill level, and status and power. The current
scenario can be seen as a business as usual scenario, in which no interventions are done; the proposed
scenario is the desired scenario for the development of the Norte Fluminense region with an agro-ISN.

The Norte Fluminense workforce is positively influenced by the proposed agro-ISN and also posi-
tively influences the proposed agro-ISN, especially compared to the business as usual scenario. Power
and status have a significantly greater increase in the proposed scenarios than in the current scenario,
where for both scenarios different methods are used to simulate the market dynamics, i.e. the rate
at which new companies are founded and existing companies go bankrupt. This is the result of an
average skill increase of the workers, which in turn is caused by the availability of requalification train-
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ings for the sugar industry workers. In the current scenario, no requalification trainings are organised,
because the incentive for these trainings come from the development of the agro-ISN, which is absent
in the current scenario.

Job strain declines significantly more in the proposed scenarios compared to the current scenarios,
as a consequence of the new biorefineries and other industries that are founded in which the workers
experience no job strain. However, the main reason for a better overall job quality is the union that
negotiates with the companies. In the current scenario, the working conditions improve only because
of the negotiations of the union.

Unemployment drops in the proposed scenarios but can rise again because of the lack of further
ambition of the workers to acquire more skills. However, the latter could be more a feature of the
formalisation of the model than what would be encountered in a real-world system. In the model,
the workers are only created once and in the real world other people would, for example, grow older
and join in the workforce with plenty of ambition to learn new skills. On the other hand, in the current
scenario, there seems to be an increasing mismatch in the skills of workers and the skills required when
companies are going bankrupt and newly found companies are trying to find employees. This can be
explained because of the lack of skills of the workers in this business as usual scenario. Furthermore,
if the current situation continues, the jobs that are available for the low-skilled workers will disappear
at a quick rate, and will not be replaced with other low-skilled jobs.

Finally, the vacancies of the companies in the model increase, because of the same reason the
unemployment rises again. The newly found companies that supply these vacancies cannot seem to
find new employees because they are satisfied with and committed to their job at that time.

In order to be able to affect the workers positively, the agro-ISN, government, union or any other in-
terested party should provide the necessary education for the workers to increase their skills, because
there is a skills gap between the current and proposed industry. From analysing the differences be-
tween the business as usual and proposed scenarios, it becomes clear that the requalification trainings
are the prerequisite for developing an agro-ISN with the current industry workers, in the context of the
case study. As is found in a recent news article, it is most likely that the union, in collaboration with an
educational institution, will provide this education.

Third, insights from the literature review in chapter 2, and model results in the current chapter, are con-
cluded in the final sub-research question: What insights does the case study provide with regards
to the interaction between an industry-revitalising industrial symbiosis network, the circular
economy and its local workforce?

Depending on the specific situation, the local workforce can benefit from the development of an ISN.
When an industry is in decline, IS can revitalise that industry by making products and by-products
more valuable, as proposed by Santos and Magrini (2018). This provides the local workforce with
more opportunities to work. The resulting jobs are more resourceful than demanding and require a
high skill level. Therefore, a skills gap might arise between the skills of the current industry workforce
and skills required for the jobs; this gap calls for additional measures. For example, requalification
subsidies could be implemented to provide workers with the necessary education. In the studied case,
the requalification of workers in the sugar industry has proved to be successful to such a degree that
there are 8,000 free training courses offered in April 2018; amongst others provided by the sugar
industry union in Norte Fluminense, SISERJ.

In order to maintain the resources and knowledge inside the region - which is especially important
in the case study because the aim of the agro-ISN is to develop the region sustainably - the companies
are advised to hire from the workforce of the existing industry. Why would companies benefit from
hiring locally? In combination with the requalification trainings, the current sugar industry workers have
the ability to work in one of the ISN companies. From the company’s perspective, they need the local
support to promote social relationships and to develop a mutual trust between the key personnel of the
ISN. Another reason to hire locally is that local growth has significant positive effects on labour markets.
However, investigations should be done on the availability of and skills of the workers. The case study
model is formalised as such, that a workers shortage results in a decrease in the productivity of the
companies. However, in the studied case, the decrease in productivity only influences the profitability
of the company and not the interaction between the workforce and the ISN.

Figure 7.6 visualises an optimistic outcome of the case study - in terms of IS development - of the



62 7. Results

interaction between an industry revitalised through IS and its local workforce. The party that initiates
the development of the agro-ISN (4), and thus the IS exchanges, is considered as undefined since
Santos’ proposal looks into the potential from the technological and not from the organisational side.
For the studied case, it is recommended that the initiative for IS exchanges comes from supply chain
businesses, unions, and/or non-governmental organisations; however, the most appropriate party for
initiating IS exchanges differs per case. Therefore, the same icon is used for the party that initiates, and
funds, the education needed to fill the knowledge gap mentioned before (bottom number 4 in figure 7.6).
With the initiative of new IS businesses (3), the trust level (5) of the current sugar industry workforce
(2) is increased. Through this increase in trust, local support of the workforce enables the initiators of
the IS exchanges to find (6) and establish more exchanges (10); and an agro-ISN (8) is developed with
the local (future) workforce (7). More companies in the agro-ISN create more and better quality jobs
for the local workforce and again generates more trust and local support for the IS exchange initiators.
However, this positive loop is only established with the right kind of education (9) for the workforce,
to be able to fill the knowledge or skills gap. Motivations for funding and organising this occupational
education can include economic, corporate social responsibility, and sustainable development reasons.
It can be debated whether the initiator of the IS exchanges (4) should also be organising the education
necessary to include the local workforce in the development of an ISN. From the case study analysis,
it is advised that this party is, or these parties are, joining in the organisation and planning of the ISN
and that the inclusion of the local workforce is included in the social pillar of sustainable development.
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Figure 7.6: Optimistic IS development - interaction with the local workforce: insights from the case study. 1 = sugar industry; 2
= sugar industry’s workforce; 3 = industrial symbiosis; 4 = initiator of the IS exchanges for an agro-ISN; 5 = trust of others; 6 =
investigation of new industrial symbiosis exchanges; 7 = the potential future agro-ISN workforce; 8 = the proposed agro-ISN; 9
= education.

In researching the interaction between an industry-revitalising ISN, the CE and its workforce, it is
important to include the whole system in which that workforce lives and operates. In the case study,
the union plays an important role in the success or failure of workers that are potentially employed in
new industries. The union organises the requalification trainings and attempts to create better working
conditions for all of the jobs in the revitalised industry, which establishes the incentive for a higher
commitment of the workers. In turn, that higher commitment leads to loyal employees in the ISN.

The circular economy should, following the definition by Murray et al. (2017), maximize human
well-being. The workers are involved in the production, procurement, and reprocessing of goods and
services which Murray et al. (2017) think should be designed and managed as both process and output.
With this thesis’ model and the proposed agro-ISN of Santos and Magrini (2018), the worker’s well-
being on the work floor is maximised, however only theoretical. Workers that experience a high well-
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being on the work floor are said to have a better working performance than people who experience
a low well-being in their job. Furthermore, workers with a high well-being are better in maintaining
social relationships in general. This can be coupled to the cases researched by Hewes and Lyons
(2008) on champions and the role of trust in EIPs: interaction with the community and local support
proved key in developing social relationships that lead to IS exchanges. It could be easier to develop
a connection with the local workforce with workers that have a better ability to develop and manage
social relationships. In turn, this could lead to more local support and an enhanced development of an
ISN.
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Figure 7.7: Insights of the case study applied to the circular economy concept. 1 = the appropriate education for enabling the
industry’s current workforce to change with that industry; 2 = industrial symbiosis; 3 = trust of others.

Improving the well-being of the workers of an industry in decline could lead to the realisation of IS
exchanges with other industries. As a consequence, the (by-)products could become more valuable
and therefore might attract more industries. If proven successful, the ISN in the case study could help
to define local or regional methods and goals for the CE concept. Still, there is a prerequisite for such
successful emergence, as shown in figure 7.7, the appropriate education (1) should be supplied in or-
der to create a positive loop. In this loop, the trust of a workforce (3) is increased by the aforementioned
education, which in turn enables the creation of more IS exchanges (2), or when applied to the CE con-
cept the increased trust can enhance the circularity (2) of products and services between companies.
Furthermore, supposing the industry is successfully revitalised, the Norte Fluminense case can serve
as a starting point for investigations into IS as a revitalisation method for existing industries. Following
Boons et al. (2011), the emergence of new systems from existing ones is needed for system change.
For now, the studied case can serve as an addition to the few studies that have been conducted on the
implementation of agricultural industries.

Although an ISN is a small part of the CE as it is thought of for the future, following Murray et al.
(2017), workers should benefit from being employed in a CE participating company. The aim of the
CE concept and IS is to handle waste in a useful way, and workers and companies should be able to
benefit from these innovations economically, environmentally and socially.





8
Discussion and recommendations

This chapter consists of the discussion of the results (section 8.1) and recommendations for further
research and application of this thesis (section 8.2). Even though it might be more common in research
to list the final conclusions and then make recommendations, for this research the conclusion partly
builds on the discussion. Therefore, chapter 9 involves the final conclusion.

8.1. Discussion
A literature review concerning the influence of IS on their workforce and vice versa showed that there
is still research required on the subject. Because of collaboration with Santos, the choice was made to
investigate this research gap with the case of the workers of the sugar industry in Norte Fluminense,
Brazil. The case study serves as a proof-of-concept as it is built on a proposed situation with parameters
that cannot currently be calibrated with real-world data. However, the case study could be considered as
the start of more research towards the influence of an ISN on their (potential) workforce and vice versa,
with real-world data. With this in mind, the discussion of this thesis ranges widely from the theories and
their application to the conceptualisation of the case study and its outcomes, to the application of the
results to ISNs and the CE. However, first, the consultation of FERAESP employees knowledgeable of
the Brazilian sugar industry is introduced.

Expert consultation Typical agent-based model validation focuses on the usefulness and persua-
siveness of the model to its users (van Dam et al., 2013), whereas the results of an ABM are the
increased knowledge and insights in the studied system. These results and the conceptualisation of
the model have been presented to Mr Carmo and Mr Galdino, respectively from communication and
internal relations and socioeconomic studies at FERAESP - the Federation of Salaried Employees of
the state of São Paulo. Contact with the Brazilian unions about the union membership rate gener-
ated their interest in this thesis research. As they are currently investigating violations at all sugarcane
plants in the state of São Paulo, and are completely involved in the sugar industry in Brazil, they can
be considered a valuable and trustworthy source of information.

Given the many uncertainties in the model, without the use of real data, and inescapable time
constraints, this seemed the most valuable way to gain expert insights into the case study. The corre-
spondence between this thesis’ author and Mr Carmo can be found in appendix N and will be referred
to as Carmo and Galdino (2018).

Theories and their application The theories that are used to represent the agents in the case study
are chosen because of the specific context and history of the sugar industry workers. However, two of
the three main theories applied - the status and power theory (Kemper, 2006) and the human behaviour
modelling theory (Pahl-Wostl and Ebenhöh, 2004) - are not specifically made for the context and history
of the case study. These could be applied to conceptualise similar agent-based models that research
the interaction between employees and their workplace, potentially in an ISN.

Status and power can be of great importance for employees in any culture, in any type of industry.
For example, even in flat hierarchical organisations in a democratic country like the Netherlands, a
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comparatively egalitarian society, people act according to the perception of their own and other’s status
and power. In the model, the status and power of the workers are considered inadequate at the start; for
applications to other situations this does not have to be the case and the configuration of the worker’s
perceptions of status and power can be adjusted accordingly. Furthermore, the power and status theory
(Kemper, 2006) considers much more actions that one takes considering their perception of status and
power than the actions that are applied to this thesis’ case study. From all of those actions, there is a
big chance that some will fit the specific context and history of any future case studies researched with
this thesis’ model.

The human behaviour modelling theory distinguishes nine different attributes of people that could
influence their decision-making. From these nine attributes, two are chosen that are considered most
important for the studied case. Pahl-Wostl and Ebenhöh (2004) make some recommendations con-
cerning the application of their theory, for example, to randomize the levels of the attributes of the
agents. However, there are no strict steps to follow, for example, for creating the heuristics that are
used for the agent’s decision-making. Therefore, with sufficient knowledge of the case where a poten-
tial new model is conceptualised for, one should be able to pick out the relevant attributes and make
accompanying heuristics and learning experiences. These can, like in the thesis, easily be combined
with other theories.

The final theory used for the conceptualisation of the case study, the theory of frames of references
and fields of opportunities from de L’Estoile (2014), is specific for this case and thus might only apply
to situations with similar industries and similar cultures. Case-specific theories can in the future always
be combined with the two above-mentioned theories, like is done in this thesis.

While these theories form the basis of the model, a different perspective could have lead to a whole
different conceptualisation of the same case study. If, for example, the opportunity cost theory was
used, the workers would have had an economical perception and the model would have probably
been dominated by choices that involve calculating the economic value of the different options that
the workers have. The outcomes of this thought experiment model would involve economic drivers
for the choices that the workers make. As other economic models, this does not involve the human
factor such as health and mental well-being, which is included in this thesis’ model and is considered
by de L’Estoile (2014) as the appropriate method to analyse the lives of the sugar industry workers. In
the next paragraph is discussed how the case study is conceptualised and formalised.

Conceptualisation and formalisation First, the conceptualisation of the model is discussed on the
basis of the expert consultation. Second, more issues concerning the conceptualisation and formali-
sation that are found during the thesis project are explained.

After expert consultation, it became clear that the Brazilian government is not realistically repre-
sented in the model, specifically the subsidies that they would provide. Carmo and Galdino (2018)
state that the national government does not have any incentive to improve the worker’s conditions,
especially nowadays with the reform of labour laws. For the model, this could result in different actors
that would finance, for example, the requalification trainings. Actors that already have been involved
in financing and organising the requalification of the workers of the sugar industry in Brazil are (in-
ternational) development funds, companies in the supply chain, workers and trade unions and other
non-governmental organisations.

Another difference between the model and the empirical observations of Carmo and Galdino (2018),
is the dependence of the workers on their jobs. As argued by Carmo and Galdino (2018), ”the workers
undergo any type of work because they depend on them to survive”. These types of work can be
informal, illegal and even resemble slavery, which means that they do not have any defined rights.
This critical aspect of the lives of the sugar industry workers might not be sufficiently expressed by the
current model. If the workers are, for example, fired from their job, they might not look for a new job,
depending on their level of status, power, trust and commitment. This could in the real-world system
be caused by, for example, crime, addiction, or emigration.

Furthermore, in the model the productivity is linked to the number of vacant jobs in a company,
and whether the company is experiencing a strike or not. However, as stated by Carmo and Galdino
(2018), the productivity of the companies is especially linked to the incorporation of technologies such
as automation, rather than only associated with the skills of the workers.

Some issues concerning the implementation of the model became clear after the formalisation phase
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was concluded, especially about the formalisation of the hiring subsidies. This was not implemented as
was described in the literature with real-world examples. The hiring subsidies would have represented
the real-world more accurately if, for example, only workers with a specific range of skill level could be
hired with those subsidies. Furthermore, the workers should be given the incentive to apply for jobs
with hiring subsidies and not just any job that is within the reach of their skill level - which is now the
case.

The skills that are acquired by the workers in the current model are general skills and applicable at
farms, mills, biorefineries and other industries, i.e. all the possible company types in the agro-ISN. A
more specified skill-set could have been implemented, which is more comparable to the RenovAċão
project or the latest free courses that are going to be offered in April 2018 in Norte Fluminense.

Case study outcomes The emergent patterns derived from the case study are thought to be plau-
sible, but from the author’s personal perspective - which deviates greatly from the perspective of the
subjects in the case study. Although experts on the subject also have biases and incomplete knowl-
edge, consultation of those experts is of great value if further research on this subject is conducted. By
obtaining multiple perspectives on a system the level of uncertainty can be reduced.

Concerning the job quality of the sugar industry, it can be debated whether working outside on the
sugarcane farms with improved working conditions or inside in biorefineries or other industries is better
for the workers’ well-being. However, compared to the current working conditions at the sugar farms in
Norte Fluminense, it is better to work inside because this is a much more controlled environment, i.e.
the working conditions can be regulated more. Adding to this, biorefineries are often high-tech, which
usually allows for better working conditions (Harpaz and Meshoulam, 2004).

Results of the case study are used to gain insights into the interaction between IS and its workforce
in general. In order to use such a specific case study to gain broad insights, many assumptions must
be made in terms of the application of the theories that support those insights in a broad view. An
example of this extrapolation is the argument that a high well-being of employees improves their working
performance. The lack of comparable case studies calls upon comparing the thesis with other cases
in similar circumstances, such as comparing the social interaction between key personnel of ISNs with
the social interaction between the ISN companies and their employees. The more assumptions that
must be made, the more uncertain the application of the thesis in a broad perspective is. Therefore,
conclusions must be made very specific.

Insights from the case study applied to industrial symbiosis and the circular economy The
insights gained from the studied case can be extrapolated to industrial symbiosis and the circular
economy concept. Those insights include that the appropriate education should be supplied when
an industry is aimed to be revitalised through industrial symbiosis; which would also account for the
circular economy since an ISN could be a part of, and an example for a circular economy. Appropri-
ate education can relate to, amongst others, on-the-job learning, general education and job-specific
skills, but must be specified per case. From the results of the model, it becomes clear that (continuous)
education of the whole working population is essential to enable the transition of an industry.

Expanding the application of the model The case study is modelled such that the companies rep-
resenting the agro-ISN could also be businesses in a conventional industrial park. There are no waste
or by-product flows, unlike in Santos’ model. The emergence of an agro-ISN which could be the result
of these cheap flows of resources is represented in the model by a simple increase in the number of
companies. This could alternatively be thought of as a new business park with attractive features like
cheap rent. With this perspective in mind, one could think of the model as an approach to gain insights
into the effects of a changing industry on its local workforce and vice versa. However, and this is not
represented in the model, employees in an ISN could have a greater knowledge and more incentive
for exploring new business models that use available waste streams in their industry of employment.

The combination of this thesis’ model with Santos’ model which does explicitly represent the re-
source exchanges of an ISN, would not make a difference for the recommendations one would be able
to give from insights of the combined model. The workers would still not be able to, for example, create
their own business with resources from the other industries. This can be interpreted as, like mentioned
before, that the model is more generally applicable than only for ISNs, and that it might not matter for
the workforce of an industry in what configuration that industry is functioning. For example, biorefinery
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employees will only experience differences in their daily working life concerning the tasks they need to
perform at work for e.g. preparing waste as a resource input for another industry or preparing waste for
disposal. These tasks could change over time, but this can also be the case for conventional industries
that are not considered as an ISN but are undergoing change for other reasons. Current examples
of changing industries that influence their workforce are the autonomous trucks that are developed
for the logistics sector, continuous further automation of producing industries and artificial intelligence
implementation in, for example, the translation service sector.

When the model is considered as generally applicable to obtain insights in the interaction of a
workforce and the changing industry in which they are employed, it would be of great relevance to the
circular economy. As the circular economy concept is one that the current industries might transition
towards, this change for the current workforce could be investigated through this thesis’ model.

8.2. Recommendations
This section distinguishes two kinds of recommendations: firstly, the recommendation for follow-up
research is elaborated on, and secondly, recommendations for the actors in the case study are set out.

Follow-up research The research could be followed-up with field-work investigations of the people
that work in the sugar industry in Norte Fluminense. More insights could be gained for another iteration
of the conceptualisation and formalisation of the model. Moreover, real data could be used from ques-
tionnaires, interviews and observations to provide the parameters with more realistic values. Other
institutions that could be researched are the government and their political agenda and large multi-
nationals that utilise the sugar from the sugar industry and their drivers for change. Furthermore, the
motivations of the current sugar industry to transition towards the circular economy could be analysed.

When looking at the field of social simulations, this model could serve as a start to a wide range
of models that aim to research cases with socially equipped agents. The GRASP theory of Hofstede
(2015) could be extended in the model of this thesis; especially adding more of the cultural values is
thought to improve the current model, e.g. values on corruption and (non)compliance with regulations.
However, the incentives and drivers of the subjects must not be forgotten. As Cristiano Augusto Galdino
from FERAESP states, some workers take on any possible job to survive, and these kinds of key
aspects must also be taken into account.

The model and method used could be refined and applied in different contexts; as mentioned before,
the two main theories are generally applicable. Because of the great complexity of current systems,
there is a demand in the scientific world for more realistic studies on human capital in the industrial
context. To grasp that great complexity, these studies should be approached from a multidisciplinary
perspective.

Advice for the actors in the Norte Fluminense case When the government would have been in-
volved in the development of the proposed agro-ISN in Norte Fluminense, it would have been advised
for them to provide requalification trainings for the sugar industry workforce. However, this is realis-
tically not the case, so this advice is redirected to the union and the companies in the agro-ISN. The
union and companies could organise the requalification trainings in collaboration with an educational
institute such as SENAI. In order to organise the trainings to be compatible with the newly created jobs,
the companies in the agro-ISN should be involved from the start. On the one hand, the companies must
be convinced that they are needed in the organisation of these trainings, but on the other hand, supply
chain companies in the sugar industry have been involved in the retraining of their workers before.
To attract workers, the trainings should be given free of cost and workers should be able to continue
earning their wages whilst in training.

For the workers, it is advised to invest in education, if possible, and to trust the new companies
in the changing sugar industry. Investments in education could account for the workers themselves,
or for their family and friends. Education could also be obtained through family and friends, and it is
encouraged to make use of all possibilities, i.e. their fields of opportunities.

For the workers, companies and union it is advised to have an open attitude to change. Whoever
is the initiator and planner of the proposed agro-ISN, all parties involved should be able to see the
benefits from the transition that is aimed to revitalise the sugar industry. The worker’s attitude in terms
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of trust or commitment influences greatly the reciprocity towards their employees and whether they
want to obtain new skills or find a new job.

The final advice to the companies calls upon the provision of jobs for a wide range of skills, as is
analysed from the model results.





9
Conclusion and reflection

This thesis research is concluded in section 9.1 by attempting to answer the main research question.
A personal reflection is elaborated on in section 9.2.

9.1. Conclusion
This thesis is concluded by answering the main research question posed in chapter 1. Together with
the conclusions at the end of chapters 2, 4 and 7, it attempts to fill the knowledge gap stated in the
introduction. The main research question is:

How is the workforce of an industry affected by, and affects, the revitalisation of that industry
through industrial symbiosis?

Insights from literature show that the relation between the employer, employee, and the local commu-
nity is of great importance for the successful emergence of an industrial symbiosis network. Companies
that want to initiate IS exchanges benefit from local support in terms of their enhancement in the so-
cial relationships they want to engage in with potential IS industries. Furthermore, a successful ISN
requires a certain degree of reciprocity and trust between employers, which is developed over time
and with personal meetings. When such relationships are established strongly and professionally, IS
can enhance the social equity within communities. As a result, the communities share a sense of
collaboration and responsible orientation.

The insights from the case study are visualised in figure 9.1, in order to achieve the research aim.
The workforce (4) of an industry can be positively affected by the revitalisation (3) of that industry (2)
through industrial symbiosis (1). This positive effect is reached in terms of an increase in satisfaction
(6) of the workers because they have the ability to work under better conditions and have potentially
learned new skills. Furthermore, positive effects from the revitalisation of the industry on its workforce
that return as positive effects from the workforce on the revitalisation of the industry through industrial
symbiosis, are the increase of the worker’s commitment (7) and trust (8). A workforce that is committed
to what they do and has a general high trust of others can give the local support that is needed for the
key personnel of an ISN to establish IS exchanges. In turn, this enhances the revitalisation of the indus-
try, which means more jobs are created, and the satisfaction, commitment, and trust of the workforce
are increased more. To establish this positive loop, the appropriate education (5) is needed, which
depend greatly on the context and history of the industry that is revitalised. For example, in the case
study especially the skills gap, poor working conditions and employer-employee power relations have
been addressed as important contextual and historical characteristics of the system. Furthermore, the
organisation of providing the education is of great importance, for the studied case, more requalifica-
tion trainings - which could be assumed as achieving better results - resulted in a mismatch between
skilled workers needed and skilled workers available. Without education and the right implementation
of the education, a knowledge or skills gaps, job and skills mismatching, or a lack of incentive from the
workforce would hamper the revitalisation of the industry.

The design of the education needed to involve the local community in the development of the in-
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1
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Figure 9.1: A optimistic view on the final conclusion. 1 = industrial symbiosis; 2 = an industry; 3 = revitalisation; 4 = an industry’s
workforce; 5 = the appropriate education; 6 = satisfaction; 7 = commitment; 8 = trust; = trust of industrial symbiosis network
company managers.

dustrial symbiosis network should include institutions relevant for the working life of that community.
With regards to the case study, this is the union of the regional sugar industry. However, consultation
of experts is required to grasp the real influence that these institutions have, which can differ greatly
from literature analyses.

With regards to the planning of an industrial symbiosis network that aims to revitalise an indus-
try, the characteristics of that industry need to be taken into account. As analysed in the case study,
which includes an agricultural low-mechanised industry in decline and where a large part of the jobs
is low-skilled, the proposed agro-industrial symbiosis network should still provide a great diversity of
jobs which require a wide range of skill level. Biorefineries provide that need for a wide range of skills
required for jobs; because of their substantial need for feedstock, agricultural jobs are essential - how-
ever mechanised or manual. In addition, the technologies used in biorefineries range from mechanical
to (bio)chemical processes; even within the biorefinery, there is an availability of low-skilled and high-
skilled jobs.

Going further into the planning of an industrial symbiosis network, the industry that is aimed to be
revitalised should change gradually in order to include the workforce of that industry. The education
that needs to be provided much be synchronised with the rate of jobs created by the emergence of the
ISN, to avoid unnecessary mismatching in skills required and skills of the workforce available.

Similar to findings in the literature on the role of trust in emerging industrial symbiosis networks, a
conclusion can be drawn from the emerging patterns that are revealed through analysis of the case
study. The trust of the workforce in a revitalising industry is increased when they gain the ability to
acquire more skills and consequently increase the chance to work somewhere with better working
conditions. In addition, better working conditions - and an increase in the workers’ well-being - may
increase the workers’ commitment, which in turn can result in low unemployment and low vacancies.
The industrial symbiosis network benefits from these increases of trust and commitment through the
support of the workforce in terms of social relationships.

The win-win-win situation in terms of economic prosperity, environmental integrity and social equity
that is said to be gained through IS, is as of yet far from being researched in real-world systems. From
an incomplete range of future possibilities as analysed from the case study, social equity in the sugar
industry can be improved. Especially concerning the power and status relations between workers and
their bosses with a history of slavery, big improvements can be made with the development of an
industrial symbiosis network. As mentioned before, satisfactory working conditions and an improved
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well-being of the workers benefit the company in which they are employed. In this sense, the workers
and the industrial symbiosis network can positively influence each other as in a symbiotic relationship.

This final remark involves an aspect that has great influence on how a workforce can affect the re-
vitalisation of an industry through industrial symbiosis, and vice versa: education. Education is key to
involve people in changing industries, but the question is, who is responsible for providing this educa-
tion? And who benefits most from providing this education? These questions should be asked before
revitalising an industry through industrial symbiosis with the inclusion of the local workforce.

9.2. Reflection
From the beginning of this thesis project, the case study and modelling method has really grabbed my
attention and interest. Although there were some times where less work could be done than was my
intention, all in all, I am quite satisfied with the results.

The search for the knowledge gap and proposal at the beginning of the thesis was especially char-
acterised by the absence of knowledge and from my side, being lost in the social sciences. What
always helped me a lot was being in contact with others, if it were professors from the TU Delft or an-
other university, PhD students, or in the final phase the worker and trade unions in Brazil. For example,
the GRASP theory of Gert Jan Hofstede which served as the base of one of the main theories used,
I could never have found without Igor Nikolic giving me his contact information and pointing me in his
direction. The paper which described his theory was not yet published. Furthermore, outside the very
useful meetings with my supervisors, all the meetings with Victoria Santos, Jorge Moncada, Caspar
Chorus have always helped if I was stuck or needed advise.

To take on agent-based modelling as thesis tool with only a very basic level of understanding and
even less experience with the tool was a challenge. I noticed especially towards the end of the project,
where the decision must be made for which experiments must be run and which results were expected,
that this was completely new to me. A lot of repetition has finally enhanced my understanding and my
perception of the importance of the last steps of the ABM process. If I had known this in the beginning,
I would have planned more time for it in advance.

Furthermore, what I did realise at the start of this thesis but am very consciously aware of now, is
that such a big project requires linking all the information together. What is known in the beginning
must relate to the end-results, and this can cause a lack of oversight. By visualising the information I
like to gain back the oversight, however, there is not always enough time to do so. What I have learned
from this, is that also thinking and understanding of the information gathered and produced must be
included in a planning.

All in all, I have learned a lot from this thesis and thanks to Igor’s reflections on my work, also about
myself.
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B
Assumptions

1. There are no physical distances; it is assumed that all agents live and work in a world where
they are always able to travel to their jobs or requalification training.

2. All the vacant jobs are known to all workers, and they are able to apply for any job with a skill
level required that is equal or lower than their own skill level.

3. No worker agent death; all the workers that are created stay in the model. They can be unem-
ployed but still live in the system and perhaps find another job.

4. No economics; no internal calculations of money are simulated in the model. Decisions of work-
ers are based on assumption 9, decisions of the union is based on complaints of the workers and
they always try to reach their desired number of resources and demands, and decisions of the
companies solely are based on filling their vacancies. Economics are not taken into account be-
cause this model tries to make a beginning of representing agents (the sugar industry workforce)
socially and psychologically, while investigating the quality and skill level of their (potential future)
jobs, and economics would expand the system too extensively for the time for this thesis.

5. There is an abundance of workers for the amount of jobs available; it is assumed that there
will always be more workers than jobs, with enough abundance so that all of the jobs can be
employed eventually.

6. The skill level of the workers determines the range of jobs they could have and it is possible for
a company to not find any appropriate workers to fill all their jobs. The penalty for having va-
cant jobs is a decline in productivity, with productivity determined by the company’s number
of occupied jobs multiplied by the skill level required for those jobs, multiplied by the productivity
weighing (100% productivity = total occupied jobs * skill level required * productivity weighing).
The productivity weighing depends on the number of jobs that a company has: the total produc-
tivity can maximum be a 100%.

7. All jobs are the same per company type: a farm only has one type of job, a mill only has one
type of job, a biorefinery only has one type of job, and an other industry only has one type of job.
This simplification allows for the companies to increase or decrease the demands or resources
of all of their jobs to the same level; this should simulate compliance with regulations like in the
history of sugarcane plantations or mills.

8. Job quality is measured by the incidence of job strain, which is when there are more demands for
a job then there are resources. Demands include time pressure and physical health risk factors,
while resources include work autonomy and learning opportunities. There are three levels of
demands and resources per different companies and thus different jobs: (0) no demands, (1)
only time pressure, or (2) time pressure and physical health risk factors, and (0) no resources,
(1) work autonomy, and (2) work autonomy and learning opportunities.
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84 B. Assumptions

9. The action(s) that a worker performs fully depend on their perception of their own status and
power, whether they have and who is their friend, how committed they are, how much they trust
others, and if they experience job strain. The choices that they make when they have a certain
perception, a certain friend, a certain level of commitment and trust, and perhaps job strain, are
formalised by logical thinking, while keeping the system identification and decomposition in mind.

10. Worker’s opportunities, i.e. whether they can apply for a job, apply for training, join the union,
or strike, are determined by the level of status and power they perceive of themselves. These
opportunities are actions that one takes whether they feel a status or power deficit: see the status-
power theory of Kemper.

11. The workers perception of their own status and power is formalised as a number between -1
and 1, where workers feel a status or power deficit is when the level is below the threshold of
adequate status or power, and they feel adequate status or power when the level is above that
threshold. The feeling of having excessive status or power is not taken into account.

12. A worker’s status is influenced by an increase or decrease in the number of resources and de-
mands of their job, by an increase of their skill level, and when they are fired.

13. A worker’s power is influenced when they are fired and hired.

14. The union will start negotiating with all the companies if more than 50% of all the workers have
reported complaints.

15. The union can negotiate with each company individually, and they will first try to decrease the
demands of the job of each company. The company will comply with a decrease of one demand
level, if they have had at least one strike. The second negotiation, the union tries to increase the
resources, this time the company will comply with the increase of one resources level when there
have been 2 strikes at the company. The third time the goal of the negotiation is again a decrease
of demands and the fourth time an increase in resources.

16. When a worker joins the union, the union becomes a “friend” of the worker.

17. When companies are supplied with hiring subsidies, they can hire workers that are unemployed,
even when they are not skilled enough for the job.

18. Requalification subsidies are used to provide general skills training for the workers of the farms
and mills. Workers can always apply for these trainings and are able to have training while they
have a job. The number of training positions is determined by a chosen percentage of the total
number of jobs in the farms and mills. It is assumed that all workers that have training gain the
skill level that the training has; i.e. all workers successfully finish the training within one year.

19. Requalification programs are only available when the union is subsidized with requalification sub-
sidies.

20. Companies always want to fill their vacancies, it does not matter to them what status, power, trust
or commitment level a worker who is applying has.

21. Workers are hired by the companies on a first-come first-serve basis.

22. Workers only want to join a strike when they experience job strain.

23. There is a low and high level, or threshold, of the workers characteristics: this can be determined
per simulation run.

24. To simulate a more random going in and out of business of the companies, the following dynamic
is used for the dynamic company scenario. From 2013 on, every year, a number is randomly
picked from a list, which stands for the number of companies (except mills) that go bankrupt in
that year: [0 0 1 1 2 2 3 4]. Also from 2013 on, every year a number is randomly picked from a
list, which stands for the number of other industries that are founded in that year: [0 0 0 0 1 1 2
3]. Finally, a number is randomly picked from a list, which stands for the number of biorefineries
that are founded in that year: [0 0 0 0 1 1 1 2].
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25. Companies that go bankrupt, die in the model. This means that all workers are fired.

26. A company that is founded after 2013 starts with the same state as the companies of the same
type initially created in the model.





C
Software data structures

Workers have:

• skills: float >= 0.01 and <= 1.

• status: float >= -1 and <= 1.

• power: float >= -1 and <= 1.

• commitment: float >= 0 and <= 1.

• trust-of-others: float >= 0 and <= 1.

• company-friend?: boolean.

• union-friend?: boolean.

• join-strike?: boolean.

• opportunities: a list.

• demands-last: integer >= 0 and <= 2.

• resources-last: integer >= 0 and <= 2.

• demands-now: integer >= 0 and <= 2.

• resources-now: integer >= 0 and <= 2.

• skills-last: float >= 0.01 and <= 1.

• number: integer.

• fired?: boolean.

• hired?: boolean.

• apply-training: boolean.

• job: object.

• training: object.

Companies have:

• technology: string.

• strikes: integer.
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88 C. Software data structures

• vacancies: integer.

• bankrupt?: boolean.

• operating?: boolean.

• jobs: objects.

The union has:

• current-resources: integer >= 0 and <= 2.

• current-demands: integer >= 0 and <= 2.

• desired-resources: integer >= 0 and <= 2.

• desired-demands: integer >= 0 and <= 2.

• complaints: integer.

• negotiation: integer.

• trainings: integer.

• training: objects.

Jobs have:

• skills-required: float >= 0.01 and <= 1.

• resources: float >= 0.01 and <= 1.

• demands: float >= 0.01 and <= 1.

• employee: integer.

• applicant?: integer.

Training has:

• trainee: integer.

• skill-added: float.



D
States and actions of agents and objects

89



W
or

ke
rs

st
at

es

ac
tio

ns

sk
ill

s 
[fl

oa
t]

st
at

us
 [f

lo
at

]
po

w
er

 [f
lo

at
]

co
m

m
itm

en
t [

flo
at

]
tru

st
-o

f-o
th

er
s 

[fl
oa

t]
co

m
pa

ny
-fr

ie
nd

? 
[b

oo
le

an
]

un
io

n-
fri

en
d?

 [b
oo

le
an

]
jo

in
-s

tri
ke

? 
[b

oo
le

an
]

op
po

rtu
ni

tie
s 

[li
st

]
de

m
an

ds
-la

st
 [i

nt
eg

er
]

re
so

ur
ce

s-
la

st
 [i

nt
eg

er
]

de
m

an
ds

-n
ow

 [i
nt

eg
er

]
re

so
ur

ce
s-

no
w

 [i
nt

eg
er

]
sk

ill
s-

la
st

 [f
lo

at
]

nu
m

be
r [

in
te

ge
r]

fir
ed

? 
[b

oo
le

an
]

hi
re

d?
 [b

oo
le

an
]

ap
pl

y-
tra

in
in

g 
[b

oo
le

an
]

jo
b 

[o
bj

ec
t]

tra
in

in
g 

[o
bj

ec
t]

pe
rc

ei
ve

m
ak

e-
de

ci
si

on
up

da
te

-p
er

ce
pt

io
ns

up
da

te
-m

em
or

y
ap

pl
y

re
po

rt

U
ni

on
st

at
es

ac
tio

ns

cu
rr

en
t-r

es
ou

rc
es

 [i
nt

eg
er

]
cu

rr
en

t-d
em

an
ds

 [i
nt

eg
er

]
de

si
re

d-
re

so
ur

ce
s 

[in
te

ge
r]

de
si

re
d-

de
m

an
ds

 [i
nt

eg
er

]
co

m
pl

ai
nt

s 
[in

te
ge

r]
ne

go
tia

tio
n 

[in
te

ge
r]

tra
in

in
gs

 [i
nt

eg
er

]
tra

in
in

g 
[o

bj
ec

t]

re
qu

al
ify

-w
or

ke
rs

ne
go

tia
te

C
om

pa
ni

es
st

at
es

ac
tio

ns

te
ch

no
lo

gy
 [s

tri
ng

]
st

rik
es

 [i
nt

eg
er

]
pr

od
uc

tiv
ity

 [i
nt

eg
er

]
va

ca
nc

ie
s 

[in
te

ge
r]

ba
nk

ru
pt

? 
[b

oo
le

an
]

op
er

at
in

g?
 [b

oo
le

an
]

jo
bs

 [o
bj

ec
t]

hi
re

fir
e

A
ge

nt
s

S
ce

na
rio

Jo
bs

st
at

es
sk

ill
s-

re
qu

ire
d 

[fl
oa

t]
re

so
ur

ce
s 

[in
te

ge
r]

de
m

an
ds

 [i
nt

eg
er

]
em

pl
oy

ee
 [i

nt
eg

er
]

ap
pl

ic
an

t?
 [n

um
be

r o
f a

ge
nt

]

P
er

 c
om

pa
ny

:
te

ch
no

lo
gy

 [s
tri

ng
]

#-
of

-jo
bs

 [i
nt

eg
er

]

In
iti

al
 s

et
up

G
lo

ba
l v

ar
ia

bl
es

to
ta

l-w
or

ke
rs

-p
er

-c
om

pa
ny

 [i
nt

eg
er

]
to

ta
l-w

or
ke

rs
 [i

nt
eg

er
]

to
ta

l-j
ob

s 
[in

te
ge

r]
to

ta
l-j

ob
s-

pe
r-c

om
pa

ny
 [i

nt
eg

er
]

fa
rm

s-
m

ill
s-

jo
bs

 [i
nt

eg
er

]
to

ta
l-s

ki
lls

 [f
lo

at
]

S
ce

na
rio

st
at

es
hi

rin
g-

su
bs

id
ie

s 
[fl

oa
t] 

re
qu

al
ifi

ca
tio

n-
su

bs
id

ie
s 

[fl
oa

t]
co

m
m

itm
en

t [
flo

at
]

tru
st

-o
f-o

th
er

s 
[fl

oa
t]

Tr
ai

ni
ng

st
at

es
tra

in
ee

 [n
um

be
r o

f a
ge

nt
]

sk
ill

-a
dd

ed
 [f

lo
at

]

O
bj

ec
ts

O
ut

pu
t

%
un

em
pl

oy
ed

 [i
nt

eg
er

]
%

va
ca

nc
ie

s 
[in

te
ge

r]
%

jo
b-

st
ra

in
 [i

nt
eg

er
]

av
er

ag
e-

sk
ill

-le
ve

l [
in

te
ge

r]
%

st
at

us
-d

ef
ic

it 
[in

te
ge

r]
%

st
at

us
-a

de
qu

at
e 

[in
te

ge
r]

av
er

ag
e-

po
w

er
 [f

lo
at

]
av

er
ag

e-
st

at
us

 [f
lo

at
]



E
Flowcharts

91



Co
m

pa
ny

St
ar

t

ba
nk

ru
pt

? 
= 

ye
s

no

W
or

ke
r

U
ni

on

pe
rc

ei
ve

up
da

te
-

pe
rc

ep
tio

ns

m
ak

e-
de

ci
si

on

En
d

ne
go

tia
te

se
tu

p-
w

or
ke

rs

St
ar

t 

(c
om

pl
ai

nt
s /

 
to

ta
l-w

or
ke

rs
) 

> 
0.

5
ye

s

no En
d

hi
re

En
d

In
: w

or
ke

rs
 

w
ith

 jo
in

 
st

rik
e?

 =
 y

es
; 

pe
r c

om
pa

ny

(jo
in

-s
tr

ik
e?

 =
 

ye
s;

 p
er

 
co

m
pa

ny
 /

 to
ta

l-
w

or
ke

rs
-p

er
-

co
m

pa
ny

) >
 0

.5

ye
s

no

O
ut

: p
ro

du
ct

iv
ity

 
= 

pr
od

uc
tiv

ity
 *

 
0.

8

Co
m

pa
ny

: s
tr

ik
es

 =
 

st
rik

es
 +

 1

St
ar

t 

se
tu

p-
co

m
pa

ni
es

In
: 

ba
nk

ru
pt

?
re

qu
al

ify
-

w
or

ke
rs

ye
s

fir
e 

al
l w

or
ke

rs
:

fir
ed

? 
= 

ye
s

ba
nk

ru
pt

? 
= 

no

op
er

at
in

g?
 =

 y
es

ye
s

In
: 

op
er

at
in

g?

no

up
da

te
-

m
em

or
y

Fl
ow

ch
ar

t 1
: s

et
up

-w
or

ke
rs

Fl
ow

ch
ar

t 2
: s

et
up

-c
om

pa
ni

es

Fl
ow

ch
ar

t 3
: W

or
ke

r a
ct

io
ns

 p
er

 ti
ck

Fl
ow

ch
ar

t 4
: C

om
pa

ny
 a

ct
io

ns
 p

er
 ti

ck
Fl

ow
ch

ar
t 5

: U
ni

on
 a

ct
io

ns
 p

er
 ti

ck

O
ut

: p
ro

du
ct

iv
ity

 =
 

pr
od

uc
tiv

ity
 *

 (t
ot

al
-

jo
bs

-p
er

-c
om

pa
ny

 –
 

va
ca

nc
ie

s)
 *

 s
ki

lls
-

re
qu

ire
d

up
da

te
-

ch
ar

ac
te

ris
tic

s

In
pu

t p
ar

am
et

er
s

In
pu

t f
ro

m
 S

an
to

s
Ag

en
ts

’ s
ta

tu
s

Ag
en

ts
’ a

ct
io

ns
O

bj
ec

ts
’ s

ta
tu

s
G

lo
ba

l v
ar

ia
bl

es



St
ar

t 

Fo
r a

ll 
w

or
ke

rs
:

sk
ill

s 
= 

flo
at

sk
ill

s-
la

st
 =

 s
ki

lls
st

at
us

 =
 fl

oa
t

po
w

er
 =

 fl
oa

t
co

m
m

itm
en

t =
 ra

nd
om

 fl
oa

t
tr

us
t-

of
-o

th
er

s =
 ra

nd
om

 fl
oa

t
co

m
pa

ny
-f

rie
nd

? 
= 

no
un

io
n-

fr
ie

nd
? 

= 
no

jo
in

-s
tr

ik
e?

 =
 n

o
op

po
rt

un
iti

es
 =

 [l
is

t]
 

de
m

an
ds

-la
st

 =
 0

re
so

ur
ce

s-
la

st
 =

 0
de

m
an

ds
-n

ow
 =

 0
re

so
ur

ce
s-

no
w

 =
 0

fir
ed

? 
= 

no
hi

re
d?

 =
 n

o
ap

pl
ie

d?
 =

 n
o

Cr
ea

te
 (p

er
ce

nt
ag

e-
ab

un
da

nt
-w

or
ke

rs
 *

 
to

ta
l #

-o
f-

jo
bs

) 
w

or
ke

rs

En
d

se
tu

p-
w

or
ke

rs

se
tu

p-
co

m
pa

ni
es

In
: l

is
t o

f c
om

pa
ni

es
: 

te
ch

no
lo

gy
,  

#-
of

-
jo

bs
 p

er
 c

om
pa

ny

te
ch

no
lo

gy
 =

 
fa

rm
no

te
ch

no
lo

gy
 =

 
m

ill
no

te
ch

no
lo

gy
 =

 
bi

or
ef

in
er

y
no

te
ch

no
lo

gy
 =

 
ot

he
r i

nd
us

tr
y

no
N

ex
t i

n 
lis

t

ye
s

Fi
ll 

#-
of

-jo
bs

 jo
bs

 w
ith

:
sk

ill
s-

re
qu

ire
d 

= 
sk

ill
s-

co
m

pa
ny

;
re

so
ur

ce
s 

= 
0;

de
m

an
ds

 =
 2

ye
s

Fi
ll 

#-
of

-jo
bs

 jo
bs

 w
ith

:
sk

ill
s-

re
qu

ire
d 

= 
 s

ki
lls

-
co

m
pa

ny
;

re
so

ur
ce

s 
= 

0;
de

m
an

ds
 =

 1

ye
s

Fi
ll 

#-
of

-jo
bs

 jo
bs

 w
ith

:
sk

ill
s-

re
qu

ire
d 

= 
 s

ki
lls

-
co

m
pa

ny
;

re
so

ur
ce

s 
= 

1;
de

m
an

ds
 =

 1

ye
s

Fi
ll 

#-
of

-jo
bs

 jo
bs

 w
ith

:
sk

ill
s-

re
qu

ire
d 

= 
 s

ki
lls

-
co

m
pa

ny
;

re
so

ur
ce

s =
 1

;
de

m
an

ds
 =

 1

St
ar

t

Fo
r a

ll 
co

m
pa

ni
es

 in
 

lis
t

En
d

Fo
r a

ll 
jo

bs
 in

 li
st

H
ire

 w
or

ke
r:

 
hi

re
d?

 =
 y

es
;

jo
b?

 =
 y

es
;

de
m

an
ds

-n
ow

 =
 d

em
an

ds
;

re
so

ur
ce

s-
no

w
 =

 re
so

ur
ce

s
ha

s-
jo

b-
at

-c
om

pa
ny

 =
 c

om
pa

ny

ye
s

w
or

ke
rs

 w
ith

 
sk

ill
s 

>=
 s

ki
lls

-
re

qu
ire

d

N
ex

t i
n 

lis
t

no
va

ca
nc

ie
s =

 
va

ca
nc

ie
s +

 1

Fl
ow

ch
ar

t 6
: s

et
up

-w
or

ke
rs

Fl
ow

ch
ar

t 7
: s

et
up

-c
om

pa
ni

es



St
ar

t

po
w

er
 

< 
po

w
er

-d
ef

ic
it-

th
re

sh
ol

d

st
at

us
< 

st
at

us
-d

ef
ic

it-
th

re
sh

ol
d

ye
s

no

st
at

us
< 

st
at

us
-d

ef
ic

it-
th

re
sh

ol
d

no
ye

s

noEn
d

op
po

rt
un

iti
es

 =
[A

pp
ly

 fo
r t

ra
in

in
g,

St
rik

e,
Ap

pl
y 

fo
r j

ob
,

Jo
in

 u
ni

on
]

ye
s

op
po

rt
un

iti
es

 =
[A

pp
ly

 fo
r j

ob
,

Jo
in

 u
ni

on
]

op
po

rt
un

iti
es

 =
[A

pp
ly

 fo
r t

ra
in

in
g,

St
rik

e]

co
m

pa
ny

-fr
ie

nd
? 

= 
ye

s
ye

s
un

io
n-

fr
ie

nd
? 

= 
nono

En
d 

pe
rc

ei
ve

St
ar

t

co
m

pa
ny

-fr
ie

nd
? 

= 
ye

s
no

un
io

n-
fr

ie
nd

? 
= 

ye
s

no

ye
s

ye
s

co
m

m
itm

en
t 

> 
ch

ar
ac

te
ris

tic
s-

hi
gh

-le
ve

l

no

co
m

m
itm

en
t 

< 
ch

ar
ac

te
ris

tic
s-

lo
w

-le
ve

l

ye
s

no

ye
s

co
m

m
itm

en
t 

> 
ch

ar
ac

te
ris

tic
s-

hi
gh

-le
ve

l

no

co
m

m
itm

en
t 

< 
ch

ar
ac

te
ris

tic
s-

lo
w

-le
ve

l

ye
s

no

ye
s

co
m

m
itm

en
t 

> 
ch

ar
ac

te
ris

tic
s-

hi
gh

-le
ve

l

no

co
m

m
itm

en
t 

< 
ch

ar
ac

te
ris

tic
s-

lo
w

-le
ve

l

ye
s

no

ye
s

H
1

H
2

H
3

H
4

H
5

H
6

H
7

H
8

H
9

m
ak

e-
de

ci
si

on

he
ur

is
tic

s

Fl
ow

ch
ar

t 8
: w

or
ke

rs
 p

er
ce

iv
e

Fl
ow

ch
ar

t 9
: w

or
ke

rs
 m

ak
e 

de
ci

si
on

s

sk
ill

s 
= 

1 
or

 h
as

-
jo

b-
at

-c
om

pa
ny

 =
 

“b
io

re
fin

er
y”

sk
ill

s 
= 

1 
or

 h
as

-
jo

b-
at

-c
om

pa
ny

 =
 

“b
io

re
fin

er
y”

no

ye
s

op
po

rt
un

iti
es

 =
[S

tr
ik

e,
Ap

pl
y 

fo
r j

ob
,

Jo
in

 u
ni

on
]

sk
ill

s 
= 

1 
or

 h
as

-
jo

b-
at

-c
om

pa
ny

 =
 

“b
io

re
fin

er
y”

no

ye
s

op
po

rt
un

iti
es

 =
[S

tr
ik

e]

op
po

rt
un

iti
es

 =
[A

pp
ly

 fo
r j

ob
]

ye
s

op
po

rt
un

iti
es

 =
[A

pp
ly

 fo
r t

ra
in

in
g,

Ap
pl

y 
fo

r j
ob

]

no



H
1

H
2

tr
us

t o
f o

th
er

s 
< 

ch
ar

ac
te

ris
tic

s-
lo

w
-le

ve
l

no

tr
us

t o
f o

th
er

s 
< 

ch
ar

ac
te

ris
tic

s-
lo

w
-le

ve
l

no

tr
us

t o
f o

th
er

s 
> 

ch
ar

ac
te

ris
tic

s-
hi

gh
-le

ve
l

ye
s

tr
us

t o
f o

th
er

s 
> 

ch
ar

ac
te

ris
tic

s-
hi

gh
-le

ve
l

no

H
1:

 T
he

 w
or

ke
r i

s 
fr

ie
nd

s 
w

ith
 it

s 
co

m
pa

ny
 a

nd
 h

as
 a

 h
ig

h 
co

m
m

itm
en

t

H
2:

 T
he

 w
or

ke
r i

s 
fr

ie
nd

s 
w

ith
 it

s 
co

m
pa

ny
 a

nd
 h

as
 a

 lo
w

 c
om

m
itm

en
t:

En
d

ye
s

no

ye
s

co
m

pa
ny

-f
rie

nd
? 

 =
 

no

H
3

H
3:

 T
he

 w
or

ke
r i

s 
fr

ie
nd

s 
w

ith
 it

s 
co

m
pa

ny
 a

nd
 h

as
 a

 m
ed

iu
m

 c
om

m
itm

en
t

tr
us

t o
f o

th
er

s 
< 

ch
ar

ac
te

ris
tic

s-
lo

w
-le

ve
l

no

tr
us

t o
f o

th
er

s 
> 

ch
ar

ac
te

ris
tic

s-
hi

gh
-le

ve
l

re
so

ur
ce

s 
< 

de
m

an
ds

En
d

ye
s

no
En

d

ye
s

ye
s

co
m

pa
ny

-f
rie

nd
? 

= 
no

un
io

n-
fr

ie
nd

? 
= 

ye
s

no

“A
pp

ly
 fo

r 
tr

ai
ni

ng
” 

in
 

op
po

rt
un

iti
es

?

Ad
d 

se
lf 

to
 li

st
 o

f 
tr

ai
ni

ng
-a

pp
lic

an
ts

 
of

 th
e 

un
io

n

ye
s

no
“A

pp
ly

 fo
r j

ob
” 

in
 o

pp
or

tu
ni

tie
s?

Ap
pl

y 
fo

r a
ny

 jo
b 

w
ith

 
sk

ill
s 

=>
 sk

ill
s-

re
qu

ire
d:

Ad
d 

se
lf 

to
 li

st
 o

f 
ap

pl
ic

an
ts

 o
f c

om
pa

ny

ye
s

En
d

no

ye
s

“A
pp

ly
 fo

r 
tr

ai
ni

ng
” 

in
 

op
po

rt
un

iti
es

?

Ad
d 

se
lf 

to
 li

st
 o

f 
tr

ai
ni

ng
-a

pp
lic

an
ts

 
of

 th
e 

un
io

n

ye
s

no
“A

pp
ly

 fo
r j

ob
” 

in
 o

pp
or

tu
ni

tie
s?

Ap
pl

y 
fo

r a
ny

 jo
b 

w
ith

 
sk

ill
s 

=>
 s

ki
lls

-r
eq

ui
re

d:
Ad

d 
se

lf 
to

 li
st

 o
f 

ap
pl

ic
an

ts
 o

f c
om

pa
ny

ye
s

no

“A
pp

ly
 fo

r 
tr

ai
ni

ng
” 

in
 

op
po

rt
un

iti
es

?

Ad
d 

se
lf 

to
 li

st
 o

f 
tr

ai
ni

ng
-a

pp
lic

an
ts

 
of

 th
e 

un
io

n

ye
s

no
“A

pp
ly

 fo
r j

ob
” 

in
 o

pp
or

tu
ni

tie
s?

Ap
pl

y 
fo

r a
ny

 jo
b 

w
ith

 
sk

ill
s =

> 
sk

ill
s-

re
qu

ire
d:

Ad
d 

se
lf 

to
 li

st
 o

f 
ap

pl
ic

an
ts

 o
f c

om
pa

ny

ye
s

no

“J
oi

n 
un

io
n”

 in
 

op
po

rt
un

iti
es

?

ye
s

no

he
ur

is
tic

s
Fl

ow
ch

ar
t 1

0:
 w

or
ke

rs
 h

eu
ris

tic
 1

Fl
ow

ch
ar

t 1
1:

 w
or

ke
rs

 h
eu

ris
tic

 2

Fl
ow

ch
ar

t 1
2:

 w
or

ke
rs

 h
eu

ris
tic

 3



H
4

tr
us

t o
f o

th
er

s 
< 

ch
ar

ac
te

ris
tic

s-
lo

w
-le

ve
l

no

re
so

ur
ce

s 
< 

de
m

an
ds

ye
s

no
no

“A
pp

ly
 fo

r 
tr

ai
ni

ng
” 

in
 

op
po

rt
un

iti
es

?

ye
s

ye
s

tr
us

t o
f o

th
er

s 
> 

ch
ar

ac
te

ris
tic

s-
hi

gh
-le

ve
l

ye
s

En
d 

H
4:

 T
he

 w
or

ke
r i

s 
fr

ie
nd

s 
w

ith
 th

e 
un

io
n 

an
d 

ha
s 

a 
hi

gh
 c

om
m

itm
en

t

jo
in

 s
tr

ik
e?

 =
 y

es

En
d

ye
s

“S
tr

ik
e”

 in
 

op
po

rt
un

iti
es

?
no

Re
po

rt
:

co
m

pl
ai

nt
s =

 
co

m
pl

ai
nt

s +
 1

Re
po

rt
:

co
m

pl
ai

nt
s =

 
co

m
pl

ai
nt

s +
 1

“A
pp

ly
 fo

r j
ob

” 
in

 o
pp

or
tu

ni
tie

s?

ye
s

no

jo
in

 s
tr

ik
e?

 =
 y

es

En
d

H
5

tr
us

t o
f o

th
er

s 
< 

ch
ar

ac
te

ris
tic

s-
lo

w
-le

ve
l

no

tr
us

t o
f o

th
er

s 
> 

ch
ar

ac
te

ris
tic

s-
hi

gh
-le

ve
l

H
5:

 T
he

 w
or

ke
r i

s 
fr

ie
nd

s 
w

ith
 th

e 
un

io
n 

an
d 

ha
s 

a 
lo

w
 c

om
m

itm
en

t

“A
pp

ly
 fo

r 
tr

ai
ni

ng
” 

in
 

op
po

rt
un

iti
es

?

ye
s

no
“A

pp
ly

 fo
r j

ob
” 

in
 o

pp
or

tu
ni

tie
s?

ye
s

En
d

ye
s

no

ye
s

un
io

n-
fr

ie
nd

? 
= 

no
no

re
so

ur
ce

s 
< 

de
m

an
ds

ye
s

jo
in

 s
tr

ik
e?

 =
 y

es

ye
s

“S
tr

ik
e”

 in
 

op
po

rt
un

iti
es

?

ye
s

“S
tr

ik
e”

 in
 

op
po

rt
un

iti
es

?

no

no

H
6

H
6:

 T
he

 w
or

ke
r i

s 
fr

ie
nd

s 
w

ith
 th

e 
un

io
n 

an
d 

ha
s 

a 
m

ed
iu

m
 c

om
m

itm
en

t

tr
us

t o
f o

th
er

s 
< 

ch
ar

ac
te

ris
tic

s-
lo

w
-le

ve
l

no

tr
us

t o
f o

th
er

s 
> 

ch
ar

ac
te

ris
tic

s-
hi

gh
-le

ve
l

re
so

ur
ce

s <
 

de
m

an
ds

En
d

ye
s

ye
s

no

un
io

n-
fr

ie
nd

? 
= 

no

“A
pp

ly
 fo

r 
tr

ai
ni

ng
” 

in
 

op
po

rt
un

iti
es

?
no

“A
pp

ly
 fo

r j
ob

” 
in

 o
pp

or
tu

ni
tie

s?

ye
s

ye
s

no

no
re

so
ur

ce
s <

 
de

m
an

ds
ye

s
“S

tr
ik

e”
 in

 
op

po
rt

un
iti

es
?

no

ye
s

jo
in

 s
tr

ik
e?

 =
 y

es

no

re
so

ur
ce

s <
 

de
m

an
ds

Re
po

rt
:

co
m

pl
ai

nt
s 

= 
co

m
pl

ai
nt

s +
 1

ye
s

no

Ad
d 

se
lf 

to
 li

st
 o

f 
tr

ai
ni

ng
-a

pp
lic

an
ts

 
of

 th
e 

un
io

n

Ap
pl

y 
fo

r a
ny

 jo
b 

w
ith

 
sk

ill
s 

=>
 sk

ill
s-

re
qu

ire
d:

Ad
d 

se
lf 

to
 li

st
 o

f 
ap

pl
ic

an
ts

 o
f c

om
pa

ny

Ad
d 

se
lf 

to
 li

st
 o

f 
tr

ai
ni

ng
-a

pp
lic

an
ts

 
of

 th
e 

un
io

n

Ap
pl

y 
fo

r a
ny

 jo
b 

w
ith

 
sk

ill
s 

=>
 s

ki
lls

-r
eq

ui
re

d:
Ad

d 
se

lf 
to

 li
st

 o
f 

ap
pl

ic
an

ts
 o

f c
om

pa
ny

Ad
d 

se
lf 

to
 li

st
 o

f 
tr

ai
ni

ng
-a

pp
lic

an
ts

 
of

 th
e 

un
io

n

Ap
pl

y 
fo

r a
ny

 jo
b 

w
ith

 
sk

ill
s 

=>
 s

ki
lls

-r
eq

ui
re

d:
Ad

d 
se

lf 
to

 li
st

 o
f 

ap
pl

ic
an

ts
 o

f c
om

pa
ny

ye
s

Fl
ow

ch
ar

t 1
3:

 w
or

ke
rs

 h
eu

ris
tic

 4

Fl
ow

ch
ar

t 1
4:

 w
or

ke
rs

 h
eu

ris
tic

 5
Fl

ow
ch

ar
t 1

5:
 w

or
ke

rs
 h

eu
ris

tic
 6no

re
so

ur
ce

s <
 

de
m

an
ds

ye
s

no



H
7

tr
us

t o
f o

th
er

s 
< 

ch
ar

ac
te

ris
tic

s-
lo

w
-le

ve
l

no

ye
s

tr
us

t o
f o

th
er

s 
> 

ch
ar

ac
te

ris
tic

s-
hi

gh
-le

ve
l

ye
s

H
7:

 T
he

 w
or

ke
r h

as
 n

o 
fr

ie
nd

s 
an

d 
ha

s 
a 

hi
gh

 c
om

m
itm

en
t

H
8

tr
us

t o
f o

th
er

s 
< 

ch
ar

ac
te

ris
tic

s-
lo

w
-le

ve
l

no

tr
us

t o
f o

th
er

s 
> 

ch
ar

ac
te

ris
tic

s-
hi

gh
-le

ve
l

H
8:

 T
he

 w
or

ke
r h

as
 n

o 
fr

ie
nd

s 
an

d 
ha

s 
a 

lo
w

 c
om

m
itm

en
t

ye
s

ye
sre

so
ur

ce
s <

 
de

m
an

ds

ye
s

un
io

n-
fr

ie
nd

? 
= 

ye
s

En
d

no

co
m

pa
ny

-f
rie

nd
? 

= 
ye

s

“A
pp

ly
 fo

r 
tr

ai
ni

ng
” 

in
 

op
po

rt
un

iti
es

?
no

“A
pp

ly
 fo

r j
ob

” 
in

 o
pp

or
tu

ni
tie

s?

ye
s

no

no

En
d

“A
pp

ly
 fo

r 
tr

ai
ni

ng
” 

in
 

op
po

rt
un

iti
es

?
no

“A
pp

ly
 fo

r j
ob

” 
in

 o
pp

or
tu

ni
tie

s?
no

no

tr
us

t o
f o

th
er

s 
< 

ch
ar

ac
te

ris
tic

s-
lo

w
-le

ve
l

no

tr
us

t o
f o

th
er

s 
> 

ch
ar

ac
te

ris
tic

s-
hi

gh
-le

ve
l

re
so

ur
ce

s <
 

de
m

an
ds

En
d

no

co
m

pa
ny

-fr
ie

nd
? 

= 
ye

s

no
re

so
ur

ce
s <

 
de

m
an

ds
ye

s

un
io

n-
fr

ie
nd

? 
= 

ye
s

H
9

H
9:

 T
he

 w
or

ke
r h

as
 n

o 
fr

ie
nd

s 
an

d 
ha

s 
a 

m
ed

iu
m

 c
om

m
itm

en
t:

“A
pp

ly
 fo

r 
tr

ai
ni

ng
” 

in
 

op
po

rt
un

iti
es

?
no

“A
pp

ly
 fo

r j
ob

” 
in

 o
pp

or
tu

ni
tie

s?

ye
s

no

no

no

Ad
d 

se
lf 

to
 li

st
 o

f 
tr

ai
ni

ng
-a

pp
lic

an
ts

 
of

 th
e 

un
io

n

Ap
pl

y 
fo

r a
ny

 jo
b 

w
ith

 
sk

ill
s 

=>
 s

ki
lls

-r
eq

ui
re

d:
Ad

d 
se

lf 
to

 li
st

 o
f 

ap
pl

ic
an

ts
 o

f c
om

pa
ny

ye
s

Ad
d 

se
lf 

to
 li

st
 o

f 
tr

ai
ni

ng
-a

pp
lic

an
ts

 
of

 th
e 

un
io

n

Ap
pl

y 
fo

r a
ny

 jo
b 

w
ith

 
sk

ill
s 

=>
 s

ki
lls

-r
eq

ui
re

d:
Ad

d 
se

lf 
to

 li
st

 o
f 

ap
pl

ic
an

ts
 o

f c
om

pa
ny

ye
s

ye
s

Ad
d 

se
lf 

to
 li

st
 o

f 
tr

ai
ni

ng
-a

pp
lic

an
ts

 
of

 th
e 

un
io

n

Ap
pl

y 
fo

r a
ny

 jo
b 

w
ith

 
sk

ill
s 

=>
 s

ki
lls

-r
eq

ui
re

d:
Ad

d 
se

lf 
to

 li
st

 o
f 

ap
pl

ic
an

ts
 o

f c
om

pa
ny

ye
s

ye
s

“J
oi

n 
un

io
n”

 in
 

op
po

rt
un

iti
es

?

ye
s

no

“A
pp

ly
 fo

r 
tr

ai
ni

ng
” 

in
 

op
po

rt
un

iti
es

?

ye
s

no

Fl
ow

ch
ar

t 1
6:

 w
or

ke
rs

 h
eu

ris
tic

 7

Fl
ow

ch
ar

t 1
7:

 w
or

ke
rs

 h
eu

ris
tic

 8

Fl
ow

ch
ar

t 1
8:

 w
or

ke
rs

 h
eu

ris
tic

 9

Fl
ow

ch
ar

t 1
9:

 w
or

ke
rs

 u
pd

at
e 

Ad
d 

se
lf 

to
 li

st
 o

f 
tr

ai
ni

ng
-a

pp
lic

an
ts

 
of

 th
e 

un
io

n



St
ar

t

re
so

ur
ce

s-
la

st
 <

 
re

so
ur

ce
s-

no
w

st
at

us
 =

 s
ta

tu
s 

+ 
st

at
us

-in
cr

ea
se

-
re

so
ur

ce
s-

de
m

an
ds

ye
s

no
re

so
ur

ce
s-

la
st

 =
 

re
so

ur
ce

s-
no

w

ye
s

no

st
at

us
 =

 s
ta

tu
s 

– 
st

at
us

-d
ec

re
as

e-
re

so
ur

ce
s-

de
m

an
ds

de
m

an
ds

-la
st

 <
 

de
m

an
ds

-n
ow

ye
s

st
at

us
 =

 st
at

us
 - 

st
at

us
-d

ec
re

as
e-

re
so

ur
ce

s-
de

m
an

ds

no
de

m
an

ds
-la

st
 =

 
de

m
an

ds
-n

ow
no

st
at

us
 =

 s
ta

tu
s 

+ 
st

at
us

-in
cr

ea
se

-
re

so
ur

ce
s-

de
m

an
ds

ye
s

sk
ill

s 
> 

sk
ill

s-
la

st
= 

 y
es

ye
s

st
at

us
 =

 s
ta

tu
s 

+ 
st

at
us

-in
cr

ea
se

-
sk

ill
s

fir
ed

? 
= 

ye
s

po
w

er
 =

 p
ow

er
 –

 
st

at
us

-p
ow

er
-in

-
de

cr
ea

se
-h

ire
d-

fir
ed

st
at

us
 =

 s
ta

tu
s –

 
st

at
us

-p
ow

er
-in

-
de

cr
ea

se
-h

ire
d-

fir
ed

ye
s

no

no En
d

no

hi
re

d?
 =

 y
es

ye
s

po
w

er
 =

 p
ow

er
 +

 
st

at
us

-p
ow

er
-in

-
de

cr
ea

se
-h

ire
d-

fir
ed

up
da

te
-p

er
ce

pt
io

ns
up

da
te

-m
em

or
y

St
ar

t 

de
m

an
ds

-la
st

 =
 

de
m

an
ds

-n
ow

re
so

ur
ce

s-
la

st
 =

 
re

so
ur

ce
s-

no
w

En
d 

hi
re

d?
 =

 n
o

fir
ed

? 
= 

no

sk
ill

s-
la

st
 =

 s
ki

lls
 

Fl
ow

ch
ar

t 1
9:

 w
or

ke
rs

 u
pd

at
e 

pe
rc

ep
tio

ns

Fl
ow

ch
ar

t 2
1:

 w
or

ke
rs

 u
pd

at
e 

m
em

or
y

up
da

te
-c

ha
ra

ct
er

is
tic

s

St
ar

t

Fl
ow

ch
ar

t 2
0:

 w
or

ke
rs

 u
pd

at
e 

ch
ar

ac
te

ris
tic

s

Ap
pl

ie
d?

 =
 y

es
 

an
d 

H
ire

d?
 =

 y
es

ye
s

tr
us

t-
of

-o
th

er
s =

 
tr

us
t-

of
-o

th
er

s +
 

tr
us

t-
in

-d
ec

re
as

e

no
Ap

pl
ie

d?
 =

 y
es

 
an

d 
H

ire
d?

 =
 n

o

ye
s

tr
us

t-
of

-o
th

er
s =

 
tr

us
t-

of
-o

th
er

s -
 

tr
us

t-
in

-d
ec

re
as

e

re
so

ur
ce

s-
no

w
 >

 
re

so
ur

ce
s-

la
st

ye
s

co
m

m
itm

en
t =

 
co

m
m

itm
en

t +
 

co
m

m
itm

en
t-

in
-

de
cr

ea
se

no

co
m

m
itm

en
t =

 
co

m
m

itm
en

t -
 

co
m

m
itm

en
t-

in
-

de
cr

ea
se

no

En
d

no
re

so
ur

ce
s-

no
w

 =
 

re
so

ur
ce

s-
la

st

ye
s

jo
in

-s
tr

ik
e?

 =
 n

o



St
ar

t

hi
rin

g-
su

bs
id

ie
s

hi
rin

g-
su

bs
id

ie
s 

> 
0

ye
s

N
ex

t j
ob

 in
 li

st

em
pl

oy
ee

 =
 

[e
m

pt
y]

In
: l

is
t o

f 
jo

bs
 p

er
 

co
m

pa
ny

Fo
r a

ll 
jo

bs
 in

 li
st

em
pl

oy
ee

 =
 

[e
m

pt
y]

no

ye
s

ap
pl

ic
an

t?
 =

 
[n

um
be

r w
or

ke
r]

ye
s

H
ire

 w
or

ke
r:

 
ap

pl
ic

an
t?

 =
 [e

m
pt

y]
;

em
pl

oy
ee

 =
 n

um
be

r o
f a

ge
nt

 
ap

pl
yi

ng
;

hi
re

d?
 =

 y
es

;
de

m
an

ds
-n

ow
 =

 d
em

an
ds

;
re

so
ur

ce
s-

no
w

 =
 re

so
ur

ce
s

no
va

ca
nc

ie
s 

= 
va

ca
nc

ie
s +

 1

no
N

ex
t i

n 
lis

t

N
ex

t i
n 

lis
t

En
d

hi
re

St
ar

t

re
qu

al
ifi

ca
tio

n-
su

bs
id

ie
s

re
qu

al
ifi

ca
tio

n-
su

bs
id

ie
s 

> 
0

ye
s

no

In
: f

ar
m

s-
m

ill
s-

jo
bs

#-
of

-t
ra

in
in

gs
 =

 
fa

rm
s-

m
ill

s-
jo

bs
 *

 
re

qu
al

ifi
ca

tio
n-

su
bs

id
ie

s

En
d tr

ai
ni

ng
s =

 
tr

ai
ni

ng
s -

 1

sk
ill

s 
= 

sk
ill

s +
 s

ki
ll-

ad
de

d

tr
ai

ni
ng

s 
> 

0

Cr
ea

te
 #

-o
f-

tr
ai

ni
ng

s 
tr

ai
ni

ng
 

ob
je

ct
s 

w
ith

:
sk

ill
-a

dd
ed

 [f
lo

at
]

tr
ai

ne
e 

= 
nu

m
be

r o
f 

w
or

ke
r

In
: a

ll 
w

or
ke

rs
 

w
ith

 a
pp

ly
-

tr
ai

ni
ng

 =
 y

es

ye
s

no
En

d

re
qu

al
ify

-w
or

ke
rs

hi
re

 >
 0

ye
s

no

hi
re

 =
 to

ta
l-j

ob
s-

pe
r-

co
m

pa
ny

 *
 h

iri
ng

-
su

bs
id

ie
s

In
: l

is
t o

f 
jo

bs
 p

er
 

co
m

pa
ny

hi
re

 =
 h

ire
 - 

1

H
ire

 w
or

ke
r:

 
em

pl
oy

ee
 =

 a
ny

 n
um

be
r o

f 
ag

en
t w

ith
 h

ire
d?

 =
 n

o 
an

d
sk

ill
s 

>=
 s

ki
lls

-r
eq

ui
re

d 
– 

0.
1;

hi
re

d?
 =

 y
es

;
de

m
an

ds
-n

ow
 =

 d
em

an
ds

;
re

so
ur

ce
s-

no
w

 =
 re

so
ur

ce
s;

sk
ill

s 
= 

 s
ki

lls
-r

eq
ui

re
d 

ye
s

ap
pl

ic
an

t?
 =

 
[n

um
be

r w
or

ke
r]

no

no
va

ca
nc

ie
s =

 0

ye
s

En
d 

no

no

Fl
ow

ch
ar

t 2
2:

 c
om

pa
ni

es
 h

ire
Fl

ow
ch

ar
t 2

3:
 u

ni
on

s 
re

qu
al

ify
 w

or
ke

rs



St
ar

t 
D

es
ire

d 
re

so
ur

ce
s:

 2
D

es
ire

d 
de

m
an

ds
: 0

cu
rr

en
t 

de
m

an
ds

 >
 

de
si

re
d 

de
m

an
ds

In
: l

is
t o

f 
co

m
pa

ni
es

, 
lis

t o
f j

ob
s

Fo
r a

ll 
co

m
pa

ni
es

 in
 

lis
t

ye
s

no

no
Jo

bs
 in

 
co

m
pa

ny
: 

de
m

an
ds

 =
 0

Al
l j

ob
s 

in
 c

om
pa

ny
: 

de
m

an
ds

 =
 

de
m

an
ds

 –
 1

ye
s

ne
go

tia
tio

n 
= 

0
no

ne
go

tia
tio

n 
= 

ne
go

tia
tio

n 
+ 

1

Fo
r a

ll 
co

m
pa

ni
es

 in
 

lis
t

no
ye

s

ne
go

tia
tio

n 
= 

ne
go

tia
tio

n 
+ 

1

cu
rr

en
t 

re
so

ur
ce

s 
< 

de
si

re
d 

re
so

ur
ce

s

ye
s

Jo
bs

 in
 

co
m

pa
ny

: 
re

so
ur

ce
s =

 2

Al
l j

ob
s 

in
 c

om
pa

ny
: 

re
so

ur
ce

s 
= 

re
so

ur
ce

s +
 1

no

no
ne

go
tia

tio
n 

= 
2

no
ne

go
tia

tio
n 

= 
1

ye
s

En
d 

En
d 

ye
s

ne
go

tia
tio

n 
= 

3

ye
s

no

ye
s

Co
m

pa
ny

: 
st

rik
es

 >
 1

ye
s

Co
m

pa
ny

: 
st

rik
es

 >
 2

no
no

N
ex

t i
n 

lis
t

ye
s

N
ex

t i
n 

lis
t

ne
go

tia
te

Fl
ow

ch
ar

t 2
4:

 u
ni

on
s 

ne
go

tia
te



St
ar

t 

re
so

ur
ce

s <
 

de
m

an
ds

Fo
r a

ll 
jo

bs
 in

 li
st

In
: l

is
t o

f a
ll 

jo
bs

, t
ot

al
-

jo
bs

ye
s

jo
b-

st
ra

in
 =

 jo
b 

st
ra

in
 +

 1

no

N
ex

t i
n 

lis
t

%
jo

b-
st

ra
in

 =
 

(jo
b-

st
ra

in
 /

 
to

ta
l-j

ob
s)

 
* 

10
0

St
ar

t

In
: v

ac
an

ci
es

 
pe

r c
om

pa
ny

, 
to

ta
l-j

ob
s

En
d

%
va

ca
nc

ie
s 

= 
(t

ot
al

-v
ac

an
ci

es
 /

 
to

ta
l-j

ob
s)

 *
 1

00
%

En
d

to
ta

l-v
ac

an
ci

es
 =

 
su

m
 o

f a
ll 

va
ca

nc
ie

s

St
ar

t

In
: l

is
t o

f 
w

or
ke

rs

av
er

ag
e-

sk
ill

-le
ve

l 
= 

(t
ot

al
-s

ki
lls

 /
 

to
ta

l-w
or

ke
rs

) *
 

10
0

to
ta

l-s
ki

lls
 =

 s
um

 o
f 

al
l s

ki
lls

En
d 

St
ar

t

In
: l

is
t o

f 
w

or
ke

rs

st
at

us
 <

 -0
.7

Fo
r a

ll 
w

or
ke

rs
 in

 
lis

t

no

st
at

us
 >

 0
.7

ye
s

st
at

us
-d

ef
ic

it 
= 

st
at

us
-d

ef
ic

it 
+ 

1

ye
s

st
at

us
-e

xc
es

si
ve

 =
 

st
at

us
-e

xc
es

si
ve

 +
 1

st
at

us
-a

de
qu

at
e 

= 
st

at
us

-a
de

qu
at

e 
+ 

1
no

N
ex

t i
n 

lis
t

%
st

at
us

-d
ef

ic
it 

= 
(s

ta
tu

s-
de

fic
it 

/ 
to

ta
l-w

or
ke

rs
)

* 
10

0

%
st

at
us

-e
xc

es
si

ve
 =

 
(s

ta
tu

s-
ex

ce
ss

iv
e 

/ 
to

ta
l-w

or
ke

rs
)

* 
10

0

%
st

at
us

-a
de

qu
at

e 
= 

(s
ta

tu
s-

ad
eq

ua
te

 /
 

to
ta

l-w
or

ke
rs

)
* 

10
0

En
d

St
ar

t

In
: l

is
t o

f 
w

or
ke

rs

po
w

er
 <

 -0
.7

Fo
r a

ll 
w

or
ke

rs
 in

 
lis

t

no

po
w

er
 >

 0
.7

ye
s

po
w

er
-d

ef
ic

it 
= 

po
w

er
-d

ef
ic

it 
+ 

1

ye
s

po
w

er
-e

xc
es

si
ve

 =
 

po
w

er
-e

xc
es

si
ve

 +
 1

po
w

er
-a

de
qu

at
e 

= 
po

w
er

-a
de

qu
at

e 
+ 

1
no

N
ex

t i
n 

lis
t

%
po

w
er

-d
ef

ic
it 

= 
(p

ow
er

-d
ef

ic
it 

/ 
to

ta
l-w

or
ke

rs
)

* 
10

0

%
po

w
er

-e
xc

es
si

ve
 =

 
(p

ow
er

-e
xc

es
si

ve
 /

 
to

ta
l-w

or
ke

rs
)

* 
10

0

%
po

w
er

-a
de

qu
at

e 
= 

(p
ow

er
-a

de
qu

at
e 

/ 
to

ta
l-w

or
ke

rs
)

* 
10

0

En
d

ou
tp

ut
Fl

ow
ch

ar
t 2

5:
 jo

b 
qu

al
ity

Fl
ow

ch
ar

t 2
9:

 v
ac

an
ci

es

Fl
ow

ch
ar

t 2
7:

 a
ve

ra
ge

 s
ki

ll 
le

ve
l

Fl
ow

ch
ar

t 2
6:

 s
ta

tu
s

Fl
ow

ch
ar

t 2
8:

 p
ow

er





F
Historical data

The data for the (combined) model for the following inputs is taken from these sources:

• The amount of sugarcane processed in 2000: Peixoto (2005). This determines the number of
jobs per mill.

• The amount of sugarcane processed in the years 2006-2015: SISERJ (2016). This determines
the number of jobs per mill.

• The area of the sugarcane crops of the farms: CONAB (2015). This determines the number of
farms.

• The number of mills in the years 1996-2009: Castro (2009).

• The number of mills in the years 2001-2002, 2007-2010: Ribeiro (2010).

• The number of mills in 2013: Ruimax Viana Soares and Alcimar das Chagas Ribeiro (2013).

• The ethanol and sugar price in the years 1999-2007: Economia Agricola UFRRJ (2017).

• The sugar price in the years 2001-2017: CEPEA (2017).

• The ethanol price in the years 2002-2017: CEPEA.
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G
Experiments

Semi-random company dynamics
• After 2013, every year a X number of companies go bankrupt and fire all of their employees. X

is randomly picked from the following list: [0 0 1 1 2 2 3 4]; there is a 25% chance of 0, 1 or 2
companies going bankrupt and a 12.5% chance of 3 or 4 companies going bankrupt.

• After 2013, every year a Y number of other industries are founded and try to hire sufficient em-
ployees. Y is randomly picked from the following list: [0 0 0 0 1 1 2 3]; there is a 50% chance of
0 other industries being founded, a 25% chance of 1 other industry being founded and a 12.5%
chance of 2 or 3 other industries being founded.

• After 2013, every year a Z number of biorefineries are founded and try to hire sufficient employ-
ees. Z is randomly picked from the following list: [0 0 0 0 1 1 1 2]; there is a 50% chance of 0
biorefineries being founded, a 37.5% chance of 1 biorefinery being founded and a 12.5% chance
of 2 biorefineries being founded.
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106 G. Experiments

Table G.1: Parameter values of the standard current and proposed scenario

Inputs Value current Value proposed
Abundant workers % 1.4 1.4

Initial union members % 37 37

Input other industries 10 10

Biorefineries input in 2013 0 20

Initial power and status deficit TRUE TRUE

Requalification subsidies 0 25

Hiring subsidies 0 25

Random company bankrupt TRUE TRUE

Thresholds Value
Power insufficient at -0.3

Status insufficient at -0.3

Characteristics high level 0.7

Characteristics low level 0.3

Commitment de- and increase 0.1

Trust de- and increase 0.1

Status increase for skills 0.05

Power and status de- and in-
crease when hired or fired

0.1

Status decrease for lack of re-
sources and demands

0.1

Status increase for sufficient re-
sources and demands

0.1
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EXPERIMENTS PERFORMED

Standard scenarios - all with 200% the number of workers over initial jobs

• Standard current scenario over time, static company scenario, 50 repetitions

• Standard current scenario over time with a random company bankrupt every year, static company
scenario, 50 repetitions

• Standard proposed scenario over time, static company scenario, 50 repetitions

• Standard proposed scenario over time with a random company bankrupt every year, static com-
pany scenario, 50 repetitions

• Proposed dynamic company scenario over time, 50 repetitions

Exploration scenarios - for the exploration of the scenario space

• Proposed scenario with 100 to 200% the number of workers compared with the initial number of
jobs at a 100%, with steps of 10%, static company scenario, 50 repetitions

• Proposed scenario with 20 to 200% the number of workers compared with the initial number of
jobs at a 100%, with steps of 20%, dynamic company scenario, 10 repetitions

• Proposed scenario with different types of subsidies:

• Both subsidies always on with different levels of height (0, 10, 25, 50, 75 100), static com-
pany scenario, full factorial, 10 repetitions per setting

• Both subsidies always on with different levels of height (0, 2, 4, 6, 8, 10), dynamic company
scenario, full factorial, 10 repetitions per setting

• Four years on / four years of for both subsidies in phase, 50 repetitions

• Four years on / four years of for both subsidies out of phase, 50 repetitions

• Exponential increase of both subsidies, 50 repetitions

• Exponential decrease of both subsidies, 50 repetitions

• Randomly distributed subsidies over 20% of the time, 50 repetitions

• Random height of the subsidies every year, 50 repetitions

• Full factorial thresholds experiments, see Table G.2, 50 repetitions per experiment
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Table G.2: Exploratory threshold and increment experiments for the proposed dynamic company scenario

Thresholds and increment ex-
periments Exp. 1:

character-
istics
thresh-
olds

Exp. 2:
character-
istics
incre-
ments

Exp. 3:
power and
status
thresh-
olds

Exp. 4:
power and
status in-
crements

Power insufficient at -0.3 -0.3 -0.3, 0, 0.3 -0.3

Status insufficient at -0.3 -0.3 -0.3, 0, 0.3 -0.3

Characteristics high level 0.7, 0.8, 0.9 0.7 0.7 0.7

Characteristics low level 0.1, 0.2, 0.3 0.3 0.3 0.3

Commitment de- and increase 0.1 0.05, 0.1, 0.2 0.1 0.1

Trust de- and increase 0.1 0.05, 0.1, 0.2 0.1 0.1

Status increase for skills 0.05 0.05 0.05 0.05, 0.1, 0.2

Power and status de- and increase
when hired or fired

0.1 0.1 0.1 0.05, 0.1, 0.2

Status decrease for lack of re-
sources and demands

0.1 0.1 0.1 0.05, 0.1, 0.2

Status increase for sufficient re-
sources and demands

0.1 0.1 0.1 0.05, 0.1, 0.2
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110 H. Current and proposed scenarios

92.5

95.0

97.5

100.0

2000 2010 2020 2030 2040
year

av
er

ag
e_

pr
od

uc
tiv

ity colour
current

current + bankrupcy

proposed

proposed + bankrupcy

proposed + dynamic

0

50

100

150

2000 2010 2020 2030 2040
year

C
om

pa
ni

es
W

ith
S

tri
ke

s

colour
current

current + bankrupcy

proposed

proposed + bankrupcy

proposed + dynamic

0.35

0.40

0.45

0.50

2000 2010 2020 2030 2040
year

Av
er

ag
eT

ru
st

colour
current

current + bankrupcy

proposed

proposed + bankrupcy

proposed + dynamic

0

200

400

2000 2010 2020 2030 2040
year

Tr
ai

ni
ng

sR
ec

ei
ve

dP
er

Ye
ar

colour
current

current + bankrupcy

proposed

proposed + bankrupcy

proposed + dynamic

●

0.49

0.50

0.51

0.52

0.53

0.54

2000 2010 2020 2030 2040
year

Av
er

ag
eC

om
m

itm
en

t colour
current

current + bankrupcy

proposed

proposed + bankrupcy

proposed + dynamic

0

20

40

2000 2010 2020 2030 2040
year

hi
re

dH
iri

ng
S

ub
si

di
es colour

current

current + bankrupcy

proposed

proposed + bankrupcy

proposed + dynamic

Results of the scenario explorations.



111

0

50

100

150

2000 2010 2020 2030 2040
year

C
om

pa
ni

es
W

ith
S

tri
ke

s

colour
current

current + bankrupcy

proposed

proposed + bankrupcy

proposed + dynamic

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

0

500

1000

2000 2010 2020 2030 2040
year

To
ta

lN
um

be
rO

fS
tri

ke
s colour

current

current + bankrupcy

proposed

proposed + bankrupcy

proposed + dynamic

●●●●●●●●●●●●

●●

●● ●●●●●●●●●●●●

●●●●●●●●● ●●

●● ●● ●●●●●●●●●●●●

●●●●●●●●● ●●●●●●●●● ●●

●● ●● ●● ●●●●●●●●●●●●

●●●●●●●●● ●●●●●●●●● ●●●●●●●●● ●●

●● ●●

0

2

4

6

8

2000 2010 2020 2030 2040
year

N
eg

ot
ia

tio
ns

colour
current

current + bankrupcy

proposed

proposed + bankrupcy

proposed + dynamic

540

550

560

570

580

2000 2010 2020 2030 2040
year

co
un

t_
co

m
pa

ni
es

colour
current

current + bankrupcy

proposed

proposed + bankrupcy

proposed + dynamic

●●●●●●●●●●●●

●

●

●
●●●

●

●
●●
●
●
●

●

●

●

●

●●●

●

●
●●
●
●
●

●

●

●

●

●
●●

●

●

●●

●
●
●

●

●

●

●

●
●●

●

●

●●

●

●

●

●

●

●

●

●
●●

●

●

●
●

●

●

●

●

●

●

●

●
●●

●

●

●
●

●

●

●

●

●

●

●
●●

●

●

●

●

●

●

●

●

●

●

●●●●●

●

●●●

●

●●

●●

●

●

●●
●
●

●

●
●

●

●

●

●

●●

●

●

●●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●●

●

●

●●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●●●●●●●●●●

●●

●

●

●●

●

●

●

●

●

●●

●

●

●●

●

●

●

●

●

●●●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●●
●

●

●●

●

●

●

●

●

●●

●

●

●●

●

●

●

●

●

●●

●

●

●●

●

●

●

●

●

●●●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

0

10

20

30

40

50

2000 2010 2020 2030 2040
year

co
m

pl
ai

nt
s

colour
current

current + bankrupcy

proposed

proposed + bankrupcy

proposed + dynamic

0

10

20

30

40

2000 2010 2020 2030 2040
year

un
io

nM
em

be
rs

colour
current

current + bankrupcy

proposed

proposed + bankrupcy

proposed + dynamic

More results of the scenario explorations.
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Scarcity and abundance of workers
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116 J. Subsidies
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The communication in and around these contacts is referred to as Carmo and Galdino (2018).

Communication to FERAESP
10-02-2018

For Alcimir Carmo (communication and internal relations at FERAESP) and Cristiano Augusto
Galdino (socioeconomic studies at FERAESP)

As part of my graduation project for MSc Industrial Ecology at the Technical University of Delft and
Leiden University, in the Netherlands, I have made a model that represents the sugar industry workers
in Norte Fluminense, Brazil. First, there is a short explanation of my model and assumptions, and then
the interesting patterns that I have found from my model results.

I would appreciate any comments and feedback on how I have represented the situation of the
sugar industry in Norte Fluminense, and on the results that are produced. The case is specific for
Norte Fluminense but information is obtained from researches in all of Brazil, so you could think of the
model as applicable to more, similar regions.

Model
An agent-based model is built for a case study in Norte Fluminense, where the sugar industry is in
decline and the oil and gas industry are growing. The working conditions in the farms and mills are
bad, and mechanization is upcoming. There are a lot of social issues in the sugar industry including bad
working conditions and non compliance with regulations for the jobs in the sugar industry. Therefore, a
proposal is made to revitalise the sugar industry in Norte Fluminense with a biorefinery-centred agro-
Industrial Symbiosis Network (agro-ISN); this is an industrial park that is said to develop the region
socially, economically and environmentally. You can find the proposal for this agro-ISN in the paper of
Santos and Magrini (2018), which is attached to the email.

The model described below is a very simplified version of reality. It consists of the sugar industry
workers, the sugar industry union in Norte Fluminense (SISERJ), the current farms, mills, and other
industries, and in the future biorefineries and other industries. They interact with each other over a time
span from 1999 - 2040. So the model is also looking at a large range of possible future scenarios with
the assumptions and parameters used.

The companies can hire workers, and from 2013, new biorefineries or other industries can be
founded or can go bankrupt. This is randomly decided to simulate the market forces, which are not
included in the model. A company is always aiming to fill all their vacancies, but can only do so if there
are workers applying with the right skill level. If a company goes bankrupt, it fires all their workers.
The productivity of a company is linked to the jobs that they have employed and the skill level which
is required for that job. Companies can be subsidized with hiring subsidies; with those, they are able
to hire less qualified workers than they would normally need to. The workers that are hired with the
hiring subsidies learn the required skills on-the-job.

The union can be subsidized by the government to requalify workers (like the RenovAção project
from 2010, but that one was not subsidized by government?). The union also negotiates with the
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companies to achieve better working conditions for the sugar industry workers. This happens when
the level of complaints has reached 50% of the number of the workers in the model (an assumption).
Companies comply with the unions terms of negotiation when they have had one or multiple strikes.

The sugar industry workers, or simply workers, are represented in their perception of status and
power (because of the power struggles they have or had on the plantations), and have a certain level
of commitment and trust. They also have a certain skill level, and can be a member of the union. On
the basis of these elements, the workers can choose to take action. The actions that a worker can take
in the model are:

• Apply for a new job

• Apply for the requalification training

• Become a union member

• Join a strike (if enough workers want to join a strike at a company, the company’s productivity
declines)

• Complain to the union about their bad working conditions

• Stay in the same job

All the actions that are taken influence the workers perception of their own status and power, and
may change their commitment and trust.

The following things are assumed for the jobs at the companies. Each job at the farms, mills,
other industries and biorefineries is simplified with a skill level from 0.01 to 1. The farm jobs require
a skill level of 0.01, the mill jobs require a skill level of 0.2 (and this is the average skill level of the
workers without the requalification training), the other industry jobs require a skill level of 0.5, and the
biorefineries require a skill level of 0.6.

Furthermore, the working conditions are also rated with numbers: -2 means very bad working
conditions, 2 means very good working conditions. The farm jobs have very bad working conditions
(-2), the mill jobs have bad working conditions (-1), the other industries and the biorefineries have ok
working conditions (0). These can all be improved by negotiations of the union with the companies.

Economics, like wages of the workers and the profit of the companies, are not considered.
The aim of the proposed situation with biorefinery-centred agro-ISN and subsidies for requalifica-

tion, is to improve the working conditions of the sugar industry jobs, while keeping the unemployment
of the workers and vacancies of the companies low.

Results
For experiments with this agent-based model, no real data is used, because the data is very personal
(for the sugar industry workers) and not available online. For obtaining usable data, many interviews
and ethnographic studies should be conducted, which is outside of the scope of this thesis. Therefore,
the results are patterns that emerge over time in the model, from experiments with different input values.
The patterns are described below.

• Hiring subsidies are ineffective, because the people who are hired with the hiring subsidies are
not specifically aimed at a group of people.

• A slow division of requalification subsidies, e.g. providing trainings for 10% of the workers in the
farms and mills every year, is preferred over trying to train for example 50 or 100% of the workers.
With a high level of subsidies, the skills of the workers and the skills required for the jobs available
are not correctly matched, which results in more vacant jobs than with a low subsidy divided over
the years.

• The longer it takes for the union to negotiate with the companies, the more strikes there have
been, and the better more companies will improve their jobs working conditions.

• With more people working in the sugar industry, it takes the union longer to negotiate with the
companies about improving working conditions.



137

• The commitment of the sugar industry workers increases because of better working conditions in
their jobs, which is also because the working conditions in the biorefineries and other industries
are better than those in the farms or mills.

• The trust of the workers decreases because there are not enough jobs for everyone to be em-
ployed, when they want to change their job.

• Quickly satisfied workers do not have the ambition to acquire more skills at the job requalification
trainings.

• A wide range of jobs that require all sorts of skill levels must be present in the sugar industry,
because, even with the requalification subsidies, there will always be people with low skill and
people with high skills.

Eventually is concluded that the sugar industry workers can switch to better jobs, defined by the job
quality and skill level required. However, subsidies for requalification must be supplied, and the union
contributes greatly to improving the working conditions of the jobs in the sugar industry.

Questions
Outside of the feedback on the model and results, I have some specific questions for you:

• Do you think of these resulting patterns as realistic, something that might happen in the time span
of 1999 - 2040?

• Why do you think these patterns emerge; what are the drivers?

• Are the assumptions for the skills and working conditions of the jobs in the model realistic?

• Are the workers represented in a way that you recognize in your region?

• What might be the differences between Norte Fluminense and Sao Paulo?

• Would you add anything to the model to make it more complete, to represent more the world of
the sugar industry workers?

Communication back from FERAESP - Cristiano Augusto Galdino
Email 14-02-2018, from Portuguese to English in Google translate and thereafter improved in English,
checked and commented by Ms. Santos:

Mechanization According to official figures (UNICA - Sugar Cane Industry Union), mechanization in
the agricultural area of   the sugarcane sector in the State of São Paulo is now at 98%. Manual workers
have either qualified or assigned themselves as operators of harvesting machines, tractor drivers (or
other services dependent on machinery) or have migrated to other states, such as Pernambuco, which
still depends on manual harvesting in 96%, or states like Goiàs that, in addition to a migration to jobs
like orange harvesting, is still dependent on manual labor because of the lack of technology there.

The problem is that in these other states, the workforce is cheap because of [1] the weak govern-
ments, which fiscally encourage [give strength to] these companies and, especially, [2] weak unions,
unlike the State of São Paulo, where there are [fair] taxes and strengthened unions.

For the State of Rio de Janeiro, the scenario is close to that of the State of São Paulo [i.e. relatively
stronger workforce and unions]. In the case of these workers [going] to the production of petroleum,
it [could] only occur in the case of highly qualified labour, mainly due to the need for high technology
[knowledge] in the sector, [however] there [might] be workers with low qualification in services such as:
cleaning. Still, they can not be illiterate because the entry of these workers into the [O & G] sector is
through [exams]. ==> Santos: Cleaning services are not fulfilled with exams in public institutions. They
are outsourced in general.

What usually happens with most of these workers is going to underemployment [i.e. informal or
illegally demanding, slave-like jobs], without qualification, not [changing] their socioeconomic reality.

Productivity, as it especially [i.e. often] is linked to the incorporation of technologies, in this case is
not associated with the skills of the workers, but with [efficient] machinery.
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Unions and Government Brazilian syndicalism, due to socio-cultural and political characteristics,
differs from European countries. Thus, there is a need for Brazilian unions to [differentiate] in categories
of workers.

In the case of the Government, for years there is no incentive to improve these workers’ condi-
tions, especially nowadays. With the reform of labour laws, the unions and labour rights have been
succumbing. Employers [companies] can benefit from collective bargaining because they can now
negotiate directly with the workers, without the need for the union.

Underemployment Brazilian workers, in general, and not only in the sugarcane sector, in most cases,
coexist with underemployment [informal or illegally demanding, slave-like jobs], in [such a way that they]
do not have defined rights. There is a huge reserve of industrial workforce. The workers undergo any
type of work because they depend on them to survive and therefore can not choose between one job
and another.

Replies The resulting patterns do not correspond to the reality of Brazilian workers in general, due
to their high dependence on their work, even if they are underemployed.

Workers are generally poorly represented. [But] it is true that there are unions in of the states of Rio
de Janeiro and São Paulo which are combative but insufficient.

It is impossible to predict, given the political [uncertainty] we are currently facing.
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