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1. Introduction
In May 2008, Brazil and Germany established the Brazilian German Collaborative Research
Initiative in Manufacturing Technology. This initiative is financed by the Deutsche
Forschungsgemeinschaft (DFG) on the German side and CAPES, CNPq and FINEP on the
Brazilian side. It focuses on the research of how production technology can foster sustainable
value creation. Within this initiative, the three universities: Technische Universität Berlin
(TUB), Universidade de São Paulo (USP) and Universidade Federal de Santa Catarina
(UFSC) work together on a joint research project entitled “Remanufacturing oriented
production equipment development”. In this project, remanufacturing scenarios for
sustainable value creation will be developed. Areas of application for production equipment
for various fields of development will be identified, and adequate strategies for competition
and collaboration in these remanufacturing scenarios will be created. Furthermore, a
technology roadmap for sustainable value creation with remanufacturing oriented production
equipment in Brazil and Germany will be provided. Based on these results a remanufacturing
oriented model for production equipment will be deduced. Finally, the project aims at
demonstrating the results through an exemplary implementation.
This report focuses on providing scenarios for remanufacturing of production equipment in
Brazil in 2020 and deriving recommended actions for stakeholders of the remanufacturing
industry. Many enterprises have difficulties integrating new technologies due to a lack of
future technological developments and their impacts [COE02]. This uncertainty will be
addressed. Future developments, trends and disruptive occurrences will be identified and
stakeholders, e.g. government and manufacturers, will be enabled to prepare for
remanufacturing of production equipment. This will foster the realization of a cycle economy
and thus contribute to sustainable value creation in Brazil.
The research, and in particular the creation of future projections, has been supported by
industry and government experts. Thereby, the variety of stakeholders of the remanufacturing
industry ensured well knowledge on the status quo and future developments within the
research field.
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2. Methodology
According to GAUSEMEIER

ET AL.,

scenario creation builds on two main principles as

illustrated in figure 1. Firstly, systems thinking describes the environment of enterprises,
stating that it must be perceived as a complex network of linked influence factors, which may
have an impact on each other. Secondly, influence factors may have different projections for
the future. Thus, taking into account different projections of influence factors, the different
multiple futures can be considered [GAU98, GAU09]. This view into the future can be
visualized by use of a funnel [REI91].

Figure 1: The principles of scenario management [GAU98, GAU09]

GAUSEMEIER ET AL. define a scenario based on their two main principles of systems thinking
and multiple futures as following:
“A scenario is a generally intelligible description of a possible situation in the future,
based on a complex network of influence factors” [GAU98].

These scenarios are based on alternative projections of different key factors, which are then
combined to coherent, consistent, and plausible descriptions of the future. Thus it is a
promising way to cope with growing uncertainties [GAU98]. GAUSEMEIER ET AL. proposed a
2

method for an exploratory systematic-formalized scenario development, which consists of
five phases as shown in figure 2.

Figure 2: Phases of scenario management [GAU98]

Phase 1: Scenario-Preparation
The goal of the first phase is to define the question that shall be answered by using the
scenario technique, e.g. what requirements should be met by a certain product to meet market
expectations in Brazil by 2020. Not only does this objective include the consideration of the
company, product or technology, but also the time horizon and regional borderline.
GAUSEMEIER ET AL. further recommend the assessment of the current situation of the decision
field. The result of this first phase is called Scenario-Base and serves as the starting point for
the scenario creation [GAU98, GAU09].
Phase 2: Scenario-Field-Analysis
In this phase, based on the principle of systems thinking, key influence factors of the
aforementioned objective will be identified. Therefore, influence areas which have an impact
on the scenario field will be defined, e.g. national economy, environment, technology,
stakeholders. In the next step, influence factors will be identified and assigned to the different
3

influence areas. This identification of influence factors can be understood as a multidimensional approach where literature is being reviewed, experts are interviewed and
brainstorming methods are applied. Thereby, the influence factors do not need to be
quantifiable. It is also possible to include factors that cannot be formally modeled such as
new regulations, or innovation shifts [SCH95]. Finally, influence factors that have the most
impact on the decision field will be selected. The most commonly used method is the
influence matrix1, in which all factors are pair wise compared and their influence on each
other is evaluated. This is done by listing all influence factors in the same order of
succession, row and column wise. Now, each factor is juxtaposed with each of the other
factors [KOS07]. Hereby, GAUSEMEIER

ET AL.

propose to use the following scale: 0 = no

influence; 1 = weak and delayed influence; 2 = medium influence; 3 = strong and direct
influence [GAU98]. Based on the above evaluation, it is now possible to sum up the value
within a column and row. The derived row value is referred to as Active Sum (AS), and the
derived column value as Passive Sum (PS). Those factors which provide a high AS and PS
are considered to be dynamic factors and are most likely suitable key factors [GAU98].
Phase 3: Scenario Prognostic
In the third phase, based on the principle of multiple futures, projections for every key factor
are defined. This step can be regarded as the heart of the scenario creation due to its strong
influence on the scenarios and their distinction. GAUSEMEIER ET AL. recommend the use of up
to four projections for each and every key factor [GAU98]. It is important to note that the
different projections for one key factor need to be accurately selected. Researchers often refer
to the oil price as an example: possible future projections might be 100 US$ and 150 US$, or
even 200 US$ per barrel crude oil [KOS07]. Thereby, the use of extreme images can help to
stimulate creative processes. Thus this enables the consideration of all possible opportunities
as well as threats. Moreover, it can address the problem of under prediction of change
[RUS92]. Finally, through the definition of projections for the key factors, the boundaries for
the future funnel are set [KOS07].
Phase 4: Scenario Development
In the last phase of the scenario creation, combinations of projections will be clustered into
projection bundles. These bundles are generated by using a consistency matrix. In this
1 This influence matrix has been developed by DUPPERIN ET AL. in 1973 [DUP73].
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consistency matrix the projections are pair wise compared in regards to their consistency, e.g.
on how consistent it is that the environmental awareness of people increases if the
government does introduce sustainability campaigns. Hereby, the following scale is proposed
by GAUSEMEIER ET

AL.:

1 = total inconsistency; 2 = partial inconsistency; 3 = neutrality or

independency; 4 = consistency; 5 = strong consistency [GAU98]. Based on this analysis,
projection bundles that show inconsistencies can be eliminated. Thereafter, cluster analysis
will be adopted to find a suitable amount of scenarios. Unfortunately, this process comes
along with a loss of information. Therefore, it is recommended to make a choice on the
number of scenarios, at a point when the next clustering step would lead to an enormous loss
of information. GAUSEMEIER

ET AL.

refer to this point as the “elbow point”, which can be

easily identified through the use of a Scree diagram. Moreover, the results of the cluster
analysis can be visualized by using future mapping in terms of multidimensional scaling
(MDS). Every scenario will be assigned two coordinates to place them on one twodimensional grid. Thereby, the distance between the scenarios reflects their similarity. The
closer two scenarios are to each other the more similarities they provide and vice versa
[GAU09]. Finally, the scenarios based on the corresponding projections will be described in
prose [GAU96, GAU98, GAU09]. Each scenario tells a story of how various key factors
might interact under certain conditions [SCH95].
Phase 5: Scenario Transfer
The results of the scenario creation process can finally be used to derive recommended
actions. Hereon, companies can prepare for probabilistic scenarios and adapt their corporate
strategy accordingly. Therefore, opportunities and threats need to be assessed and considered
in terms of strategic planning for either single scenarios (focused planning) or the whole
futuristic sphere (future-robust planning) [GAU98, GAU09]. Hereby, GAUSEMEIER

ET AL.

recommend a focused planning for a single scenario that has the highest probability of
occurrence and simultaneously leads to a fundamental impact. However, it may be suitable to
also consider scenarios that have a fundamental influence on business operations of a
company, in spite of a low probability of occurrence. In general, companies need to track
changes in their environment and cross-check them with their scenarios and the accordingly
applied strategy. One methodology of execution is by using indicators [GAU09]. This
application of scenarios within the corporate planning process is referred to as scenario
management [GAU96, GAU98].
5

3. Results
3.1. Scenario preparation
According to GAUSEMEIER ET AL., the first step within scenario management is the scenario
preparation (see figure 2). Hereby, the basis of any scenario development is the definition of
the research objective as well as time horizon and regional borderline [GAU96]. The research
objective has been agreed on with company experts as well as Brazilian and German
researchers form participating universities. Thereby, the objective has been fixed to:
“Scenarios for remanufacturing/ reuse of machine tools and assembly equipment for
Brazil in 2020”
According to GAUSEMEIER ET AL., a time horizon of ten years is recommended, whereby only
in very dynamic industries such as telecommunication a shorter horizon is applicable
[GAU09]. Therefore, the time horizon has been set to 2020. With regards to the geographic
scope GREEUW ET AL. distinguish between four different geographical points of reference: the
global level, the international level, the national level and the sub-national level [GRE00].
However, as already mentioned the underlying research project is a Brazilian-German
corporation, whereas this scenario development will solely focus on a national level and in
particular Brazil and its specific characteristics (see figure 3).

Figure 3: Overview of Brazil’s economy [cf. CIA08]
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As shown in figure 3 Brazil is by far the biggest country in South-America with a GDP
equaling US $1.99 trillion and a labor force of around 100 million (2008 est.). The machinery
and equipment industry, thereby, belongs to the ten most important ones. In regards to
exports and imports Germany is the fifth, respectively fourth important trading partner of
Brazil [CIA08].

3.2. Scenario analysis
The second step is to identify the scenario field which surrounds the aforementioned
objective. In general, three types of scenario fields can be generated [GAU98]:


External scenario field: This scenario field only considers external, noninfluenceable
factors, e.g. if a company is planning to expand to a different country and would like
to assess possible developments within this country.



Internal scenario field: This scenario field concentrates on internal, influenceable
factors, e.g. if a company would like to assess different possible product
specifications.



Systems scenario field: This scenario field includes external, noninfluenceable and
internal, influenceable factors.

The scenario field for the remanufacturing/ reuse of machine tools and assembly equipment is
a systems scenario due to the fact that companies can have an influence for example on the
market structure or the used technology, but cannot influence external parameters such as
laws. In the following, the systems scenario field will be structured through the use of
influence areas. Influence factors will then be assigned to one of these areas and finally key
factors identified by using an influence matrix.
In a first step, seven influence areas have been identified that have an influence on the
scenario objective. These areas are market, technology, stakeholder, economy, politics,
society and culture and environment and include in total 69 influence factors that are shown
in figure 4.

7

8

Figure 4: Influence areas and according influence factors

The identified influence factors, all by their definition, have an influence on the
remanufacturing industry of machine tools and assembly equipment in Brazil for 2020.
However, some of them have a higher influence than others. Moreover, the management of a
set of 69 influence factor that can all have different possible projections is merely impossible.
Therefore, GAUSEMEIER

ET AL.

recommend the reduction to a maximum of 20 key factors

[GAU96]. The most dynamic factors can hereby be identified through the usage of an
influence matrix. Figure 5 shows an excerpt of this matrix, which includes in total 4,624 cells
reflecting the influence one factor has on another.2

Figure 5: Excerpt influence matrix

As shown, the following scale has been used: 0 = no influence; 1 = weak and delayed
influence; 2 = medium influence; 3 = strong and direct influence. To provide an example, the
2 See Appendix A and B.
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influence of forward logistics on reverse logistics was determined to be very strong due to the
assumption that the structure of an already existing forward logistics market for machine
tools and assembly equipment will influence the possibilities for a reverse logistics system.
The result of this influence matrix is the determination of both, active sum and passive sum.
This process has been executed within the scenario software of the Unity AG, which then
creates a system-portfolio that plots the active sum on the x-axis and the passive-sum on the
y-axis, or vice-versa.3 Based on this grid the number of influence factors could already be
reduced to almost 20. Moreover, fruitful discussions during the usage of the influence matrix
led to the reconsideration of single influence factors and especially the merger of several
ones, thus reducing the number of factors even further. Finally, the following ten influence
factors have been chosen as key factors:
Nr.

Key Factor

Influence Area

1.

End-of-Life laws

Politics

2.

Sustainable development

Politics

3.

Qualification

4.

Demand for (re)manufactured machine tools and
assembly equipment

5.

Product development

Technology

6.

Reusability

Technology

7.
8.
9.
10.

Users of (re)manufactured machine tools and assembly
equipment
Strategies of manufacturers of machine tools and
assembly equipment
Providers/owners of machine tools and assembly
equipment
Associations for remanufacturing/machine tools and
assembly equipment

Society & Culture
Economy

Stakeholder
Stakeholder
Stakeholder
Stakeholder

Table 1: Key Factors

The larger the scale of study in scenario-building activities, the higher the number of parties
involved in the process, especially if the scenarios represent a study area that is state-wide or
regional [MOH09]. This is also true in this case regarding the number of stakeholders alone
equaling eleven. However, due to restrictions in resources not all of them can be considered,
even though everyone has its stake in the future development of the remanufacturing market.
3 See Appendix C.
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Therefore, the three main players in a remanufacturing market have been combined to
“Strategies of manufacturers of machine tools and assembly equipment”. This merger is
based on the assumption that a manufacturer is likely to adapt one of the three following
strategies. Firstly, he may get involved in the remanufacturing business by himself and starts
remanufacturing its own products. Secondly, he may plan to control the remanufacturing but
outsources it to a subcontracted remanufacturer. Finally, he may stay out of the business for
remanufacturing and leaves the market to independent remanufacturers. Moreover, the
stakeholder providers and owners have been merged to one key factor. Furthermore, the
former separated associations for manufacturing and remanufacturing have been combined to
key factor 10. Key factor 2, sustainable development, is the result of the merger of promotion
of sustainable development out of the area politics as well as the social influence factor of
sustainability awareness. Finally, reusability as a technical characteristic of machine tools and
assembly equipment has been combined with the environmental influence factor of reused
input materials. The final definitions of the key factors can be found in Appendix D.

3.3. Scenario prognostic
In the next step, different projections for the aforementioned ten key factors have been
defined. GAUSEMEIER ET AL. refer to this as the real outlook into the future [GAU96].
The basic idea behind the projections made is that the future is not predictable. Therefore,
different possible developments of key factors - over the horizon of ten years - will be
considered. In general, projections are influenced by the time horizon, regional borderline as
well as the content. The first two, are already fixed onto the economy of Brazil, in ten years.
However, the content is yet to be determined. To provide an example, the projections for
Brazil’s population may be: an extreme decline, a minor decline, a minor increase or an
extreme boost (see figure 6).

11

Figure 6: Projection example - population development of Brazil

In order to set the boundaries for the projections, the first step is the determination of the
status quo. In this example, as of today, Brazil has a population of 200 million inhabitants.
Thereafter, possible projections can be defined as shown in figure 6. Thereby, the usage of
extreme projections such as an extreme decline may not only be useful to cover all possible
future development, but also to stimulate creative processes. Based on this simplified
example, projections need to be set for every key factor.

In this case, the projections have been defined within the boundaries of a scenario workshop
conducted with industry and government experts.4 The diversity of stakeholders of the
remanufacturing industry as well as government representatives that took part in this one-day
workshop ensured good knowledge on the status quo of the key factors. This, however,
enabled the definition of adequate projections as can be seen subsequently.

Key Factor 1 – End-of-life laws

1A No laws
In regards to End-of-life laws the Brazilian government has not released any
laws that would affect remanufacturing. Thus, this forward projection of the
4 See Appendix E for the list of workshop participants.
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status-quo does not provide any pressure from the law that would make
manufacturers responsible for their products at the end-of-life.
1B Sectorial rules
The creation of specific rules, which take into account the specificities of
each sector individually have become the choice in regards to end-of-life
laws. This leads to an increase in responsibility of these companies for their
products end-of-life treatment. However, these sectorial rules occur
heterogeneously and differ between the different sectors and thus cannot
direct companies towards the same goal.
1C National policy with specific regulations
The government released general laws that relate to the end-of-life treatment
of products. This leads to a rethinking of companies in a strategic way on
how to manage their products’ end-of-life possibilities. These general laws,
including goals and instruments, navigate companies from different sectors
to move towards the same goal. Moreover, specific regulations for each
sector direct the companies.
Table 2: Projections for Key Factor 1

Key Factor 2 – Sustainable Development

2A Financial incentives
The government, national and federal bodies, provides financial incentives in
order to promote sustainable development. Thereby, they offer companies
financial support as well as tax reductions as a stimulus and reward to
undertake activities with regards to remanufacturing.
2B Marketing
The government is fostering the public discussion on sustainable
development. Environmental education through the execution of
advertisement in media and television is increasing. In addition, green
labeling of products is introduced and thus further contributes to
environmental education.
2C No promotion of Sustainable Development
Even though sustainable development has been at the center of public
discussion, government bodies are not actively engaged in any activities that
would promote this development.
Table 3: Projections for Key Factor 2

Key Factor 3 – Qualification

3A Special trainings and informal education
The public as well as business entities have realized the enormous potentials
that come along with remanufacturing. Therefore, trainings in the areas of
mechanics and electronics that enable the fulfillment of certificate
requirements emerged. These trainings are mainly offered by associations,
universities and companies. In addition to these special trainings, informal
education has increased. This is due to the growth of public discussions with
regards to sustainable development and in particular remanufacturing.
13

Moreover, with a growth in remanufacturing business an exchange with
international experts has emerged.
3B No focus on trainings for remanufacturing
In regards to qualification that is needed to undertake remanufacturing
activities, a forward projection of the status-quo is visible. There is no public
promotion and offering of trainings related to remanufacturing. Thus, the
knowledge keeps being restricted to the Original Equipment Manufacturers
(OEM).
Table 4: Projections for Key Factor 3

Key Factor 4 – Product Development

4A Product Modularization for Flexibility and Updates
Modularization proves to be a chance for increasing the use productivity of
resources by enabling multiple usage phases sometimes even in different
applications. Modularization in product development considerably helps to
increase flexibility and updatability of manufacturing systems. Therefore
companies are increasingly considering modular product architecture of
machine tools and assembly equipments in the product development which
make it easier to (ex)change components of machines.
4B A rapid technological change
Rapid technological changes are forcing companies to a time to market
strategy. They are offering new kind of machine tools and assembly
equipment and try to integrate innovations in new model ranges.
4C Develop PSS (product-service systems) instead of only products
Changing market forces and the recognition that services in combination
with products are providing higher profits than products alone motivates
companies to invest more and more in PSS also in the product development
phase. Faced with shrinking markets and increased commoditization of their
products, these firms see service provision as a new path towards profits and
growth. Due to the reduction of material consumption, PSS are more widely
being recognized as an important part of the company`s environmental
strategy. With the help of product service systems eco-efficiency could be
increased through remanufacturing and reuse of machine tools and assembly
equipment.
4D Focus on products less on services
The traditional profit strategy by selling products instead of services is still
dominating the market of machine tools and assembly equipment. The
expected changes to a more service oriented value creation through PSS
based manufacturing equipment are not taking place. Therefore, most of the
machine tools producers are still focusing on business through selling
products than on additional services.
Table 5: Projections for Key Factor 4

Key Factor 5 – Reusability

5A Reusability stays the same
14

Manufacturing firms in general are not increasing the product variety
anymore. Also the tendency of shortened life cycles of products and
increasing product changes is slowed or stopped. It is still necessary to
change the manufacturing system designed for one generation of products to
a system for the next generation of products, but due to increasing flexibility
of manufacturing equipment this can be easily done within the system.
5B Increasing reusability of components through monitoring
Product accompanying information systems integrated into products, are
capable of monitoring relevant product and process data throughout the
entire product life span. The available data enable an enhanced view on the
product and its processes. This may foster more product responsibility
towards advertising, customer health, safety, new products and services. Due
to better prediction systems for maintenance issues reusability of components
and systems are getting more and more important. It further facilitates a
higher competitiveness of the companies’ products or processes to the new
market of sustainable products. Monitoring systems for prediction of the life
time of the parts by electronically device using of sensors.
5C Increasing reusability of the product itself
Manufacturing firms have become increasingly interested in manufacturing
systems that produce a variety of products. Product variety is continuously
increasing: demand of customers is becoming more and more diverse, and
frequency of model change is still rising. It is still necessary to change the
manufacturing system designed for one generation of products to a system
for the next generation of products. Thus, manufacturing companies have
sought methods to rapidly change/deploy manufacturing systems/production
equipment in economical ways. One method has been increasing reusability
by adaptative components/parts of machine tools and assembly equipment.
Table 6: Projections for Key Factor 5

Key Factor 6 – Users of (re)manufactured machine tools and assembly equipment

6A Users mainly buy the equipment
Even though manufactured as well as remanufactured machine tools and
assembly equipment are expansive and financing has become more difficult
in these days, users will continue to purchase their production equipment.
Thereby, the users can benefit from depreciation policies. However,
depending on Brazilians tax-laws it is to be questioned, whether users can
only capitalize these benefits while buying manufactured products and may
not be able if they buy remanufactured ones.
6B Users primarily contract the equipment
Manufactured as well as remanufactured machine tools and assembly
equipment are both despite their differences in the purchasing price relatively
expansive. Moreover, the lifetime until the users are not using these products
anymore are decreasing. Therefore, Original Equipment Manufacturers
(OEMs) will increase Product Service Systems (PSS) providing for example
the possibility to contract production equipment. Thus, users will tend to
mainly contract their production equipment in order to reduce capital
investments, gain flexibility and do not have to be worried about the end-of15

life treatment of the equipment.
6C Users frequently outsource their manufacturing processes
The increase of third party manufacturers leads to the outsourcing of
manufacturing processes of Original Equipment Manufacturers (OEMs) to
these parties. Therefore, users neither buy nor contract production equipment
by themselves, but contract third parties to produce certain products on their
production equipment. This, however, leads to reduced capital investments
and the circumstance that users do not have to be worried about the end-oflife treatment of the equipment, nor about the resources used in the process.
Table 7: Projections for Key Factor 6

Key Factor 7 – Strategies of manufacturers of machine tools and assembly equipment

7A OEMs remanufacture themselves
Due to expected advantages of remanufacturing, such as supply of spare
parts, growing demand for remanufactured products or governmental
financial incentives, Original Equipment Manufacturers (OEMs) enter the
remanufacturing market through remanufacturing of their own products.
Thereby, all value-adding processes are made by the OEMs, thus leading to a
share of up to 30% of the overall turnover made by OEMs.
7B OEMs are managing the remanufacturing of their parts
Due to expected advantages of remanufacturing, such as supply of spare
parts, growing demand for remanufactured products or governmental
financial incentives, Original Equipment Manufacturers (OEMs) enter the
remanufacturing market by subcontracting companies to remanufacture.
Thereby, OEMs only manage the process and dictate, for example, project
management or price. However, the OEMs stay responsible for the product,
due to the fact that the products wear their label.
7C OEMs leave the remanufacturing market to independent
remanufacturers
Even though advantages of remanufacturing exist, Original Equipment
Manufacturers (OEMs) stay out of the market. Thereby, they neither
remanufacture themselves nor subcontract companies to do the
remanufacturing on their behalf. Therefore, the number of independent
remanufacturers increases. Independent remanufacturers will be able to
either specialize on one company, but are more likely expected to
remanufacture machine tools and assembly equipment from different
companies. However, due to the fact that the reusability of production
equipment is mainly influenced during the product development process by
the OEMs, a shift in the paradigms of OEMs is hardly imaginable. The focus
on product development will mainly be on the production process itself,
rather than on the remanufacturing process.
Table 8: Projections for Key Factor 7

Key Factor 8 – Demand for (re)manufactured machine tools and assembly equipment

8A Increase
16

The demand for remanufactured machine tools and assembly equipment has
increased. This is mainly due to the improved quality of remanufactured
equipment and components. Certifications and new standards grant a certain
quality level that is equal to that of equivalent new products. Moreover, new
technologies and methods of disassembling have led to lower costs for
remanufacturing of equipment and thus increased its market share.
8B Decrease
The demand for remanufactured machine tools and assembly equipment has
decreased. This is due to many reasons, for example a devaluation of the US
dollar, that leads to lower sales prices for new equipment, no governmental
incentives and finally a high technological gap between new and old
machines. Moreover, there exist currently no standards and certifications,
that would assure a general quality level.
8C Stays the same
There has neither been a major increase nor a decrease in the demand for
remanufactured machine tools and assembly equipment. The demand stays
the same, which means that it still focuses on specific areas, for example on
some components of the control (retrofitting), and has not widely spread
within the industry.
Table 9: Projections for Key Factor 8

Key Factor 9 – Providers/Owners of machine tools and assembly equipment

9A OEMs provide services of manufacturing
Original Equipment Manufacturers (OEMs) have changed their business
strategy towards the offering of Product Service Systems (PSS) regarding
machine tools and assembly equipment. Several important industry sectors
(e.g. Automobile Industry) have adopted to this new strategy and the market
changes and accordingly make use of these offered services.
9B Remanufacturing inside the owner or supplier companies
New design techniques have increased the interchangeability of components.
In addition, the modularity of production equipment makes the
remanufacturing operation easier. These operations can therefore be made by
the OEM, owner or third part companies at the owner or supplier shop floor.
This new practice reduces logistic costs and the time of the overall
remanufacturing process, leading to an increased productivity.
9C Rent a machine models are increasing
In contrast to the status-quo and the according capital investments, which
come along with the purchase of production equipment, rent a machine
models have increased. For example leasing has become a frequent business
model incorporated by the industry.
Table 10: Projections for Key Factor 9

Key Factor 10 – Associations for remanufacturing/machine tools and assembly equipment

10A Associations have high impact on decision making
Associations for remanufacturing/machine tools and assembly equipment
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support certifications for remanufactured products, which assure the quality
of remanufactured products. This causes a positive influence on production
equipment’s demand through the reduction of the overall technological gap
and environmental impacts.
10B Associations have medium impact on decision making
Associations for remanufacturing/machine tools and assembly equipment
support technical standards and legal regulations of remanufactured products.
This, however, resulted in an increased quality of products and services, and
causes a positive influence on its demand.
10C Associations have low impact on decision making
Associations for remanufacturing/machine tools and assembly equipment
have low influence on business and governmental decisions. Most initiatives,
e.g. certifications, standards or regulations, promoted by the associations do
not prove to be successful. No or only a low impact on the development of
the market can be seen.
Table 11: Projections for Key Factor 10

3.4. Scenario creation
In the fourth step, un-contradicted combinations of the aforementioned projections have been
identified. These projection bundles are referred to as simple scenarios and can be examined
through a consistency analysis. Thereby, all pair combinations are evaluated according to the
following scale: 1 = total inconsistency; 2 = partial inconsistency; 3 = neutrality or
independency; 4 = consistency; 5 = strong consistency [GAU98]. Figure 7 shows an excerpt
of the consistency matrix made, which can be found in appendix F. To provide an example,
the combination of projection 9A (no laws) and 10B (no focus on trainings) has been
regarded as very consistent. Accordingly, it was rated with a 5. In contrast, the combination
of projection 9A and 10A (special trainings and informal education) has been rated with a 1.
This reflects the inconsistency that can be seen in this combination, as it is very inconsistent
that governmental as well as business entities increase their offerings for special training
while the government does not promote sustainable development within legislation.
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Figure 7: Excerpt consistency matrix

Based on the evaluations made, the scenario software analyses the mathematically possible
projection bundles. Hereby, the goal is to find a suitable amount of scenarios and the
according projection sets. The scenario software bases its recommendation on a cluster
analysis approach. At the starting point, all possible projection bundles are separately
considered, in this case 52 488. This is referred to as the finest participation. In the following,
always the two projection bundles with the greatest similarity are combined into a new
cluster. This continues until only one last cluster remains, this is called the coarsest partition.
However, as described in chapter 2, every clustering step comes along with some loss in
information [GAU98]. Figure 8 illustrates the occurring information loss for this case in a
Scree diagram. The x-axis shows the number of scenarios, whereas the y-axis shows the
information loss, which is highest at the top. The higher the number of scenarios, the lower is
the loss of information. However, a high number of scenarios is hard to handle and thus an
ideal combination of both, low number of scenarios and minimized information loss, needs to
be identified. This combination is referred to as “elbow point”.
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Figure 8: Scree diagram

As shown in the figure above, the “elbow point” can be found at the point of two scenarios.
The information loss is the highest within the step from two scenarios to one. This results in
the decision of taking two scenarios into account, being the most suitable partition with a low
number of scenarios and simultaneously minimized information loss. The two scenarios can
now be visualized with the help of multidimensional scaling (MDS). Figure 9 shows a twodimensional visualization of the scenario analysis.

Figure 9: Visualization of the future space
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Hereby, the balls reflect projection bundles and the number within the ball indicates to which
scenario they have been assigned. The closer two projection bundles are to each other, the
more similarities they provide and vice versa. The diameter of each ball reflects the
consistency of the according projection bundle. The bigger the diameter, the more consistent
a projection bundle is.

The two identified scenarios are composed and described as follows.

3.4.1. Scenario 1 – “Remanufacturing – a paradigm change for sustainable
manufacturing”
Key Factor

Projection

End-of-life laws

1B

Sectorial rules

Sustainable Development

2B

Marketing

Qualification

3A

Special trainings and informal education

Product Development

4C

Develop PSS instead of only products

Reusability

5C

Increasing reusability of the product itself

Users

6B

Users primarily contract the equipment

Strategies of manufacturers

7A

OEMs remanufacture themselves

Demand

8A

Increase

Providers/Owners

9B

Remanufacturing inside the owner or supplier companies

Associations

10A Associations have high impact on decision-making

Table 12: Projection set for Scenario 1

The Brazilian government has given sustainable development high priority and is fostering its
development through end-of-life laws in terms of sectorial rules as well as promoting it by
means of marketing. Thereby, specific rules that take sectors individually into account have
become the choice with regards to end-of-life laws. This leads to increasing responsibilities
for manufacturers with regards to their products’ end-of-life treatment. In addition, the
government is encouraging the public discussion on sustainable development. This has
resulted in increased environmental education, for example through advertisements in media.
Furthermore, green labeling of products is introduced and thus further contributes to
environmental education.
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Simultaneously, associations for remanufacturing/machine tools and assembly equipment
have a high impact on decision-making. They provide and support certifications as well as
national standards for remanufactured components and equipment, which in return assures an
improved quality, which is equal to that of equivalent new products. This causes a growing
demand for remanufactured production equipment, in particular machine tools and assembly
equipment, which has already increased through the reduction of the overall technological
gap and environmental impacts.
From the user’s perspective, manufactured as well as remanufactured machine tools and
assembly equipment remain both, despite their differences in the purchasing price relatively
expensive. In addition, the lifetime of these products is continuously decreasing.
Furthermore, users have become increasingly interested in manufacturing systems that
produce a variety of products. This is due to a more diverse demand of customers, and a
rising frequency of model changes. All in all, it has become a necessity to change the
manufacturing system designed for one generation of products to a system for the next
generation of products. This has resulted in users tending to mainly contract their production
equipment in order to reduce capital investments, gain flexibility and finally not to be worried
about the end-of-life treatment of their equipment with regards to existing sectorial rules.
These changed users’ requirements and the awareness that services in combination with
products are providing higher profits than products alone have led to increased Product
Service Systems (PSS) offerings. Original Equipment Manufacturers (OEMs) for example
have increased their rent models for production equipment. A focus on PSS can already be
noted within the product development phase.
Due to expected advantages of remanufacturing, such as supply of spare parts or growing
demand for remanufactured products, OEMs have identified remanufacturing as an important
business area. Technologies and methods for disassembling have led to lower costs for
remanufacturing of equipment and thus increased the market share of remanufactured
products. Thereby, all value-adding processes are done by the OEMs, resulting in 30% of the
annual turnover made through remanufacturing. In order to make these new business models
feasible, OEMs have increased the reusability of their products. New design techniques have
enhanced the interchangeability of components, whereby the modularity of production
equipment makes the remanufacturing operation easier. In combination with changes in
legislation remanufacturing activities can now take place at contracting partners’ facilities.
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This new practice reduces logistic costs and the duration of the overall remanufacturing
process, resulting in an increased productivity. Finally, the promotions of sustainable
development through the government as well as the increased engagement of OEMs within
the remanufacturing industry have led to diverse training offerings. Public as well as business
entities have realized the enormous potentials that come along with remanufacturing.
Therefore, trainings in the areas of mechanics and electronics that enable the fulfillment of
certificate requirements emerged. Associations, universities, companies and consultancies
mainly offer these trainings and compete in a steadily growing education market. In addition
to these special trainings, informal education has increased. This is due to the growth of
public discussions with regards to sustainable development and in particular remanufacturing.
Moreover, with a growth in remanufacturing business a steady exchange with international
experts can be seen.
In conclusion, due to product service systems and increased remanufacturing and reuse
activities with regards to machine tools and assembly equipment, eco-efficiency has been
enhanced. Moreover, governmental marketing initiatives in combination with special
trainings have led to an increased environmental knowledge and thinking.

3.4.2. Scenario 2 – “Remanufacturing – still only a hidden giant”
Key Factor

Projection

End-of-life laws

1A

No laws

Sustainable Development

2C

No promotion

Qualification

3B

No focus on trainings for remanufacturing

Product Development

4B

A rapid technological change

Reusability

5B

Increasing reusability of components through monitoring

Users

6B

Users primarily contract the equipment

Strategies of manufacturers

7B

OEMs are managing the remanufacturing of their parts

Demand

8C

Stays the same

Providers/Owners

9B

Remanufacturing inside the owner or supplier companies

Associations

10B Associations have medium impact on decision-making

Table 13: Projection set for Scenario 2

In Brazil, important questions of social, economical and environmental aspects with regards
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to sustainability are no longer in the focus of discussion as competitive edges by companies
that once considered these aspects in their business plans. Furthermore, the government does
not provide incentives for companies that would allow for a consideration of remanufacturing
policies within their strategic planning. Solely, the legislation has been changed allowing
remanufacturers now to undertake their activities inside of an owner’s facility.
The resulting insufficient discussion on sustainable development causes a lack of stimulus in
the remanufacturing industry and the demand for remanufactured products stays the same. In
addition, the deficiency of specific remanufacturing training programs further contributes to
the lack of stimulus. In fact, the knowledge related to remanufacturing remains only at a few
companies that are focused on remanufacturing processes or the OEMs themselves.
Due to missing legal policies to support remanufacturing and reusing of components and
equipment the responsibilities for product’s end-of-life treatment are still vacant. Despite
associations’ medium impact on decision-making, they develop and support standards as well
as regulations. However, extended producer responsibility policies are yet to be established.
This results in manufacturers not being responsible for the entire lifecycle of their products.
Thus, those concepts are not implemented in the process of product development. In addition,
the nonexistence of legal policies and low demand for remanufactured products further
discourages companies to remanufacture their own products.
The result of the aforementioned factors is that companies do not consider remanufacturing
as an important strategic matter that could provide competitive advantages to them.
Consequently, the lack of interest in this topic results in OEMs that delegate all related
activities towards subcontracted remanufacturers. From a user’s perspective, frequent
changes in the technological status encourage them to contract production equipment rather
than purchasing it. This results in OEMs being compelled to re-evaluate their business policy
and adapt towards the new requirements, for instance implement product service systems.
Moreover, manufacturers monitor the lifecycle of their products to follow the rapid
technological development, and often reuse or remanufacture components that have reached
the end of their useful life. However, rapid technological development leads to shortened
lifecycles of products. In combination with the deficiency of promotions for sustainable
development and governmental regulations, conditions for the total absence of alternatives
for remanufacturing and reusing of products are fostered. The result is an increased amount
of residues and landfills.
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Despite the lack of legal regulations related to the recovering process for products, reusability
still provides advantages by its very nature. The reuse of components allows for products of
the same platform to be quickly placed into the market. However, unlike remanufacturing, it
does not maintain the earned value of the product obtained from the past manufacturing
processes. Regardless of the re-utilization of some components, other parts of the product are
inevitably discarded. This increases the quantity of residues and generates difficulties for its
disposal.
To conclude, there are neither policies to support remanufacturing nor specific
remanufacturing training programs offered. In an environment, where only a sole change in
legislation that allows remanufacturing inside of an owner’s facility is undertaken,
remanufacturing activities are not a priority of strategic planning within companies.
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4. Conclusion and outlook
The report provides two scenarios for remanufacturing/reuse of machine tools and assembly
equipment for Brazil in 2020. These scenarios have been jointly created with stakeholders of
the remanufacturing/reuse market including representatives from the Brazilian Ministry of
Environment, manufacturers, machine tool providers, associations for remanufacturing and
industry, universities as well as suppliers.
The first scenario “Remanufacturing – a paradigm change for sustainable manufacturing” is
mainly shaped by projections that the government as an important stakeholder will actively
promote remanufacturing activities in means of releasing sectorial rules as well as promoting
sustainable development in terms of public advertisement. Moreover, it is characterized by
OEMs that focus their product development towards PSS offerings and simultaneously plan
not only to remanufacture their products, but execute all relating value-adding processes by
themselves. Their efforts are hereby eased due to an increased reusability of the products. In
addition, associations for remanufacturing/machine tools and assembly equipment have a
high impact on decision-making. All in all, this scenario portrays a society in which
remanufacturing is a driver of sustainable development. Accordingly, the demand for
remanufactured products has increased and qualification related to remanufacturing becomes
publicly available and is triggered through diverse training offerings.
The second scenario “Remanufacturing – still only a hidden giant” can be described mainly
as a forward projection of today’s characteristics. This includes that in terms of laws,
sustainable development, qualification and demand no changes occur. However, due to an
expected rapid technological change as well as changed user requirements towards the
preference of contracting equipment rather than buying it, OMEs are still at least to some
extend active in the remanufacturing market. Thereby, they usually contract a remanufacturer
in order to remanufacture the products on their behalf. These activities are eased through an
increased reusability of components through monitoring. Finally, associations for
remanufacturing/machine tools and assembly equipment are also active within this scenario,
however, they have not the same impact compared to scenario 1.
Despite the mentioned differences between the two scenarios, they have two projections in
common. Firstly, users tend to prefer to contract their equipment, for example within the
boundaries of PSS. Secondly, it is expected that a change in legislation will take place,
allowing remanufacturers to perform their activities inside of an owner’s facility.
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According to the projections of both scenarios, the two key factors qualification and
sustainable development are providing contradictory projections. However, recommended
actions for stakeholders of the remanufacturing market can still be derived based on
similarities and according conclusions as follows.


It is unlikely that a national policy with regards to products end-of-life treatment is
established in Brazil according to existing legislation in Europe or Germany.



The demand for remanufactured products will stay at least the same when not even
increase over the next ten years.



Reusability of machine tools and assembly equipment is expected to increase, either
by the product components or through monitoring abilities to predict remaining
lifetime of product components and systems.



Associations for remanufacturing/machine tools and assembly equipment will have
either way an impact on decision-making and thus the establishment of standards and
regulations is highly probable.



OEMs are expected to recognize the economical potentials that come along with
remanufacturing and thus become active in the market. Their participation can either
embark upon own remanufacturing of products or a personal control over the
remanufacturing, but outsourced to a subcontracted remanufacturer



The product development within the OEMs will either be shaped by a focus on PSS
instead of only products or a rapid technological change. The result is a probable shift
of manufacturers towards PSS based on the market driven changed user’s
requirements. Moreover, an expected rapid technological change will further foster
the development of PSS.

The next step of the project is to create knowledge and solutions for remanufacturing and
reuse in order to derive explicit strategies. Industrial cases of German and Brazilian
manufacturing companies will address and thereby include product specific technical
solutions for remanufacturing/reuse purposes. Furthermore, specific market analysis for
future business opportunities in the area of remanufacturing and reuse will be executed and
specific environmental and legislative regulations considered. Hereby, areas of application
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for manufacturing systems will be identified and adequate strategies for competition and
collaboration in the existing remanufacturing scenarios provided. Thereafter, a technology
roadmap for machine tools and assembly equipment will be worked out. Based on these
results a remanufacturing oriented model for production equipment will be deduced. Results
of this project will be demonstrated through a virtual prototype and parts of the research will
be also implemented with physical components in a Brazilian-German collaboration. The key
questions to be considered are: How can remanufacturing of production equipment contribute
to more sustainability and how could competitive advantages emerge from it?
Therefore, synergies between Brazil and Germany are to be identified and inconsistencies
resolved in the ecological, economical and social dimensions of technology. Sustainability
assessments may consider the use of technologies as well as the consequences of their
integration into society. The goal is to develop technology paths for sustainable value
creation through appropriate remanufacturing oriented production equipment. Technology
roadmaps are to be developed for value chains of usage generation. The development should
occur under sustainability criteria, such as the ability to compete globally, use resources
effectively and efficiently, or benefit to skill development.
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Appendix A: Screenshot: Influence Matrix (1/2)
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Appendix B: Screenshot: Influence Matrix (2/2)
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Appendix C: Screenshot: System-Portfolio
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Appendix D: Definition of Key Factors

1

End-of-life laws
Influence Area: Politics
This Key Factor covers laws that make manufacturers responsible for their machine
tools and assembly equipment after the end-of-use, e.g. take-back laws.

2

Sustainable Development
Influence Area: Politics
This Key Factor covers governmental promotion activities for sustainable
development, e.g. marketing campaigns or incentives that encourage public
institutes to buy remanufactured goods. The aim is thereby to increase societal
behavior and attitudes in terms of a targeted search for products and services that are
for example environment-friendly.

3

Qualification
Influence Area: Society & Culture
This Key Factor describes the accordance and knowledge of employees regarding
technical standards of machine tools and assembly equipment and quality criteria of
remanufacturing companies.

4

Product Development
Influence Area: Technology
This Key Factor refers to the impact of product development decisions, e.g. Design
for X, Design for remanufacturing or Eco-Design on the product life cycle, e.g.
product life times.

5

Reusability
Influence Area: Technology
This Key Factor describes the ability of parts and fittings of machine tools and
assembly equipment to be disassembled, inspected, cleaned and repaired for reuse in
(re)manufactured products, thus leading to a reduction of, for example, solid waste.

6

Users of (re)manufactured machine tools and assembly equipment
Influence Area: Stakeholder
This Key Factor describes the interests of users of (re)manufactured machine tools
and assembly equipment.

X

7

Strategies of manufacturers of machine tools and assembly equipments
Influence Area: Stakeholder
This Key Factor covers the strategies of manufacturers of machine tools and
assembly equipment. The strategy can hereby encompass the reuse, repair,
remanufacture, refurbish or retrofitting of equipments by themselves, by
subcontracted companies or finally, to stay out of the market. Subcontracted
remanufacturers remanufacture machine tools and assembly equipment on behalf of
an Original Equipment Manufacturer, whereby independent remanufacturers operate
independently in the remanufacturing market for machine tools and assembly
equipment.

8

Demand for (re)manufactured machine tools and assembly equipment
Influence Area: Economy
This Influence Factor describes the market demand for (re)manufactured machine
tools and assembly equipment (e.g. market volume of remanufactured/reused
machines in US$ compared to the total market of manufactured machine tools and
assembly equipment, shares of types of most valuable machines.

9

Providers/Owners of machine tools and assembly equipment
Influence Area: Stakeholder
This Influence Factor covers the interests of providers/owners of machine tools and
assembly equipment to offer or request products and/or services, e.g. an OEM
providing a Product Service System (PSS) through leasing equipment to car
manufacturers. Furthermore, reverse logistics can be considered as a part of PSS,
e.g. take back strategies for machine tools and assembly equipment from their
typical final destination for the purpose of remanufacturing.

10

Associations for remanufacturing/machine tools and assembly equipment
Influence Area: Stakeholder
This Influence Factor describes the impact of associations onto the
remanufacturing/machine tools and assembly equipment industry (e.g. certifications,
trainings, technical reports, lobbyism and public relations).
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Appendix E: List of participants
Nr.

Name

Entity

Job position

1

Airton Roberto de Mattos

Cummins

Supervisor Recon

2

Aldo Roberto Ometto

EESC-USP

Professor Dr.

3

Alexandra Pereira Klen

Axia Consulting

Consultant

4

Ana Paula Barquet

UFSC

Master Student

5

Bruno Moioli

Axia Consulting

Consultant

6

Camila do Nascimento Cultri

EESC-USP

PhD Student

7

Claudete Barbosa

UFSC

PhD Student

8

Claudia Albuquerque

Ministério de Meio
Ambiente (MMA)

Environmental Management

9

Claudia E. Teixeira

LRAC-CETAE- IPT

Researcher IPT

10

Daniela Pigosso

EESC-USP

Master Student

11

Dennis Brandão

EESC-USP

Professor Dr.

12

Fabio Plugieri

EESC-USP

Master Student

13

Fabiola Zibett

FIESP (Federação das
Indústrias do Estado de
São Paulo)

International Negotiations

14

Gustavo Azevedo

Bovi

Manager

15

Gustavo Marino

Siemens Ltda -Brasil

Responsible for Siemens
Retrofit Machine tools Brazil

16

Henry Widera

TUB-Alemanha

Master Student

17

Joaquin Antonio de Oliveira

Ministério de Meio
Ambiente (MMA)

Environmental Analyst

18

Lillian do Nascimento Gambi EESC-USP

Master Student

19

Mauro Caetano de Souza

EESC-USP

PhD Student

20

Nestor K. Yoshikawa

LRAC-CETAE- IPT

Researcher IPT

21

Sabrina Rodrigues Sousa

EESC-USP

PhD Student

22

Salvador Pugliese

Knorr

Manager Aftermarket Brazil
Anrap President

23

Semih Severengiz

TUB-Alemanha

PhD Student

24

Sergio Almeida Pacca

EACH-USP

Professor

25

Thiago V. França

EESC-USP

PhD Student

26

Yovana Barrera

EESC-USP

Master Student
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XIII

