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Abstract: New and unsaturated markets are predominantly located in countries with low incomes.
To successfully establish businesses in these new markets, an increasing globalization of value creation
is necessary. The integration of these new markets is challenged by their dynamics, turbulence and
regulation. Above all, an initially low and volatile demand as well as high barriers for market entry
must be counteracted by economical small-series production. As market development is a major
challenge for Small and Medium Enterprises (SME), knowledge about the impact of local conditions
on their production strategy decisions is essential. Therefore, we design a recurrent fuzzy model
combining country- and company-specific input factors as well as internal production parameters to
obtain a transparent and reproducible impact statement. The model allows a simplified development
of the expert knowledge base by mapping the influences in two steps. The application of the designed
model is based on the example of the aCar mobility project, within which an electric vehicle was
designed for local value creation in Africa. By applying the model for different African countries,
strategy sensitivities can be identified, and recommendations derived.

Keywords: fuzzy logic; decision-making; recurrent fuzzy systems; production strategy; new markets;
Africa

1. Introduction

Entering new markets offers companies a new opportunity, which is gaining importance due
to stagnation of previous growth markets. Therefore, the companies’ strategic challenge is largely
determined by the interaction between product, process and market innovation [1]. Presently, new
and unsaturated markets can be found above all in Africa. However, many African countries strive for
local added value by means of tariff and non-tariff trade barriers [2,3]. At the same time, the inhibition
threshold for SME to open new locations in these countries is high. From an operational perspective,
manufacturing costs of a local production site must be lower than the sum of imported product
manufacturing, transport and tax per piece. Additionally, the manufacturing costs of a locally
manufactured product must be lower than the sum of manufacture, transport and taxes of imported
products [4]. Furthermore, political stability and volatile demand is a risk for companies to invest
in local value adding. However, there are advantages of local production facilities, such as future
prospects of a high volume of solvent customers and the contribution to the development of this region.
As an example, the avoidance of import duties as well as low labor and transport costs positively
effect product costs [4]. Simultaneously, sales opportunities increase due to a positive brand image
that is associated with local value creation. Local production supports company-wide CO2 savings
by shortening transport distances. Finally, a distributed production network provides flexibility to

Systems 2020, 8, 1; doi:10.3390/systems8010001 www.mdpi.com/journal/systems

http://www.mdpi.com/journal/systems
http://www.mdpi.com
https://orcid.org/0000-0003-1354-2688
http://dx.doi.org/10.3390/systems8010001
http://www.mdpi.com/journal/systems
https://www.mdpi.com/2079-8954/8/1/1?type=check_update&version=2


Systems 2020, 8, 1 2 of 20

balance global demand fluctuations [5]. In summary, besides the opportunities in unsaturated African
markets, an investment in these countries is associated with financial risks. Due to these risks and long
planning horizon for new locations, a strategic orientation of local production is crucial [4].

For strategic planning it is, therefore, essential to integrate external conditions in African countries
into the design of production sites. Concurrently, the company’s strategic goals and customer
requirements regarding the product must be taken into account. In addition to these external influences,
there are internal dependencies between the configuration parameters of a production. This increases
the complexity of the development of a new production plant and leads to longer planning times.
Especially for SME it is, therefore, essential to reduce planning times and to provide these dependencies
of the production strategy fast and transparent to achieve a reliable result. For this task we present
our model, which allows the highlighting of dependencies and to map decisions based on expert
knowledge in a model, in order to reduce the effort for planning new locations.

For this reason, the production strategy in African countries is described first (Section 2.1).
Then, Multi-Criteria Decision Methods (Section 2.2.1) are evaluated and fuzzy theory is discussed
in detail (Section 2.2.2). Subsequently, we describe our simulation model for production strategy
development in Africa (Section 3). In the following application part, we present a case of an electric
vehicle manufacturer (Section 4). Subsequently, we discuss the meaning of our results (Section 5)
and conclude with challenges and advantages of our approach as well as applicability for production
strategy development (Section 6).

2. State of the Art

This section is divided into the basics of production strategies and the theory of the chosen
decision method. For this reason, we explain the particularities of strategies in African countries.
Subsequently, multi-criteria decision methods and the theory of fuzzy systems are described.

2.1. Production Strategy in African Countries

Production strategy is part of an overarching corporate strategy, representing its functional
element [6,7]. Strategies in production include strategic and operational components, and aim to
minimize cost and time as well as to provide optimal quality and flexibility [7]. These goals are
also valid for companies planning production sites in Africa [3]. Research on production strategy
development is divided into process-oriented and structure-oriented approaches [7]. Production
strategy development processes consist of an external and internal capability analysis, strategy
evaluation and selection as well as strategy implementation [7]. Mefford and Bruun base their
strategic production system planning for developing countries on a five-stage process [8]. Starting
with the selection of the plant strategy, process characteristics and the production system are
selected. Subsequently, operational methods and the human resource policy must be defined [8].
Structure-oriented methods divide production into elements, which are planned separately. Commonly,
plant and equipment, production planning and control, labor and staffing, product design and
engineering, organization and management are defined as core elements [9].

Independent of the approach of development, production strategy decisions are made between
extrema [10]. Thus, these decisions are always a trade-off. A trade-off outlines the fact that a production
system can be optimally designed for a task, which is always achieved at the expense of options [9].
There is always a trade-off between cost, time and quality but also between subordinated production
configuration decisions [4]. The right trade-off decision is essential for the achievement of competitive
advantage [6], which also applies to African countries [3].

For successful decisions, knowledge of the environmental conditions and regional challenges is
essential. In Africa, the political framework conditions are in particular a regional characteristic [11].
In addition, changing customer requirements, such as the shift from price focus to price performance
focus, influence production strategies. Such a change can be observed for example in the Indian
automotive industry [2,12]. Thus, in countries where economic growth is expected, this should be
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considered in strategy development. The number of factors influencing SMEs strategy is company and
sector specific. However, studies indicate that SMEs in Africa are more successful in the long term if
they take a larger number of challenges into account within their strategic planning [3,13].

2.2. Methods and Models

The development of a production strategy is characterized by conflicting target values, strongly
interdependent decisions and uncertainties regarding planning-relevant data [9]. Therefore, we search
the literature for an approach fulfilling the following requirements (R.1, R.2, R.3).

As, strategic decisions are individual and depend on the market, product and available
technology [6], challenges result from the ability to derive general recommendations and specific
decisions under prevailing uncertainties [6,14]. This results in R.1.

R.1.: Linking of external factors with the configuration options of the production system.

As described previously, the planning of a production strategy consists of trade-off decisions [9,15].
To make trade-off decisions when configuring a production system, the impact of a trade-off decision
on further trade-off decisions must be taken into account. This is accomplished by R.2.

R.2.: Mapping of the internal cause-effect relationships of the decisions.

Further consistency of a strategy is a requirement (R.3), as consistency must exist between
superordinate strategies such as the corporate and production strategy [9,15]. Simultaneously,
consistency also needs to be applied by individual decisions within a strategy development [6]
(covered by R.2).

R.3.: Integration of corporate strategic objectives into production strategy development.

The databases ScienceDirect and Google Scholar have been analyzed in approaches fulfilling
the requirements. These databases are selected based on the inclusion of multidisciplinary research
and sources. Therefore, we used the search terminology (“Production Strategy Development”) or
(“Operations Strategy Development”) or (“Manufacturing Strategy Development”). The search yielded
61 matches on ScienceDirect and 700 matches on Google Scholar. All results for ScienceDirect as well
as the results of the first ten pages of GoogleScholar were examined, since this database arranges the
results according to relevance.

Table 1 summarizes the literature research findings and visualizes the evaluation, whereby
an empty Harvey Ball means “not mentioned”, a quarter-full Harvey Ball means “mentioned in
context”, a half-full Harvey Ball means “explicitly described”, a three-quarter-full Harvey Ball means
“context systematically integrated” and a full Harvey Ball means “systematically integrated”.

Table 1. Evaluation of literature.

Requirement [8] [9] [10] [16] [17] [18] [19] [20] [21] [22]

R.1.
R.2.
R.3.

In summary, requirement R.1. is dealt with in greater depth by four authors. Jia and Bai use
the House of Quality in their approach to include competitive factors in the production strategy
assessment [16]. This approach is also used by Crowe and Cheng, who derive the production strategy
from the overarching corporate strategy [17]. Miltenburg develops a bottom up production strategy
development framework for factory or production network planning [20]. The approach of Hajirezaie
and Husseini refers to the relevance of the business marketplace and therefore systematically integrates
this into the solution [19]. All approaches lack defined external criteria that must be taken into
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account in decision-making. The consideration of internal dependencies in decision-making (R.2.)
is not explicitly discussed in any approach and is only considered in context [8,10,16]. A systematic
integration of the superior corporate strategy through defined correlations (R.3.) is shown by [9].
The relevance of corporate goals is also confirmed by other authors [10,17] and integrated, for example,
in the top-down approach of Mefford and Bruun [8]. Table 1 highlights the lack of an approach
combining external and internal relationships in a structured way. This approach must integrate the
company’s strategic objectives and take multi-criticality of production strategy choices into account.

2.2.1. Multi-Criteria Decision Methods

Following the previous chapter, strategic decision-making depends on several criteria and can
therefore be assigned to the category of multi-criteria decision problems. Within these problems,
linguistic recommendations and expert knowledge must be analyzed and integrated into the solution
finding process. As a result, companies use Multi-Criteria-Decision Methods (MCDM) to formulate
strategic decisions [23].

In their study, Velasquez and Hester evaluate MCDMs including application areas as well as
advantages and disadvantages [24]. Table 2 visualizes the methods and our evaluation of suitability.
To select an appropriate MCDM, we evaluate the ability of the methods to present cause-effect
relationships, weighting of the criteria, necessary system knowledge and data basis to apply this
method. Here, + evaluates the integration of the requirement, − for the lack of this possibility
and A for no preference. We found that the fuzzy set theory meets the requirements for mapping
cause-effects, variable system boundaries and extensible databases. In general, fuzzy systems allow
for problem-specific statements based on expert knowledge [25].

Table 2. Classification of Multi-Criteria-Decision-Methods (based on [24]).

MCDM Cause–
Effect Weight System Data

Basis Exemplary Fields of Application

Multi-Attribute Utility Theory A + − − Economics, finance, energy management
Analytic Hierarchy Process − + A + Resource management, corporate strategy

Case-based Reasoning A A A − Economics, vehicle insurance, engineering
Data Envelopment Analysis + + − − Economics, road safety, business problems

Fuzzy Set Theory + A + + Engineering, economics, management
Simple Multi-Attribute Rating − + − − Environment, production problems

Goal Programming + − A A Production planning, portfolio selection
ELECTRE − + − A Energy, economics, transportation

PROMETHEE − + − A Economics, finance, production
Simple Additive Weighting − + − + Economics, finance, water management

TOPSIS − − A A Supply chain, manufacturing

The advantages of fuzzy logic can be used to optimize MCDM. For example, Göleç uses the
Analytic Hierarchy Process method optimized by fuzzy logic (FAHP) to calculate manufacturing
performance of companies based on competitive priorities [26]. Similar Mangla et al. use FAHP to
evaluate and prioritize sustainable production and consumption trends in supply chains [27] and
Kumar et al. use this approach to identify critical factors in technology transfers to India [28].

The technique for order of preferences by similarity to ideal solution (TOPSIS) allows for
an efficient comparison of alternatives [29]. Kumar and Garg describe a procedure to connect the
set pair analysis based on TOPSIS with interval-valued intuitionistic fuzzy sets for multi-criteria
decision-making in rapidly changing economic and social environment [30]. This uncertainty
of real-world problems demands for extended measures to keep the advantages of the set pair
analysis [31]. Thus, extending the interval-valued intuitionistic fuzzy sets by interval weights allows
for a more efficient decision-making [32].

According to Azadegan et al., nine partial streams of applications of fuzzy logic in production can
be identified: Process control and process optimization, manufacturing islands and machine control,
scheduling and overall planning, manufacturing plant flexibility, quality control and monitoring,
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maintenance systems, demand forecasts, production strategy and location decisions as well as supply
chain and supplier selection [33]. These approaches show the potential of combining decision methods
with fuzzy logic.

2.2.2. Fuzzy Systems Theory

In the fuzzy logic theory, a system is regarded as a representation of reality in an observable
and measurable way. A fuzzy system interacts with its environment and can be divided into
interdependent subsystems [25]. Fuzzy-logic-based models aim to create a mathematically logical
model for decision-making. For this purpose, sharp input values are translated and converted by
an IF...THEN... rule basis. These rules are aggregated and output as sharp output values (Figure 1).

Fuzzy System

Rule base

IF… 

THEN…

µResult1Fuzzyfication DefuzzificationInput 

(exact

values)

Output 

(exact

values / 

instruct

ions)

 

Figure 1. Example of a fuzzy system.

The variables are fuzzificated by a membership function µM that can map values between
0 (no membership) and 1 (full membership) [25]. Recurrent fuzzy systems extend the classic fuzzy
approach of IF...THEN... connection by a time step dependency (Figure 2). Thus, rules are defined as
follows [34–36]:

If u(k) is Lx
k and x(k) is Lu

q then x(k + 1) is Lx
w(j,q) (1)

For each component xi of the start vector x and component ui of the vector u, a linguistic variable
Lxi

j or Lui
q must be defined. It follows that each rule describes the combination of index vectors

of j = (j1, ...jn) and q = (q1, ...qn) resulting in Lx
w(j,q). The vector w represents a trace from (j, q)

to a specific rule. Extending the linguistic variables by a weighting component gxi
L′j ,Lj

and using

conventional sums interference and the center of sum defuzzification with singleton support places
sx

w(j,q), the output variable x(k + 1) results in (2) [34,36].

x(k + 1) = f (x(k), u(k)) =
∑j,q sx

w(j,q)g
x
Lw(j,q)

∏i µ
xi
Lj
(xi)∏p µ

up
Lq
(up)

∑j,q gx
Lw(j,q)

∏i µ
xi
Lj
(xi)∏p µ

up
Lq
(up)

(2)

f (x, u)
u(k) x(k + 1)

z
−1

x(k)

Figure 2. Schematic of a first order Recurrent Fuzzy System.

The weighting factors gxi
L′j ,Lj

allow for adjustments the system dynamics, but require expert

knowledge. Furthermore, the sensitivity of the input variables is increased by the weights [36].
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Lin et al. use design structure matrices to map dependencies of complex fuzzy systems. These
n× n-matrices allow for reduction of the required rules [36,37]. In this matrices, existing dependencies
are defined by linguistic values Lxi

kj
(Table 3). To express these dependencies, membership functions

µ
xi
ji
(xi) must be defined [38].

Table 3. Relations and required rule base.

1 2 . . . n

1 x Lx1
k2

. . . 0
2 0 x . . . Lx2

kn
. . . . . . . . . x . . .
n Lxn

k1
0 . . . x

3. Model Building

To analyze the effects of external influences, company strategic aims and product characteristics
on strategic production decisions, we propose a framework mapping these (external) inputs factors
on production configuration parameters first and internal dependencies second (Figure 3). The
latter ensures required internal consistency [6]. For example, the external input “availability of the
local white-collar worker” influences the parameter “necessary qualification measures before start of
production”. In the iteration step, the dependency of “necessary qualification measures before the start
of production” and the parameter “degree of automation of production” are determined.
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Figure 3. Framework to link (external) input factors and internal parameters.

Therefore, we extend the use of the design structure matrix using a domain mapping matrix
(m× n) that maps m inputs to n configuration parameters (Figure 3). The iteration of the internal
parameters (n× n) is implemented using a recurrent feedback loop (Figure 4). Since production strategy
decisions are based on qualitative expert assessments [10], a Mamdani fuzzy system is suitable [25].
In line with Lee [39], we select the product operator for AND-operations and the maximum operator
for OR-operations. The implication defines the interpretation of rules and is implemented for each
rule [40]. The center of sums method is chosen as the defuzzification method, as it allows for a continuous
course of the output values. From an application point of view, linguistic formulation of the rule base
allows the inclusion of the rule definition of production experts, without these experts needing to have
in-depth knowledge of fuzzy systems. The visualization of dependencies using matrices enables them
to follow the rule formulation transparently. With the iteration, a recurrent system can integrate new
dependencies, which in this case is used for the internal relations. This integration increases the quality
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of the solution finding. To create our model The model was built in MATLAB 2019a using the Fuzzy
Logic Toolbox.), we used the procedure of Zimmermann [41] and adapt it by weighting the rules as
well as the implementation to three steps:

1. Definition of parameters (input, output and linguistic value range)
2. Construction of relations, generation of rules and weights
3. Application of the time-discrete model

v(k)
f (v, u) f (x, u)

u(k) x(k + 1)

z
−1

x(k)

Figure 4. Implementation of the framework into a recurrent fuzzy system.

3.1. Definition of Parameters

The inputs describe influencing factors of production configuration. The first part of the input
variables are corporate strategic competition priorities, since these have a significant influence on
the production strategy [6,9]. The inclusion of competitive priorities in the fuzzy system in the form
of input variables is essential to ensure a link between corporate and production strategy. Further
input variables are, for example, production volume, type of product and investment volume [10],
but also external influences such as market dynamics [42], qualification of local workers and personnel
costs [4]. This is important as successful companies adapt their production strategy to react to boundary
conditions [42]. The inclusion of external influences in strategy development is essential in African
countries, due to the challenging and fast changing environment. In total, 18 input variables are
selected (Table 4) based on [4,6,9,10,15] and described in detail in Table A1.

Table 4. Input parameters.

Input u(k) Linguistic Value Range

Production volume low high
Market entry strategy first mover follower

Qualification level of employees low high
Importance of economies of scale low high

Importance of delivery time and reliability low high
Importance of product costs low high

Importance of quality low high
Importance of product and process flexibility low high

Importance of product innovation low high
Importance of ecologic sustainability low high

Importance of social sustainability low high
Type of product custom standard

Product complexity low high
Labor costs low high

Market demand stable volatile
Competition in the supplier market low high

In-house resources low high
Fluctuation of local employees low high

The output parameters were selected based on production design options known from
literature [6,9,10]. These parameters must meet the requirement of dependence on the selected inputs.
The dependency must be formulated by the IF. . . THEN rules. This results in 18 outputs that describe
the configuration of the production system. The linguistic value range must be specified for both input
and output parameters. A low number of significant labels should be used to improve the ability
to interpret the results [36]. Table 5 summarizes the selected output parameters and the associated
parameter range. The parameters are described in detail in Table A2.
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Table 5. Output parameters.

Output x(k + 1) Linguistic Value Range

Degree of automation low high
Production system push pull

Depth of value added buy make
Production/assembly line structure workshop flow

Process standardization low high
Process linkage low high

Operating material flexibility special multi-functional
Equipment operating time temporary series operation

Warehouse concept no stock large stock
Quality control low high
Design stability freeze continuous improvement

Additional worker training low high
Integration of local society and politics low high

Manufacturing technology conventional innovative
Production network world factory local for local

Scalability of technology low high
Number of expatriates during ramp up low high

Motivation using external incentives low high

3.2. Construction of Dependencies, Rules and Weights

A two-step approach was chosen to define the dependencies and rules. First, rules were derived
from literature to be analyzed, extended and weighted by experts in a second step. This was done
by means of a written expert survey (n = 9). In total, the IF...THEN rule base of the model consists of
144 rules. The weighting was linguistic and could be chosen from very important to less important.
Implemented in the model, a weight (gx, gu) of 1 is very important, 0.6 relatively important and
0.2 less important. Figure 5 visualizes the dependency of the output degree of automation on the
inputs market entry strategy and volume, given by the rule base and membership functions. Therefore,
the degree of automation depends on production volume, but not on the market entry strategy.
In comparison, the relationship between warehouse concept and market demand and importance of delivery
time is visualized.
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Figure 5. Comparison of the rule base.

4. Application

The model is applied using the example of the aCar Mobility project (http://www.acar.tum.d
e/en/home/). The aCar is a vehicle developed by the Technical University of Munich for use in
rural Africa. The aim of the project is to offer cost-optimized and sustainable mobility. Thus, the
industrialization of the vehicle is carried out by a startup with the aim of producing vehicles with
local added value in Africa. The vehicle itself is electrically driven and consists of a ladder frame.

http://www.acar.tum.de/en/home/
http://www.acar.tum.de/en/home/
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The interior and exterior mainly consist of two-dimensional surfaces which are welded or screwed
after folding. Due to the electric drivetrain and standardization, the vehicle complexity is low. Low
investment costs and the conservation of internal company resources are essential to achieve local
added value in a timely manner in various regions. Vehicle quality and delivery times are subordinate
to product costs. Within the project, the framework is used to compare production strategies in Kenya
and Nigeria.

4.1. Input Parameters

As specified in Section 3.1, a distinction must be made between company- and product-specific
as well as country-specific input factors. The company- and product-specific input factors (which
can be between 1 and 10) are derived from the aCar Mobility project goals and vehicle characteristics.
Thus, the values for these input parameters are the same for Nigeria and Kenya. For both countries,
a low production volume is assumed for in the beginning (1) despite high market demand for vehicles
6 (Kenya) and 7 (Nigeria). The market entry strategy is simulated with 4 (Nigeria) and 5 (Kenya)
due to already producing competitors. Due to lack or insufficient availability of suppliers, these are
entered into the model with 2 (Kenya) and 1 (Nigeria). The qualification for vehicle production is not
yet available (1) and labor costs are rated at 3 (Kenya) and 2 (Nigeria). The availability of labor force is
high (10) as well as their fluctuation (10). The availability and stability of energy supply is low in both
countries (2). The Nigerian and Kenyan automotive markets are described in Appendix B and start
vector values u(k) are summarized in Table 6.

Table 6. Input parameters for the application case.

Company- and Product-Specific Input Kenya Nigeria

Importance of economies of scale 1
Importance of delivery time and reliability 1

Importance of product costs 10
Importance of quality 1

Importance of product and process flexibility 3
Importance of product innovation 1

Importance of ecologic sustainability 10
Importance of social sustainability 10

Type of product 7
Product complexity 2
In-house resources 3

Country-Specific Input Kenya Nigeria

Production volume 1 7
Market entry strategy 5 4

Qualification level of employees 1 1
Labor costs 3 2

Market demand 6 7
Competition in the supplier market 2 1

Fluctuation of local employees 10 10
Availability of local workforce 10 10

Energy supply 2 2

4.2. Simulation Results

The simulation results for aCar production in Nigeria and Kenya are compared in Figure 6. Small
differences between Nigeria and Kenya are expected. However, the simulation shows differences
in terms of degree of automation, production structure and equipment operating time (Figure 6a).
Accordingly, the configuration of production is similar in both countries. The congruence of the results
of the infrastructural outputs is significant (Figure 6b). The differences are highlighted by the higher
production volume in Nigeria. Both quality control and equipment operating time are increasingly
important. Furthermore, a higher degree of automation in Nigeria and a stronger orientation towards
pull production is recommended.
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(a) Structural results

Degree of Automation
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(b) Infrastructural results
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Figure 6. Selected structural and infrastructural results.

Figure 7a visualizes the change in selected outputs due to internal dependencies. With the
iteration, the warehouse concept value (Kenya) changes from 5.82 to 2.17. The change is based on
the internal dependency between warehouse concept and production system. As a result, after the
iteration, the recommendation changes from a large stock to a low storage volume. With the current
rule base, constant values are output after the second iteration. The second comparison in Figure 7b
shows the influence of weights. In case of the degree of automation, the output is decreased by 25%.
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Figure 7. Comparison of system features.

5. Discussion

The simulation results must be translated into recommendations for production configuration.
As an example, we discuss hereafter two outputs. The degree of automation of the local aCar
production, is determined as 4.56 in Nigeria and 3.48 in Kenya (Figure 6). The values indicate that the
degree of automation should be low in both countries and that labor-intensive manufacturing and
assembly processes should be preferred. Labor-intensive processes are cost-efficient in countries
with low labor cost levels and allow for a high degree of flexibility to respond to an unstable
environment. Accordingly, manual cutting and forming processes are preferred for metalworking
with low production volumes. However, these examples demonstrate that higher market demand in
Nigeria requires more automation even if lower labor costs are available. The degree of automation of
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4.56 in Nigeria and 3.48 in Kenya indicate the preference for manual work, but as much automation as
necessary for sufficient quality should be used—as demonstrated at Hero Honda in India [4]. For the
warehouse concept, the fuzzy system calculates 2.94 in Nigeria and 2.17 in Kenya. Both values indicate
that stocks should be low to keep tied capital low and turnover high. Nevertheless, a minimum
stock level must be maintained to avoid breakdowns, due to prevailing unreliable deliveries and
infrastructure [4,43]. The minimum stock levels are in line with the production system values, which
indicate the use of a pull system but with specific push processes.

The effects of integrating internal dependencies are visualized in Figure 7a. A recommendation
for high stock levels due to external inputs u(k) would be simulated if internal dependencies x(k) were
not taken into account. The output value is adjusted by ∆W linking the warehouse concept with the
production system, degree of automation and product. In addition to production volume and delivery
times, product design also has a significant influence [44]. This low stock level is also possible due to
market proximity, which allows for make-to-order production and is in line with previous studies [4,8].
Process standardization and resource flexibility are also significantly changed by integrating internal
dependencies (∆S and ∆O). The adaptation of process standardization on product characteristics is
always associated with financial expenditure. Concurrently, process standardization allows for a better
adaptation of production to the skill level of employees [3,4,8]. By adjusting the results, the relevance
of internal dependencies in production strategy development becomes evident.

Adding weights allows for optimization by adjusting the importance of rules [41]. Thus,
the reduction of complexity during the rule base generation by experts is possible. Concurrently,
the rule base remains manageable as no additional rules are required. This improves the interpretability
of the model [36]. For example, the automation level output is reduced by 25% to 3.38 (Figure 7b).
This is based on the weighting of dependence on production volume, flexibility, training time and
standardization. Improving the output quality of the automation degree is essential for a unit cost
calculation [4]. This demonstrates that besides the recurrent feedback of the internal dependencies,
the weights are essential for a proper production strategy simulation.

A key finding of this study is that the company can transfer infrastructure planning when
considering new production facilities in different countries (Figure 6). Regarding the structural
production parameters, the depth of value added, the production system, process standardization and
flexibility of operating resources are transferable. In particular, the planned operating times of the
operating resources and their maturity must be planned site-specifically. In summary, based on the
two studies, we conclude that a production concept can be successful in different countries if it allows
flexibility in selected structural configurations.

6. Conclusions

6.1. Recurrent Fuzzy Systems for Production Strategy Development

After demonstrating the model’s functionality, it becomes evident that the application still requires
knowledge about region, product and company to define appropriate input values. Thus, the result
quality is strongly dependent on these values. In summary, the following conclusions are reached:

− Implementing qualitative expert knowledge limits this model, as expert knowledge is a subjective
statement. Therefore, the model does not allow for a complete and 100% error-free result.

+ Using recurrent Fuzzy Systems simplifies the gathering of expert knowledge. Complexity is
additionally reduced by recurrence, as experts only must evaluate direct dependencies.

+ Fuzzy models benefit from an extend-able rule base. Further application-specific influencing and
output variables can easily be added. Complex relationships and new findings regarding the
framework conditions can thus be modeled transparently and quickly.

Hence, the model provides fast, approximative statements about the configuration of production
systems. This allows for simulation of changed input values, e.g., different countries or competitive
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priorities. Research potential is the extension of the level of detail of the product-specific and
country-specific parameters. Adding a monetary evaluation could also improve usability for SME.

6.2. Production Strategies in Africa

The aim of this paper is to present a method for the efficient development of production strategies
in Africa, based on a recurrent fuzzy system. For this purpose, the theoretical background of production
strategies, especially in Africa, is discussed. Furthermore, different MCDM are presented and the
basics of recurrent fuzzy systems are reviewed. After the description of our framework and model
we present a use case, discuss our model properties as well as the advantages and disadvantages
of this method. This study is limited by the individual case specific to the automotive industry.
Furthermore, the presented production parameters must be extended according to the specific
application. In addition, our framework and model are to be confirmed in further studies with
various companies to demonstrate their further practical suitability. The use case demonstrates the
applicability of the model and shows:

� Applicability of weighted Recurrent Fuzzy Systems for production strategy development.
� Benefits of combining cause-effect relations for production system configuration.
� Functionality of the simulation model for production strategy development for SME in Africa.

The aim of the Sustainable Development Goals is the improvement of living conditions in Africa.
This is crucially impacted by local value adding [45]. Our model supports companies in quickly gaining
an assessment of the external influence in Africa on their strategic production decisions. The option to
test various corporate strategic goals and their impact creates transparency about local value adding
in Africa.
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Appendix A. Input and Output Parameters

Table A1. Input parameters.

Input Description

Production
volume

The production volume is a market-specific input factor, since it depends on the size of the sales
market. In Africa, the market is usually small, so that the products and processes must be adapted to
the smaller production volume [46]. The volume has an influence on the degree of automation [47],
the selection of operating resources [15] and on the structure of the production and assembly line [10].

Market entry
strategy

The market entry strategy differs from the company’s objective: either to be a pioneer and to be the
first on the market (first mover) or to enter the market later (fast follower or follower) [48]. In the case
of serving the local market, the entry strategy must be adapted to the competitive situation. If there are
competitors in the local market, the company is a follower. If there are no competitors who serve the
local market, the company is a first mover.

Qualification
level of
employees

In Africa there are unequal educational standards [49] and in many countries there is a lack of
university graduates. The lack and inadequacy of the training of skilled workers is a central issue [4].
The qualification level effects the degree of automation [47], the process span [10] as well as the
required employee training [4].

Importance of
economies of
scale

This factor depends on the industry [9]. In the automotive industry, economies of scale are an essential
factor for cost-efficient and thus globally competitive production [50]. Achieving economies of scale is
a challenge for low volumes. By orienting the scalability on the level of individual functions, i.e., using
the functions of a vehicle in different configurations and derivatives, economies of scale can still be
achieved [51]. The importance of scale effects influences the degree of automation [4], the process
span [10], the standardization of processes [52], the design stability as well as the linking of
processes [15].

Importance of
delivery time
and reliability

Delivery time and reliability indicates how essential the fast and reliable delivery of a product to the
customer is for success [6]. The delivery time also includes the time-to-market for a new product. This
input variable influences the choice of the production system [53], the structure of the production and
assembly line [10], the warehouse concept and the production network [4].

Importance of
product costs

Cost is the best-known competition priority [6]. Although manufacturers focus on costs savings, most
do not compete mainly on this basis [54]. Typical cost measurement parameters are labor productivity,
resource use, value creation, efficiency and cost per operating hour [15]. The importance of costs has
an influence on the configuration parameters degree of automation [15], production system [53],
process span, structure of the production and assembly line [10], standardization of processes [52],
linking of processes, warehouse concept [44], quality control [9], design stability and scalability of the
technology [15].

Importance of
quality

High-quality products increase customer loyalty to brands and support companies in differing in
highly competitive markets. Superior quality can be achieved through higher product reliability,
higher product performance or available product features [6]. Quality can be measured by the number
of errors per unit, number of customer complaints, reject rate, number of warranty claims or customer
satisfaction [15]. Between high quality and low costs there is a trade-off [9], so that costs for the
provision of higher quality must be brought into line with the willingness of the market to pay [6].
The importance of quality influences the degree of automation, the product design [47], the structure
of the assembly line [10], the standardization of processes [15], the linking of processes [15] and quality
control [9].

Importance of
product and
process
flexibility

Flexible facilities allows for agility and adaptability [4] and are essential to manage demand and
capacity in response to changes in customer needs. Product and process flexibility gives
an organization the ability to quickly introduce new products, quickly adapt capacity or products,
and quickly manage changes in product mix [15]. Product and process flexibility influence the output
parameter degree of automation [47,55], the structure of the production and assembly line [10],
the standardization of processes, the linkage of processes [15], the design stability, the scalability of the
technology [15] and the production network [4].

Importance of
product
innovation

This input parameter indicates how important innovative products are for the company’s success.
It influences the required employee training and manufacturing and assembly technologies [4].

Importance of
ecologic
sustainability

Environmentally friendly products and production are an important political issue. The effects of the
sustainability measures of a company are brand image and therefore pricing power. Additionally, cost
savings are possible due to higher operational efficiency, more efficient use of resources and supply
chain optimization, as well as improved opportunities to win over, retain and motivate staff.
Furthermore, customer loyalty will be strengthened and access to capital, financing and insurance
improved [56]. The importance of environmentally friendly products and production depends on the
integration of the local society and politics [57].



Systems 2020, 8, 1 14 of 20

Table A1. Cont.

Input Description

Importance of
social
sustainability

Even though savings through lower labor costs are the most common reason for setting up production
in Africa [4], there may be other reasons. Examples are the promotion of international peace [58],
the support of economic and social development and the sustainable strengthening of rural regions in
developing countries. The importance of social responsibility also has an influence on the
configuration options required employee training and integration of local society and politics [57].

Type of product

A distinction is made between a special product and a standard product. A special product is
a product that is not required several times in the same form, or where demand is irregular and there
are long periods between orders. A standard product describes a product that is manufactured several
times and whose demand is repeated. The term "custom" refers to a product manufactured to
a customer’s specifications. Demand for a customer-specific product can either not be repeated or be
repeated [10]. The type of product influences production volume [10], degree of automation [55],
structure of the assembly line [10] and selection of equipment [15].

Product
complexity

A product can be complex due to product variety, number of parts, multi-functionality,
manufacturability or size and geometry [59]. Product complexity influences production design and
has effects on the output parameter automation degree [55] and required employee training [4].

Labor costs

The development of wage costs is linked to prosperity. In affluent countries, wages are very high due
to strong and sustained economic growth and continue to rise steadily, while in countries that have not
been able to keep pace with rapid economic development, wage development has slowed
down [4] (p. 9–10). Lower labor costs are the most likely reason for relocating production abroad [60].
Labor costs have an influence on the output parameter degree of automation [47] and structure of the
production and assembly line [4].

Market demand
The parameter market demand provides information on demand stability. Volatile market demand
requires high product and process flexibility and affects the choice of production system [53], depth of
added value [4], production network [4], warehouse concept [4] and process standardization [52].

Competition in
the supplier
market

The competitive situation in the supplier market influences companies in their decisions as to whether
parts are produced by companies themselves or purchased, and is therefore in interaction with the
depth of value added. If there is no competition between the suppliers, suppliers have a good position
in price negotiations, as the buyer has no or few alternative suppliers [61]. Whether a company has
a domestic or foreign supplier is a primarily strategic decision [10].

In-house
resources

For internal company resources, a distinction is made between tangible and intangible resources.
The former is defined as tangible assets. These are the machines, computers and equipment owned.
Intangible resources include, e.g., brand strength, supplier relationships, process knowledge [15],
technical expertise, know-how [9], information and time [15]. Internal company resources have
an impact on make-or-buy decisions and thus on the process span [10].

Table A2. Output parameters.

Output Description

Degree of
automation

The degree of automation, the distribution of physical and cognitive tasks between humans and
technology, is described as a continuum ranging from completely manual to fully automatic [55].
A low degree of automation allows for a high degree of flexibility and low fixed machine costs. In the
contrast, a high degree of automation has the advantage of economies of scale and a lower share of
personnel costs [4].

Production
system

This output specifies the extent to which the production system is designed as a pull or
push-production system. With the push principle, the production orders are scheduled with a planned
start date on a specific work system, and “pushed” through production. The outgoing quantity is
planned, and inventory is monitored. In a pull system, orders are monitored by the consumption and
material is “pulled” through production. An upper stock limit is ensured by the system and the
outgoing quantity is monitored [4]. The pull system is a consumption-oriented control method [8].
This production system contains a variety of methods for efficient, competitive and modern
production. Avoiding waste and continuous improvement is emphasized [4].

Depth of value
added

The depth of value added indicates the share of in-house and purchased components. In deciding the
strategic importance of the component, availability of suppliers [4], retention of core technology,
achievement of cost advantages, access to capabilities missing in the company, increased control over
the competitive environment and opportunities to differentiate products through in-house production
are taken into account. Alternatives to in-house manufacturing may include joint ventures and
non-equity-based collaborations. It must also be decided whether the outsourcing should take place
via domestic or foreign suppliers [10]. Regarding the purchase type, a distinction is made between
single sourcing (one supplier for one purchased part) and multiple sourcing (several suppliers for one
purchased part) [10].
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Table A2. Cont.

Output Description

Production/
assembly
structure

The output parameter production and assembly line structure provides information about the
production principle. It involves the spatial arrangement of the machines and workstations.
A distinction is made between order-related production, flow production and group production.
In shop floor production, similar machines are grouped at one location [62].

Process
standardization

The standardization of products and processes allows for savings and optimization [4].
The development and introduction of complex instruments for process standardization such as
guidelines, plan specifications, decision criteria and controls is efficient when large quantities of
similar products are produced. In the case of complex or highly variable tasks, process
standardizations are not appropriate [62]. Adaptation to local environmental factors makes
standardization more difficult [4].

Process linkage

Advanced process technologies obtain their competitive costs and benefits by linking previously
separate activities. The link can consist of physical links between the installations or they may mean
that the planning and control of these machines can be combined. The integration of separate
processes is associated with high capital costs, which can be reduced through the integration of
associated processes. In addition, linked processes lead to a higher degree of synchronization, which
reduces inventory and costs [15].

Operating
material
flexibility

The choice of resources in terms of flexibility indicates the multi-functionality, i.e., universally
applicable, and to which extent the equipment can be used for special applications. Universal tools can
be used for a wide range of processing activities required for a wide variety of products. Specialized
tools are designed to meet specific requirements and are therefore suitable for lower product
variance [15] .

Equipment
operating time

The choice of equipment in terms of duration indicates whether the equipment is intended for
short-term or limited use or whether it is designed for serial use.

Warehouse
concept

The warehouse concept describes all measures relating to inventory-holding within the company,
including the associated planning, scheduling and administrative activities [62]. The design of the
warehouse system is mainly influenced by product and throughput. The warehouse size is determined
by the inventory volume [44].

Quality control

During the quality control, the design quality as well as the execution quality are checked. As part of
the quality control, a target/actual comparison is used to check if products meet the quality
requirements [10]. Since quality and costs are trade-offs, quality control must be chosen, depending on
the competition priorities. Either low cost/low quality, or high cost/high quality [9].

Design stability

The output parameter describes the design stability of the product during the production period.
Before the design freeze, designers work on the aesthetics of the product. After the design freeze,
the product is handed over to production, and engineers deal with feasibility issues. Since design
elements are not changed from that point on, designers are no longer directly involved. They track the
product to ensure that the previously “frozen” design is preserved. Freezing the design reduces
expensive production system changes [10].

Additional
worker training

This output parameter provides information on the extent to which additional employee training is
required. Training brings with it a variety of benefits, including improved employee performance,
improved satisfaction, remediation of weaknesses, increased productivity, compliance with quality
standards, reduced employee turnover, better reputation, and innovation in new strategies and
products [15].

Integration of
local society
and politics

Local society and politics influence production through local requirements concerning security, import
taxes and necessary permits [4]. Governments handle foreign investment as part of their foreign policy
and therefore significantly impact the build-up of production sites through subsidies or obstacles [2].
The technology must be transferred to the local standards and the specific context of Africa to be
effective and sustainable [57]. In addition to the technological aspects, local environmental aspects and
socio-cultural dynamics are taken into account [2].

Manufacturing
technology

The output parameter manufacturing and assembly technologies specifies the extent of new
technologies. New technologies require financial resources and the development of new skills. If the
introduction is successful, the technology supports maintaining or building a leadership position [10].

Production
network

The world factory enables economies of scale and is appropriate in industries with diversification
advantages, high product value density and long delivery times. Production at just one location
improves the availability of qualified personnel and know-how, allows for a stronger specialization,
a more intensive exchange of knowledge and shorter delivery times between the processing stages.
The model “local for local” allows for high market proximity. The reduced influence of economies of
scale and the greater importance of flexibility and short delivery times have prompted many
companies to invest in foreign markets via local subsidies [4].
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Table A2. Cont.

Output Description

Scalability of
technology

The output parameter scalability indicates the capacity and thus size of the individual technology
units. Scalability is the ability to quickly, cost-effectively and flexibly switch to a different usage level.
The larger the technology unit, the higher the capital costs, but the lower the capital costs per capacity
unit. Similarly, the cost of installing and maintaining the technology per production unit is lower.
There is a trade-off between large technology units that exploit economies of scale, but create an
imbalance between capacity and demand, and smaller technology units with better consistency
between capacity and demand, but less economies of scale. In addition, few, large technology units
lead to major damage in the event of a failure [15].

Number of
expatriates
during ramp up

The deployment of expatriates at a new location is considerably more cost-intensive than the
deployment of local specialists and managers. However, their know-how and company-wide
connections are essential, especially in the startup phase. Studies show that in less successful new
locations, companies invest the same amount in expatriates and in the training of local employees—in
successful locations, companies invest twice as much in the training of local employees as in the
deployment of expatriates [4]. The share of expatriates enables the transfer of proven approaches and
corporate culture to the new location and facilitates local contact with the parent company. It is
important to assign expatriates who have a comprehensive knowledge of company-specific products,
equipment and management processes. Disadvantages are high expenses that are necessary for
expatriates. The use of local specialists and managers is generally cheaper, especially in low-wage
countries [4].

Motivation
The boundary conditions may require motivation through additional which can consist of additional
salaries or benefits [51]. Management must strive for maintaining motivation and morale to prevent
labor turnover [4].

Appendix B. Nigeria’s and Kenya’s Industry

Appendix B.1. Kenya

Kenya is the second largest economy in and the economic, financial and transport center of East
Africa, as demonstrated by the presence of numerous regional offices of international companies and
organizations. Real GDP growth in Kenya has averaged over 5% in the last ten years. Agriculture is
the strongest sector of the Kenyan economy and contributes one third of the GDP [63]. About 75%
of the Kenyan population work at least part-time in the agricultural sector. Other important sectors
are infrastructure, telecommunications and construction. Unemployment and underemployment in
Kenya are estimated at 40% [64]. The biggest challenge on the labor market is the particularly high
unemployment of the under-35-year-olds [63]. Kenya is a member of the East African Community,
a regional, intergovernmental organization between six East African states. The community aims to
strengthen the political, economic, social and cultural cooperation between these states [65]. In 2005,
a customs union with a common external tariff and market was decided. Following, in 2010, the free
movement of workers, capital, goods and services was allowed. A further objective is creating a federal
association of East African states [66].

In 2015, 1.3 million registered vehicles were in use in Kenya, even though 44 million people live
in Kenya [67]. The local market for new and used passenger cars and light commercial vehicles in
Kenya amounts to approx. 77,600 (in 2013), and is now in fourth place in sub-Saharan Africa behind
South Africa, Nigeria and Ghana [43]. About 20% of these vehicles are new cars [67]. To assess the
level of training, the following factors are taken into account: Education Index of the United Nations
Development Program [68], literacy rate and net enrollment ratio. Kenya, with a per capita GNI
of USD 1620 (in 2018), is in the lower end of lower middle-income countries [69]. Gelb et al. [70]
investigate wage costs in Africa and conclude that industrial labor costs in Africa are higher than
expected. In Kenya, the annual wage costs of workers are USD 2,118 and are thus significantly higher
than in the Asian low-wage country Bangladesh (annual wage costs per worker USD 835). To evaluate
the market entry strategy, local (electric) vehicle manufacturers in Kenya are evaluated. The company
Mobius was founded in 2011 in Nairobi, Kenya with the aim of developing, producing and selling
vehicles in Africa for Africa. The vehicle was developed as a new concept and is tailored to the special
needs of African consumers. The Mobius II, a simple, robust off-road vehicle produced in Nairobi, has
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been designed to reduce weight and costs [71]. Finally, the competitive situation in the local supplier
market is evaluated. Davies and Schiller (2018) describe the local supplier market in Kenya as existing,
but with low quality [67].

Appendix B.2. Nigeria

With a population of 197 million people, accounting for about 47% of West Africa’s population,
and one of the largest youth populations in the world, Nigeria is a major economy in West Africa.
Nigeria is a federation of 36 autonomous states composed of a multi-ethnic and culturally diverse
society. It is Africa’s largest oil exporter and has the continent’s largest natural gas reserves [64].
Forecasts indicate that economic growth in Nigeria will rise from 1.9% in 2018 to 2.1% in 2019. It is
expected to rise to 2.1% in 2020. The reason for low growth is stagnating oil production, as regulatory
uncertainties limit investment in this sector. Economic development is being held back by high
inflation, political instability and infrastructure constraints [72].

To strengthen the automotive industry, the Nigerian government launched the Automotive
Industry Development Plan (NAIDP). Import duties on imported cars increased to promote local
vehicle production. After the introduction of the NAIDP, Nigeria has import tariffs on vehicles of
35% and the capacity to produce a total of 108,000 passenger vehicles locally per year [43]. In 2016,
40,000 cars were produced in Nigeria and a total of 170,000 vehicles were sold. This contrast highlights
the importance of the used car market. Since the sales and production figures have decreased in
the years between 2014 and 2016, both the economic and political environment is unstable. Hence,
the automotive market rated as volatile. The local automotive supplier base is evaluated as inadequate
and needs to be promoted [67]. In Nigeria there are large educational differences between northern
and southern regions. In northern regions, such as Katsina, Kebbi and Kano, more than 70% of the
population did not attend school and 85% have at most a primary school certificate. In southern
regions, such as Lagos, Rivers, Bayelsa, Akwa, Ibom and Delta, more than half the population has
at least intermediate or higher secondary education. Among the employed population, 34% did not
attend school in 2011, 21% attended primary school, 33% have a secondary school diploma and 12%
an academic degree. The manufacturing industry is mainly dominated by employees with primary
school education [73]. Thus, there is a shortage of trained welders, electricians, mechanics, milling
cutters and lathe operators. In the Human Development Index, Nigeria ranks 152 out of 157 economies
in 2018 [68].
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