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Abstract- Newly founded companies commonly exhibit limited capital reserve. This raises the question, how to start 
producing quickly and with low capital expenditures. Addressing this problem, a planning approach was developed at the 
WZL of RWTH Aachen University enabling the usage of cooperative production structures. This notion positions itself 
between general interorganizational cooperation concepts and typical arm’s length relationships of contract manufacturers. 
The relation between the contractual partners is based on a cooperative logic. To establish such an organizational network 
form, the planning approach systematically compares required production resources with available resources in the company’s 
regional environment. Identified gaps along the production process are either closed by developing low-invest solutions or by 
a targeted commissioning of suppliers. In this paper, the approach is demonstrated using the example of an electric vehicle 
(EV) start-up. 
 
Index Terms- Cooperation, Planning, Production, SMEs 

 
I. INTRODUCTION 
 
Due to limited capital, young technology companies 
are typically facing the challenge to minimize their 
investment needs and their costs of production. 
Therefore, the question, how to build up a full-fledged 
production as soon as possible but also with minimum 
investment, is highly relevant. 
The same challenge comes up for small and 
medium-sized enterprises when tapping into new 
markets with innovative products. Since their 
resources are restricted, they have completely different 
conditions compared to established large enterprises. 
A common lower equity ratio, while setting up large 
investments in new production facilities leads to a 
significantly increased risk. Moreover, it takes several 
years to plan and build new factories or even complete 
production sites. 
Conserving resources and sharing risks is one of the 
typical motives for cooperative relationships between 
companies [1], [2]. In addition, those 
interorganizational relationships can help firms to 
move more quickly into new markets and technologies 
[3] or gain market power [4]. Therefore, a new 
systematic planning approach for a novel form of 
cooperative relationships in the production context – 
the cooperative production structure – was developed 
at the WZL OF RWTH AACHEN UNIVERSITY. 
 
II. COOPERATIVE PRODUCTION 
STRUCTURES AS A POSSIBLE SOLUTION 
 
Cooperation is a topic of interest in many disciplines, 
e.g. in economics, sociology, organizational behavior 
and strategic management. The literature provides 
numerous definitions and forms of interorganizational 
relationships (cooperations) in industry [5]. CHILD ET 
AL. (2005) classify cooperative strategies on the basis  

 
of two motivational drives. They distinguish between 
those that seek organizational learning and those 
aiming at skill substitution (Fig. 1). 

 
Figure 1: Classification of cooperative forms [6] 

 
Cooperative strategy is defined as ‘the attempt by 
organizations to realize their objectives through 
cooperation with other organizations rather than in 
competition with them’ [6]. Two different 
fundamental motives for cooperative strategies lead to 
different cooperative forms. 
All cooperative forms whose fundamental purpose is 
that of organizational learning are subsumed under the 
generic term strategic alliance. Hence, there is an 
assumption that one partner will strive to become 
capable in the skills and competencies provided by 
another. These alliances are generally formed because 
each partner perceives a lack of ability in a specific 
area of its resources or activities, and wants to learn 
from the other partner. 
‘All other forms of cooperation have as their base the 
fact that each partner is regarded as competent to carry 
out a specific function, and owes its place in the 
network to this perceived competence’ [6]. These 
cooperative forms are called skill-substitution 
arrangements [6]. 
Both strategic alliances and skill-substitution 
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arrangements may show a variety of different 
configurations, and are defined in different ways by 
different scholars. According to PUCIK, strategic 
alliances can take five different forms [7]: 

1. Technical exchange, e.g. cross-licensing; 
2. Co-production and OEM agreements; 
3. Sale and distribution ties;  
4. Joint product-development programmes; 
5. The creation of joint ventures. 
Cross-licensing describes an agreement between 

two firms granting each partner the right to practice 
the other’s patents [8]. In view of technology 
entrepreneurs, often only a single licensing contract 
exists, where the start-up firm sells a license to an 
incumbent to manufacture and sell their product [9]. 
Co-production and OEM agreements are often 
referred to as forms of contract manufacturing with 
other firms. This outsourcing strategy uses third 
parties to provide parts of the production services and 
in some cases the entire outsourcing of the production 
of finished products [10]. Achieving a reduction in the 
cost of goods sold is usually a primary motive for 
outsourcing [11]. 
The classification type sale and distribution ties 
subsumes the collaboration between divisions and 
sales partners of different companies in marketing, 
distribution and sales activities. Hence, it is possible to 
share high fixed costs for elaborate national and 
international sales organizations in times of weak 
economic activity [12]. 
The fourth classification type describes cooperations 
on research and development activities between two or 
more firms – so-called R&D cooperations. Such 
cooperative relationships offer possibilities of efficient 
knowledge transfer, resource exchange and 
organizational learning [13]. They typically occur 
between smaller firms in medium and low tech sectors 
rather than between big, high tech firms  [14]. 
The creation of a separate joint venture company is a 
suitable option for cooperating firms if the scope of the 
alliance constitutes a distinct business and the alliance 
assets are specific and need to be jointly managed [15]. 
Regarding strategies for technology entrepreneurs, a 
joint venture could be managed as a separate company 
in which the entrant continues research and 
development of the invention and the incumbent takes 
over manufacturing or marketing [9]. 
Skill-substitution arrangements can, according to 
CHILD ET AL., be subdivided in three different types: 
networks, virtual corporations and keiretsu (Fig. 1). In 
this article we concentrate on the term network. The 
terms “strategic network” and “strategic alliance” are 
often used interchangeably, and sometimes overlap. 
‘However, there is a clear distinction between the idea 
of a network with its implication of multiple close but 
nonexclusive relationships, and that of an alliance 
which, however loosely, implies the creation of a joint 
enterprise at least over a limited domain’ [6]. 
JARILLOsees strategic networks as ‘long-term, 
purposeful arrangements among distinct but related 

for-profit organizations that allow those firms in them 
to gain or sustain competitive advantage vis-à-vis their 
competitors outside the network.’ [16] He also notes 
that this mode of organization can be used especially 
by managers or entrepreneurs to position their firms in 
a stronger competitive stance [16]. 

As shown in Fig. 2, the concept of cooperative 
production structures described in this paper positions 
itself between the notions – learning relationship and 
skill-substitution arrangements – and combines 
(advantageous) aspects of both. On the one hand, the 
collaboration between the cooperating partner is 
targeted at a learning effect with regard to different 
competencies on both sides. On the other hand, 
existing production capacities as well as machinery 
and equipment, personnel or know-how, are used 
systematically. Furthermore, certain scopes of added 
value can be outsourced as an order or by granting 
licenses to suppliers or contract manufacturers. 

 
Figure 2: The position of the novel form of cooperative 

relationships: cooperative production structure 
 
III. PLANNING PROCEDURE FOR THE USE 
OF COOPERATIVE PRODUCTION 
STRUCTURES 
 
Given the challenges described, a planning 
methodology was developed based on the Aachen 
Factory Planning Approach [17] which should assist 
start-ups and other SMEs to use cooperative 
production structures. As shown in Fig. 3, the 
procedure is divided in three phases, which in turn 
include three steps each. While in the first phase (I), 
data of existing resources is collected to find 
prospective partners for a skill-substitution 
arrangement, in the second phase (II) product and 
process related production requirements are collected. 
In the third phase (III), a capacity adjustment is 
initially made which creates hereinafter the basis for a 
complete factory and processplanning. 
Traditional factory planning approaches are 
characterized by a staged procedure [18], [19]. In 
contrast, the Aachen Factory Planning Approach is 
based on distinct and project individually selectable 
planning modules. This allows parallel processing of 
project contents. The content networking between the 
modules is ensured by passing condition-based 
planning information [17], [20]. These characteristics 
form the basis of the planning theory of the planning 
procedure presented in this paper. In addition, three 
other concepts underlying the Aachen Factory 
Planning Approach are applied: Besides the 
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countercurrent method [19], two of the five identified 
key principles, that could be transferred to factory 

planning [21] by using the philosophy of lean thinking 
[22] are applied. 

Figure 3: Planning procedure for the use of cooperative production structures
 
At first, the basic principle of transparency of the 
planning status is highlighted. This is required in 
particular when volatility in the planning process 
exists [23]. Especially in young technology 
companies, product concepts and planning 
assumptions change frequently. Therefore, as shown 
in Fig. 3, all production sites of potential 
cooperation-partners which are eligible for use and 
skill-substitution are registered within the first phase 
of the planning procedure (I) in a first step (1). These 
may include both company’s own hall spaces and 
external factories. Based on this, the technological 
competences of the respective locations are 
determined in a second step (2). The decisive factor is 
the mastery of certain production technologies and 
procedures as well as the provision of necessary 
machineries and equipment. As a result of an 
increasing level of detail of the planning, the available 
production capacity (spaces, personnel, quantity of 
machinery etc.) are analyzed and finally documented 
in a third step (3). These first three steps in particular 
are aimed at finding out potential cooperationpartners 
for skill-substitution agreements. 
 
In the second phase (II) of the procedure, planned 
product and production concepts are examined. 
Following the identification of all necessary scopes of 
added value for the production, the real net output ratio 
needs to be defined in coordination with the company 
management (step 4). In the fifth step (5), relevant 
product features and specifications are worked out in 
cooperation with the product development and by 
applying a product analysis. From this, the necessary  

 
manufacturing technologies and processes can be 
deduced. Finally, realistic production scenarios have 
to be developed in the next step (6). These are based 
on different volume scenarios arising from the 
corporate goals and further production strategic 
aspects (production technologies, locations etc.) are 
supplemented. Afterwards, using univariate parameter 
variations (e.g. worker density, number of work shifts 
per day), capacity requirements can be determined 
depending on restrictions (e.g. available space, 
effective working time and required working space). 
Since all relevant information from both perspectives, 
resources (phase I) as well as product and production 
(phase II) perspective, is available (mapping), in view 
of a holistic implementation of factory and process 
planning (phase III) the matching in the sense of a 
comparison or an approximation of resources can be 
done. For this purpose, the comparison of available 
and required technologies, skills and capacities is first 
carried out in the seventh step (7). This forms the core 
of the planning procedure and is derived from the 
countercurrent process of the Aachen Factory 
Planning Approach [19], which is characterized by a 
parallel analytical deductive and synthetical inductive 
approach. The combination of mapping and matching 
is targeted here on a systematic identification of 
deficits in terms of available technologies, skills and 
capacities. Over time and depending on the changes of 
the production volumes oriented on the product life 
cycle, it is important to determine technological leaps 
and associated potential stepped fixed cost (and as far 
as possible to avoid them) and also to identify 
technological limits. 
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From this analysis, investment requirements can 
result. Therefore, existing production resources should 
first be exploited in the best possible way. Only then, 
if necessary, new concepts with minimum investments 
are developed and integrated into the existing 
structures (step 8). This approach goes back to another 
basic principle of lean thinking in factory planning – 
the value orientation [21]. This principle provides for 
the maximizing of the ratio of achieved benefits and 
needed expense. All planning activities have to be 
aligned to the customer benefit, so blind and bad 
planning is detected and eliminated [23]. In a final step 
(9) of the approach, the detailed layouts of the 
individual locations are checked for their process 
flows, supply concepts and space requirements and are 
revised if necessary (matching). In this step, the 
learning-effect of the concept of cooperative 
production structures described in this paper comes 
into effect: The company which intends to seek out 
existing production capacities actively shapes the 
planning procedure and revision of the individual 
locations. Finally, there is a virtual production 
structure, where different locations and their resources 
are used cooperatively and purposefully supplemented 
or established. 
 
IV. APPLICATION OF THE PLANNING 
PROCEDURE AT THE EXAMPLE OF AN 
ELECTRIC VEHICLE START-UP 
 
The StreetScooter GmbH, since 2015 a subsidiary of 
the Deutsche Post DHL Group, has shown that 
e-mobility can be realized cost-effectively [24]. A new 
electric vehicle start-up from Aachen wants to build on 
this success and wants to develop and produce 
affordable electric vehicles for short-distance use [25]. 
Inexpensive electric mobility requires an efficient and 
versatile/adaptable production with minimum 
investment cost. For testing and examination of the 
manufacturing process of prototypes and in pre series 
and small series produced electric vehicles, the 
start-up uses its location on the RWTH Aachen 
University Campus [26]. Together with various 
demonstration factories and research clusters [27], 
inter alia, in the field of production, the RWTH 
Aachen University Campus offers the possibility of 
developing and testing of a production concept with 
minimum investment cost.  
 
To best integrate the different entities on the campus, 
the planning approach presented in the third chapter 
has been applied for the use of cooperative production 
structures. For this purpose, all production sites and 
their associated competencies, technologies and 
capacities have been collected in the first phase (I) of 
the procedure. Fig. 4 shows the four production sites 
on the campus which are relevant for the EV start-up 
that have been identified in the application of the first 
step (1). 

 
Figure 4: Production sites on the RWTH Aachen University 

Campus 
 
While the Electro Mobility Lab (eLab), officially 
opened in January 2016, provides production 
equipment for the battery and electric motor 
production, the Demonstration Factory Aachen (DFA) 
concentrates on sheet metal forming procedures and 
welding technologies for the body construction. The  
RWTH Production Engineering Cluster, which is 
about to be opened in May 2017, will accommodate 
both a prototype factory and an own production area 
for the EV start-up with several thousand square 
meters of space. Itwill substantially facilitate the 
exploration of the manufacturability or mountability 
of electric vehicles as well as the investigation of the 
shortening of ramp-up periods. For research purposes, 
the prototype factory provides diverse resources for a 
production of electric vehicles, such as assembly 
areas, lifting platforms, test benches or machineries 
for plastic parts production. The hall area with 
prototyping and delivery area in future rented by the 
EV start-up will be located right next to the prototype 
factory. 
Since in the second step (2) the respective 
competences and technologies for all entities and in 
the third step (3) the existing and maximum possible 
capacities (open spaces, work shifts per day, machines 
etc.) were collected, in the second phase (II), the 
planning procedure considered product and 
process-related requirements. The decision on the real 
net output ratio of the prototypical EV start-up 
production on the RWTH Aachen University Campus 
(step 4) was made with the objective of minimizing the 
investment. It was based on the technologies and 
resources potentially available in the environment. For 
example, a cathodic dip coating system of vehicle 
bodies was firstly waived. In close cooperation with 
the development department, product related 
production requirements, such as the material-based 
choice of a welding process, were determined in the 
fifth step (5). Based on the planned prototypical 
production figures and by recourse on the calculated 
capacities of the production facilities, different 
production scenarios were drawn up in the sixth step 
(6). Since the EV start-up in particular wants to 
examine product and production ramp-ups on the 
RWTH Aachen University Campus, these involved 
mainly pilot and small series production. 
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V. PLANNING RESULT BY THE EXAMPLE OF 
AN ELECTRIC VEHICLE START-UP 
 
Using the information collected regarding existing 
resources and required production technologies and 
capacities, the actual factory and process planning 
occurred in the third phase (III) of the procedure. This 
begins as shown in Fig. 3 with the seventh step of the 
procedure (7), which provides for a detailed 
comparison between the necessary technologies, 
competencies and capacities, and those available on 
the RWTH Aachen University Campus. For this 
purpose, the entire value chain of the EV start-up 
(sheet metal forming, body construction, painting, 
plastic parts manufacturing, assembly incl. inspection 
scopes and rework) was considered. The systematic 
approach disclosed a few challenges along the 
production process. For example, not all necessary 
facilities for the testing processes after the final 
vehicle assembly (e.g. rain test) were available within 
the cooperative production structure at the beginning. 
After the decomposition of the production process and 
the identification of potential deficits, the integration 
of the production structure followed in the eighth step 
(8) (cf. Fig. 3). For this purpose, first the existing 
resources were best integrated into the production 
process. For required value steps, which could not be 
mapped in the process, the development of new 
low-investment solutions was initiated. An example 
for this is the concept development for a low-volume 
rain test with much lower investment cost compared to 
a commercially available high-volume system. 
Finally, in consideration of the three – from the 
perspective of the EV start-up – external production 
partners (Demonstration Factory Aachen, eLab and 
prototype factory), a supplier for the cathodic dip 
coating of bodies and the own production area in the 
RWTH Production Engineering Cluster, the entire 
production process could be displayed, as shown in 
Fig. 5. 

 
Figure 5: Overview of the EV start-up works structure on the 

RWTH Aachen University Campus 
 
Then, in the ninth and final step of the procedure (9), 
the checks of and – if necessary – some adjustments to 
the factory layout of each location were performed. 
This proactive approach illustrates the difference 
between a classic/traditional contract manufacturing 

and the use of cooperative production structures, 
which also embody a learning-relationship between 
both cooperationparties. While a contract 
manufacturer, who produces a particular product on 
behalf of another company, plans its factory layout 
usually independently [28], the contract authority 
actively shapes the detailed layouts of the individual 
production sites in the course of the proposed planning 
approach. Consequently, there is a higher level of 
cooperation. In a particularly close cooperation one 
can speak of a Shared Factory concept, in which 
different companies plan and produce almost equally. 
Fig.6 shows an example of a preliminary layout design 
for the prototype factory and the EV start-up area in 
the RWTH Production Engineering Cluster. Since the 
prototype factory is an independent institution that 
also serves other research activities and projects and is 
accessible for private companies, many factors had to 
be considered in the layout design. The illustrated first 
draft takes into account especially the requirements of 
a research project in the field of agile, low-cost 
assembly and provides product flexible and versatile 
assembly cells [29]. In the own area of the EV start-up, 
examinations of pre-assembly scopes, supporting 
processes, such as material supply, and in particular 
prototypes will be built up. 

 
Figure 6: Factory layout of the RWTH Production Engineering 

Cluster (excerpt) 
 
CONCLUSION 
 
Due to their limited capital, technology start-ups face 
the challenge of building up production capacities 
quickly, with a minimum of investment. To overcome 
this problem, a planning procedure for the use of 
cooperative production structures was developed by at 
the WZL OF THE RWTH AACHEN UNIVERSITY. The 
core of this approach constitutes a systematic 
comparison between available technologies, 
competences and capacities of potentially exploitable 
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production sites and necessary future resources. 
Identified deficits along the production process are 
covered subsequently either by the targeted integration 
of suppliers or the development of independent 
low-invest solutions. The planning procedure was 
illustrated by using the example of an electric vehicle 
start-up. 
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