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Abstract—Almost all major companies are embedded in 
complex, global supply networks. Exogenous shocks on these 
networks (e.g. shortages of natural resources, natural disasters) 
can indirectly impact companies that are not even aware of their 
dependencies. This short-paper deals with the idea of modeling 
and analyzing impacts of exogenous shocks on supply networks 
using Petri nets. It is especially relevant for high-tech industries 
(wind and solar energy, besides others) as these are highly 
dependent e.g. upon rare earth metals. Today, 97% of the global 
rare earth metals supply is controlled by China, which is 
continuously lowering export rates due to own requirements. The 
final objective of this research stream will be to provide means to 
simulate and evaluate the vulnerability of companies against 
exogenous shocks affecting their supply networks. 

I.  INTRODUCTION  
Today, almost all major companies of the global economic 

system are embedded in complex supply networks [3]. On the 
one hand, this bears a lot of advantages (e.g., more flexibility in 
supplier decisions). On the other hand, these structures increase 
dynamic interdependencies and therefore a company’s 
exposure to risk: A single incident can have a negative impact 
on the whole network [10]. Interdependencies are further 
amplified by permanent optimization measures, taken by 
companies to face financial pressure and competition, which 
are besides others caused by globalization [5]. For example, in 
just in time delivery stock keeping is reduced to a minimum to 
save cost. This reduces the available buffer and hence increases 
the temporal dependencies between different entities of the 
supply networks [14].  

Whole supply networks hence become more and more 
vulnerable regarding the disruption by exogenous shocks, 
which can be considered in many different manners [13]. An 
exogenous shock can e.g. represent rapidly rising prices, 
resource shortages or natural disasters like hurricanes, flash 
floods or earthquakes. Currently, especially resource shortages 
are an increasingly important topic, as the elemental limitation 
connected with the growing demand of emerging markets 
imposes a serious threat to a resource’s availability [9]. 
Independent of the accurate coverage of specific resources we 
face an exponential increase of demand and prices in the long 

run, additionally tightened by the growth and growing wealth 
of population [2][6].  

Especially for resources that are required in small amounts, the 
general availability is usually more important than their prices. 
At the moment, we face for example an intensive public 
discussion about Chinese exports of rare earth metals. 
Currently more than 97% of the global supply of rare earth 
metals is controlled by China [8]. For example, dysprosium and 
neodymium are used for the production of very strong magnets 
and hence are essential materials for the production of high 
tech products like wind power plants or electro engines for 
automobiles [8]. China recently decided to reduce the export 
quota on rare earth metals for the first half of 2011 by 35% in 
order to build own strategic reserves. Affected manufacturers 
all over the world face a shortage in rare earth metals or even 
worse, a disruption in the supply network due to the drop out of 
resource suppliers or manufacturers on upstream stages of the 
network [11]. In order to diversify the risk of such disruptions, 
many manufacturers keep contractual relationships to different 
suppliers [1]. Suppliers in the context of this paper are 
considered to be either resource suppliers or manufactures on 
the different upstream stages of the supply network. However, 
the lack of information regarding individual dependencies of 
suppliers on the upstream makes it almost impossible for a 
single company to identify dependencies it is indirectly 
exposed to. Hence, it is possible that despite a perceived 
diversification on the upper stages of the supply network, the 
indirect dependencies can result in a disruption of the complete 
supply network exemplarily shown in Fig. 1 [15].  

One objective of this research-in-progress is to introduce a 
feasible approach, to provide entities the necessary information 
about dependencies and risks, arising from their supply 
network in order to take adequate actions e.g. recycling, reuse, 
remanufacturing or substitution of specific critical resources.  
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II.  MODELLING APPROACH 

 
In this paper we consider a modular Petri net (PN) approach 

to be an appropriate methodology to model Distributed 
Manufacturer Networks (DMN) [4]. Petri nets enable the 
modelling of interdependencies. Furthermore it is possible to 
model exogenous shocks, having several impacts on the 
different stages of the supply network. As Petri nets are a 
formal modelling language, they provide the possibility to 
simulate different states of a system by converting the network 
into a mathematical equation [12]. Therefore Petri nets not only 
enable the modelling of dependencies and exogenous shocks, 
but also allow for calculation of impacts and their effects on 

dependent entities of the supply network. Moreover the 
scalability and flexibility of Petri nets offers a great application 
area. The major disadvantage and hence the reason why Petri 
nets are not very common in industry, is the rising complexity 
by trying to model a large supply network [7]. To face this  
inconvenience we use a modular PN approach assuming that in 
a high level abstraction a supply network can be illustrated by 
using four entities, already described by Dotoli and Fanti in 
2005 [4].  

These entities are resource suppliers, manufacturers, 
retailers and logistic service providers of which each is 
illustrated as one module. Each module is depicted by a 
rectangle and represents the whole Petri net of the specific 
entity. A module is connected with order and material flows via 
interfaces located on its borderlines. Incoming and outgoing 
orders are depicted as interfaces on the top respectively the 
bottom while interfaces on the left and right hand side represent 

Figure 1 - Diversified Supplier / Manufacturer network depending on one resource supplier 
 

Figure 2 - Exogenous shock in a Distributed Manufacturer Network illustrated with modular Petri nets 
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material inflow respectively material outflow. Since the 
number of incoming orders needs to be consistent with the 
outflow of material and the outgoing orders with the inflow of 
material, the number of order interfaces on the top equals the 
number of material interfaces on the right hand side and the 
number of order interfaces on the bottom equals the material 
interfaces on the left. By using a limited number of 
standardized modules it is possible to reduce the complexity of 
a PN and at the same time facilitate the application through 
automatic evaluation [7]. A modularization of Petri nets neither 
constricts their applicability nor their performance. 

Fig. 2 illustrates an exemplary supply network based on the 
modular PN approach. It is extended by an exogenous shock, 
which can have different impacts on several entities of the 
supply network. In this case the supply network has three 
supply stages A, B and C on the upstream, connected by 
logistic service providers. The interfaces of the modules refer 
to the aligned modules on different stages of the supply 
network.  

There are several possibilities to model an exogenous shock, 
which are still subject to evaluation. In the presented case, the 
exogenous shock module is based on a timed transition 
depicted as a white rectangle and immediate transitions 
depicted as black rectangles. The timed transition ensures an 
accidental occurrence of a shock while the immediate 
transitions with their certain attributes represent the connection 
between the shock and the affected entities. This connection is 
based on interfaces, which represent input factors for the 
aligned entities. As to this connection and the algorithm of the 
attributes, the firing of the immediate transitions is modifying 
the interfaces in a deteriorating way. Thus the input of the 
aligned entities is assessed worse than before the shock. 

By converting this Petri net-based supply network into a 
mathematical system, it is possible to quantify the impacts of 
exogenous shocks on different entities of the supply network, 
especially the manufacturer at the end of the supply network. 
However, this paper is still work-in-progress and the detailed 
calculation is subject of further research. 

III. SUMMARY 
 

This short-paper introduces an idea to identify and analyze 
risks, arising from existing interdependencies of a supply 
network, by using a modular Petri net approach to simulate the 
impact of exogenous shocks for companies in the supply 
network. Implementing this approach in a cross-industry 
system to recognize shortages and price development risks will 
enable companies to reinforce the whole supply network and to 
make it less vulnerable to exogenous shocks. Furthermore in 
terms of return and risk it enables an efficient resource 
management and creates corporate value more sustainably by 

coordinating the interplay of complex decentralized decisions 
[2].  

The special emphasis of this short-paper is to identify and 
measure risks resulting from shortages of rare resources in 
order to estimate their impacts especially for the renewable 
energy sector. However this paper is work in progress, the 
detailed specification of modular Petri nets as well as the 
simulation and measurement process are subject to further 
research. 
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