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Abstract 

The complex market situation of non-hierarchical production networks leads to problems with 

missing delivery reliability. Delayed supplies cause wasteful turbulences throughout the entire 

network. Although a machine and equipment manufacturer has to spend at an average 5.8% of 

its turnover to compensate for the negative effects of delayed deliveries, only a minority of 

supplies (< 5%) can be evaluated on their influence on the entire production. This paper 

outlines how the technology push of existing communication platforms permits the use of 

innovative evaluation methods and market mechanisms to identify and assess the criticality of 

the delivery time adherence proactively. After a comprehensive overview of present 

collaboration techniques in supply chains, the possibilities of the option pricing method to 

assess the value of delivery time adherence will be presented. Finally, expected results 

referring to short case studies illustrate the possible impacts of the non-centralised 

coordination on the production network. 
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I. INTRODUCTION 

In times of economic crisis and the shortage of financial support, companies have to 

concentrate even more on value adding and waste reduction principles than in times of 

positive market conditions. „Lean Principles” with their focus on minimization of non-value 

adding activities (WOMACK ET AL. 1998) were focussed for many decades on the design, 

control and improvement of production facilities of individual locations (WIENDAHL 2005). In 

contrast, today’s interconnected production networks demand the application of the lean 

principles on the entire production network. An outstanding industry example with these 

challenges is the European machinery and equipment manufacturing. One of its biggest 

challenges is delivery reliability (SCHUH ET AL. 2006). 

II. MISSING DELIVERY RELIABILTY IN NON-HIERARICAL PRODUCTION NETWORKS 

The typical machine manufacturer acts as a prime contractor for his customers and 

coordinates from development to dispatching order specific networks of several hundreds 

suppliers and partners worldwide (see Fig. 1) (SCHUH 2006, p. 215). 
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Fig. 1 – Typical production network in machinery and equipment industry 
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As the market is characterised by strong market and technology cycles, dynamic network 

behaviour is the result. Bottlenecks regarding specific supplier goods do not only concern one 

single manufacturer but generally occur simultaneously in the entire network. 

Another characteristic is the project orientation of the machinery and equipment industry 

implying additional challenges to forecasts and scheduling tasks. Frequent customers’ order 

changes, restated development requirements and extensive testing procedures have often a 

strong influence on the scheduling of the assembly. 

The heterogenic IT landscape is also typical for the industry. Whereas the automotive 

manufacturers dictate the utilisation of specific IT-Systems and communication instruments, 

such a dominance is not feasible in the project related machine and equipment manufacturing 

industry. In regard to the German IT-market more than 250 different ERP-systems are in use 

(BROSZE ET AL. 2006). The resulting media breaks are the reason why most of the order 

processes are still operated manually via fax, telephone or email (SCHUH ET AL. 2006).  

Due to these complex market conditions with manifold customer-supplier-relationships, 

diverging targets and a diverse IT landscape, hierarchical coordination approaches have failed 

up to the present (SCHUH 2006, p. 215; MEYER ET AL. 2006), p. 511). Hence, successful 

coordination practices such as Just-in-Time (JIT) or Vendor-Managed Inventory (VMI) from 

hierarchical industries like automotive or retail are rarely established. While automotive and 

retail industries companies have achieved significant production advancements and increased 

their average delivery reliability to more than 95%, today’s delivery reliability of a machine 

or equipment manufacturer is estimated to be only 65% on average (SCHUH ET AL. 2006). 

III. THE EMERGENCE OF INNOVATIVE COMMUNICATION PLATFORMS 

In recent years, innovative approaches have been developed in order to fill this gap of 

integrating information and to support the logistical coordination processes in production 

networks of the machinery and equipment industry. One such approach led to the creation of 
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the communication platform myOpenFactory which enables software vendors to connect to 

the standardized data model by individual interfaces (see Fig. 2). Via the web-based 

information system the partners of a dynamic business network have the possibility to 

seamlessly exchange all necessary data such as prices, quantities and delivery dates. An 

efficient synchronization of material and information flows becomes feasible (SCHUH 2008, 

pp. 229).  

 

Fig. 2 – Communication between participants via myOpenFactory 

Fig. 2 shows how the communication of two network participants looks like. The 

manufacturer’s order query will be transferred via the myOpenFactory transaction server to a 

selected supplier. After receiving it, the supplier generates an offer. If the conditions of the 

offer are acceptable the customer confirms it by automatically returning an official order. The 

terms such as price, quantity, delivery time etc. are directly written into the ERP-system and 

replace the former often used standard replacement times. Changes during the production 

phase can also be communicated via the transaction server at every time. This platform offers 

a communication basis that enables information exchange and negotiation at low costs. 

Customers and suppliers are able to transfer all relevant data without using the former fax, 

telephone or email. As a result, the realisation of the inter-organisational information system 
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leads to significant reduction of costs and order processing times making the participation in 

business networks much more attractive than it is today. While formerly less than 5% of parts 

could be monitored and validated regarding their standard replacement times, with 

communication concepts such as myOpenFactory, a more extensive controlling becomes 

feasible (SCHUH 2008, pp. 229). 

The emergence of this kind of communication platform will most likely take effect as a 

technology push. It does not only enable industry to work far more efficiently in the future but 

it also opens new opportunities for a more effective coordination within the production 

network. MALONE and CROWSTON described three different coordination effects that result 

from a technology push (MALONE ET AL. 1991, p. 111f). Electronic mail can serve as an 

example of such a technology push. The primary effect of emails was a strong increase of 

communication. Today, more mails are sent electronically than regular mails have been sent 

before. The secondary coordination effect of a new technology is the reduction of previous 

processes. Nowadays, regular mail is not as frequent as it was before. Finally, as tertiary 

coordination effect, a different working environment evolves. Employees use emails also for 

advanced coordination such as time scheduling and voting. The content in emails is not the 

same as it used to be in regular mails. 

Similar effects can be anticipated in the case of communication platforms as well. While the 

primary and secondary effects, namely increased information sharing and reduced process and 

transaction costs, could already be proven in case studies (SCHUH 2008), the tertiary 

coordination effects will only take place if new content is exchanged. Instead of just sending 

capacity information, in the future an exchange of risk and value information might become 

feasible. Companies will not only exchange their current status but in a more collaborative 

environment, network partners will also exchange information such as the value of what the 

reliability of a delivery is worth to them. The additional resources can now be directed 

towards the valuation of flexibility and reliability.  
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Unfortunately, the costs related to the missing delivery reliability in machinery and equipment 

industry cannot yet be fully quantified. Factors such as penalties for delayed deliveries, 

extended assembly times and expensive short term logistical actions can be quantified with 

existing methods but opportunity costs that might possibly arise from a potential delay cannot 

yet be evaluated by applying the traditional risk and value evaluation methodologies. 

Additionally, traditional methods do not take the flexibility of order management in non-

hierarchical networks into account. Therefore, promising approaches for a proactive 

evaluation of the delivery reliability have to be sought out from other research areas than from 

the original cost accounting. 

IV. PROACTIVE VALUE ASSESSMENT OF DELIVERY RELIABILITY USING OPTION PRICING 

Most approaches evaluating the delivery costs mainly focus on the material or development 

costs and only few cost calculations take the time aspects into account (GÜNTHER ET AL. 2000, 

pp.593). Other costs such as opportunity costs cannot be fully quantified (HEß 2008, p.91) and 

are therefore not applicable to find the value of delivery time adherence during the negotiation 

phase with the suppliers either. Methods that take forecasts and probabilities into account are 

risk identification or risk evaluation techniques (THOM 2008, p. 39). Nevertheless, these 

techniques do not entirely solve the problem as they are rather focussed on risks and 

probabilities than on price calculations. A consistent approach for risk management does 

neither exist in theory nor in practice (WALL 2003, pp. 680, DIEDERICHS 2004, p. 101). 

Nevertheless, the risk identification and evaluation is necessary in order to evaluate possible 

impacts. 

A methodology that encompasses the risk evaluations for pricing decisions is the option 

pricing method. This approach is based on the concept of thinking in options for an uncertain 

future. As the product development in project networks may induce different outcomes in 
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terms of delivery, it appears to be a promising approach (PERLITZ ET AL. 1999; HOMMEL 

1999; COPELAND 2001; TRIGEORGIS 1996; FAULKNER 1996).  

 

Option Pricing 

Option pricing has its roots in finance where stock market dealers use it in order to calculate 

what the security of a future trade with a specific price to a specific date is worth (BLACK ET 

AL. 1973, p. 637-654). The basic argument for the valuation of options is the principle of a 

risk neutral valuation (COX ET AL. 1979, p.229-263). In the following years the concept has 

been transferred to the field of tangible investments (MYERS 1977, p. 147-176; SPILGIES 2006, 

p. 63). It permits the assessment of monetary investment decisions for real objects by pricing 

the consequences of situation based decisions. This approach was called real option approach 

(ROA). For the transfer it was necessary to assume the similarity of payout and risk structures 

between financial options and investment opportunities (HOMMEL 2001a, p. 121).  

Flexibility, uncertainty and irreversibility could be cited as common characteristics between 

financial options and investment opportunities (BATRAN 2008, p. 231). The ability of dealing 

with flexibility is the main advantage of options and ensures its effectiveness where classical 

methods fail. Risky situations are figured out as a possibility to gain profit under fortunate 

circumstances and to avoid losses in case of a negative development. Option pricing pledges 

the capability to assess the value of flexible action ability. In consequence, options as 

cancelling, delaying, or restricting were composed in the scientific community for evaluating 

future project scenarios. (BATRAN 2008, p.230).  

 

The adaption of option pricing for value assessment of delivery reliability 

In order to adapt the real option pricing for the evaluation of delivery reliability within the 

product development process, certain analogies must be given. First, reliable deliveries must 

be regarded as an investment. Since an investment is understood to yield a positive economic 
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return in form of cash flows OLFERT ET AL. 2006, p. 24), the expenditure in a reliable delivery 

can also be regarded as an investment. The invested capital in an improved planning an 

control also facilitates the reduction of storage costs and cycle times, the improvement of 

production control and a more efficient consumer response (LUCZAK ET AL. 1999, p. 414).  

Further preconditions for a viable application of option pricing for the value assessment of 

delivery reliability are uncertainty, flexibility and irreversibility of the investment. Deliveries 

in a project oriented environment are highly uncertain as products are oftentimes unique or 

produced in very small batches. Additionally, long planning periods as well as the high 

variety of action alternatives lead to a high degree of uncertainty. In the dynamic environment 

of machinery and equipment development, deliveries also have to be flexible as 

manufacturers of the machinery and equipment industry are very customer oriented and 

change the requirements in regard to their customers’ orders. Finally, the transaction has to be 

irreversible. In a mutual relationship between manufacturer and supplier, companies have to 

trust each other with their decisions in order to stay competitive in a challenging market. 

Therefore, the preconditions investment, uncertainty, flexibility and irreversibility apply for 

the value assessment of delivery reliability.  
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Approximation of 
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Fig. 3 – Overview of option price models (HOMMEL 2001b, p. 124) 
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A possible approach to evaluate the option price is given by the product creation process logic 

that focuses on key milestones and the necessary documentation. Subsequent value decisions 

can be formalised in greater detail within this key milestone logic. At the key milestones the 

option pricing method will be applied to measure the future delivery value. Different models 

are available to find the option price (see Fig. 3).  

Analytical methods such as closed solutions or the approximation procedure are based upon 

closed or approximating value formulas. Analytical methods are mainly applied in the context 

of simple project environments and a low degree of uncertainty. Numerical methods improve 

these results in terms of a time-discrete resolution of differential equation or stochastic 

estimations. A simplification of the option pricing approach is the binomial approach that is 

based on decision tree logic (HOMMEL 2001a, p. 167). The binominal approach, dividing the 

decision process into two paths at certain project milestones could look like as demonstrated 

in Fig. 4. At each product development milestone the option price of both the option to extent 

the delivery date as well as the option to fix the delivery date are calculated. 
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Fig. 4 - Options in product development 
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The improved efficiency in the procurement process due to the introduction of the new 

communication platforms allow these steps to be taken. The option prices can be calculated in 

analogy to financial options (see Fig. 5). Possible opportunity costs found via a risk 

identification and evaluation technique are brought into relation to the supplier’s variance of 

delivery time. Additional influence factors are the costumer product value, the time to 

delivery as well as possible discounts granted from customer or manufacturer.  

Influence factors

Value of underlying

Variance of underlying

Exercise price
Option duration
Risk free interest rate

Standard real options

Present value of future Cash flows from 
real option realization
uncertainty of present value of future cash 
flows from real option realization
Net Present value of investment costs
Period for action flexibility 
Risk free interest rate

Influence factors on
delivery reliability options

Possible opportunity costs in case 
of a delay
Variance of delivery time

Customer product value
Time to delivery
Payment discounts

 

Fig. 5 - Inflencing factors on option pricing 
 
Unfortunately, identifying the parameters remains a challenging task. They can only be 

determined subjectively and various assumptions must be made. Nevertheless, the approach 

appears to be promising and due to the more efficient procurement processes, calculation 

formulas will be analysed further and determined in detail. 

V. EXPECTED RESULTS 

The introduction of new valuation methods enabled by the advancement of information and 

communication technologies are expected to lead to various performance-enhancing effects 

on the value creation process in the machine and equipment industry (see Fig. 6). 

As previously described, the automation of order handling and order monitoring information 

exchange via internationally standardised communication interfaces provides significant 

potentials for efficiency enhancement within the purchasing department. 



11 
 

Order processing
communication

Internal 
order handling

Planning 
safety

Value 
orientation

Incentive based 
negotiationCapacity utilization

Inventory reduction

Assembly efficiency

Communication 
platforms

Proactive evaluation of 
delivery reliability

Non centralized 
coordination

 
Fig. 6 - Impacts of proactive evaluation of delivery reliability 

 

For an exemplary European machine tool manufacturer with around 300 employees, 150 

suppliers and a turnover of 48 million Euros, the implementation of MyOpenFactory shows 

that the integration of purchasing processes without interruption of the information flow will 

result in cost reduction of 30-50% per order position (SCHUH ET AL. 2006, p. 37). Expert 

interviews showed that the ratio of process costs in order handling to total revenue for 

companies of the addressed industry is about 0.8%. 15% of work in the purchasing 

department has to be done just for scheduling purchasing-orders (SCHUH 2008, p. 232). These 

activities would become obsolete. 

In succession to the advancement of the communication technologies, the enabled valuation 

of delivery reliability will have mainly three instant effects. Firstly, it will enhance companies 

to organise their production and assembly more efficiently. The obtained transparency will 

lead to the potential of identifying and using alternative ways to use the existing resources 

resulting in increased agility of the overall network. In a typical equipment production 

company, 28% of the assembly time is spent on logistic actions. 50% of this time could be 

reduced by a reliable planning of the supplier delivery times (SCHUH ET AL. 2006, ). Secondly, 

new valuation techniques will help to reduce the companies’ inventory. In the machinery and 

equipment industry the value of about 30% of the yearly turnover is bound in inventory 
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(MEYER ET AL. 2007, p. 32). This inventory is necessary to balance the delay of parts and 

turbulences in the assembly. Increased delivery reliability can lead to a significant reduction 

of these stocks. Thirdly, the envisioned progress of resource allocation is able to improve the 

capacity utilisation within the companies.  

Taking a more holistic view, the advancement of communication technologies and the 

introduction of proactive valuation methodologies will have a considerable impact on the 

entire industry. In general, more reliable delivery dates will improve the collaboration 

between network partners of the machinery and equipment industry. A recent study has 

shown that the success of German companies strongly depends on their delivery reliability, 

which can be extrapolated to companies in high wage countries in general (SCHUH ET AL. 

2006). Especially in times of crisis and uncertainty, methodologies enabling more reliability 

and planning safety within the whole network bring up new opportunities of collaboration and 

manufacturer-supplier-relationships. New coordination approaches can be developed in which 

industry partners rather negotiate the value of delivery reliability instead of only the material 

costs. Finally, the delivery reliability might become an asset that can be traded like 

commodities are traded today. If market mechanisms become applicable all network 

participants will have a rising interest in offering flexibility and deliver in time, as their 

margins are strongly dependent on these characteristics.  

VI. CASE STUDIES 

For the validation of the concept three pilot cases will be established in three European 

companies in Italy, Spain and Germany. In order to be able to adapt the process to different 

external requirements, each industry partner represents a different position within the 

manufacturing value chain, characterised by the product complexity and period of delivery. 

The ultimate objective is the full implementation of the concept within each case. 
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The first company distributes the production across a large supplier network in order to 

compensate its high variation in units. Therefore, it has high efforts in coordination. As its 

products have long throughput times and are very expensive, in case of a delayed delivery it 

faces high penalties, approximately 0.5% of the project budget. 100-600 hours of extra work 

may become necessary. The second company procures parts from more than 400 active 

suppliers. As its grinding machines are partly very customer specific the development phase 

claims a lot of time and lies on the critical path. The compensation of missing parts through 

counter measures such as changing the assembling sequence is limited and has a direct 

influence onto the completion date of the customer order. Today, missing parts result in an 

efficiency loss during assembly of approximately 15%. The third enterprise, as a 

manufacturer with high quantities, intends to allocate its products evenly across time. Tight 

schedules allow almost no divergence so that delivery problems become very cost-intensive. 

For instance, the purchase of electronic parts becomes 50-100% more expensive if delivery 

bottlenecks force them to buy from brokers.  

VII. CONCLUSION AND OUTLOOK 

In order to overcome the global challenge of recession, machine and equipment manufacturers 

have to concentrate on creating value for their customers with resource-saving approaches. 

Recently developed communication technologies enable an improved coordination and permit 

the adoption of concepts from other sectors of the economy.  

As the advancement of technologies leads to increased availability of information about the 

situation inside the company as well as in the market, methods from more information based 

industries such as the financial industry become applicable for the circumstances in non-

hierarchical manufacturing networks. In this respect, the real options methodology appears to 

be the optimal method to evaluate the value of delivery criticality as it takes into account both 
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uncertainty and flexibility. In manufacturing networks, uncertainty of challenging production 

processes and a high flexibility for customers’ requirements are two of the main industry 

characteristics.  

By evaluating proactively the delivery criticality, negotiations do not have to be only based on 

material costs and involved resources but can be based on the value of delivery reliability. 

Therefore, the emergence of communication platforms and the evaluation of delivery 

criticality are only the first two steps towards the reduction of turbulences in non hierarchical 

networks. They are the basis for a non centralised coordination via market mechanisms.  
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