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ABSTRACT 

Assembly equipment, e.g. industrial robots, is often used for a shorter period than its possible 

life cycle. Companies could increase their cost efficiency while taking advantage of 

ecological benefits by reusing their equipment in closed loops.  

Surveys and studies show that currently a specific financial valuation of reuse is not in 

practice. Companies often base their investment decisions on discounted cash flow analysis, 

which is insufficient for the evaluation of reuse flexibility. The real option approach 

overcomes these deficiencies by including uncertainty and active decision making. However, 

the valuation with real option is more sophisticated, time consuming and requires additional 

information. Knowledge based system could simplify the valuation process with inferences. 

An exemplary evaluation of an industrial solution, using real options and life cycle costs, will 

be presented and analyzed regarding its applicability. A knowledge based concept supporting 

the valuation with real options will be shown. 
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Introduction 

The increasing number of product variants, smaller lot sizes, accelerated time to market and 

shorter life-cycles of products have lead to increasing requirements on assembly equipment. 

Concepts allowing a high degree of flexibility with respect to variants, low-cost adaptability 

of products and quick amortization within a sustainable equipment use are required 

(Wiendahl, et al., 2007). 

Assembly equipment is often used for a shorter period than its possible life cycle. Industrial 

companies could increase their cost efficiency and take advantage of ecological benefits by 

reusing and reconfiguring their assembly equipment and thus exploiting their whole potential 

(Fleschutz, et al., 2008). Within the European Integrated Project PISA the potential of reuse 

was specified in a survey showing that manufacturers recognize the advantages of equipment 

reuse and that reuse is increasingly undertaken. Nevertheless, the analysis of reuse cases 

shows that decisions within the reuse process are not specified in business processes and are 

not based on the relevant knowledge; thus result in costly and inefficient reuse projects. 

Almost every reuse case was conducted without using acquired knowledge and experience 

from prior and for successive reuse cases. The lack of fully developed reuse planning business 

processes leads to the insufficient exploitation of reuse potentials. Consequently, the 

utilization of existing information management systems cannot be successfully implemented. 

Often, there is no explicit information about reuse and reusability; rather, there is a strong 

dependency on individual implicit knowledge. There are no standardized evaluation methods 

to assess reusability especially the incorporated flexibility. The cost evaluations within the 

reuse projects are mainly based on simple cost or net present value comparisons of the price 

for a new system and the effort for reuse existing systems. These simple comparisons are not 

able to model and evaluate the flexibility which is enabled by the equipment reuse.  



In the following sections the real options approach, as a possibility to evaluate flexibility in 

investment options will be introduced. An exemplarily evaluation of a flexible welding station 

is described and analyzed regarding its applicability. The development of an evaluation 

software using real options is presented. A knowledge based concept supporting the valuation 

with real options will be shown.  

Real Option Approach 

Net Present Value Evaluation 

The mainly applied investment evaluation method is net present value (NPV), which 

discounts all future cash flows of an investment with a risk adjusted discount rate 

(Equation 1). If the net present value of an investment project is above zero, is profitable. The 

risk adjusted rate has either been estimated with Sharpe-Lintner-Mossin's Capital Asset 

Pricing Model (CAPM) or is based on the Weighted Average Cost of Capital (WACC) to 

handle the effects of the systematic risk in an appropriate way. 
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Xt Cash Flow in Period t 

i interest rate 

I0  Investment in Period 0 

Real Options Approach 

A promising approach to evaluate flexibility is the real options approach (ROA). Bengtsson 

gives an overview of existing approaches for the evaluation and describes different kind of 

real options (Bengtsson 2001). Coming from the stock market a call/put option gives the 



holder the right to buy/sell the underlying asset for a fixed exercise price. European options 

allow exercising only at the expiration time, American options anytime up to the expiration 

time. The option value is determined by five factors: the exercise price, the expiration date, 

the price of the underlying asset, the interest rate and the volatility of the underlying asset. 

There exist two dominant approaches to evaluate options. The Black-Scholes Model 

duplicates the option with a strategy of borrowing at the risk free interest rate to finance the 

equivalent stock purchase. Unfortunately the Black-Scholes Model can only be applied on a 

quite narrow set of problems. The binominal model assumes that the value of the underlying 

can only go up or down within a certain range. It uses a binominal lattice to model these up 

and down movements. The value at each node is calculated by duplication with an amount m 

of an underlying and an amount B of risk free bonds at rate i (Equation 2, 3 and 4). 
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m   Amount of Underlying for Duplication Portfolio 

NPV (*)u
t+1 Net Present Value of * in up-state at Period t+1 

NPV ( )d
t+1 Net Present Value of * in down-state at Period t+1 

Bt  Amount of Bonds for Duplication Portfolio 

Ct  Value of Call at Period t 



St  Value of Underlying at Period t 

Real options can be applied for process, product, routing, volume, expansion, production 

program, market and abandon flexibility (Bengtsson 2001). Complex scenarios can be 

duplicated with sequential or simultaneous compound options. 

Defining the Underlying 

In the Black-Scholes Model as well as in the binomial model, the future value of the option 

depends on the volatility of the underlying asset. If the underlying has a high volatility, the 

option value will also increase because of the greater possibility to get “into the money”. Thus 

using an inappropriate underlying asset or choosing the wrong volatility will ultimately lead 

to a false valuation of the real option. In financial options the underlying of an option is a 

stock, which price and volatility is easily accessible. In real options mostly no direct 

underlying exists and thus has to be modelled. 

Copeland and Antikarov (Copeland and Antikorov 2001) introduce the market asset 

disclaimer (MAD) to solve the problem of a missing market traded twin security. The 

assumption is made, that there is no better correlated asset to a project than the project itself. 

This implicates that the NPV of the inflexible project, which is the market value of that 

project if it were a traded asset, is a suitable underlying for the flexible project and also 

symbolizes the initial value in the binomial model. 

In the following a selection of already published cases in which ROA is being used to 

evaluate manufacturing investment decisions are presented which focus on the selection and 

modelling of the underlying. Table 1 gives an overview of the examples. The table is followed 

by a more detailed explanation of each case. 



 

Project type Author/Year Type of 
Real Option 

Source of 
Uncertainty 

Underlying 
Asset 

Reconfigurable 
manufacturing systems 
(RMS) investment 
decision 

Amico et al. 
2006 

option to 
expand, 

call option 

demand project 
NPV 

Du, Y.-Y. 
Jiao, J. Jiao 
2006 

option to 
react to 
uncertain 
future 
demand 

demand project cash 
flow 
function 

Advanced manufacturing 
technology (AMT) 
investment decision 

G. Kim, Y.B. 
Kim 2005 

option to 
defer 
investment 

industry 
index stock 
values 

Market 
Asset 
Disclaimer 

Flexible 
manufacturing/production 
system (FMS/FPS) 
investment decision 

Fontes 

2008 

option to 
switch 
capacity and 
option to 
abandon 
project 

demand project cash 
flow 
function 

Karsak, 
Özogul 2005 

compound 
option to 
build up and 
switch 
capacity 

costs and 
benefits of 
the 
expansion 
investment 

second 
stage 
option 
value 

Manufacturing system 
evaluation on the 
aggregate level 

Bengtsson, 
Olhager 2002

option to 
switch 
between 
products 

demand demand 
vector of 
several 
products 

Table 1: Underlying Assets Overview 

Amico et al. 2006 examines the application of the ROA on a single product reconfigurable 

manufacturing system (RMS) investment decision. The option to expand is derived from the 

scalability and convertibility of the RMS. The model includes initial investment costs, which 

create an initial production capacity. The underlying asset is the project’s NPV, modelled 

through a payoff function in which the stochastic uncertain variable is demand of the product. 

The demand development over time is modelled using a geometric-Brownian motion. Amico 



et al. advise to take the drift and volatility from historic data or forecasts. In the example case, 

Amico et al. use a six-year semi-annual forecast to estimate volatility and drift of the demand. 

The starting value is the NPV of the project. 

Du, Y.-Y. Jiao & J. Jiao 2006 assume that there are several alternative methods to produce a 

given set of products. They also assume that there are several ways in which the RMS can 

influence its operating environment. Under these assumptions their decision task is to jointly 

determine the best way to influence the environment and choose the right reconfiguration 

method to get an appropriate level of flexibility while considering the tradeoffs between its 

costs and benefits. The real options of the RMS in this case are regarded as the possibility for 

the firm to accommodate diverse product demand in uncertain quantities. It is stated that the 

most important factor influencing production decisions in practice, is product demand. 

Therefore the uncertainty in demand is recognized as the only source of uncertainty in the 

valuation framework. The change in demand is modelled as a geometric-Brownian motion. 

The marketing efforts of the firm influence the mean and the volatility of the demand. In an 

environment of market competition, a manufacturing firm is being seen as passive, rather than 

active as a price maker. Therefore the authors exclude price from the source of an uncertain 

production environment. The underlying asset is a cash flow function that returns the 

profitability of the investment under different configurations and demands. The option 

evaluation only models the changes in demand and therefore uses the average historic demand 

as initial values for the ROA. 

Kim & Kim 2005 examine the value of advanced manufacturing technology (AMT) as a 

strategic investment project in the Korean heavy industries. AMT is supposed to be any 

manufacturing technology that may help a company to persist in the highly competitive 

markets and to meet the changing customer demands satisfactorily. AMT is a rather broad 

classification but it can be regarded as similar to changeable manufacturing equipment. Using 



the earlier described MAD (Market Asset Disclaimer, Copeland and Antikorov 2001) the 

selected underlying asset is the present value of the investment project itself. It is assumed 

that the company invested in the project with similar risk profiles as its publicly traded stock. 

Therefore the volatility of the underlying project was derived from the weekly closing prices 

of the heavy industry company stock price over the period from January 2001 to June 2004.  

Fontes 2008 is concerned with the volume flexibility. Two systems are considered, a fixed 

production capacity system and a flexible production system. The aim is to find the optimal 

production capacity for the first type and an optimal starting capacity combined with an 

optimal capacity changing strategy for the second type. The ROA is used to value the options 

in the inflexible as well as in the flexible system to make them comparable for investment 

decisions. The stochastic variable is the demand. It is assumed to be normally distributed. The 

uncertain asset is a cash flow function which includes price, production costs, capacity and 

capacity switching costs, production capacity and the risk-free interest rate.  

The work of Karsak and Özogul 2005 addresses the valuation of investing initially in and 

expanding a Flexible Manufacturing System (FMS). They examine the trade off between the 

loss in option value due to a loss in possible market shares while waiting to exercise the 

option, and the strategic benefits from deferring the investment. The framework is tested on a 

numerical example but not on a real investment decision. The considered decision is a two-

stage FMS investment proposal involving initial and expansion investment. For the first stage 

decision, whether to invest in the FMS or not, the underlying asset is the value of the possible 

future expansion, which is a real option itself. The uncertainty in the future costs and benefits 

of the expansion is the source of volatility for the investment decision. The standard deviation 

in the expansion investment, the standard deviation in the expected value of returns from the 

second stage investment and the correlation coefficient between the second-stage investment 

and expected value of returns are estimated. 



Bengtsson and Olhager 2002 use the ROA to evaluate the product-mix flexibility in 

manufacturing operations. Product-mix flexibility shall thereby be regarded as the ability to 

switch between products, both within and between product groups. The underlying assets in 

this case are represented by the product demands of more than one product, all being non-

traded assets. They form an underlying vector, which follows a geometric-Brownian motion. 

The drift is the risk-free rate of return. The pricing of the non-traded underlying assets follows 

an approach by Constantinides 1978, using the capital asset pricing model (CAPM) to create a 

replicating portfolio. The average demand in the case is given based on historic data while it 

is assumed that it follows a geometric-Brownian motion in the future and is log-normally 

distributed.  

In four of the six ROA based manufacturing investment evaluation examples, that have been 

described, demand is selected to be the main source of volatility. Many other authors like 

Cobb et al. 2004, Fine et al. 1990 or Rabbani et al. 2008 and others, also use demand as 

source of uncertainty in the manufacturing investment decision. Generally demand values are 

either derived from historic data or from forecasts. Volatile demand is a good indicator for the 

uncertainties that a flexible manufacturing system has to face. The demand data from records 

or forecasts helps to determine the capacity that needs to be installed in the manufacturing 

equipment. Demand volatility is also an appropriate source of uncertainty to decide whether 

to produce at all or to abandon a project. To get an option value out of the demand figures, 

generally a cash flow function with demand as the variable parameter is used as the 

underlying asset. In this matter more complex payoff functions that also include a variable 

sales price or even variable production costs like the model created by Cobb et al. 2004 can be 

used to create a more realistic value estimation of the investment project. 



Exemplary Valuation Using Excel 

The flexibility of an exemplary welding station is valuated using real options in order to 

understand the potential of real options and to compare different calculation methods. We 

analyze a flexible system with simplified life cycle costs including added value per car, labor 

and energy costs over a four years period with up to four demanded car types in different 

amounts. The flexible system here a geo framing station allows the joining of the different 

subassemblies of an automobile to a single body shell. Therefore a complex frame specific to 

a car model with several grippers has to fix the different parts during the welding process. In 

contrast to a dedicated system the flexible system can easy exchange these frames and thus 

allow the joining of different car models in the same stations. A part of the investment for the 

flexible system can be seen as option for the introduction of new car models in later periods 

for the investment of a new frame. 

According to Copeland and Antikorov the modeled flexibility of our scenario can be 

calculated as a compound option with the binominal model. The underlying of the option is 

represented with a comparable system without flexibility (Copeland and Antikorov 2001, 

Zaeh, et al., 2005). 

Based on a binominal decision tree with upwards movement of 1.2 and downwards movement 

of 0.8 of the overall amount of demanded cars, the NPVs of the flexible system and 

comparable dedicated systems are calculated. The dedicated systems need a new framing 

station for each car model and we calculated the NPV for two different systems, one with four 

stations over all periods (underlying 1). The other alternative adapts the amount of stations to 

the demanded car models and consists of one to four stations (underlying 2). 

A sensitivity analysis based on a Monte Carlo simulation with 100 simulations shows that 

only the added value per car has significant influence on the calculations. 



The second method for calculating the option value is based on Luehrman (Luehrman 1997 

and 1998). Herein the cash flows of the basic investment and the cash flows resulting from the 

options are separated and the option values are calculated with the Black-Scholes formula. 

Luehrman proposes to estimate the volatility and thus reduces the effort and complexity of the 

calculation dramatically. 

A comparison of the results (Table 2) shows that the calculation based on real options is able 

to quantify the flexibility of investment decisions. However it also shows, that the 

assumptions required for the calculation strongly influence the results. 

 NPV Option value Sum 

With underlying 1 14.586.013 3.971.356 18.557.369 

With underlying 2 17.164.841 2.645.213 19.810.054 

Based on Luehrman with 40% volatility 9.070.163 12.264.100 21.334.263 

Table 2: NPVs of the flexible system and option values using Excel for the calculation 

Valuation using Matlab 

The gained results of the exemplary valuation led to the development of real options 

calculations software prototype based on Matlab. The aim of the software is to facilitate the 

calculation and support the comparability of the results by defining general assumptions for 

the modeling of the underlying.  

The software is based on the binominal model and offers the user a graphical user interface 

(Figure 2), flexible input of investment, a graphical representation of the decision tree and a 

simple verification of the calculation in each node. 



 

Figure 1: Prototypical real options calculation software 

The valuation is performed in seven steps. In the first step the user defines the number of 

cycles, the type of options and the volatility with the up and down factors (upper right in 

figure 1). In the second step an empty array is created, which represents the nodes of the tree. 

Based on the assumptions the NPV of the underlying is calculated and stored in the array in 

the fourth step. In the fifth step the value of the investment is calculated based on the 

underlying and stored in the array. Based on array a graphical binominal tree is creating in the 

and the values of the nodes from the array are then connected with the coordinates of the tree 

and inserted into the diagram in sixth step (upper left in figure 1). In the seventh step the 

values in each node can be selected and modified (lower part in figure 1), which leads to step 

one or two of the calculation. In an iterative process of these seven steps the calculation can 

be detailed depending on the user requirements. 

In a next step this software will be implemented in a knowledge based computer aided reuse 

planning environment which is described in the next section. Available knowledge about the 



underlying and the volatility of the investment project shall thus be exploited with inference 

mechanism. 

Knowledge based computer aided reuse planning 

In order to meet the demands required for effective reuse planning, a framework consisting of 

methods, tools and business process reference models for production equipment reuse has 

been developed. A key element is the knowledge based computer aided reuse planning 

(CAReP) tool (Harms et al. 2008), with which the exchange of information between experts 

and information systems can be facilitated and organized. The tool provides a reuse planning 

agent with a knowledge base interface to store and retrieve equipment information for 

application in reuse planning. Relevant reuse planning tasks, such as generating reuse options 

and adaptation plans as well as assessing reuse risks and costs are supported through the 

software modules. 

 

Figure 2: Computer Aided Reuse Framework 

Figure 2 shows the general functionality of CAReP. The generation of reuse options plays a 

decisive role in the planning process. The planner interacts with the CAReP client application, 

actively generating reuse relevant information through data and information processing. More 

importantly, the software interacts with the knowledge base, which contains machine readable 



data structured for application in reuse planning activities, providing information in a reuse 

planning context. The software client provides an evaluation tool for presenting the user with 

available cost and risk data in a reuse scorecard, which can be configured to individual reuse 

goals and strategies. 

Conclusion 

The conducted survey showed that the inexperience of the producers and users of assembly 

equipment with the reuse process, the insufficiently designed and prepared equipment, the 

missing life-cycle data as well as missing holistic planning concepts for the reuse are 

obstacles for efficient reuse and reconfiguration. It can be recognized that currently a clear 

financial valuation of reconfiguration and reuse is not in practice. Companies base their 

investment decisions mainly on traditional discounted cash flow analysis like NPV analysis or 

internal rate of return which are not able to evaluate the potentials of the systems regarding 

reuse. The real option approach overcomes the deficiencies of the NPV by including both the 

uncertainty inherent in the project and the active decision making subject to the available 

information which allows valuating flexibility based on a decision tree analysis. The 

application to an exemplary welding station shows that current methods to calculate the 

option value strongly depend on the inherent assumptions and require specific knowledge of 

the user. In order to compensate these deficiencies a prototypical real options calculation 

software is presented. The software shall facilitate the valuation process and guarantee the 

comparability of calculation by integrating assumptions and defining the modeling of the 

underlying. As a next step the software will be implemented in a knowledge based computer 

aided reuse planning environment. Based on the access to a knowledge base the calculation 

will be further simplified by a inference machines, which support the user during the 

definition of the investment project and the modeling of the underlying. 
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