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Abstract—Product innovations, accelerated product life 

cycles, globalization, and increased customer requirements are 
challenges of the automotive industry today. Original 
equipment manufacturers face these challenges in offering 
multiple models, derivates, and options that affect the 
efficiency of processes and resources in logistics systems. To 
provide transparency over product variety-induced 
complexity, individual product variants, product variety and 
their impacts on logistics costs and performance need to be 
linked. Against this background, the authors develop an 
evaluation method to quantify these impacts focusing on the 
automotive logistics.  

This research provides a structured framework to account 
for impacts caused by product variety in order to support 
product variety decisions at an early stage in the product 
design phase. The method identifies relevant influences for 
measuring variant-driven complexity in logistics and highlights 
reciprocal effects among product variety, logistics costs and 
logistics performance. By integrating different logistics 
resources as well as dynamic factors, the research provides a 
unique evaluation approach in automotive logistics. 
Furthermore, the authors provide a case study proving the 
practicability. 
 

Index Terms—Automotive Logistics, Complexity, Product 
Variety, Activity-based Costing 
 

I. INTRODUCTION 

Globalization and market saturation leading to an increased 
competition, product innovations, and accelerated product 
life cycles are challenges of the automotive industry at the 
beginning of this century [1]. Furthermore, increased 
customer demands that require individuality in terms of 
options and configurations of automobiles at decreased 
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customer reservation prices and variable customer demands 
characterize the automotive environment [2]. As a reaction, 
original equipment manufacturers (OEM) have and will 
considerably enlarge their model and option range [3]. This 
rise in number of product variants leads to an increased 
product variety that affects processes and resources in 
logistics systems [4]. The problems in logistics systems are 
lacking transparency regarding these impacts on costs and 
performance due to the interaction between logistics system 
elements and product variety, e.g. concerning capacities [5]. 

To evaluate logistics strategies at an early stage in the 
product design phase, e.g. the determination of an optimal 
order penetration point, knowledge over product variety’s 
impacts is a requisite. In order to provide transparency over 
product variety’s impacts, relevant influencing factors have 
to be identified and quantified in terms of costs and 
performance. Variant costs, often referred to as complexity 
costs, are generally regarded as overhead costs and are 
consequently accepted as fix costs. These fix costs account 
for the majority of supply chain costs [6]. In practice, 
volume effects of variants are overestimated, whereas their 
impacts on costs remain underestimated [7]. As a result, 
costs that are assigned to variants are too low [8]. Therefore, 
variant costs are often considered as hidden costs of doing 
business [9]. Hence, this research aims at developing an 
evaluation method, underlying the idea of Time-driven 
Activity-based Costing and a zero-base approach, which 
allocates overhead costs to the level of product variety 
according to the actual input involved. 

The analysis presented in this research paper is the first of 
two modules towards the development of a model-based 
evaluation approach of variant-driven complexity in the 
automotive industry by capturing relevant product variety-
driven costs and performance impacts. The proposed 
method builds the basis for an efficient evaluation of 
strategic decisions even at an early stage in the product 
design phase in terms of product variety. 

This research paper is divided into five main chapters 
including this introduction. A literature review with related 
work is given in Chapter 2, whereas Chapter 3 comprises 
the development of the Variety-driven Activity-based 
Costing (VD-ABC). Chapter 4 presents a case study to 
evaluate the proposed method at a German OEM. The 
authors conclude in Chapter 5 with a final discussion and a 
summary of findings. 
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II. RELATED WORK 

Publications in engineering, science, economics, business 
management as well as social sciences, use numerous 
definitions of the term complexity. A comprehensive 
overview over theories and interpretations of complexity is 
given by Meyer, Kirchhoff, and Specht, whereas Wu, 
Fredendall, and Frizelle give an overview over production 
engineering complexity theories [10]-[14]. In systems 
theory complexity is defined as a system characteristic 
described by the number of elements, their relations, and the 
transformation of elements and relations over time [10]. 
Static or structural complexity arises from the system 
structure, whereas the dynamic or operative complexity 
addresses the system behavior over time [7]. In the context 
of automotive logistics, product variety is the known 
phenomenon of complexity [11]. Product variety not only 
affects logistics costs and performance, but also the design 
of logistics systems. A logistics system is any configuration 
of at least two logistics elements (e.g. parts) to plan, control, 
and monitor. Its structure comprises knots (e.g. production 
sites) and connections between the knots (e.g. transport 
routes) and serves the accomplishment of logistics processes 
[15].  

Within the scope of this research, product variety-driven 
complexity in logistics systems is defined combining 
multiple system theoretic definitions as a system 
characteristic described by the number and variety of 
product variants, their relations among each other, and the 
transformation of elements and relations over time, which 
influences logistics costs and performance. 

 

A. Methods to Evaluate Complexity  

To evaluate impacts of an increasing product variety in 
logistics, evaluation approaches that address logistics costs 
and performance are examined at this point. The cost 
evaluation of variants and variety-induced complexity found 
much interest in research, whereas the performance 
evaluation has not been considered in logistics. Approaches 
to calculate variant costs vary in terms of the level of detail, 
the field of application, and the corresponding approach. 
The oldest approach to calculate variant costs is the 
overhead calculation by Pfeiffer, which allows a cost 
allocation to variant-rich products through an adjusted 
overhead allocation [16]. The overhead calculation 
addresses the problem that variant costs are mainly found in 
overhead costs. However, Pfeiffer only allocates product 
costs based on volumes. As a result, costs for variants with 
low volumes are underestimated.  

Consequently, the Activity-based Costing (ABC) has 
been developed aiming a cost allocation to objects fair 
according to the input involved [17]. Evaluation approaches 
to calculate variant costs are often based upon ABC. The 
cost-benefit evaluation of variety of Heina and Puhl 
comprises a variant calculation method based on a classic 
ABC [18], [19]. Their calculation distinguishes between 
standard and variant attributes of objects. Variant costs are 
calculated with average rates subject to the volume instead 
of variant-specific cost rates. However, process times in 
variant-rich automotive logistics systems differ significantly 

subject to product variety. The resource-oriented ABC 
(RPK) avoids this simplification in allowing detailed cost 
drivers for sub-processes. Schuh developed a model, which 
quantifies the variant-specific consumption of resources 
with cost and usage functions [7]. However, this implies a 
comprehensive data collection and a high update effort.  

To avoid a comprehensive data collection, Kaplan and 
Anderson developed the Time-driven ABC (TD-ABC) [20]. 
TD-ABC uses time functions, which potentially allow the 
allocation of different consumption rates to different 
product variants. TD-ABC determines resource demands 
and hence costs based on time functions. Everaert et al. 
applied this method to calculate logistics costs at a 
wholesaler [21]. Within the scope of the research project 
BAU-MO, a TD-ABC model was developed to evaluate 
variants in the construction machinery industry [22], [23]. 
The model is based upon cost drivers. However, proposed 
time functions are subject to individual variants and neglect 
the overall level of variety.  

Besides these process-oriented approaches to evaluate 
variant costs, there are further static evaluation approaches. 
Schaffer developed a complexity cost model to capture the 
complexity costs structure in the automotive production 
[24]. He identified complexity cost types and calculates cost 
rates for different cost drivers on an automobile level. Cost 
rates are developed using cost structures. Further, 
Wulfsberg and Schneider present a variant cost tool on the 
basis of the Fuzzy Set Theory with a fuzzy quantification of 
variant costs [25]. Rosenberg developed an approach to 
determine the cost effectiveness of complexity-changing 
activities from a financial point of view, where costs are 
calculated as reduced or additional costs [26]. Bohne 
developed a theoretical complexity cost analysis with a 
zero-base analysis [27]. On the basis of variant-free 
activities, resource demands of each cost center in research 
and development, sales, marketing, and production are 
analytically redesigned. Further, Lackes developed a 
production attribute-oriented variant standard costing on the 
basis of a flexible cost accounting [28]. 

 

B. Discussion and Research Question 

Existing evaluation approaches that consider product 
variety in their costing determine variant-induced 
percentages on the basis of estimates or fixed ratios. 
However, this allocation is not fair according to the actual 
input involved. For instance, Schaffer estimates the 
complexity-induced ratio with a complexity factor; the 
BAU-MO approach distinguishes processes according to 
their level of interference with variety in strong, medium or 
low. Often, these estimates are based on interviews. 

Most of the research in the field of variety-driven 
complexity focused on the area of production and has not 
been analyzed from a logistics point of view. Also, 
characteristics of the automotive mass production are not 
considered. Approaches in other industries cannot be carried 
forward due to dissimilar characteristics, e.g. the BAU-MO 
approach within the construction machinery industry. 
Moreover, existing approaches focus on material flow costs, 
whereas process costs of information flows, especially the 



 

intensive planning, control and coordination processes in 
the automotive industry are not considered. This focal point 
on partial costs leads to escalated capacity adaptations 
through an unknown incremental increase of capacity 
demands, which only become apparent after it is too late.  

Summarizing, existing evaluation methods either show no 
connection between variety-induced logistics costs and their 
impacts on the logistics performance, are based on estimates 
or cannot be adjusted to the application area. Against this 
background, these deficits lead to the following research 
question: What is the design of an evaluation approach to 
assess product variety-driven complexity in order to 
quantify the impacts of product variety on logistics costs 
and logistics performance without relying on estimates? 

Hence, this research aims at developing an evaluation 
approach, which allocates costs, in particular overhead 
costs, to the level of product variety according to the actual 
input involved. The challenge is the development of a 
method that is not based on estimates. The author’s idea is 
the relative indication of complexity to a hypothetic zero-
variant-scenario on the basis of Bohne’s zero-base analysis 
and Kaplan and Anderson’s TD-ABC. The combination of 
the two methods offers the potential to connect variety 
resource demands in automotive logistics, costs, and 
performance impacts without being based upon estimates. 
Consequently, these methods have to be specified according 
to context-specific requirements.  

 

III. VARIETY-DRIVEN ACTIVITY-BASED COSTING 

In terms of product variety and complexity, the 
automotive industry takes up a leading role. On the one 
hand, automobiles are complex products with complex 
product structures [29]. The total number of product 
variations in automobiles even exceeds the number of 1020 
for several models of the German automotive premium 
segment, e.g. BMW, Audi, and Mercedes models [30]. On 
the other hand, automotive logistics systems are complex 
systems due to their high number of system elements, 
relations, and transformations over time [7]. Typical 
elements are products (e.g. parts, modules) or resources 
(personnel, space, means of transportation, etc.). 

Dependent on product variety and the logistics systems, 
the authors distinguish between four product-system types, 
which are displayed in Fig. 1. The matrix differentiates 
between the level of product variety, i.e. automobile variety 
and the level of complexity of the logistics system. Existing 
automotive logistics systems within a variant-rich mass 
production are classified as complex systems with complex 
products (iii). 

Given this background, the authors ask the following 
questions: What is the influence of the product and what is 
the influence of the logistics system on complexity? As 
product variety is considered as the core source of 
complexity, the focus of this research paper is to capture the 
influence of the product. The authors limit their research to 
the first question in developing a calculation method based 
on product variety changes. 
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Fig. 1. Classification of Products and Logistics Systems 

 
Consequently, the logistics system remains unchanged in 

this analysis, whereas different levels of product variety, 
ranging from zero variants to multiple variants, are 
analyzed. With a zero-variety approach, base and variant 
parts of an automobile are identified. This influence of the 
product and product variety respectively is determined by 
comparing costs of a logistics system producing variant 
automobiles to costs of the same logistics system producing 
just one base automobile as end product. In the context of 
time, the proposed evaluation represents a short-term 
evaluation as logistics structures cannot be changed quickly 
[31]. 

 

A. From TD-ABC to VD-ABC 

To capture the demand according to variants, the authors 
propose an enhanced costing method, which is based upon 
the idea of TD-ABC [20]. To account for characteristics in 
automotive logistics systems, in particular product variety, 
the concept of TD-ABC has been adjusted. In applying TD-
ABC, two parameters have to be determined: 

- Capacity cost rate as the ratio of costs of capacity 
supplied and the practical capacity of resources 
supplied 

- Capacity demand rates 
For logistics processes, the practical capacity is expressed 

as the amount of time that employees can work, without 
overtime. By dividing total costs by the practical capacity, 
costs per unit of time are calculated. These are assigned to 
orders by multiplying the costs per unit of time with the 
time needed to perform the process. These resource or 
capacity demands respectively are calculated using process 
time equations (1). The authors define the standard process 
time t0, the process time of incremental activity i as ti, and 
the number of incremental activities xi. The variable yi is a 
binary variable which equals 1 if an incremental activity is 
necessary and zero otherwise.  
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One essential advantage of TD-ABC is the introduction 

of individual handling times for sub-processes without an 



 

intensive data collection and allocation to cost drivers as is 
the case in other process-oriented evaluation methods.   

TD-ABC has not been developed to calculate variety-
driven logistics complexity costs in particular. This 
transformation is achieved within the scope of this research. 
Through the differentiation of automobile parts into base 
and variant parts, a reference scenario with zero variants is 
created, which allows the comparison to existing scenarios 
with variety. 

Resources of a logistics system include floor space, 
personnel, inventory, equipment, auxiliary equipment, and 
organisational equipment [32]. These logistics resources are 
occupied and consumed during the transformation of 
logistics objects - product variants - in processes. To 
calculate costs which occur through the consumption of 
logistics resources, the authors introduce the concept of 
Variety-driven Activity-based Costing (VD-ABC). VD-
ABC uses the capacity cost rate to drive overhead costs to 
variants by determining the demand for logistics resource 
capacity subject to product variety. With process equations 
based on the concept of TD-ABC, the resource consumption 
of personnel and equipment is captured as these resource 
costs are directly dependent on the consumed time. 
However, as TD-ABC only comprises capacities in terms of 
units of time, it is impossible to capture demands of the 
logistics resources inventory and floor space with process 
equations. Yet, this is evident to account for all relevant 
costs of a logistics system according to [32]. Consequently, 
the authors expand the concept of TD-ABC to capture 
capacities in parts and square meter, which cannot be 
measured in units of time. Against this background, the 
authors developed the following three capacity equations, 
which build the heart of VD-ABC: 

- Process time equations are modeled for each process 
assigning each sub-process an individual time 
depending on product variety. Process equations 
account for demands of the logistics resources 
personnel and equipment as their consumption is 
dependent on time. From an intensity point of view, 
process times become adjusted to the degree of the 
handled product’s complexity, i.e. product variety. 

- Inventory equations are modeled assigning individual 
inventory levels to variants depending on the inventory 
strategy and product variety. 

- Floor space equations are modeled for each process, 
assigning each variant’s sub-process individual space 
demands subject to product variety. 

The capacity equations comprise the base capacity 
consumption and terms of additive incremental capacity 
consumption. Whereas the base capacity is needed in a zero-
variant-scenario, incremental capacities are required in a 
variety-scenario. Consequently, the capacity equations of 
VD-ABC capture resource demands for different levels of 
product variety bottom-up. Capacity equations are not 
interdependent and interact with each other.  

Variant-driven complexity costs are obtained using the 
capacity equations. The difference between a scenario 
having v variants and a zero-variant-scenario is considered 
as variant-driven complexity and therefore quantified in 
terms of complexity costs for each variant and resource. 

Summing up the complexity costs over all logistics 
resources, the overall complexity costs in a variety-scenario 
are quantified. 
 

B. Variety Process Equation  

The adaptation of TD-ABC to account for product variety 
is addressed in the following. Processes and products 
correlate in three ways: process content, process type and 
number of processes. Additional costs due to variants occur 
for processes, which are only necessary in variant-rich 
logistics systems (e.g. a sequencing process) as well as for 
processes, which become more laborious and thus increase 
the throughput time and resource demands. Due to the 
scalability of the proposed process functions, processes on 
different levels, i.e. sub-processes and main processes are 
determined. Variant-induced resource demands of personnel 
and all types of equipment for one variant are determined 
using process time equations (2).  
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This principle allows the allocation of individual 

demands to variants. The authors define time t for process P 
for one variant v as TP in units of time (TU), the total 
number of variants and product variety respectively as V 
with the range of variant v = 1,…,V. The variable yv is a 
binary variable which equals 1 if the sub-process is 
necessary for variant v and zero otherwise. In the context of 
logistics material flow systems of the automotive mass 
production, differences in process times between individual 
variants are not significant as shown in Fig. 2.  
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This is explained by the similarity of product variants in 

terms of logistics handling. Hence, resource costs for 
individual product variants do not vary. This variant 
behavior differs from other industry’s variant processes, e.g. 
the construction industry, where process times vary with 
each variant as variants and products respectively are all 
individual. 

Consequently, process equations for the automotive 
logistics have to be matched with the degree of product 
variety. The adjusted process equations for automotive 
processes are displayed in Fig. 3. It shows process times in 
units of time as a function of the number of product variants 
in the logistics system. 
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Fig. 3. Process Times subject to Product Variety 

 
The corresponding process equations subject to the 

number of variants and thus product variety are shown in 
(3). For variety process equations the authors define the 
time for process P in a logistics system with v variants TPv , 
the process time referring to a specific variant as tv, the 
additional capacity demand time for v variants ACv, and the 
number of parts per variant v per unit of time at V as V

vx .  
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At this point, step-fix costs which occur due to variety 

increases are of interest. Step-fix costs arise based on 
process type changes as well as based on an intensification 
of the process work content. They occur if capacities are 
limited and insufficient due to unsteady capacity increases. 
An increased time demand requires additional personnel and 
equipment capacities. These capacity adaptations are not 
steadily increasing with the demand, but rather occur in 
discrete steps. 

Capacity cost rates of all logistics resources are calculated 
by dividing the total resource costs by the practical capacity 
supplied. The difference between a scenario having v 
variants and a zero-variant-scenario with v = 0 constitutes 
the variant-driven complexity costs. The authors further 
define complexity costs CC for all logistics resources R, the 
total costs of resource R as CR, the practical capacity of R as 
cR, and the capacity cost rate of R as CRR. Then, variety-
driven complexity costs for personnel CCP and equipment 
CCE are calculated as follows:  
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Moreover, impacts on the throughput time as the essential 

component of the logistics performance are depicted with 
the proposed process equations. As long and variable 
throughput times counteract a high delivery service, the 
method even allows qualitative conclusions to the delivery 
service [33]. 

 

C. Variety Inventory and Floor Space Equations 

At the OEM, inventory is distinguished in stock of 
inventory and work-in-progress (WIP). WIP can be 
calculated according to process equations. However, this is 
impossible for stocks. With an increase of product variety, 
higher inventories of stocks at several stages along the 
supply chain are needed [34]. This leads to increased stock 
keeping costs, as stock-outs for each individual variant have 
to be prevented. In reverse, the consolidation of individual 
stocks leads to a lower overall stock. This concept is known 
as variability pooling [35]. The same concept can be applied 
to the reduction and increase of product variety. To capture 
this effect on the logistics resource inventory, relevant 
influencing factors on inventory are identified being the 
number of variants and demand variations [36]. 

Inventory equations are modeled to indicate the inventory 
development as a function of product variety. According to 
process equations, inventory equations consist of the base 
inventory and additive incremental inventories. For this 
purpose the authors use the safety stock concept of the 
Newsvendor Model, which calculates inventories according 
to demand variations, the number of variants and the service 
level [37], [35]. Given a scenario with zero variants, no 
safety stocks have to be hold due to demand variability 
because a constant number of parts is required per unit of 
time. For example, all automobiles need one windshield. 
Given that windshields are compulsory variants, the demand 
of this particular windshield is constant as the windshield is 
assembled for all cars. Consequently, the required inventory 
comes to the average demand. However, in a scenario with 
several windshield variants, a higher safety-stock is needed 
for each variant to prevent stock-outs as demands are 
variable. It can be stated that the more variants, the lower 
the average demands and the higher demand volatility. To 
calculate demands, it is appropriate to assume normally 
distributed demand variations [38].  

The proposed variety inventory equations are given in (5) 
capturing the inventory of stock and inventory costs (6). 
The authors define the inventory in a V-variant-scenario as 
Iv, the mean demand of variant v in a scenario of V variants 
per unit of time and the corresponding demand standard 
variation V

v and V
v respectively. The parameter z is chosen 

from statistic tables to make sure the probability of this 
variants stock out is above a certain service level. 
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With increased inventories, additional capital is tied up at 

the OEM as innovative payment concepts are just about to 
develop (Pay-on-Production, Supplier-Managed-Inventory, 
etc.) [39]. Inventory stock costs CIv are dependent on the 
interest rate r and on the variant’s purchased prices V

ve , 

which rise with an increase in product variety V, as the 



 

supplier faces additional costs due to decreased lot sizes and 
costly variants. Therefore, variety-induced inventory 
complexity costs CCIV for v variants are calculated as 
opportunity costs due to an additional capital lockup. CCI1 
for example represents the incremental cost increase due to 
one variant as shown in (6). 
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As inventories largely determine the required floor space, 

variety floor space equations are developed in the same 
way. According to the quantification of complexity costs for 
process equations, floor space complexity costs are 
determined. 

Variety process, inventory and floor space equations need 
not to be examined independently, but have to be captured 
simultaneously to account for the overall complexity (see 
Fig. 4). With this, the consequences of product 
differentiation and reduction of lot sizes along the supply 
chain are captured in comparing a zero-variant-scenario 
with a variety scenario with respect to floor space and 
process time.  
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Fig. 4. Interaction of Capacity Equations using the example of Variety 
Process Equations and Floor Space Equations subject to processes 

 

IV. PRACTICAL EVALUATION OF THE METHOD 

In this section, the authors evaluate the proposed method 
to quantify variety-driven complexity by means of a real use 
situation. Thereby, the authors analyze its applicability and 
practical benefit. The method is applied at a German OEM 
and especially focuses on inbound logistics as the majority 
of variety-induced costs and performance cuts are found 
here [40]. 

 

A. Case Description 

The OEM is an automotive manufacturer operating a 
variant-rich mass production that offers customer individual 
automobiles. The scope of the use case comprises the 
internal inbound material flow at the main plant with one 
model being offered in six derivates. Complexity costs are 
determined with VD-ABC based on the existing product 
variety in the given logistics system. To capture variety-
driven complexity, the capacity functions of VD-ABC in 
terms of time, inventory and space are specified in order to 

calculate additional capacity demands under product variety 
whereas the logistics system remains unchanged. Having 
determined variety-induced capacity demands, complexity 
costs and performance impacts are calculated.  

VD-ABC is conducted using the example of windshields, 
which are offered to the customer in three different variants 
besides the standard windshield. The base windshield is 
with heat-absorbing glass, whereas ‘Variant 1’ is equipped 
with a grey wedge, ‘Variant 2’ is sized for the cabriolet 
derivate and ‘Variant 3’ has a rain-sensor.  

 

B. Personnel and Equipment Complexity Costs 

The main process ‘internal supply’ of windshields 
consists of the sub-processes ‘remove from internal stock’, 
‘transport to sequencing area’, ‘sequencing’, and ‘transport 
to final assembly’, where windshields are provided part 
heterogeneously. The average rate of assembly X is 748 
vehicles per day. As windshields are compulsory variants, 
748 windshields are needed every day, which have to pass 
through all processes of ‘internal supply’. Comparing the 
existing variety of three variants to a scenario of zero 
windshield variants, additional process times become 
necessary for more frequent removals and transports 
because each variant has to be handled separately. 
Depending on the level of product variety, step-fix process 
times and resource demands occur, which are determined 
with process equations stated in (7) and displayed in Fig. 5.  

Additionally to the abbreviations in the previous chapter, 
the authors define the inbound process time for a scenario of 
v variants Tv, the transport time ttv [min/container], the 
loading time tuv [min/container], and the sequencing time tsv 

[min/part] with V=3; v = 0,…,3 respectively. Further, the 
amount of containers V

vb  [container/day], the number of 

parts per container f [parts/container] and the amount of 
parts of variant v under product variety V are defined as V

vx  

[parts/day]. Note that vxX
V

v

V

v
 0

. 
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Fig. 5 shows step-fix process time increases that arise at a 

level of product variety of only two variants. Process times 
remain unchanged when adding just one variant to the zero-
variant-scenario or when adding one variant to the two-
variant-scenario. Overall, offering a product variety of three 
windshields results in a variety-induced additional capacity 
demand AC3 of 27.92 minutes per day. This additional 
demand binds further resources in terms of personnel and 
means of transportation, which are necessary for the internal 
supply. 
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Fig. 5. Inbound Process Times for Windshields 

 
The cost rate of the capacity supply of personnel CRP is 

calculated by dividing the overall personnel costs in the 
period by the practical capacity supply in this period, i.e. the 
time that personnel is available after deductions to CRP = 
0.35 EUR/min. Capacity cost rates for equipment CRE (e.g. 
means of transportation) are calculated accordingly and 
amount to CRP = 0.1 EUR/min. Altogether, variety-driven 
personnel complexity costs CCP3 and work equipment 
complexity costs CCE3 in the existing logistics systems 
having 3 variants, amount to 3119 Euro per year. These 
complexity costs are calculated with w = 250 working days 
per year according to (8): 
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C. Inventory and Space Complexity Costs 

All windshield variants have to be stocked. To ensure 
availability, a service level of 99.9 percent is achieved 
leading to z  = 3.08. As for windshields purchasing costs e 
for variant v do not vary with the degree of product variety 
V, the inventory cost equations are simplified as shown in 
(9). The mean demand of variant v in a scenario of V 
variants per unit of time and the corresponding demand 
standard variation V

v and V
v respectively are given in parts 

per day. Inventory equations are constructed and inventory 
costs CIv and inventory complexity costs CCIv are 
calculated with r = 9 %; 0

0  = 748; 3
0  = 321; 3

1  = 104; 3
2  

= 227; 3
3  = 95; 0

0  = 0; 3
0  = 25.7; 3

1  = 8.32; 3
2  = 18.2; 

3
3  = 7.62; e1 = 44 EUR/part; e2 = 56.79 EUR/part; e3 = 

61.41 EUR/part. Hence, CI0 = 2962 EUR per year and CI3 = 
4208 EUR per year. 
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Comparing the inventory on stock in the three-variants-

scenario to the zero-variant-scenario leads to an inventory 
increase by 25 percent. Due to higher purchasing prices for 
variants, inventory complexity costs amount to 1246 Euro 
per year (10). This represents an increase of 42 percent. Fig. 
6 graphically shows this cost jump. Besides the stock of 

inventory, inventory complexity costs for WIP have to be 
considered. WIP inventory accumulates in the sequencing 
area, during transport and at the assembly line. Complexity 
costs for WIP amount to 1080 Euro per year. In total, 
variety-driven inventory complexity costs CCI3 sum up to 
2326 Euro per year. 
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Fig. 6. Inventory Complexity Costs for Windshields 

 
In addition to process and inventory equations, floor 

space equations are constructed. The available floor space is 
clustered in internal areas (internal warehouse, assembly 
line and preparation area) and external areas (external 
warehouse). Floor space dedicated to windshields becomes 
necessary at different stages at the factory premises: at the 
warehouse, at the sequencing area and at the assembly line. 
Floor space costs are based on a floor space capacity cost 
rate per cluster in terms of monthly lease costs in EUR/m². 
Fig. 7 graphically illustrates the floor space equations in 
(11) for the sequencing area. Windshields in the sequencing 
area are provided with two containers per variant which 
leads to a linearly increasing space demand subject to the 
number of variants. To calculate the floor space, the 
container width is wc = 1.8 m², the container length is lc = 
1.2 m², and the number of containers 0

0c  is 2 in all variant 

scenarios. 
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The additional capacity demand of floor space AF3 in the 

sequencing area for 3 variants is quantified with AF3 = F3 – 
F0 = 14.3 m². 
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Fig. 7. Floor Space Demands subject to Product Variety for the sequencing 
area of windshields 

 



 

With a floor space cost rate CRF of 4 EUR/m² for the 
sequencing area, the variety-driven floor space complexity 
costs at the sequencing area CCF3 are calculated in (12): 

 
monthEURCRFAFCCF Sequencing /5733    (12) 

 
Space complexity costs for the warehouse and the 

assembly line are calculated in the same way and amount to 
9.50 Euro per month for the warehouse and 0 Euro per 
month for the assembly line. The latter can be explained, 
because the sequenced provision of windshields at the 
assembly line does not require more space than a 
homogenous provision in a zero-variant-scenario; both 
require two containers at the assembly line. Summing up, 
space complexity costs CCF3 amount to 798 Euro per year.  

 

D. Overall Complexity Costs 

In total, all product variety-driven complexity costs for 
windshields due to the existence of three variants CC3 are 
calculated by summing up all resource’s complexity costs 
(13). The overall complexity costs amount to 6248 Euro per 
year, which is an increase by 39 percent compared to zero-
variant logistics costs. 
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At first glance, the amount of 6248 Euro per year does 

not seem high. Taking into consideration that one 
automobile consists of approximately 3000 different 
modules and 12.000 different parts, variety-driven 
complexity costs for one automobile are much higher. 
Taking further into account that the costs of 6248 EUR per 
year only occur in the OEM internal inbound material flow 
due to the existence of three variants, it can be imagined that 
complexity costs rise considerably if product variety is 
higher for other parts (as is the case for engines, bumpers, 
steering wheels, tires, etc.). 

According to complexity costs, impacts on the logistics 
performance are quantified. The variety-driven additional 
process time of 27.92 minutes per day represents an increase 
of approximately ten percent compared to a zero-variant-
scenario. The process time in the automotive industry as 
HPV (hours per vehicle) is an important figure to perform 
benchmarks with other OEM in the Harbour Report [41]. 
With a separate statement of basis and complexity ratios of 
HPV, a more significant benchmark could be carried out in 
taking product variety-induced effects into consideration.  

The case study shows, that the proposed evaluation 
method of product variant-driven complexity is applicable 
in praxis. In future, a comprehensive analysis of all parts 
and all models at the OEM is aimed. In particular, it is of 
interest if the complexity cost ratio of 39 percent and the 
complexity throghput time of ten percent for windshields 
are represantative for other parts and hence a complete 
automobile. The case study focused product-driven 
complexity costs. To account for both operative (product-
driven) and structural (system-driven) complexity, the 

influence of the logistics system requires further analysis in 
the future. In this case-study, system-driven complexity for 
instance would account for the sequencing area that is not 
necessary in a zero-variant-scenario.  
 

V. SUMMARY AND CONCLUSION 

Impacts of an increased product variety in the automotive 
industry in particular affect the field of logistics. To capture 
product variety-driven complexity, the logistics system has 
to be evaluated subject to product variety. This knowledge 
regarding impacts of product variety is necessary to support 
strategic decisions, e.g. the determination of an optimal 
order penetration point in the supply chain. Towards 
providing relevant information, the authors of this research 
paper gave intensive attention to influences of product 
variety on logistics costs and performance. The proposed 
evaluation method overcomes the lack of transparency in 
combining several evaluation methods to a variety-specific 
approach, underlying the concepts of zero-base and TD-
ABC. As opposed to existing evaluation methods, the 
proposed cost allocation is not based on estimates, rather 
along involved processes in a variant scenario compared to 
a zero-variant-scenario. The following innovations in 
evaluating complexity have been achieved: 

- Zero-Variety approach to identify base and variant 
parts of the automobile 

- Variety-Driven ABC (VD-ABC) to capture logistics 
costs and impacts on the logistics performance subject 
to product variety 

Through the differentiation of automobile parts into base 
and variant parts, a reference scenario with zero variants is 
created, which allows the comparison to variant scenarios. 
With VD-ABC variety-specific additional resource demands 
are captured. Hence, the percentage of complexity in terms 
of costs and performance is identified subject to product 
variety. In taking specific characteristics of automotive 
logistics systems into account, variety equations for 
processes, inventory and floor space have been developed. 
Also, demand variability is considered through inventory 
equations.  

The case study at a German OEM shows, that the 
proposed evaluation method is applicable in praxis. 
Findings about the amount of complexity costs and 
performance impacts are gained which constitute 39 percent 
and ten percent respectively within the given scope. 
Nevertheless, the method’s field of application is not 
restricted to inbound material flows, but can easily be 
adjusted to other fields of logistics (e.g. distibution) or to 
information flow processes (e.g. planning processes within 
product design). 

Whereas this research paper focused on the design and 
practical evaluation of a method to quantify variety-driven 
logistics complexity, the prototypal implementation at the 
German OEM is the next step. As a further outlook, this 
evaluation method will be complemented by a second 
module to quantify system-specific influences and hence 
structural complexity, e.g. to evaluate the supplied 
capacities and allocate their costs to variants with specified 
cost rates.  
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