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COSTS OF LOW- QUALITY 
 

Abstract: With strategy number one, BMW AG wants to be the 

leader in quality. Customer satisfaction serves as an indicator 

for quality. From a customer point of view, low quality leads 

to dissatisfaction, and for the company, additional activities 

in product development and product life cycle. The quality 

goals can only be achieved due to an increase in effort. But 

how can the financial effects of low quality be measured? 

How can the costs of low quality be reduced? 

Keywords: End-of Life Vehicles, Multi-Criteria Classification, 

Fuzzy Sets 

 

1. INTRODUCTION  
 

Outstanding product quality is a must in 

today’s highly competitive automobile market. 

Regardless of the complexity of the supply 

chain, the internal organization or even the 

structure of the communication channels in the 

company it must be constantly sustained. 

Achieving a satisfactory product quality level 

in an environment of highly globalized 

procurement and production processes often 

requires the development and deployment of 

individually tailored firm resources. 

Outsourcing production in low-salary countries, 

therefore, does not always contribute to 

operational excellence [1]. 

Saturation of the traditional market leads 

to raised competition pressure from other, 

globally active, companies inside a given 

market segment. This increased competition 

pressure, in turn, leads to increased pressure on 

innovation and shortening of the development 

cycle. 

Such dynamic environment creates higher 

customer expectations in regard to product   

quality and individualization possibilities which 

again, result in an upsurge of product 

complexity and variability. 

The ultimate effect is that companies face 

increased pressure to lower the costs of a 

production process and the product itself, which 

in turn, finally can lead to lower product 

quality! 

The following chapters answer the 

question which methodology is suitable in 

automotive industry to estimate the low quality 

in the production processes and the product 

itself and which impact they have on the 

customer’s satisfaction. 

 

 

2. PROBLEM STATEMENT  
 

Product quality management (pqm) is a 

comprehensive set of tools that enables 

organizations to control and manage the data 

related to product quality across enterprises. 

This product data includes product and 

manufacturing defects, field failures, customer 

complaints, product improvements and 

corrective actions requests [2]. 

There is a whole continuous process that 

pqm observes from start of production (SoP) 

until end of service [3]. In pqm, the progress 

indicator is assigned to each problem, which 

ranges from 0 (problem discovered)-100 

(problem solved). 

Pqm is applied throughout the production 

phase. 

This method allows permanent reduction 

of warranty costs and ensures top position 

among different automanifactures. 

First step in evaluation of low quality 

starts by evaluation of problems that appear in 

pqm system. 

The cause analyses are done by quality 

engineers on returned components after the 

causes are determined. 

They examine the original reasons for the 

deviations from a defined reference state [3]. 

Starting from this point one can estimate 

the influence on direct and indirect costs, and 
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the impact from the customers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 - Ratio between low quality caused by 

OEM and a supplier 

 

In focusing to the customers, the OEM 

must provide value for them. Amongst other 

things, this means the right products and 

services, at the right time, the right place and 

the right quality [4]. 

Satisfied customers can develop loyality to 

the company and by repetition, additional 

purchasing and positive word-of-mouth 

increase the economic benefit for the company 

[5]. 

 

 

3. RESEARCH APPROACH 
 

In this section a method is described which 

one can use in order to estimate the costs and 

dimensions of low quality. 

Low quality is caused by parts of 

components, processes and methods that have a 

negative effect on the functions and the 

integrity of the product [6]. 

One part of defining the low quality is 

through estimation of the quality/ low quality 

costs. 

Those costs can be further divided into 

direct and indirect costs of quality. 

Direct costs can be estimated by means of 

warranty costs, defects, transportation, rework 

and can be easily converted into money lost. 

Indirect costs however are difficult to quantize 

because they are not measurable but have huge 

impact. One example is customer 

dissatisfaction. 

In the following the most important types 

of costs associated with low quality are listed 

[6]: 

 Direct costs: An expense that can be 

identified with cost object such as 

department, process or product. E.g. 

warranty costs, scrap costs, supplier 

costs… 

 Indirect costs: costs that are not directly 

accountable to particular project, facility, 

function or product. E.g. Customer 

dissatisfaction, delay of the SoP… 

 Avoidable costs: Avoidable costs are 

expenses that can be avoided if a decision 

is made to alter the course of a project or 

business [7]. E.g. Not realized sales 

volume, scrap costs, Warranty costs…

 Reactive costs: Overall costs after 

production. E.g. Warranty costs, Scrap 

costs… 

 Preventive costs: An expense incurred as 

part of the quality control efforts of a 

business performed in order to avoid 

having defective products reach consumers 

[8]. E.g. Quality planning, inspection 

planning. 

 Conformity costs: Costs of preventive 

character which ensure that the product 

conforms to the specifications. E.g. 

testing, prevention of mistakes, ... 

 Non conformity costs: Costs for 

correction of mistakes or repetition of 

tests. These are also known as costs of 

non-quality. E.g. Scrap costs, Waste costs.

 Opportunity costs: Costs that arise by not 

using an opportunity to earn more money 

in the hope that it will pay off later. E.g. 

Loss of customer and income due to the 

brand dissatisfaction

 

3.1 Fault tree analysis  

 

An important aspect of any safety analysis 

is to examine the system in terms of potential 

dangers and their causes. Fault tree analysis 

could be used to that end. It represents a top-

down, systematic investigation of the causes for 

safety issues and lists the results in the form of 

a tree. Thus, the fault tree analysis is primarily 

used for a systematic analysis of dangers, rather 

than their identification [9]. 

As a first step in the fault tree analysis the 

system boundaries are set. That includes the 

definition of dangers, their triggers, which are 

examined in the analysis, as well as the 

physical constraints of the system and its initial 

state. Examining the brake system, for instance, 

would yield different results depending on 

whether the test is carried out on a highway at 

130 km/h or in a city at 30 km/h. As soon as the 
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system boundaries are defined, the triggers of a 

danger event (the top event of the fault-tree) 

could be traced to the performance of the 

lower-level parts. In order to visualize the 

relationships among the components, the 

following standard notation is used [9]. 

 

Figure 2 - Symbols in Fault tree Analysis [9] 

 

The fault-tree analysis connects the 

triggers of an upper-level event with the 

respective logical gates. If, for example, the 

triggers of an event are connected by an OR-

gate, any single one of them could cause the 

upper-level event. A block-gate, on the other 

hand, places an additional constraint on the 

trigger, so the upper-level event happens. This 

constraint refers to an event that is neither an 

error, nor a defect and could occur during 

normal operation. 

In order to visualize a relatively bigger 

tree, sub-trees could be established and 

analyzed separately by marking them with a 

transfer symbol. 

The triggers and events defined in the 

fault-tree are broken down to their constituting 

sub-events until a pre-determined level of detail 

is reached. The trigger events at the lowest 

detail level are the so-called leaves of the tree. 

They are also called basic events and are not 

depicted in more detail in the analysis. Such 

basic events could be, for example, a failure of 

a part of the system, that has not been described 

in detail in the current system design. A central 

feature of the events in a fault-tree is that the 

occurence of events is not desirable since they 

refer to failures. 

An example is shown in Figure 3. 

Figure 3 - Fault Tree [9] 

 

The danger of overloading the engine is 

attributed to two causes that should both be 

present – a defect in the fuse and a faulty 

current. That is why the two events are 

connected with an AND gate. The event that 

the current is faulty is further broken apart into 

two events – relais does not open and the 

control switch is on. Those two events are 

connected with an OR gate. Since the triggers 

of the latter event are not present it is marked as 

a not further investigated event. The other two 

events are basic. 

In estimation of the fault tree analyses 

suitable is to use the Poisson distribution. It 

describes well the behavior of many rare event 

occurrences regardless of their underlying 

physical properties [10]. The Poisson 

distribution has also numerous applications in 

describing the occurrence of system (or 

component) failures under steady-state-

conditions. 

In the automotive industry the failure 

probabilities for the events in the fault-tree 

analysis could be obtained by isochrome charts, 

which include the number of vehicles produced 

in a certain month and the number of failures in 

those vehicles by months since production date. 
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3.2 Customer satisfaction analysis 
 

The estimation of the indirect costs of low 

quality was carried out to establish the link 

between the quality of the engine parts and 

customer satisfaction. The analysis was based 

on a data set that included customers’ marks on 

a number of product attributes as well as a mark 

on their overall satisfaction on a pre-determined 

scale. An analytical method was then applied 

on that data set to identify those attributes of 

the product which are most critical for the 

customer’s overall satisfaction. A low mark on 

at least one attribute in a certain set is denoted 

as F (“failure”), whereas a low mark on the 

overall satisfaction is called D 

(“dissatisfaction”). P(F|D) (also called Reach) 

is the conditional probability of a failure in the 

event of dissatisfaction. P(F|D’) (also called 

Noise) is the conditional probability of a failure 

given the lack of dissatisfaction. The bigger the 

value of the difference P(F|D)- P(F|D’) for a 

certain attribute the higher the probability that 

the examined attribute could have a negative 

effect on the overall satisfaction (i.e. is a key 

dissatisfier). In order to identify the key 

dissatisfiers the set of attributes with the highest 

value of P(F|D)- P(F|D’) is determined [10]. 

 

 

4. CONCLUSION 
 

The costs of low quality could be split into 

directs costs for warranty cases and costs in 

terms of low customer satisfaction. Using fault-

tree analysis the probabilities for failures in 

different parts are calculated and could be used 

to determine the direct warranty costs. The 

customer satisfaction analyses are most 

important to be improved in order to avoid 

dissatisfaction. 
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