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Abstract
The automobile industry is, and always has been, one of the most competitive industries worldwide, so the
pressures along supply chains are incredibly high, making companies to search for continuing
improvement of their competitiveness. ZF is a German worldwide company, belonging to the first tier of
suppliers. This company keeps continually seeking for improvements on their performance, as with
innovative products, or with development and improvement of their functions along their supply chain.
It is within this context that this dissertation is implemented, ZF decided to improve their purchasing
function, making a strategic move towards its globalization. In this Master Dissertation was studied the
possibility for global sourcing from a cost reduction perspective, suggesting new sourcing markets with
highest potential for savings for specific part groups. As a first goal the Total Cost of Ownership tool is
analyzed for global sourcing activities, followed by an evaluation of possible new sourcing markets
identifying a possible decrease on current piece price.
The current TCO tool revealed itself to be well-prepared to be used for Global Sourcing activities, however
showing the lack of reverse logistics aspects as a gap. As for a possible Global Sourcing new strategy
based on cost reduction, parts with high piece price impact but lower logistics requirements presented
better results. A more extensive study on logistic impact is advisable, with a possible improvement of the
remaining part group’s results.
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Resumo
A indústria automóvel é, e sempre foi, uma das indústrias mais competitivas em todo o mundo, de modo
que as pressões ao longo de cadeias de abastecimento são incrivelmente altas. A ZF é uma
multinacional alemã, pertencente ao primeiro nível de fornecedores da cadeira de abastecimento. Esta
empresa mantém uma busca continua de melhorias do seu desempenho, quer seja com produtos
inovadores, ou com o desenvolvimento e melhoria das suas funções ao longo da cadeia.
Uma vez que a ZF decidiu melhorar a sua função de compras, fazendo um movimento estratégico para a
sua globalização, nesta dissertação foi analizada a possibilidade de fornecimento global de uma
perspectiva de redução de custos.
Como primeiro objetivo deste trabalho, a ferramenta de Custo Total de Propriedade é analisada para
atividades de abastecimento global, seguido de uma avaliação dos possíveis novos mercados de
abastecimento identificando uma possível diminuição no preço por item atual.
A ferramenta TCO actual revelou-se bem preparada para ser utilizada em atividades de abastecimento
global, porém mostrando a falta de aspectos de logística reversa como uma lacuna. Quanto a uma
possível nova estratégia de abastecimento global baseada em redução de custos, peças com maior
impacto nos custos de peça final mas com requisitos logísticos mais baixos apresentaram melhores
resultados. Um estudo mais extenso sobre o impacto logística é aconselhável, perspectivando uma
possível melhoria nos resultados dos restantes grupos de peças.
Palavras Chave: Abastecimento Global, Estratégia de Compras, Seleção de Fornecedores, Custo Total
de Propriedade
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1- Introduction
1.1- Problem Background and Motivation
‘It is the maxim of every prudent master of a family, never to attempt to make at home what it will cost him
more to make than to buy […]. If a foreign country can supply us with a commodity cheaper than we
ourselves can make it, better buy it of them with some part of the produce of our own industry, employed
in a way in which we have some advantage.’ (Adam Smith, 1776, cited from Holweg et al., 2011).
Nowadays, markets are changing fast and becoming more and more competitive. The pressure on
companies is increasing and making them pursuing ways to become more cost efficient. Their necessity
to reinforce its competitive position on the market is higher.
The role played by purchasing departments in the companies is gaining more importance in the cost
reduction measures, leading purchasing managers to seek solutions to the current situations, in order to
improve these departments’ performance. In the globalization of their activities, companies find ways to
achieve competitive advantage, sometimes resorting to global sourcing. The current economic recession
shows little evidence of reversing this trend; in fact, this will likely increase the pressure to source globally
(Hultman et al., 2012).
“If companies that have developed a new product do follow a country-by-country approach to foreign
market entry over time, a globally oriented competitor will likely overcome their initial competitive
advantages by blanketing the world markets with similar products in shorter period of time” (Kotabe and
Murray, 2004).
Global sourcing is one the greatest challenges that managers need to face, experiencing the need to ship
1

their sourcing activities from local suppliers to low-cost countries suppliers (Hultman et al., 2012) and it
was in this precise context that the motivation for this work appeared at ZF Friedrichshafen AG (ZF),
where the work has been developed. The challenge proposed by ZF consists in developing a global
sourcing strategy for the new product line at ZF Mechatronic Products, AKC, which stands for Active
2

Kinematics Control, including concrete recommendation for part groups with highest benefit potential
3

from this strategy, in order to decrease the price per piece .
1.2- Work Plan
Given the motivation for the present work, a work plan is proposed, allowing to frame a general approach
to the problem in study in this Master’s dissertation.
This approach is divided in 4 steps, which are represented in Figure1.

1

Supplier- a party that supplies goods or services. Can be also called a vendor.
Part- component of the final product
3
Piece- result of the assembly of the parts. End product.
2
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•Results
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Figure 1 - Work Plan for the Master Dissertation

st

1 Step

• Description of the problem to solve - At this phase, there are three main goals: present the company
and the product to be studied, identify the problem, and analyze the current sourcing strategy. For this
purpose, the product is introduced firstly, where its description is made and the currently ongoing
programs are presented. Next, the current purchasing strategy is described, how they proceed with
supplier selection, including tools used for this goal.

• State of the art - Here, a review of the literature regarding the identified problem on the previous point
was made. This review focuses on global sourcing strategies, including their motivators, advantages and
disadvantages, low-cost countries sourcing and risks associated with sourcing outside. A review was
developed regarding to costs associated to purchasing, and the methods used to assess those costs,
such as Total Cost of Ownership, also used as a support in supplier selection.
2nd Step

• Definition of the Methodology - In this step, a complete methodology to approach this problem is
proposed, including a complete description and justification of the methods used. This took into account
the problem itself and the available literature in the topic.

• Data collection and analysis - In this point is made a first data collection, in order to identify the best
approach to the problem, including the part groups to be analyzed. The cluster’s approach was used to
group the parts of each program, and based on the production process. This step is important since it is
unfeasible to analyze all parts from each program, so their analysis was focused on production cluster.

• Assumptions’ definition - Definition of the assumptions used in cases where the data is not available or
sufficient for the problem analysis.

2

rd

3 Step
• Methodology Application - Application of methodologies to assess the best solution to the problem was
made. Here, two phases of study was explained and simplifications were used, in order to achieve the
best solution possible. These methodologies helped to analyze and translate the scenarios into possible
solutions.
4th Step
• Results interpretation and analysis - Finally, in this step, the achieved results are interpreted and
analyzed. In this way is possible to highlight some aspects of the solutions and also draw attention to the
downsides of it. The applicability of the solution to the rest of the part groups are discussed. The best
solution is pointed out.
• Conclusions- Final remarks and possible future improvements are pointed out.
The present dissertation is focused in developing the first step, providing as well some directions for the
second step.
1.3- Dissertation Objectives
This Dissertation has two main goals, being its first one a recommendation for the company of new
possible sourcing markets where savings can be expected from a total cost of ownership perspective.
Secondly, and due to addressing the first goal, the second goal encompasses the analysis of the current
Total Cost of Ownership tool used by the company when dealing with Global sourcing activities.
1.4- Dissertation Outline
This Dissertation outline was developed considering the previous presented objectives for this
dissertation and is organized as follows:
Chapter 1- Introduction
Represents the actual chapter, where the problem context is presented, the methodology adopted to
approach the problem and the objectives for the present work.
Chapter 2- Case Study
The case study is presented. For that purpose, ZF is introduced as well as the business unit responsible
for the product in study, AKC. Moreover, the current purchasing situation is presented more in detail
during this chapter, identifying the problem under study and presenting the tool which served the base to
the methodology implementation.

3

Chapter 3- State Of The Art
This chapter provides a review of prior works developed related with global sourcing strategy problem
and the cost structure used to support these decisions.
Chapter 4- Methodology
Through the entire chapter, the methodology use to develop the study is presented. A relation to theory
and adaptation to the practical case is done.
Chapter 5- Methodology implementation and Results
In this chapter an application of the methodology presented in the previous chapter is made and its
results are presented.
Chapter 6- Conclusions and Further Studies
Lastly, conclusions of the work done are made with indication of further studies to be conducted.

4

2- Case Study
In this chapter, a contextualization of the problem is made, presenting information regarding to the case
study under analysis. This phase of the dissertation gives a strong basis for further developments of the
study in the context of dissertation.
The information collected in 2014 for this purpose was taken from internal company documents, contact
with Purchasing department employees, including purchasing Manager, and on-site observations.
First, a brief presentation of the company was taken and a general overview of the AKC project was
presented. Since the present study focuses on purchasing globalization for the AKC project, a more
detailed presentation of the current sourcing strategy’s situation was performed. This presentation focus
on the steps taken in the complete sourcing process, from the pre-selection of suppliers to the final choice
and their respective classification, considering all the tools used and applied; and also an analysis of
company’s documents was made. For a better understanding of the purchasing process, it is necessary
to understand all the process supporting supplier management, so a detailed characterization regarding
to supplier management is also endorsed in this chapter.
2.1-Introduction to ZF
ZF Friedrichshafen, has not always been as we know it today. The company was founded in 1915 for the
development and production of transmissions for aircraft and vehicles.
“Nowadays, ZF is a global leader in driveline and chassis technology with 121 production companies in
26 countries.”

Furthermore, ZF has 8 main development locations in 4 countries, plus 32 service

companies and more than 650 service partners.

“In 2013, the Group achieved a sales figure of

presumably EUR 17 billion with 73,600 employees. ZF is among the top 10 companies on the ranking list
of the largest automotive suppliers worldwide.” (ZF Friedrichshafen AG, 2013a)
From a supply chain position perspective, ZF belongs to the first level of suppliers (Tier 1), also known as
direct suppliers.
ZF group structure was reviewed in 2011 and currently there are five divisions (Figure 2): Powertrain
Technology, Chassis Technology, Commercial Vehicle Technology, Industrial Technology and Steering
Systems (ZF Lenksysteme OEM2bH), which is a result from a joint venture between ZF Friedrichshafen
AG and Robert Bosch OEM2bH, where each part holds 50% share. To each division are assigned distinct
Business Units.
We can see from the numbers presented in Figure 3, that it is to Powertrain Technology and Chassis
Technology Divisions that the most representative sales are related.
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Figure 2 - ZF Structure (ZF Friedrichshafen AG, 2012a)

Figure 3 - ZF sales distribution by divisions and business Units (ZF Friedrichshafen AG, 2012a)
Table 1 - Sales Distribution by Regions
Sales Distribution by Regions
Africa

1%

South America

4%

Eastern Europe

5%

Asia-Pacific

18%

North America

19%

Western Europe

53%
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Proving ZF’s strong global focus, we have the numbers for sales distribution by regions (Table 1),
showing that approximately half of the sales represent exportation. The percentage of sales associated
with Western Europe has a very high value, however it must be taken in mind that Germany is included in
4

this figure, and that most of the major European automobile final assemblers (OEM’s ) are in this country,
as well as ZF’s headquarters.
2.2-Chassis technology division
ZF is known for its decentralized organization, so each business unit is considered as a profit center and
has their own purchasing department. Since this work is under the Chassis Technology Business Unit, we
focused the text on that same specific division. Chassis Technology division is organized into 4 different
business units, Chassis Systems, Chassis Components, Rubber and Plastics and Suspension
Technology. Within the framework of the Chassis Systems there are 5 different business areas, Front
Axles, Rear Axles, Corner Modules, Sub-Frames and Active Kinematics Control (AKC). Chassis Systems
are also divided into 3 different offices, organized by regions, Europe/South America/Africa, North
America, and Asia Pacific. Each office is responsible for supporting the business within those areas
(Figure 2). This case study is related with AKC, a new mechatronic product developed in Dielingen
development center (Germany), and where the purchasing department is placed for this specific product.
2.3-AKC Project
2.3.1-Introduction to AKC
The active rear Axle Kinematics AKC ® (which stands for Active Kinematics Control) is a new
mechatronic system, which consists in an active toe control for the rear axle. Although this type of product
already exists in the market, ZF is the first company to develop a complete system including axle,
actuator and electronics. AKC replaces the toe of a multilink axle by control arms with adjustable length.
This enables an active control of both rear wheels’ toe. This system allows the rear wheels to perform a
rotation angle up to 3 degrees, acting according to the driving situation. The AKC system performs a
driving situation-related control, offering different functional characteristics (ZF Friedrichshafen AG, 2010):
High speeds (above 40 mph/60 km/h): rear wheels turns in the same direction as the front wheels,
represented in Figure 4 , improving stability and driving dynamics;
Medium speeds: the system does not act, only front wheels turn, as shown in Figure 5;
Low speeds (e.g. parking): rear wheels turn in the opposite direction to the front wheels, represented in
Figure 6, and this action increases driving comfort.

4

OEM- Original Equipment Manufacturer.
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Figure 4 - AKC behavior at high

Figure 5 - AKC behavior at

Figure 6 - AKC behavior at

speeds

medium speeds

low speeds

The possibility of adjusting the rear axle tracking translates into numerous benefits in day-to-day
situations, particularly in the field of safety, comfort, economic and driving fun. Regarding to safety, we
can identify advantages such as additional stability function and improved directional stability. For comfort
and driving fun we have parking aid, reduced turning radius, improved agility and cornering, improved
handling and sports performance. Finally, from the economic point of view, there is reduction of tire wear
and minimized roll resistance.
AKC system exists in two variants, dual and central, which makes it adaptable to all types of automobile.
Normally, the dual systems are installed on sport models where space and weight is an issue, as they are
lighter and smaller. It consists of two independent actuators installed at each wheel (Figure 7), but
represents a higher price.

Figure 7 - Dual actuator

Figure 8 - Central Actuator

Unlike the dual system, the central system is a unique piece, which occupies more space due to its
dimensions, and its applicability is to passenger vehicles, once lack of space is not such an issue (Figure
6).
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2.3.2-AKC at the present Moment
At the moment of data collection, the AKC project5 is very new, and there is only one automobile model
6

with the system already installed, however other programs have already started the project.
As explained at the beginning of the chapter, the main focus of this study is the globalization of purchases
with the aim of reducing costs and increasing the competitive advantage of the project. Being a project of
high ambition and complexity, the constituent parts of the system obey to high standards regarding to
quality and design, and are of extreme importance that suppliers follow this vision of ZF. An overview of
the current situation of AKC project is showed below in Table 2, where each line represents a different
level of specification, starting from the general name of the project, dividing it into its two variants, and
mentioning to each variant the number of suppliers (considering all suppliers of all programs), number of
different parts and number of different programs (with indication of the customers).
Table 2 - AKC Overview

AKC Project
Central
87 Total
Parts

Dual
5

36 Suppliers

45 Total Parts

Programs

2 OEM1

OEM3

OEM2

OEM6

25 Suppliers

2 Programs

OEM5

OEM4

2.3.3-Suppliers in AKC project
As it can be seen from the different suppliers’ geographical distributions associated to each system's
variable (dual and central) that are represented in Figure 9, German suppliers play a significant role. It is
easy to perceive one of the justifications for this occurrence when we have in mind the organization of the
business unit. Since the business region responsible for this project is the European division and its
purchasing department is located in Germany, the high percentage of German suppliers is
understandable. Associated with this location is also the center of development, so adopting German
suppliers also facilitates their inclusion still in the period of development of the part. Another reason is due
to the high know-how in the automotive industry that German companies have, making them highly
competitive local suppliers, reducing also the social and cultural barriers that possibly exist on global
suppliers.

5
6

Project- refers to the product concept itself
Program- project adapted to OEM’s particular requirements
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Suppliers' Geographical
Distribution (Central
Actuator) Germany
14%

8%

78%

Suppliers' Geographical
Distribution (Dual Actuator)
8%

4%

Germany

88%

Western
Europe W/
Germany
Eastern Europe

Western Europe
W/ Germany
Eastern Europe

Figure 9 - Suppliers Geographical Distributions
2.3.4-Programs Production Life Cycle
Each program involves three distinct phases. It begins with the prototype stage, heading for transition
phase called pre-series, and finally as it turns series, meaning that mass production was approved for
future installation in car models.
Prototype Phase
Prototype phase is where the entire development of the project is made, and it is when the sourcing
process also starts. At this phase is where the first supplier is nominated. This supplier is usually early
included on the development phase, so that they can share their know-how. Early supplier involvement
helps shorten development times, reduce costs regarding to development, tools, materials and modeling
and facilitate innovation.
Prototypes are made and tested in Car Chassis business unit, in Germany, which enables proximity to
the development team. This is possible due to low production quantities and small scale tools.
Pre-Series Phase
The main goal of this phase is the transition into series production, where the production capacity has to
be scaled up. There are 3 main stages:
st

- 1 stage: series tooling starts being used, changing from the prototyping phase;
- 2

nd

stage: gradually automatized and ignited production lines, less man work;

rd

- 3 stage: final trial.
Regarding to suppliers sometimes is required to change the prototype nomination into series nomination.
This change is due to the fact that prototype suppliers do not have the capacity to go into series. Such
displacement can only happen with parts where the supplier part specific know-how is not a problem,
otherwise the change it is not possible. Hence, in cases of electronic parts, when changing the supplier
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from prototype into series is needed, it would represent a relevant problem and a high impact on the costs
once the final part is dependent on supplier involvement in the entire development.
Series Phase
In this phase the program starts running in series production. At this point everything was approved by
OEMs, and everything is running in steady state.
2.4-Purchasing strategy
For a good understanding of the purchasing strategy, it is necessary to explain the supplier management
that happens behind the curtains. A good and strong supplier management facilitates the purchasing
process. If supplier management is performed successfully, it provides an initial good assessment
regarding the considerable number of suppliers. As we can see from Table 3, which correlates the steps
for the purchasing process with the supplier management phases, it can be seen that there is a strong
contribution form supplier management throughout the entire purchasing process.
This relationship between purchasing process and supplier management leads to situation where the first
suppliers to receive requests for quotation are the most likely to be a viable bet, accelerating the
purchasing process.
Table 3 - Relationship between Purchasing and Supplier Management (ZF Friedrichshafen AG, 2010,
2012b)
Supplier Management

Approval

Purchasing Strategy

Pre-Project suppliers Preselection
Selection of suitable
suppliers

●

*

Selection

Development

Classification

●

●

Analysis of the responses
Total cost of Ownership
Analysis

Assessment

●

●
●

Offers Negotiation
Classification

●

●

●
●

*If suppliers do not belong to ZF’s current pool of suppliers
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2.4.1-Purchasing Process
2.4.1.1-Pre-selection of suppliers and Definition of the Request For Quotation package
At this step, a first approach to define possible suppliers for the parts is developed. Potential suppliers are
identified through an investigation on their general suitability for the next supply relationship; and
identified and qualified on the basis of their economical, technical and logistical performance.
At this point, the Request for Quotation (RFQ) package starts to be prepared; put together by the
purchasing department, in the form of paper documents, files or references to documents in conjunction
7

with the Simultaneous Engineering team . The following items constitute the package (ZF Friedrichshafen
AG, 2010):
• ZF C- Division Drawing and/or CAD model and/or specification for each part;
• Quantities and time schedule (annual volumes and life time volumes);
• Standards relevant to the part quoted;
• General terms and conditions;
8

• If applicable: Project-specific purchasing terms and conditions (e.g. special customer requirements,
trademark rights, logistics requirements etc.);
9

• Quality Guideline – including feasibility study according to QR83 ;
• Cost break down form for parts and tooling;
• Project-specific confidentiality agreement (to be sent out before the RFQ package, signed and returned
by the potential supplier before the RFQ package is sent for quotation).
These documents represent the content of the RFQ package in total, unless the supplier has the most
current versions of the above mentioned documents.
Benchmarking is done in order to pre-select suppliers who send the RFQ package. For benchmarking the
bill of materials (BOM) (1) is used, supplier questionnaire (2) is requested to new suppliers and the
available information can be verified with an initial visit and financial risk rating (see section 2.4.2.1 and
2.4.2.6) is carried out.

7

Simultaneous Engineering Team- team composed of members from various departments acting on product
development
8
Customer- Recipient of a good or service from a supplier. Also called client, purchaser or buyer.
9
QR83- suppliers’ quality guideline, applicable through the entire supplier management’s process.
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(1) BOM (Bill Of Materials)
The BOM consists of listing the parts required for the final product, and their respective necessary
quantities. Usually all necessary information can be found in this document, including purchase prices,
tooling costs and development costs associated with the part in question. Apart from the costs, the BOM
also contains additional information such as name of the buyer, nominated supplier, changes and
information on the current project phase.
(2) Supplier’s questionnaire
Supplier’s questionnaire is a tool used in the initial phase of the purchasing process, and is sent to all
suppliers of a new part. Its response is a mandatory requirement for them to be considered as potential
suppliers. This survey helps to gauge the ability of the supplier to provide the desired part, meeting the
requirements of ZF, for such questions are incurred for a diverse group of areas including technology,
quality, logistics and business relations.
The structure of the questionnaire is divided into 7 main points: General data, Company Data, Product
Range, Production Plants and R&D, Quality, Logistics, Customers and suppliers and Extra documents.
From an early beginning, cost analysis is involved, starting with a target price calculation (see section
2.4.2.1).
2.4.1.2-Selection of suitable suppliers and sending out the RFQ package
Before sending the RFQ package, there are certain steps that must be taken. A selection of suppliers
based on available documents and information requested should be taken. At this stage, the selection is
based primarily in the supplier profile available and present information in ASL ZF group. In the case of
new suppliers, a supplier approval process should be preceded (see section 2.4.2.1). It is also at this
stage that the initial visit by the supplier of ZF is performed by project buyers

10

and SQE

11

(ZF

Friedrichshafen AG, 2009).
Alongside this analysis, the project appraisal and ZF SAM 360º (see section 2.4.2.4) should be applied
to the bidders
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list by the project buyer.

The final aspect to consider is whether the suppliers are in ASL ZF Group. If the supplier belongs to ZF’s
pool of suppliers and meets all requirements previously described, it is included in the bidders list with
those suppliers. After defining the bidders list, adjusted the RFQ package of the component in question,
the RFQ Package can be sent; otherwise the approval process of new suppliers described in Supplier
Management section (see section 2.4.2) shall be initiated.

10

Project Buyer- Buyer responsible for the acquisition of project-specific parts
SQE- Supplier Quality Engineer, Responsible for assessing quality aspects with the supplier
12
Bidder- supplier requested to quote
11
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The purchasing department is responsible for sending out the RFQ package to the selected suppliers.
2.4.1.3-Pre-selection and verification of the supplier responses and Preparation of the RFQ
evaluation
The step that follows, is related with sending of RFQ package, and aims to analyze proposals received
from suppliers who have been made a request for quotation, and to make the first elimination from
different suppliers who do not comply with the requirements. All quotations are reviewed and verified by
the Simultaneous Engineering team. In cases where the documents are not received on time, it is made a
document tracking and if the proposal is not completed within the established period, this provider is
immediately eliminated.
Verification should include feasibility of the quotation, completeness of data, and conformance to terms of
RFQ. Additional quotation rounds were carried out with the supplier if necessary.
The production feasibility analysis, in the form of a binding statement in accordance with the
questionnaire of QR83, ensures that the products inquired meet all of the ZF requirements in accordance
with the quality guidelines when production takes place under series conditions.
A quote evaluation is next performed and documented to provide an overview of the costs and the
efficiency.
2.4.1.4-Total Cost of Ownership analysis
Finalizing the assessment of the first proposals received the Total Cost of Ownership (TCO) is filled out
and its respective analysis is carried out. The results of the analysis are then reviewed, evaluated and
documented in order to get a complete overview of all costs. For a better understanding, this method is
explained below.
Total Cost of Ownership (TCO)
Among the ZF Group, the costing method used in purchasing decisions regarding to suppliers selection of
parts is the total cost of ownership (TCO).
Currently a new format for TCO is in use, with also a new name, Sourcing Decision Sheet (SDS), and it is
the official format used through the entire ZF Group, facilitating the information exchange between
regions and business units.
Sourcing Decision Sheet considers not only the purchase cost but also all costs related to the entire
operation (such as transportation or packaging), and during the filling process several departments put
their input such as logistic department and quality department.
Besides costs, SDS also considers results regarding with supplier performance, which helps to make the
best supplier selection as possible (Figure 10).
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SDS
Costs overview
Supplier Info

•Total CostsOver lifetime
•Purchasing Costs
•Logistic costs
•Quality Costs
•Additional negotiated
Savings

Supplier Performance

Figure 10 - Sourcing Decision Sheet overview
While analyzing the data present on SDS, project buyer should not look only at an item’s short-term price,
which is the purchase price but also at long-term price, represented in SDS price. The complete supplier
evaluation analysis is carried out by purchasing, logistics, SQE (Supplier Quality Engineer), quality, and
development and the final approval of the supplier based on SDS is reserved for the Sourcing Decision
Board.
2.4.1.5-Negotiation of the Offers and Supplier recommendation
After analysis of the SDS and evaluation of other documents such as supplier questionnaire, feasibility
study and target costs provided by cost analysis, offers’ negotiations start directly with the supplier. If the
requirements of ZF at this stage are not met, or if any adjustments are also not allowed by the supplier, it
is immediately deleted. At the end of these negotiations, the bidders list should be reduced to around
three suppliers.
If during the sourcing process alterations to the design occurred, a new supplier analysis should be taken
to ensure that the requirements continue to be met.
After completing these steps, information is prepared for final decision. Here a Decision Matrix is filled,
where the inputs regarding costs associated with SDS, Supplier assessment and Risk Assessment are
provided. This matrix is the document presented to Sourcing Board, which make the final decision based
on this matrix data.
2.4.1.6-Classification
After supplier recommendation is finished, and the final decision is taken, the commodity department
should endorse the actualization of supplier information within ASL ZF Group.
After the supplier nomination, a SAZUG-classification (see section 2.4.2.2) is assigned to each supplier
according to supplier management. It takes into account all results achieved on the previous steps
regarding with supplier management. With regard to applicable criteria, suppliers are accepted into the list
of approved suppliers (ASL ZF Group).

15

2.4.2-Supplier Management
In order to understand how ZF manages suppliers, on a broader perspective, a brief overview of the
Supplier Management process is provided. Therefore, in this section, the focus is on the treatment of the
company's supplier’s pool, being divided into six topics:
• Section 2.4.2.1 analyzes supplier risk and cost management within the sourcing process;
• Section 2.4.2.2 presents the applicability of the process to new suppliers based on economic status,
technical ability and logistical performance;
• Section 2.4.2.3 summarizes supplier selection process, presenting the steps carried out to make a
decision about the suppliers;
• Section 2.4.2.4 presents how suppliers’ performance is assessed and the method used is presented;
• Section 2.4.2.5 explains supplier development during different phases of the chain;
• Section 2.4.2.6 is presented the classification used to identify the type of suppliers within ZF’s supplier
pool
Supplier management process is a recursive process, so every time that a new supplier wants to be
considered, is required to go through the entire approval process that includes all the phases of supplier
management, starting with assessment and finishing with the SAZUG classification. When a supplier,
which already belongs to ASL ZF Group, is considered for a new project, the entire process will occur
again, on a project specific basis, until they reach a new classification phase (Figure 11).

Figure 11 - Supplier Selection Process (ZF Friedrichshafen AG, 2008)
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2.4.2.1-Supplier Risk and Cost Management within Sourcing
Risk
Supplier Risk management is a systematic process which records, evaluates and controls different
supplier related risks. For this purpose, ZF Finance Grading is an essential component, consisting of a
measure of the degree of creditworthiness of a supplier, which is provided upon request. Another way to
obtain this information is to assign this task to a service provider to assess the supplier’s financial
situation (ZF Friedrichshafen AG, 2012b).
Cost
A cross-functional assessment for supplier approval is made in order to assess whether suppliers have
capacity to quote according to the requirements of ZF (see section 2.4.2.2), so a cost management
exists actively during this process. Here is reported if the supplier has ability to provide quotations in
accordance with the requirements of ZF. At this phase, a strong analysis of the parts’ cost structures is
provided, using the tool Perfect Pro Calc (PPC) (ZF Friedrichshafen AG, 2012b).
• PERFECT PRO CALC
PPC is a tool that supports cost structure analysis, and is used to simulate a target price to bring to the
negotiation table, in order to get a best cost transparency. The calculations are based on raw material
and production process. The data inputs are structured in 4 divisions, Basic Data, Material,
Manufacturing, Overheads and Calculation. Each field is filled by the cost analysis department, after
studies based on requirements for local production and required steps associated with specific parts’
production. Data such as number of shifts, length of production, costs of labor and energy are adapted
according to the needs associated with the local production.
During the supplier selection (see section 2.4.2.3), cost management is in charge of quotes evaluation,
considering production processes and parts’ changes. This evaluation represents an important element
regarding cost-reduction during the purchasing process, being cost management included in the
assessment result.
At the supplier development phase, the cost-related evaluation serves to identify cost drivers and the
monetary evaluation of the achieved performance improvement compared with the performance showed
before supplier evaluation.
Lastly, at the classification point, cost management has its inputs on the mapping of the supplier into
classes “S” or “A” (see section 2.4.2.6).
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2.4.2.2-Supplier Approval
The initial priority in supplier approval is to point out market and technology trends as well as potential
sourcing options. Suppliers are identified and qualified on the basis of their economic, technical and
logistical ability to perform as ZF’s supplier. All ZF suppliers are managed in the Approved Supplier List
ZF Group (ASL ZF Group) according to the regulations of classification (see section 2.4.2.6). A supplier
selection must be carried out based on this list, but if there is a need to consider a new supplier, this must
pass a group-wide consistent approval process.
Assignment- The purchasing department, along with Logistics, Quality Management, Development,
Sales, Production and Strategic Corporate Planning are the ones able to start a study for approval of a
new supplier. However, it is the Commodities Manager working along with commodities team that should
be allocated to supplier approval study. When dealing with material groups that do not have a commodity
assigned, the allocation of the responsibility of the process changes to the Purchasing Board. Fulfillment
of the requirements demanded by the consumer and commodity team must be ensured by the commodity
manager or Purchasing board, depending on whom the responsibility for the approval process is
allocated. The identification of potential suppliers must be done on a market analysis basis prior to the
assignment (ZF Friedrichshafen AG, 2012b)
Release for the ASL ZF Group- As can be seen at Figure 12, the cross-functional assessment is an
essential element in the approval of new Suppliers. The first step is to analyze the ZF Grading (see
section 2.4.2.1) and if the value assigned to the supplier does not meet the minimum required, the
approval process can be terminated (ZF Friedrichshafen AG, 2012b).
Areas such as Quality, Technology and Logistics as well as risks associated with finances, organization,
environment and surroundings are evaluated in cross-functional assessment, and if there is any nonconformity with the requirements, then it should be followed closely by ZF together with the supplier, and
if necessary improvement measures should be defined.

Figure 12 - Release for the ASL ZF Group Process
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The approval or disapproval of a new supplier as ZF supplier should be made based on cross-functional
assessment, and their liberation for ASL ZF Group is made after this evaluation and is performed by the
same decision-maker, usually the Commodity manager. Class attributed to this supplier must be “A”
(Accepted Supplier) and if the supplier was nominated by the customer, the entrance class must be “U”
(Unwanted Supplier), once this supplier has not passed ZF’s supplier approval process and the only
reason to be considered is if supplier wishes it. The status is set by the Commodity Manager (ZF
Friedrichshafen AG, 2012b, 2013b).
2.4.2.3-Supplier Selection
Any supplier considered for project-specific suppliers’ pre-selection are already at ASL ZF Group. New
orders are placed to suppliers based on their classification; therefore Superior Suppliers (“S”) should
receive the orders primarily. When there are new suppliers or orders that cannot be profitable if placed on

Superior Suppliers, this orders can be placed on Accepted Suppliers “A”, or Unwanted Suppliers (“U”) if,
as mentioned previously, customers wish it (Figure 11) (ZF Friedrichshafen AG, 2012b).

•Prefered supplier by ZF, to receive orders firstly

Strategic
Supplier
"S"
Accepted
Supplier

•Receive orders when is a new supplier or when orders cannot be
profitable with Strategic Supplier

"A"

•Receive orders only if requested by customer

Unwanted
Supplier
"U"

Figure 13 - Supplier selection based on their classification
If there is any supplier in the list with the status listed above, capable to receive the order, a process for
new supplier approval should be initiated. An assessment of the product concept must be fulfilled, and
consists of 3 phases: Feasibility, Study, Evaluation of Technological Risk and Evaluation of Commercial

Risk.
During the nomination phase, a decision about the most suitable supplier should be carried out based on
concept assessment.
2.4.2.4-Supplier Assessment
Suppliers' ability to perform required tasks should be assessed throughout the process to ensure quality
and compliance with requirements such as delivery times. Key figures (named as Key Performance
Indicators – KPIs) are used to assess their performance relative to different areas such as purchasing,
quality and logistics. ZF Finance Grading (see section 2.4.2.1) is also considered as a KPI.
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o

Furthermore, a 360 assessment must be endorsed in order to determine new deficits points and risks at
ZF-SAM, as described below.
o

360 Assessment with the ZF Supplier Assessment Monitor (ZF-SAM)
The suppliers are evaluated regularly to ensure product quality and meeting deadlines throughout the
lifetime of the project. This analysis is performed using the ZF-SAM tool and can be divided into two
modules (ZF Friedrichshafen AG, 2012b):
Supplier Assessment – at this module, classes are awarded to each supplier based on a performance
evaluation regarding with Technology, Quality, Logistics and Purchasing. The classes are A, AB, B and

C. The first class A, is given when requirements were fully satisfied and in this cases, suppliers can be
considered for a long-term cooperation. The class AB, represents the cases when requirements are
mostly satisfied. In this case, problem areas were identified and show room for improvements. In case of
B class, requirements are partly satisfied, deficit areas are substantial, and remedial actions are urgent.
Lastly, when a class C is given to the supplier, it means that requirements are not satisfied and in this
case, improvement measures are required in short-term (ZF Friedrichshafen AG, 2009).
For a clear picture, Table 4 shows the measures and their timeline for initiation in a structured way and
these classes are the basis for Supplier Grading, and are a result of the interpretation on the results of
each supplier in each KPI.
Table 4 - Degree of toughness for measures from the “Supplier Assessment” module (ZF Friedrichshafen
AG, 2012b)

Risk Assessment - Risks associated with the suppliers are evaluated based on standard indicators of
risk for ZF. Each evaluation must take into account cross-cutting criteria to all suppliers and others
adapted to each particular situation. Thus the evaluation becomes the most up to date and realistic as
possible, creating a risk profile. Based on results from this module, measures to decrease/prevent the
chances of the risks are needed and are summarized in Table 5.
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Table 5 - Measures matrix for the “Risk Assessment” Module (ZF Friedrichshafen AG, 2012b)

2.4.2.5-Supplier Development
It is intended that suppliers to have a constant improvement and optimize their performance in relation to
Technology, Quality, Logistics and costs throughout the entire process and product optimization, meeting
the objectives of ZF.
Supplier development works in different areas such as reactive supplier development, strategic
preventive supplier development, process optimization and product value design. Reactive supplier
development is based on measures of short-term reaction. These measures are applied when a specific
problem is identified on the supplier's performance and aims to stabilize and improve performance in the
short-term.
The purpose of strategic preventive supplier development section is to support and promote the ability of
the supplier to meet the requirements of the consumer, in this case ZF, and has 4 phases which focus on:
supplier development during the new supplier’s approval process, before start of production, during
volume production and after volume production.
Process optimization and product value design is intended to improve suppliers that show room for
improvement. This approach serves to increase the effectiveness and efficiency within ZF supply
network. This process of optimization focuses on specific parts or concrete products with potential for
improvements showed, and the methodology can be applied to industrialized processes during volume
production or to ideal design in a complex supply chain before volume production.
Lastly, ZF Supplier Academy is a training institution developed by ZF for new suppliers, and has the
purpose to facilitate knowledge transfer between ZF and the suppliers in order to help them to achieve
company requirements. Moreover, the deficits identified during supplier assessment must be solved
during training in ZF Supplier Academy.
2.4.2.6-Supplier Classification
The final step regarding with Supplier Management is Supplier Classification, and this is responsible for
the class and status that is going to be attributed to the supplier within ASL ZF Group. A group-wide key
is determined from the class and status and reflects the importance of the supplier for ZF Group.
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Commodity Manager defines previously the classification key and is always applicable to ZF Group. This
classification is also called SAZUG classification, represented in Figure 12.

Figure 14 - ASL ZF Group Classes (ZF Friedrichshafen AG, 2008)
2.5-Problem under study
As we may see, a supplier selection results out of the combination of efforts from many different
departments, and it goes through different evaluations.
At the moment, the goal of ZF was to start global sourcing activities for the AKC project, and for that,
would like to know if the Total cost of ownership, Sourcing Decision Sheet, used by the department would
be feasible for these activities. In addition, an evaluation of new sourcing markets with an indication of
possible savings for each region. For this evaluation was important to create a complete understanding
how the purchasing function was working, in order to be able to fully understand the tool under study.
2.6-Case study conclusions
In this chapter, the case under study was presented, pointing sundry aspects, such as structure of the
company where the study takes place and introduction of the product with a brief explanation of how it
works, however the main focus was on purchasing strategy behind this project. Although the focus was
on the purchasing process, it was not possible isolate it from supplier management, so the description of
the strategy is divided into two sections: purchasing process and supplier management.
Purchasing process describes the entire process since pre-selection of possible considerable suppliers
until the final nomination, explaining throughout this section every tool or document used, such as RFQ,
TCO, Supplier Questionnaire and BOM.
In order to fully understand the purchasing process, supplier management was explained in detail
thereafter, going through different phases of the process, since supplier approval for the ASL ZF Group,
to project-specific supplier selection, assessment, development and final SAZUG classification. In each
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phase, tools, documents and grading systems were presented, such as ZF Grading, PPC, risk grading
and SAZUG classification. Having in mind that supplier management is a recursive process, suppliers are
subjected to the entire process when are applying for a first business with ZF (Approval) as well as if they
already belong to the ASL ZF Group and are being selected for a new project.
In the purchasing strategy‘s context, this work analyzes the process involved in sourcing parts, including
the choice of suppliers and their management. This analysis supports the assessment of the viability of a
global sourcing strategy applied to the project. For this, it is necessary to understand all the methods
involved in the current sourcing process to create a linkage and future adaptation to a global strategy.
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3- State of the art
3.1-Introduction
As previously referred, the main goal of this study is to identify opportunities for global sourcing, regarding
with a new ZF’s product line, AKC. For this, it is necessary to have a deep understanding of the current
status purchasing strategy of the company behave, and how it can be adapted to a global behavior.
For a better understanding of the problem in hand, it is necessary to analyze scientific literature regarding
with global sourcing as well the applicability of current tools used for purchasing decisions such as TCO.
This chapter is divided into four main sections introduced below:
• Section 3.2 introduces the recent developments in purchasing;
• Section 3.3 analyzes global sourcing, distinguish different definitions as well as their motivators and
barriers;
• Section 3.4 describes supplier selection methods, giving a deeper look to TCO approach.
3.2-Developments in Purchasing
Over the past century, major developments occurred regarding with firm’s purchasing strategy.
Purchasing departments gained more importance among the firm’s structure and became responsible for
larger share of business units (Gadde et al., 2010).
According to Gadde et al. (2010), purchasing transactions no longer can be seen as isolated, but from a
total cost perspective, while purchasing price is not the only decision-making factor, where the need to
consider transactions costs related with logistics, legal and production is highly evident.
Moorhouse and Tassabehji (2008) show that “there has been a recognized shift away from the traditional

administrative and transactional role, towards one which involves strategic partnerships, cooperative
alliances and supply network management”, however some still argue that purchasing is still a support
function.
Choi and Hartley (1996) compare the materials flow with the pressure “movement” through the supplier
chain, showing that while materials flow through the supply chain towards the OEM’s, pressures flow on
the other way around form OEM’s towards indirect suppliers, proving the increasing competitiveness
while going down the supply chain positions.
Some changes relative to purchasing were made in order to keep up with the pace of the constant
increasing competitiveness. These changes are process related, such as supplier coordination, supplier
development and market research; cost analysis; strategy formulation and planning; risk management
and international outsourcing (Moorhouse and Tassabehji, 2008). Yang et al. (2013) suggested an
extended list of purchasing activities which belongs to the new purchasing function; being those activities
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buyer sponsored supplier conferences, formal strategic sourcing process, reverse actions, supplier
representatives in plant, strategic alliances, commercial procurement software (e-procurement), crossfunctional commodity team, early supplier involvement in design/redesign of products, non-direct
materials delegated to manufacturing or operations, supplier base rationalization, purchased items are
classified as strategic or tactical and are purchased by separate teams and formal supplier development
program, and Moorhouse and Tassabehji (2008) state that purchasing professionals now believe that
purchasing function is strategic.
Quintens et al. (2006b) points to the fact, that as a reaction to this increasing competitiveness, companies
are changing their position on supply chain, engaging on global sourcing activities with the main goal of
achieving competitive advantage. The global sourcing approach is described hereafter.
3.3-Global sourcing
3.3.1-Definition
Companies are turning more and more their supply chain lean, so as to increase their competitive
advantage and as a result of that, outsourcing activities are increasing (Choi and Hartley, 1996).
However, it is not clear from literature the understanding on this topic, since it varies from author to author
and from firm to firm. Quintens et al. (2006b) highlight this fact underlining the fact that six different names
are given to similar international behaviors, such as global sourcing, international purchasing, worldwide
sourcing, import sourcing, offshore sourcing and international procurement.
Quintens et al. (2006b) and Bozarth et al. (1998) suggest a definition of global sourcing as an activity that
involves “searching and obtaining goods”, “services” and other possible resources worldwide.
Kotabe and Murray (2004), Agndal (2006) and Neureiter & Nunnenkamp (2009) suggest that the firm’s
global sourcing strategy is a key to successful development and production of the firm’s major products
and components. They define global sourcing as “logistical management of the interfaces of R&D,

manufacturing and marketing activities on a global basis”. It is also stated that different firm’s parts,
located in different geographic points should align their processes in order to achieve a successful global
sourcing. When for Araujo and Gadde (2009) the motivation for engaging in global sourcing can be seen
as resulting from both the managers’ “efficiency-seeking” ambitions and their “recipe-following” behavior.
Global sourcing for intermediate products or components usually occurs in two different ways: (1) from

their foreign subsidiaries or parents on an “intra-firm basis” and (2) from independent suppliers on a
contractual basis (Kotabe and Murray, 2009). Nassimbeni and Sartor (2007) suggests, from an evaluation
of ten Italian firms, that we can consider three types of sourcing: sourcing imposed, sourcing intermediate
and direct sourcing, establishing a direct relation between the type of sourcing with company size,
complexity of the product and company structure, so large companies should engage on direct sourcing
which involves direct relations with suppliers, confirming the purchasing strategy of ZF’s.
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Quintens et al. (2006a) states that the conceptualization of the purchasing process should happen in four
phases: markets research, supplier selection, negotiation and contracting and finally supplier evaluation.
3.3.2-Motivators and Barriers
There are some controversial positions when it comes to source globally or not. Simchi-Levi et al. (2003)
identifies opportunities in outsourcing such as economies of scale, risk pooling, capital investment
reduction, focus on core competences by purchasing firms and increased flexibility.
Kotabe and Murray (2009) present a list of pros for outsourcing and another against outsourcing. In this
list, arguments in favor of global sourcing and arguments against it are presented. In favor, is possible to
point out strategic focus and reduction of assets, strategic flexibility, avoidance of bureaucratic costs and
relational rent. Against, there are interfaces and economies of scope pointed out, hollowing out,
opportunistic behavior, rising transaction and coordination costs and limited learning and innovation.
Agndal (2006) believes that firms do not follow any single pattern for expanding in international
purchasing, although a few factors can be used to analyze their actions. Motives, triggers, and attitudes
are the most important of these factors. According to Araujo and Gadde (2009), early outsourcing trends
which were mainly in pursuit of efficiency, and later cost reduction, were later widely expanded in terms of
both scale and scope. This initiated outsourcing processes that many managers began to follow, but with
less attention to performing thorough and rigorous analysis of whether or not these efforts would pay off
in terms of efficiency.
Holweg et al. (2011) presents a table (Figure13) which summarizes the points in favor of global sourcing
found in previous literature, and its respective evolution through the same literature. The pitfalls are
mainly cost related, and they point out long lead-times, transport costs and custom duties as well as
cultural differences and communication problems.
Handfield and Nichols Jr. (2004) present 11 key issues to consider when making a decision regarding a
firm’s global supply base. Like Salmi (2006), they highlight the importance of communication and
personal relationships in successful global supply base management, and defend the idea that buyers
and suppliers must support each other, rather than pushing for increased benefits of only one party. “Joint
cost reduction opportunities” are only achievable if both parties are willing to help, fair processes are
applied for biddings and negotiations, confidentiality of each other’s information is maintained, problems
are dealt with in a just manner, all demands are made reasonably, and open communication is ensured.
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Figure 15 - Points in favor of global sourcing (Holweg et al, 2011)
Horn et al. (2013), develops the concept “ugly twins” which is applicable to cases when global sourcing
fails. He states that the results of a bad sourcing decision can represent high impacts on costs when
dealing with global sourcing. Usually the solution is to source the product from a local supplier. This
change needs to occur as quicker as possible, forgetting some important aspects regarding with the
product and supplier performance, and usually with higher costs. To these types of contracts they call
“ugly twins”. They suggest that to avoid situations less favorable when sourcing globally, an extra
attention should be paid. However Nassimbeni (2006) suggests that supplier selection process when
dealing with global suppliers can be similar with the one applied to local suppliers, this statement comes
from their sample analysis, where concluded that supplier selection criteria for local suppliers are applied
to global suppliers. The buyers’ dependence on the suppliers’ resources increases, which makes it even
more vital for the buying firms to be able to analyze supplier performance (Handfield and Nichols Jr.,
2004).
Handfield & Nichols Jr. (2004) suggest that in order to make a good judOEM2ent when suppliers are to
be selected for new products, buying firms must consider the type of product, so supplier selection
reveals itself as an important variable on global sourcing function, and their study is elaborated below.
3.4-Supplier Selection
With the increase of the importance of purchasing function, as an activity that produces value, supplier
selection became one of the most substantial function performed by the purchasing department and

“Supplier selection problem has become one of the most important issues for establishing an effective
supply chain system” (Tahriri et al.,2008; Boer et al., 2001). Tahriri et al.(2008) states that supplier
selection aims to help companies achieving JIT Productions by reducing the purchase risk, maximizing
overall value to purchaser, developing closeness and long-term relationships between purchasers and
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suppliers.Choi and Hartley (1996), in an early study regarding supplier selection, analyzed some supplier
selections processes from a selection of US firms, and identified four goals with their supplier
management during the entire supply chain: faster delivery, decreased production lead time, reduced

cost, and increased quality. They defend that selection of suppliers should be based on their “potential for
a cooperative, long-term relationship”, and this principle is as important for final assembles as to direct
and indirect suppliers. Price is also presented as one of the least important variables during the selection
process.
Later studies, formulated the concept of Supplier Management Orientation (SMO), adding more variables
to supplier selection function. Shin et al. (2000), relates SMO with Supplier Performance (SP) and Buyer

Performance (BP), attributing aspects to take into account to each of the variables. Regarding with SMO
they identify “long-term supplier-buyer relationships”, “supplier involved in product development”, “quality

focus in selection suppliers” and a “reduced supplier base”; for BP aspects related with product are
considered like performance, features, reliability conformance and durability as for SP general aspects
regarding with performance are considered as “cost”, “quality”, “delivery reliability”, “lead time” and “on
time delivery”. An improvement on buyer and supplier’s quality and delivery was achieved with this
approach, but flexibility failed to be achieved and when cost reduction is one of the main goals, other
methods should be endorsed. Focusing on how companies select suppliers at different supply chain
levels (tiers), Choi and Hartley (1996) identified eight factors: finances, consistency, relationship,
flexibility, technological capability, customer service, reliability and price.
Supplier selection can be viewed as a multi-criteria decision making, affected by several and not linear
factors. Trade-offs between criteria must be analyzed by managers and they adopt a long-term
perspective (Ferrin and Plank, 2002; Tahriri et al. 2008). Degraeve and Roodhooft (2000) point supplier’s
selection criteria such as net price, quality, delivery, performance, historic record, capacity,
communication system and service, geographical location. There are several supplier selections methods
available in the literature and supplier selection processes differ among the auto industry (Choi and
Hartley, 1996; Tahriri et al. 2008). Boer et al. (2001) suggests two different supplier method’s
characterization, qualitative methods and quantitative methods. Qualitative methods affect the first two
phases of the purchasing process: problem formulation and problem criteria; quantitative methods focus
on qualification phase and final selection. The main focus is on the last two phases, qualification and final
selection, which represents bidder’s lists and approved vendors, and quotation analysis and order
allocation, respectively, however, the success of these final phases directly depends on the success of
the first phases. For these final phases five main decision models are identified: linear weighting models,
total cost of ownership models, mathematical programming models, statistical models and artificial
intelligence based models (Boer et al., 2001). Based on the scope of this study, only total cost of
ownership (TCO) models are considered.
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3.4.1-Total Cost of Ownership
According to Boer et al. (2001) “TCO-based models attempt to include all quantifiable costs in the

supplier choice that are incurred throughout the purchased item’s lifecycle”, and according to Ellram and
Siferd (1993) “TCO requires firms to consider the activities they undertake that cause them to incur

costs”.
Ellram (1995b) states that some aspects like order placement, research and qualification of suppliers,
transportation, receiving inspection, rejection, replacement, downtime caused by failure and disposal
costs can be considered on a TCO approach, as Wouters et al. (2005) confirms nearly the same,
affirming that TCO assess all the cost activity related, separating the costs considered into two main
categories: purchasing related and quality related.
Activity Based Costing is “a management account methodology that aims to assign costs to the activities

that generate costs” (Ellram, 1995c). TCO is based on Activity Based Costing (ABC) with a particular
difference: TCO costs need to be captured by supplier by item; so a good understanding of the process
flow represents an advantage to implement a successful TCO analysis (Ellram, 1995b; Ellram and Siferd,
1993). Degraeve and Roodhooft (2004) state that savings generated from ABC is representative, even
though purchasing activities do not yield value added, once they are depending on supplier performance.
From the purchasing process point of view, Ferrin and Plank (2002) identify three major perspectives for
the valuation of TCO approach. First they suggests that cost must be considered on a long-term
perspective, second, they point that purchasing managers must consider the costs created by different
business functions on specific purchasing process and thirdly, managers should understand the impact of
all activities associated to the entire purchasing process.
3.4.1.1-TCO as a supplier selection tool
Degraeve and Roodhooft (1999b) claims that supplier selection has become “one of the most critical
activities of a company in today’s competitive business world”, and state that a wrong choice of a supplier
can result on significant “operational and financial problems for the purchasing company”. From this
perspective, TCO appears as a plausible solution for dealing with this pressure, offering a good data
overview regarding with supplier performance, facilitating the negotiation with suppliers and their
respective selection and evaluation, creating a comparative advantage for those companies which do not
use this approach (Ellram, 1995b).
From previous experience, firms learned that selecting a supplier from the lowest bid is not the correct
selection, once usually lower prices hide lower qualities, and is based on this concept that TCO appears
as a good tool to assess, as best as possible, these trade-offs (Ellram and Sieferd, 1993). Ellram and
Sieferd (1993) point that empirical studies revealed some achievements in cost reductions while using
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TCO approaches while Degraeve and Roodhooft (1999a) achieved savings in order of 11% when
applying TCO to a Cockerill Sambre S.A purchasing project.
Degraeve and Roodhooft (2000) identify several advantages while applying an ABC to supplier selection
models such as: (1) facilitates the quantification of criteria and their trade-off assessment, (2) assess
costs systematically, (3) enables firms to develop inter-organizational activity based management
opportunities, (4) allows answers to questions regarding with cost management and strategic decision
making.
3.4.1.2-Benefits, Barriers and Motivators
Ellram (1995b) identified some barriers and some motivators to the TCO approach, stated in available
literature and confirmed on case studies. Table 6 summarizes the achievements made by Ellram (1995b),
these factors are interrelated and their understanding is essential to ensure an efficient adaptation of the
current strategy to global sourcing strategy.
Table 6 - Motivators, Barriers and Benefits for TCO approach (source Ellram, 1995b)
Motivators

Barriers

Benefits

High application time, increasing
purchasing process time

Consistent supplier evaluation tool,
improving supplier performance
comparisons among suppliers over time

Lack of costing data available

Clarify/define supplier performance
expectations both in the firm and supplier

Conduct supplier developments

Situation-specific costs, which leads to
a high variation of the TCO costs for
an item-specific purchase

Creat major opportunities for cost savings
by focusing on areas in which supplier
performance would be most beneficial

Keep up with process changes

Mentality change from price
orientation to total cost understanding

Improves perception of supplier
performance issues and cost structure

Forecast supplier performance

TCO models adapts to each firm,
varying widely

Provides excellent data for negotiations

Support supplier selection process,
assisting RFQ analysis, such as for
new suppliers or selecting from
supplier pool
Awarding suppliers on their
performance recognition

Assess current supplier performance
Help negotiations, providing essential
data

Opportunity to justify higher initial prices
based on better quality/lower total costs
Provides a long-term purchasing orientation

Anticipate new item performance
Concentrate attentions on a specific
purchase
Benchmark offers
“support strategic alliances efforts”
Reduction of the supply base

3.4.1.3-Cost drivers
Costs can be seen as “direct versus indirect” and “variable versus fixed” and they are characterized
based on their behavior through the entire purchasing process (Ellram and Siferd, 1993). Ellram and
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Siferd (1993) identified six major groups for cost drivers, while later, Ferrin and Plank (2002) developed
those cost drivers into thirteen major cost drivers group (Table 7).
However some developments have been made between these two approaches. Holweg et al. (2011)
proposes a cost classification into 3 categories: static costs, hidden costs and dynamic costs, avoiding for
the fact that, within a global sourcing strategy the risks of misleading cost calculations can happen, due to
the unforeseen hidden and dynamic costs, increasing the risks.
Table 7 - Cost drivers’ systematization (Ellram and Siferd, 1993; Ferrin and Plank (2002)
Cost Drivers
Ellram and Siferd (1993)

Ferrin and Plank (2002)
Operations cost

Management
Quality
Logistics
Delivery
Technological Advantage
Supplier Reliability and Capability
Service
Maintenance
Inventory Costs
Communications
Life Cycle
Initial Price
Price
Customer- Related
Opportunity Cost
Quality
Transaction Cost
Miscellaneous
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3.5-TCO and Global Sourcing
There are few literary evidences correlating Global sourcing and TCO approaches. However, the existing
ones confirm the high and advisable applicability of this approach while dealing with outsourcing
activities.
Ellram (1995a) suggests the TCO approach as an “excellent approach for understanding the true cost

implications of the outsourcing decision, rather than focusing on price”. When considering cost reduction
as a main goal, it is of the manager’s best interest to have a clear picture of the cost related with the
outsourcing process (Ellram, 1995a).
Webber et al. (2010), confirms what previously was stated, saying that TCO approach creates a
“methodological framework”, when dealing with outsourcing activities. Even though in this case, savings
were achieved when performing global sourcing, it also highlights the fact that this results are casespecific, not being possible generalize. Lan and Zhang (2006) developed a framework to support
outsourcing decision-making identifying three cost outsourcing drivers categories: Economic factors,
Strategic factors, and environmental factors, alongside with obstacles like lack of capable service
suppliers, loss of control, poor transportation, IT infrastructure and local protection regulations.
As a result of the application to a specific outsourcing case, Ellram (1995a) identified two roles for the
TCO approach: (1) the TCO approach enables to identify the areas where outsourcing had room for
improvements and (2) showed that major cost savings would come from supplier “in-plant”. This case
also showed a supplier base reduction with outsourcing activities, reducing from over 500 suppliers to six.
Horn et al. (2013) with the case of “Ugly Twins”, suggests the need to include, in TCO approaches
regarding with global sourcing activities, costs of failed projects.
3.6-State of the art conclusions
In order to frame the case study within a theoretical context and support future achieved solutions for the
problem, a state of the art was fulfilled from a careful review of existing literature. Developments in
purchasing were presented, that lead to global sourcing. Global sourcing was characterized, as well as
their barriers and motivators were presented.
As previously mentioned, it is not possible to talk about purchasing without complementing with supplier
selection, so with the purpose of confirming this relation, a review on supplier selection literature was
made. This review presented some supplier selection methods, giving a special focus to TCO approach,
which proven to be an efficient approach when dealing with costs, and a strong support for purchasing
and supplier selection decisions.
Finally, is made a bridge between TCO approach and global sourcing activities, where Ellram (1995b)
and Degraeve and Roodhooft (1999a) recommend the application of TCO in cases of global sourcing,
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justifying then the use of the approach in our future work. Attention to global sourcing risks should be
assessed, as Thun and Hoenig (2011) identify global sourcing strategies as the most representative of
automotive supply chain risk driver.
TCO approach suffers from lack of empirical studies, and unfortunately it is not possible to generalize the
results from previous studies, once all of the achievements were situation-specific.
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4- Methodology
4.1-Introduction
One of the biggest challenges when developing a case study is to define the best methodology to
approach the problem. Especially when approaching a practical case, most of the companies expect a
result that can be directly applied to the problem. Sometimes the methodology chosen is not the best in
theory, but the most suitable to fulfill the aim of the study combined with the lack of resources (e.g.
money, time, company support, etc.) (Erikson & Sterner, 2016).
The methodology chosen to approach a study, also had a direct impact on the achieve results, in a way
that different methodologies may lead to different outcomes, so for the current study, the methodology
adopted results from the combination of company’s expectations from the results, data released to
develop the work and literature studies.
In this present chapter is described the methodology adopted for this study divided in 4 sections:
• Section 4.2 describes the research approach used and data collection process;
• Section 4.3 creates theoretical framework from research contributions;
• Section 4.4 adapts the theoretical methodology to the practical study;
4.2-Research Approach and Data Collection
4.2.1-Constructive approach
According to Kasanen et al. (1993) a constructive approach aims at producing novel solutions to
practically and theoretically relevant problems. It considers a real world problem and finding a real world
solution to this practical problem. This aligns with the objective of this dissertation, once ZF intends to
create a global sourcing strategy to their new mechatronics line with a recommendation for part groups
with potentially more savings. In addition, a goal of this dissertation was also to create a tool that the
company could use to estimate quickly the impact of a purchase.
When using a constructive approach to solve a problem there are some key elements that must be
considered (Figure 16).

Figure 16 - Key elements of constructive research (Kasanen et al., 1993)
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One of the outcomes discussed from the construction is the Activity Based Costing (ABC) already
mentioned in the state of the art of this work. Once this cost model is the base for the Total cost of
ownership, this research approach proved to fit our goal.
The constructive approach as a methodology intends to produce new knowledge in the form of normative
applications and creates a new reality as it does not try to understand, explain or classify the existing one.
The success of a constructive approach is directly linked with the level of support from the company and if
teamwork existed between the applicant and the sponsors. From this collaboration, new knowledge must
be gained and transferred, improving the understanding of the problem and also expanding the horizon
when constructing the solution. Kasanen et al. (1993) identified 6 major key steps, illustrated in Figure
17. The 6

th

step, correlation with Theoretical findings, was not done in a separate way, being this

correlation done along the previous steps.

Identify the
problem

Understand
the problem

Construct a
solution

Demonstrate
that solution
works

Show
Theoretical
connections

Exame scope
of
applicability

•Identify a problem with potention theoretical contribution

•Examine a potential for a long-term research cooperation
•Obtain a general and comprehensive understanding of the topic

•Inovate a solution idea to a problem-solving construction

•Implement the solution and show the results

•Correlate with theoretical findings

•Criticize results and define scope of applicability

Figure 17 - Key steps for a Constructive approach
4.2.2-Data Collection
It is known that most of the efforts when approaching a case study are linked to the data, its collection
and treatment. Specially, when dealing with a practical problem in cooperation with a company, these
activities are depending on the sponsors that in parallel have their own activities to do. After receiving the
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data, its treatment is also time consuming, once most of the times it is not in the form that can be used to
our study and also need to be “cleaned”.
This study was not different, and most of the efforts were applied for data collection and treatment. In this
section explains how data collection was conducted and the applicability of the data retrieved is
presented in the section 4.2.4.
4.2.2.1-Literature Studies
To create a good base to conduct this study, a theoretical framework was fulfilled. The results of this
research were shown in the previous chapter, and gave the background necessary to conduct the
collection of necessary data to achieve the aim of the study. In addition; it also supported and reinforced
the results that are aimed with this study.
4.2.2.2-Project related documents
This component handed over the most quantity of empirical data for this study. The project related
documents that contributed the most to this project were Bill of Materials, Perfect Pro Calc and Sourcing
Decision Sheet.
Most of the efforts were put into treating the information coming from BOM and PPC. BOM was
rearranged to fit the study, creating a field for clusters, and combining all the projects under the same
format to be able to find synergies. For the PPC, since it is a tool developed for the company,
understanding the tool was time consuming but the data retrieved was easily understood.
4.2.2.3-Interviews
When developing a study in a company, interviews play an important role in data collection. In this case,
mostly were made informal interviews among the purchasing department within two levels: management
level with team leader and operating level with the buyers and cost analyzers.
Important information was retrieve from these interviews, as they allowed understanding in depth the
problem under study. Was also this contact with sponsors within the company that enabled the
understanding of the company and project related documents.
Communication via email was also important, since it was the most quick and effective way to place
questions and receives answers keeping the information stored. In addiction a weekly meeting with a
department responsible was conducted in order to follow and adjust the evolution of the study.
4.3-Theoretical Framework of Methodology
In this present chapter, the methodology to approach the problem is developed. Although global sourcing
has been discussed in literature for some decades, it did not evolve much from practical point of view. All
methodologies proposed suffer from a lack of empirical and quantitative applicability.
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The same situation occurs when dealing with Total Cost of Ownership approach, since its application is
not clear among firms when it comes to means of applicability, efforts involved and its development.
Currently ZF already uses the Total Cost of Ownership from a supplier selection perspective, however
due to the constant change in the industry and challenges’ growth, the idea of a possible global sourcing
for its new mechatronic line components came to the table.
The proposal for master study was evaluate if a TCO approach can be considered and also identify
possible markets where savings could be incurred.
Ellram (1995a) suggests that when dealing with make or buy decision, an incremental cost analysis
should be performed and for that, all the costs incurred in purchasing must be identified and analyzed.
When thinking about Global sourcing, it is important to get an overview also how the changes in complete
acquisition of a component process affect the cost associated. In figure 18 Ellram and Sifred suggested
the main categories that must be analyzed when considering TCO as an approach.

Quality
Activities

Management
Activities

Price Activities

Total Cost
Of
Ownership
Comunucation
Activities

Delivery
Activities

Service
Activities

Figure 18 - Total Cost of Ownership Cost Categories (Ellram and Sifred, 1993)

This methodology suggested by Ellram (1995a) is apply from an outsourcing perspective, however, direct
connections to global sourcing decisions were identified and due to that the methodology was used as a
base for the study in this dissertation.
Ellram (1995a) also suggests TCO for a good understanding of the costs when dealing with a specific
supplier and with that the following steps for a good evaluation:
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Define
Purchasing
Process

Identify key
costs
elements

Identify
affected
costs

Cost
Breakdown
analysis

Figure 19 - TCO approach for an outsourcing decision (Ellram, 1995a)
In the first step, the purchase process must be identified. The objective is to avoid forgetting important
costs that are related to each activity and not so easy to identify at first sight. The tendency is to overlook
on costs that are involved with logistics or order processing and only focus on part price. Secondly, the
key costs elements with a potential impact must be identified, and for Ellram (1995a) the ones considered
were:
•

Cost;

•

Order placement;

•

Receiving;

•

Breaking down orders;

•

Inspection/ counting;

•

Other administrative activities;

•

Obsolescence;

•

Transportation costs;

•

Price.

Thirdly, the costs that may be affected with the change of purchase concept must be identified and
accounted for the change. In addiction an explanation on how they are affected and how this change is
calculated should be evaluated. In this methodology, the cost elements evaluated price, transportation,
interest, obsolescence and support.
Finally, the results can be evaluated under a cost breakdown perspective, where savings might be
shown easily. This cost breakdown must show the cost drivers under analysis.
When developing a TCO tool some aspects must be considered based on its functionality, especially
when the target is to be used in a company. For that Alard et al. (2014) defined the objective of this tool
under an industrial perspective (table 8).
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Table 8 - Objectives for a TCO (Alard et al., 2014)
Class

Sub-class

Objective

Priority

Functionality

Objective Tool

Evaluation of different supply options/ suppliers in the

Must

local and global context
Functionality

Objective Tool

Utilization of the TCO tool for ex-ante and ex-post

Must

calculations
Functionality

Objective Tool

Analysis of the cost structure of a supplier (RFQ)

Nice

to

Have
Functionality

Cost elements

Structuring of the cost elements into modules (should be

Must

as independent as possible)
Functionality

Cost elements

Considerations of dynamic changes of input data (e.g.

Must

currency exchange rates)

4.4-Methodology adaptation to practical case
The methodology explained before was applied to the current case study, using the constructive research
as a base to formulate the steps to undertake. In addition, TCO approach from Ellram (1995a) was
adapted in order to let us achieve our two goals:
•

Analyze if the current Total Cost of Ownership model can be applied to Global sourcing activities;

•

Identify possible markets to source parts globally.
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•Problem identified by ZF
•TCO can be used to Global sourcing activities?

Identify the
problem

Understand the
problem

Construct a
solution

Demonstrate
that solution
works

Show
Theoretical
connections

Exame scope
of applicability

•Problem evaluated and understood whith analysis of project related documents and
interviews with sponsor
• Analysis
•Correlation between information gathered
•Application of Ellram's approach

•Evaluate the results
•New cost breakdown

•Reflect on the findings back to the theory

•Objective reflection on the practical usage of the results and its limitations
•identify room for improvements

Figure 20 - Research steps of the methodology used
The problem was identified and presented to the student by ZF. The desire from the company to start a
global sourcing strategy comes from the everyday challenges, result of the high competitiveness of the
automotive industry. In addition, with this new line and also a components supplier selection, not usual in
this business unit, a need of a better understanding of the possible markets is needed. In order to
understand the problem, a large part of the time efforts was dedicated to company related documents so
it would be possible to identify markets where ZF might be interested to work in, and also to understand
the strategy needed. In parallel project related documents were also time-consuming to analyze.
As mentioned in the case study description, two variants (dual and central) belong to this product and it
also has different projects, once each part is adapted to a specific car, most of the information was not
correlated between projects and variants, and one key of the study started to correlate all the BOMs in
order to find synergies between the parts, which also would affect the volume searched. From this
document a sourcing map from tier 2 was made to help us have a picture of the current sourcing area and
its weights on the final volume purchased (Figure 21). Data regarding with suppliers location was
collected for a better understanding of the current sourcing map, and an analysis ABC was developed so
as to identify part groups with higher impact on the final piece cost.
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BOM

Synergies
betwen projects

Final Project
prices

Location Tier 2
suppliers

Figure 21 - Outcome from BOM analysis
When applying the Ellram’s suggested methodology, the steps done were as described on Figure 22. The
goal with this approach was to understand how the change of the purchasing strategy would affect the
TCO tool already existing. And if yes, which changes should be done to the tool and also which points
can be carried out. The adaptation from Ellram’s original methodology happens when we analyze he
current TCO tool under the perspective of the key cost drivers of the current activities. This analysis
helped us when a reflection on whether the tool is applicable or not when dealing with a new purchasing
activities flow, in this case, global sourcing activities.

Purchasing
activities flow

Key cost drivers of
current activites

Analysis of current
TCO tool

Cost elements
expected to be
affected

Reflect on the
applicability of the
current TCO tool

Figure 22 - Adaptation Ellram’s study model
Part of the conclusions taken to this first goal, which was to prove or deny the applicability of the TCO tool
to global sourcing activities were taken from the methodology developed to achieve the second goal of
this dissertation, to identify markets and its possible cost savings from a TCO approach for specific parts.
In this phase, a combination between the idea that a TCO approach must be based on an increment of
costs based on activities that generate the costs (Ellram, 1995a), the sponsor expectation from the results
and the empirical data available, generated a sequence of activities that links data achieving a specific
result. These results also help on the reflection on whether a TCO approach can be used for global
sourcing activities.
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Figure 23 - Data flow
In a second phase of the study, the goal was to evaluate in which markets would be possible to identify
savings based on local prices. The major cost drivers for this change would be wage costs and energy
costs, pointing to a clear evaluation needed - the impact on production costs when dealing with global
sourcing under a TCO approach. To investigate this perspective, a deep understanding of the data was
needed to be created and also a correlation of information coming from different sources such as the Bill
of Material (BOM), Perfect Pro Calc tool (PPC), Sourcing Decision sheet (SDS), ZF Based Prices and ZF
Markets (Figure 23).
Most of the data came from the BOM, where we could find information regarding price, quantities and
suppliers for each part. However each project program had an individual BOM, and from that perspective,
finding opportunities in common parts for more than one program was not possible. The first challenge
was to create a common BOM for the complete project, including all the program parts (including dual
programs and central) in one single document, where we had a better view of which parts are programspecific, and which parts are shared by two or more programs. From this format, it was easier to have an
overview from the current supply situation, making it possible to create a sourcing map for the Tier 2
suppliers. Moreover, it was needed to classify the parts into specific part groups, so for that we used a
clustering approach. The clusters considered were suggested by ZF’s commodity department and based
on the production process, being divided into the following groups: Castings, Machining, Electronics,
Sheet Metal Forming, Bearings, Forgings, Powder Material, Chemical related and Various.
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For this approach, only central systems programs’ were considered, once the lifetime volumes are more
representative but the extension of the results to the dual system programs were assessed. The amount
of data and results that would be achieved with the study would be too high, when applied to every
cluster, and for that reason and ABC analysis was made to identify part groups with higher impact on final
piece cost. For the ABC analysis, a careful data treatment was carried, in order to have the information
about all piece prices, and an overview of what parts are unique for one project, or if they are shared by
two or more, as previously said. Data regarding with lifetime volumes were also collected.
The first connection with the theoretical approach appears when we create a cost breakdown structure for
the chosen Clusters to be under analysis. A Cost breakdown structure for the clusters selected gives us a
better perspective where savings can be yielded, comparing the cost blocks with highest impact on final
cost with regions costs where it is produced. Here, our goal was to have a clear picture on what impact
has each cost element on final price, being the cost elements under analysis Production, Logistics,

Amortization, Overheads, Labor and Material. For this step, besides information of the final piece price of
the component, the theoretical split for each cost element was retrieved out of Perfect Pro Calc tool. Data
from several components was analyzed, allowing us to create and overview of the weight in percentage
of each cost element per cluster group.
As explained before, the goal from the company was to get a picture of which markets would create
savings from the wage and energy cost reduction, and from that perspective, the cost elements that
would be affected in our study would be Labor and Production as the main cost drivers will be lower, Final
price as a reaction of a change of Labor and production costs (table 9).
Table 9 - Cost elements under analysis
Cost Element

How affected

Final Price

Renegotiated

Labor

Lower wages

Production

Lower Energy cost

How Calculated
Old price vs price affected to
possible lower costs
Old labor cost minus the savings
due to lower wage
Old

production

cost

minus

savings due to lower energy cost

In order to carry on with this study, was necessary to gather information about markets available and
prices related to those markets. As known before in this dissertation, ZF is a global player, as most of
their decisions to enter markets are purely strategic, however in these case, opening doors to new
markets was not the main goal, since from the cost perspective when you are buying components, we
would benefit from having this sourcing actions where ZF already has activities and we could benefit from
the infrastructure. For that fact, the markets chosen where taken from ZF Markets database as well as the
prices for wages and energy. With this information we were able to identify savings for Labor comparing
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the new markets with the current sourcing area. With this savings identified, we were able to clearly
identify the new part prices for each selected new market (Figure 24).

Figure 24 - New Price calculation
4.5-Conclusion of the chapter
The process to identify the chances of using the Total Cost of Ownership as a tool for supplier evaluation
under a global sourcing perspective is supported from Ellram’s analysis of this tool for outsourcing
decisions, being able to identify the major cost elements to be affected with the change of sourcing
strategy.
This tool analyses the costs from an incremental perspective, and this was the basis for the study. It not
only considers the piece price, but also all the costs resulting of the complete acquisition process. For
global sourcing, extra costs must be added and considered comparing with local sourcing, and from that
perspective, the proposal to define the complete acquisition process help to identify them. Out of this
analysis is expected to gather all the cost elements to be affected and also the new ones to be included if
necessary (Figure 22).
The company also expected a recommendation for new markets to do Global Sourcing based on possible
savings resulting from lower wages and lower energy costs, and from a TCO perspective, the
methodology examined the possible savings from an incremental point of view. A new BOM was created
correlating all the programs, making possible to identify synergies of part quantities between parts shared
by more than one program. Out of this document we were able to create a Tier 2 Sourcing Map and an
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ABC analysis from a cluster perspective, helping us to identify which part groups have the biggest impact
on project costs. With the combination of the information out of the BOM and the data retrieved from
PPC, a first cost breakdown was created for each cluster under analysis, where the cost blocks helped us
to identify which cost elements had a higher impact and how much this impact was on final piece price.
The cost elements to be affected where identified and the savings calculated from the price difference
between the current supply market and new one. The new markets and respective prices belong already
to ZF Group area of action. Applying this savings to the cost elements, a new expected price was
identified (Figure 23).
As a final result, the current TCO tool used by the company is evaluated for the global sourcing activity,
and new markets for sourcing activities of certain parts were indicated, showing the expected savings.
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5- Methodology Application and Results

5.1-Introduction
In this chapter the methodology described in the previous chapter is applied to the practical case. As
explained before the company under study is thinking about to start a global sourcing activity for the
components of its new mechatronic line. Among this business unit, the main business has to do to
customer projects, and usually the components are pushed by the customer into the project, however, the
development of this mechatronic product belongs to the company under study, which gives to the
purchasing department a new challenge.
This chapter is divided into two main phases, result of the two different goals of the study. In the first
phase, an evaluation of the applicability of the current TCO’s company approach, when dealing with
Global sourcing activities. For this, a relation between the new purchasing process and the costs currently
considered in the TCO tool available in the department was made.
In the next phase, an evaluation of possible savings for some specific parts is evaluated, and for this
study a deep data retrieve and treatment was done and explained. In addition the steps to achieve the
final results are explained. The results of this study fall into a critic of some new expected prices
depending on the country where each part would be sourced. These new prices are result of a
recalculation after identifying the cost drivers to be evaluated and understanding how they would be
affected with the change of sourcing region.
Lastly, conclusions of the application of the methodology are presented creating a link between the
studies made and the theory previously analyzed.

5.2-First Phase
5.2.1-Analysis of acquisition process
In the first phase of this case study, the main goal is to criticize the applicability of the current TCO tool
used by the company under study. Under a TCO analysis, the final price is more than the piece price; it is
a price considering all the costs associated to the purchasing process. For this, it was created a
purchasing flow in order to ensure that all the costs are considered (Ellram, 1995). This purchasing flow
summarizes the main activities involved in a global acquisition, and with this, the costs expected to be
affected with the change from local sourcing to global sourcing were identified (Figure 25).
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Figure 25 - Global purchasing flow
In the Global purchasing flow (Figure 25), the numbers added between each activity represent costs
concerning the execution of each activity. In table 10 is analyzed which costs are identified to suffer a
change (increase or decrease) and how are they affected when changing from local sourcing to global
sourcing. These are explained bellow.
Table 10 - Affected Costs
Point

Transaction

How costs are affected

1

RFQ Sent to Quote Received

-

2

Quote Received to Quote Evaluation

•

Increase of Overheads

3

Quote evaluation to Supplier Nomination

•

Increase of Overheads

4

Supplier Nomination to Order at Supplier

5

Order at Supplier to Shipment

6

Shipment to Receiving

7

Receiving to Production

8

Receiving to Reverse Logistics

9

Reverse Logistics to Order at Supplier

Longer demand forecast

•
•

Increase of Lead times
• Higher logistic costs
•

•

Incoming inspection

More complex reverse logistics chain
•

Different Reverse Logistics
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(1) RFQ Sent to Quote Received - Considering a global acquisition, the first step is to place a Request
for Quotation (RFQ) at all the interesting suppliers. This process does not imply an increase of efforts
or costs. Maybe a more detailed RFQ package must be created due to new aspects to be considered
when sourcing outside, e. g. Logistics specification and quality related topics; however, no expected
additional costs are forecasted in this transaction.
(2) Quote Received to Quote Evaluation - After receiving the quote from supplier, a quote evaluation
and quote comparison must be done. A quote evaluation itself does not add any new costs; however,
there is a component that is directly linked to the supplier that must be considered, supplier
evaluation. For the supplier evaluation we must place a question: Is the supplier already part of
company’s preferred supplier list? If yes, the costs for supplier evaluation must not suffer any impact
from the change of sourcing process. If not, an overheads increase must be expected, result from the
efforts to evaluate the supplier having in mind the increase of distance where supplier is placed
compare to the plant.
(3) Quote evaluation to Supplier Nomination - It is hard to divide the costs between the steps quote
received, quote evaluation and Supplier nomination, since the processes are directly linked, being the
increase of overheads shared between the point 2 and 3.
(4) Supplier Nomination to Order at Supplier - Between supplier nomination and placing the order at
the supplier, no additional costs are forecasted. Most of these activities are done by SAP system, so
a change of location of the supplier will not create additional costs or efforts for this action.
(5) Order at Supplier to Shipment - When the distance between the plant and supplier increases, so
the time for call off parts (time between order and part receiving) also increases. When dealing with
global sourcing the distance might increase drastically, creating a necessity to increase the demand
forecast. When increasing the demand forecast, the risks are also increasing which will possibly
result in additional costs, whether the demand is lower than forecast- increases warehouse costs, or
to low that results into extraordinary measures to get the parts on time, e. g. overtime at the supplier
to produce faster, logistics changes.
(6) Shipment to Receiving – like the case explained before, the costs increase in this activity is also
result of the distance increase. In this point is evaluated the effect of the lead times on the costs.
Higher lead times are directly linked to higher logistics costs, once it requires a higher stock. Besides
the costs related to a higher stock, there are additional costs resulting of a redefinition of the logistic
specifications. When dealing with longer distances a new packaging must be considered and costs
for importation, like customs and import taxes must be also taken into account. All of these changes
results in increased costs.
(7) Receiving to Production – when a sourcing is made from a low wage country, which usually is the
destination when dealing with global sourcing, concerns with quality raises, and with that, additional
costs. In this action, an increase of incoming impaction activities might be applied, resulting as well
into new costs.
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(8) Receiving to Reverse Logistics – when a part is defective, it must be re-sent to the supplier, and in
this case, where we have a new supply chain, a new reverse logistics specification must be drawn
and it also affected the costs.
(9) Reverse Logistics to Order at Supplier – this action is, as well, linked to the past transaction, in a
way that a new reverse logistics specification may result in affected costs.
5.2.2-Description of TCO tool
Currently the company has a well-designed TCO tool divided in 8 major sections:
Sourcing case
Supplier info
Costs overview
Purchasing costs
One time payments
Logistic costs
Quality
Supplier information
Sourcing case
In this point, the sourcing is described having into consideration all the purchased part in quotation
process. Inputs coming from commodity informing the cluster, customer location and company’s sourcing
destination. Directly related to the project, is included in this section the volume expected as well as the
average parts per year and expected quantity in peak year. Usually these are the premises that were
communicated to the supplier and that are the base for the quotation.
Supplier info
In this section, all the information gathered by the company about the supplier like sales with the
company group, sales from previous years, profits from last year. In addition, it includes information as
currency quoted and also the considered exchange rate. In this section also a field for risks can be found,
however is only qualitative, and is inserted as a comment.
Costs Overview
The main point for this section is the total costs over lifetime that is a result of the multiplication of the
quantity, information coming from the volume curve, with TCO price.
Purchasing Costs
In this section, the information coming from the quotes are inserted, as the quoted price and also quoted
currency.
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One time Payments
In this section costs with prototyping, development and tooling are considered.
Logistic costs
This is one of the most extensive sections, which shows the impact that logistic activities may have in the
final price. The calculation of logistic costs takes into consideration investment, packaging costs, and
variant between domestic transport or international transport costs. Interests resulting of in-transit
inventory and in-transit stock calculated in calendar days plus plant inventory and delivery batch results
into warehouse and inventory costs. In addition, we also have fields to enable us to put inputs for
importation, like HS codes, duty rate and customs clearance per shipment (brokers).
Quality
In this section it is considered costs for setup, costs for supplier assessment and trainings and additional
quality costs.
Supplier Performance
Lastly, we have a supplier performance section where lot information is requested regarding the supplier
evaluation, and for global sourcing activities, a major point was evidenced: Risk analysis.
5.2.3-Analysis of the TCO tool for Global Sourcing and Remarks
For the TCO tool to be a feasible tool under global sourcing activities, there must be an evidence that all
the affected costs of the new acquisition process can be covered (Table 11).
Table 11 - Cross analysis for global sourcing needs in TCO
Point

Transaction

How costs are affected

Covered in TCO

1

RFQ Sent to Quote Received

-

-

2

Quote Received to Quote
Evaluation

• Increase of Overheads

• Supplier info
• Quality costs
• One time Payments

3

Quote evaluation to Supplier
Nomination

• Increase of Overheads

• Supplier info
• Quality costs

4

Supplier Nomination to Order at
Supplier

5

Order at Supplier to Shipment

6

-

-

• Longer demand forecast

• Not covered

Shipment to Receiving

• Increase of Lead times
• Higher logistic costs

• Logistic costs

7

Receiving to Production

• Incoming inspection

• Quality costs

8

Receiving to Reverse Logistics

• More complex reverse logistics chain

• Not Covered

9

Reverse Logistics to Order at
Supplier

• Different Reverse Logistics

• Not covered
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The price changes in points (2) and (3) are covered in the sections Supplier info and Quality costs, if the
supplier already belongs to the supplier preferred list, all the supplier info must be available to be put into
the tool; when the supplier is new to the company, costs regarding with supplier evaluation and
preparation might be considered in Quality costs for setup and supplier assessment and training. In
addition, one time payments can also receive some portion of these new costs into the development
costs.
For the point (5) the costs resulting from the risk of the longer demand forecast are not taken into account
in the current available tool, as well as the assessment for reverse logistics, point (8) and (9). In general,
not having a field for reverse logistics is considered a barrier in this tool, even for local sourcing.
In point (6) the impact on the costs are considered in Logistics costs section, once it is prepared to
considering international transport as well as packaging costs, warehouse and inventory costs and costs
resulting from importation activities.
Lastly, for point (7), the costs for an increase of efforts and activities of incoming inspection can be
covered in the section of Quality costs, under additional quality costs.
From a general point of view, the tool is prepared to assess global sourcing activities; however some
improvements must be done in order to get a more feasible result. As strong points we can see that most
of the new costs can be taken into consideration in the tool, such as, overheads from the increase of
efforts to evaluate a new supplier, and the major changes on logistic costs. As majors pitfalls are the
inexistence of calculation of the impact of reverse logistics in the final price and not considering the
impact of the risk of sourcing activities in low costs countries in the final price.
When dealing with global sourcing activities, additional efforts must be considered to fill the data into the
tool, and a good teamwork between departments is crucial for a good final assessment. Even if the
possibility to insert information is available in the tool, it is necessary to collect the data to insert, and in
some cases, even though the tool is used, it is not used completely and considering all the costs involved.

5.3-Second Phase
In the second phase of the study the main goal is to identify markets where savings can exist under a
TCO approach. This phase is divided into two major sub-phases:
Data collection and treatment – data collection used to apply the methodology and how data
was organized to fit the study are explained. In addition, assumptions for the study also were
presented;
Methodology application and Results- the methodology steps are explained and results are
presented and analyzed.
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5.3.1-Data collection and Treatment

Bill Of Material (BOM)
One of the highest efforts in this study was related to data collection and treatment. One of the reasons
for this high and time consuming efforts was due to the fact that usually companies do not have the data
in the form that can be used for studies, most of the times the structures they use are not even good for
their daily business but there is a tendency to do the “easiest way”. One good example of this situation
was the BOM structure they were using. One BOM for each different customer, so no overview of all
processes was possible, at least not in an immediate response. Single BOM’s were easier to maintain
due to different buyers however impossible to have an impression of the current project situation from
managers perspective.
Thus, a rework on the BOM was made including all different projects in one BOM, so one was able to see
which part numbers were shared between projects or project specific. In addition, information about the
commodity group was included, since in one hand would help the study, and in another hand, would help
the managers to identify with commodity group is responsible for the supplier evaluation (Table 12).
Table 12 - Information in the BOM
Programs

4

central

Part

Part

Name

Number

Quantity

Commodity

Cluster

Buyer

Tier 2

Locatio

Supplier

n

Region

Batch

Piece

System

price

Price

price

Part

Reference

Quantity

Commodity

Part

Responsible

Supplier

Supplier

ZF

Price

Price

Price x

Name

number of

of

group

cluster

buyer’s

name

location

region

each order

per

Quantity

the part

for each

responsible

where

batch

piece

per

OEM2,

complete

for this part

supplier

(contracted

OEM3 and

system

is

price)

programs
(OEM1,

OEM6)

parts

name

for

system

located

The columns for “commodity” and “Cluster” were created in addition to the information previously existing
in the BOM. The clusters considered were suggested by ZF’s commodity department and based on the
production process.
From the BOM, the data useful for the methodology application are Part volumes, result from the quantity
per system times the annual volume, Part price, Clusters and Tier 2 Supplier Location.
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Perfect Pro Calc (PPC)
As presented in the second chapter, PPC is a tool that is used to simulate a target price in order to get a
best cost transparency. The calculations are based on raw material and production process. The data is
structured in 4 divisions, Basic Data, Material, Manufacturing, Overheads and Calculation. For each part
under study a report was generated where we could retrieve the Technical costs, Material Costs, Logistic

Costs, Personnel Costs, Overhead Costs and Amortization.
For this part of data, a big dependency from the study sponsors in the company due to the complexity of
this tool, to give some training and to help understand the outputs.
Assumptions
To proceed with this study some assumptions were necessary, in order to unblock some study setbacks.

Time influence was not considered for this study, taking into consideration a time frame of one year.
Overhead costs are not constant, and hard to estimate, so for the purpose of this study overhead costs
were assumed in the final price, and considered as a percentage of the final price. The exchange rate

fluctuation impacts on the costs were also not considered, having a fixed value. And lastly, to apply the
cluster findings to specific parts, we used a similar production processes.
After some meetings with the purchasing manager, it was possible to clearly identify which cost drivers
would have an impact on the final price when changing the sourcing region: Wages and Energy costs;
and for that was needed to investigate the prices for different markets, and it was possible when
considering the ZF base prices (Figure 26, 27 and 28).

Figure 26 - Cost for Unskilled Workers per hour for different countries
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From Figure 26 is possible to identify that Germany represents a high difference from all the other
countries when speaking about operator costs, being India the country which would represent a higher
saving. In Figure 27 we can see that as unskilled workers costs, also India represent a higher savings,
however, EUA should not be a destination since the values are higher than Germany. Lastly, a surprise
appears with the Energy costs, being EUA the market with better chances for savings; this is a result of
local initiatives for industrialization (Figure 28).
This results helped when choosing the markets that would be taken into consideration, which were Brazil
and Mexico, as a strategic choice since the company is trying to get into this market with Axles Business
unit, Slovenia, as an already sourcing county, China because the business unit already has a lot of
infrastructures which could help on the sourcing activities decreasing possible new overheads; EUA to try
to benefit from the infrastructures, the low energy costs and also from a more trusting business
environment; India and Turkey due to their obvious lower costs.
To finish, the study took into account only two programs: OEM1 and OEM2. The reason for this is the
accuracy of the data since they were the only programs under series production.

Figure 27 - Costs of Skilled workers per country
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Figure 28 - Energy costs per country
5.3.2-Methodology application and Results
In this sub section the results of the methodology application are presented in the same order that the
steps were applied.
5.3.2.1-Sourcing map for Tier 2
At a first approach to the problem, the need of having a clear picture of the sourcing situation was
addressed, so data related with current suppliers’ localization was collected, reinforcing the idea that local
(German) suppliers lead the list of suppliers for the entire dual system (Figure 29). This fact was
previously justified earlier in chapter 2, and these results confirm what was already expected. For a better
picture, it is recommended that in future work, data regarding with tier 3 suppliers location to be searched.
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Figure 29 - Sourcing map (% of the total)
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5.3.2.2-ABC analysis
For this assessment, only annual volumes of 6 years were considered, leaving behind the initial and final
years since they suffer a significant decrease on the volumes, so we considered those values negligible.
The ABC analysis was made under a total cost over lifetime perspective, so for that we multiplied the
price per system of each component times volume. Moreover, it was needed to classify the parts into
specific part groups, so for that we used a clustering approach, and summed all the costs into a final
cluster cost.
The ranking criterion for the ABC analysis is therefore is the cost per part group.
The results are evaluated approximately on a 60/30/10 % distribution, giving origin to the classes A, B or
C of clusters based on those values, respectively, and the results are showed on table 6.
Table 13 - Results of ABC analysis
Cluster

Percentage of total final price

Class

Electronics

53%

A

Castings

70%

B

Machining

85%

B

Sheet Metal Forming

89%

C

Bearings

93%

C

Forgings

96%

C

Chemical related

98%

C

Powder Material

100%

C

Various

100%

C

This analysis shows that in theory, the part groups with highest impact on costs are castings machining,
electronics and sheet metal forming parts. However, electronics were not considered in our study, once
suppliers have to be early involved, so a change would represent a new product design phase.
Due to the high number of clusters and parts involved, the ABC analysis help selecting the clusters to
under analysis in this Master’s dissertation and the extension of the results to the remaining clusters were
assessed. So based on the results, the clusters to be evaluated are the ones with highest impact on the
purchasing value, Class B, Castings and Machining. From an immediate analysis, Electronics (Class A)
would be our first choice to be evaluated, however, the main reason for them to be class A, is the
powerpack (motor), and the sourcing for this part is strategic, being supplied internally. When Powerpack
is out of the equation, the ABC analysis is as shown in table 14.
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Table 14 - ABC Analysis without Powerpack.
Cluster

Percentage

Class

Castings

31.66

A

Machining

57.67

A

Electronics

73.11

B

Sheet Metal Forming

81.24

B

Bearings

88.14

B

Forgings

92.76

B

Chemical related

96.16

C

Powder Material

99.96

C

Various

100.00

C

Besides the new A-class clusters, two other from the B-class, just to have a picture if it would be possible
to have them sourced cheaper. The B-class clusters chosen were Forgings and Powder Material. The
main reason was the data available for these clusters was more complete than the other clusters from
this class.
5.3.2.3-Cost Breakdown
There was a need to have a picture of the impact that each cost has on the final piece price, and for that
a cost breakdown was created for each cluster under analysis. To gather the values needed, also parts of
each cluster were chosen. This choice was based on the cost impact they have on each cluster:
o

Castings:
Housing (OEM2 and OEM1)
Housing Cover (OEM2 and OEM1)

o

Machining:
Spindle (OEM1)
Distance Ring (OEM2 and OEM1)
Stud (OEM2 and OEM1)

o

Forging
Bracket (OEM2 and OEM1)

o

Powder Metallurgy
Belt Pulley
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When all the costs were retrieved from each PPC report, a mean for each price block was created, being
possible to estimate the impact of that cost block on the final price (Table 16).
Table 15 - Cost per cost block for each cluster
Cluster

Cost Block

Mean

Castings

Material

32.27
52.36
5.00
22.36

Production
Logistic
Labor
Overhead
Amortization
Machining

Material
Production
Logistic
Labor
Overhead
Amortization

Forgings

Material
Production
Logistic
Labor
Overhead
Amortization

Powder
Metallurgy

Material
Production
Logistic
Labor
Overhead
Amortization

25.73
23.82
12.00
16.27
0.73
10.64
8.64
0.00
8.27
18.82
1.00
4.73
5.64
0.00
14.00
5.00
0.36
1.55
3.18
0.00

Castings
For casting parts, we can see an significant impact on the final price due to production activities, however,
labor is not so significant as it could be to create saving from lower wages. Material has also a significant
impact, which is justified by the fact that usually this type of parts needs higher quality materials like
Aluminum (Figure 30).
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Figure 30 - Cost Breakdown (Castings)
Machining
For machining parts (Figure 32), the impact of the cost blocks on the final price is more diluted,
decreasing the chances of having higher savings when decreasing production and Labor costs. Also
logistics have lower costs. The reason for this behavior might be the lower weights and sizes of the parts
and the shorter distances.

Figure 31 - Cost Breakdown (Machining)
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Forgings
As for forgings, Production also represents a quite high impact on the final price, 49%, which is justified
by a higher demand from its machining. In this perspective, countries with lower energy cost might
represent higher chances for savings (Figure 31). One curiosity also is the low impact of Logistics, only
3% of the price.

Figure 32 - Cost Breakdown (Forgings)
Powder Metallurgy
For Powder Material, the findings with the cost breakdown were discouraging, as more the half of the
price, 59.21%, results from material costs, which hardly can be decreased. A small chance for savings
can be found in Production cost block since it represents approximately 21% of the final price.

Figure 33 - Cost Breakdown (Powder Metallurgy)
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5.3.2.4-New Price Calculation
As mentioned before, the new prices are calculated based on new wages and energy costs for new
markets. From a primary analysis from PPC data, we see that we only have a full cost for Production and
Labor costs. There was a need to split the costs in a way that we would be able to apply savings from
new wages and energy.
For production costs, we would have to see the impact of the energy on the final production price, and for
that a deeper PPC analysis of these costs was made, and the energy cost was possible to be taken from
the results and to get a final % for each cluster a mean was made (Table 17).

Table 16 - Energy costs

Energy

% of Total

Cluster

Production

Castings

5.76

0.56

9.74%

Machining

1.79

0.17

9.27%

Forgings

2.07

0.11

5.17%

PM

0.55

0.07

12.05%

Production cost

The same situation occurred with labor costs, not being able to apply immediately, and a necessity to
divide the labor costs into Unskilled workers and Skilled workers was necessary. These values were
retrieved directly from each PPC report for each part under analysis.
When all the new costs for labor and energy were gathered, a new price calculation framework was built
(Table 18), where the expected savings were applied to the original price. As logistic impact with Global
sourcing was not in this study scope, the prices used were prices without Logistic component in a first
approach.
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Table 17 - New Price calculation Framework
Portion

Calculation method

Part name

-

Markets name

-

Current price

BOM price

Unskilled costs

€/piece = % unskilled cost*current price

Skilled costs

€/piece = % skilled cost*current price

Production costs

€/piece = % production cost*current price

Energy cost

€/piece = % energy*production costs

New Labor costs

€/piece = (%savings unskilled*unskilled
costs)+(%savings skilled*skilled costs)

New Production costs

€/piece = (%savings energy*energy cost)
+production costs-energy costs

Expected New Final Price

€/piece = current price- unskilled costs- skilled
costs-production costs+ New Labor costs+ New
Production costs

% Reduction

€/piece= 1-(Expected new final price/current
price)

The application of these calculations resulted in savings shown in figures 34 to 45 and represented with
blue bars. However, after achieving the final results, there was a need to test the final results applying the
logistic impact on the final price. This impact was expected to be big, due to the fact that besides the
increase of the distance, taxes for importation would exist and the packaging costs would also increase
due to the sensitivity of some parts. On top of these costs we must consider the effect of customs on the
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final price. Customs are calculated applying a percentage defined by the importation rules, to the
complete piece price and for the parts under study it varies from 0% up to 4.5%. Since the Logistics
evaluation was not scope of the master thesis, logistic department estimated some rough costs, under a
worst case scenario perspective and we were able to add this effect after finding a new piece price. For
this calculation values for sea freight were taken into account since the packaging values communicated
by the logistic department were for this kind of transportation.
Table 18 - Additional Logistic costs
Portion

How calculated

Transport costs

€/piece=From Logistic Department

Packaging

€/piece=From Logistic Department

Final Logistics costs

€/piece= Transport costs+
Packaging+(%customs*Expected new final price)

Old price with Logistics

€/piece= current price+ Logistic costs (PPC value)

New Final Price with Logistics

€/piece=Expected new price+ Final Logistic costs

Savings

€/piece=1-(New Final Price/Old price with logistics)

After applying the new costs to the previous found ones (Expected New Final Price), we achieved
complete new results, showing us the impact that logistics might have on the final price and possible
savings. These results are shown in the same set of Figures (figure 34 to 45) represented by the red
bars, and with these set up, it is possible to directly compare the differences of the prices.
5.3.2.5-Results
As explained before, the results graphs show two stages of the study; blue bars represent the percentage
of reduction expected on purchasing price for each part under study, when applying the reductions
resulting from new wages costs and new energy prices from different markets. The markets used for this
study are Brazil, EUA, India, Canada, Mexico, China, Slovenia ad Turkey. Brazil is evaluated in two
different locations, Sorocaba and Joinville; EUA is evaluated in six different locations, being a general
overview, Indiana, Tennessee, Michigan, Ohio and Kentucky; China was evaluated in four different
regions, being a general overview, Shanghai, Taiwan and Changchun. For the markets of India, Canada,
Mexico, Slovenia and Turkey, only a general overview was made and not region specific.
The results were explained under the cost breakdown perspective and the logistics impacts on the
results. This analysis was also done for each cluster group, and correlating the different parts under study
within the same production cluster.
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The following graphs are composed by two different color bars, Blue and Red. The blue bars represent
the % of reduction on the final piece price after applying the local cost reductions on labor costs and
production costs. The Red bars represent the real savings under TCO approach, after considering logistic
costs on the total purchasing final cost.
Castings
From the cost breakdown analysis it was possible to notice that production cost block has a significant
impact on the final costs, approximately 34%. From this perspective, it was expected that countries with
lower energy costs will benefit from higher savings, however, since the weight of the energy on the final
production costs is only 10% for castings, the impact ended up to be not as high as expected. In contrast,
Labor represented only 15% of the costs, but in some markets we could identify reduction of labor costs
near to the maximum, such as markets as Brazil with savings around 90% and India with 97%. This
drastic reduction ended up to be more significant on the final price reduction.
As shown in the following figures from 34 to 37, the results seem to be consistent with the assumptions
taken before. For different parts within castings, Housing and Housing Cover both for OEM1 and OEM2
programs, the reductions on the final price point us to a clear direction, India with a potential reduction of
15%, results of a drastic labor costs reduction. China and Brazil also followed the same direction, pointing
to a possible reduction of around 11% of the final piece price. However, when logistics costs were
applied, the overview changed, showing that the final purchasing value would actually result in possible
losses. This situation shows a surprising, yet also expected scenario, that countries within Europe might
represent better option when thinking about global sourcing for cost reductions. Slovenia and Turkey
represented the best sourcing scenario, with savings on the final piece price and final purchasing value.

Figure 34 - New Prices (Housing OEM2)
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Figure 35 - New Prices (Housing OEM1)
Comparing the two similar parts, housing, for both programs, we can see quite similar results. From the
piece price perspective, India shows a better option with a reduction potential of 15% for both programs.
However, when applying the logistics costs, European countries represent a better option, with a potential
final reduction of around 8% for Slovenia and around 10% for Turkey. India also represents a good result
with a positive saving of 7%.
This results show us that the importation factor has a high impact on the costs, increasing them. Another
motive for this situation is the specificity of handling of these parts, which results in higher packaging
costs for longer distances and not so controlled shipping environment.

Figure 36 - New Prices (Housing cover OEM2)
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Figure 37 - New Prices (Housing cover OEM1)
In Figure 36 and 37, results for Housing cover analysis are shown for both programs. The results follow
the same direction as Housing parts, with India showing a better chance for piece price reduction, but
when applying logistic costs Slovenia and Turkey represent better scenarios, with savings up to 6% in
Slovenia and 7% in Turkey.

Powder Metallurgy
From a cost breakdown analysis of the Powder Metallurgy cluster, we understand that savings with global
sourcing will be highly unlikely due to the fact that the most representative cost block is Material, with
59% of the price. A change in the current sourcing strategy would only increase logistics that in this case
represents 1.5% of the final price. Reductions in material price are difficult to achieve since it is based on
material market price and a change in material would probably result in a decrease in quality.
For production, we have a contribution on the final price of 21%, so in this point we might have some
savings, as for Labor with only 7% of the final price, a low impact is expected.
Currently the sourcing is done in Slovenia for the two parts chosen, Belt pulley for OEM2 and OEM1, so
EUA were not considered since the costs were mostly higher than the current sourcing country.
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Figure 38 - New Prices (Belt Pulley OEM2)

Figure 39 - New Prices (Belt Pulley OEM1)
When looking at the results (Figure 38 and 39) what was expected from this cluster happened. Looking
only to the reduction on the final price we can see some potential for savings, however too low compared
to the impact that importation activities would have on the logistics costs. For the case of OEM1 Belt
pulley, we can see one positive final result for Turkey, 2%, it is not sufficient to be possible to suggest it
as a possible sourcing destination, but it can be a good indication in case the company is forced to look
for new suppliers.
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Machining
Going again to clusters from B class, which means it has some impact on the final project costs, the cost
breakdown shown good changes for production, with 34% of impact on final cost and Labor with 23%.
When we have changes for savings in labor close to 100%, Brazil and China with 80%, India with 97%,
Turkey with 78%, a high decrease on the labor costs are expected. In addition, production cost would
also react to the energy cost decrease, since it represents close to 10% of the final production costs.

Figure 40 - New Prices (Distance Ring)

Figure 41 - New Prices (Stud OEM2)
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Figure 42 - New Prices (Stud OEM1)
From the previous results shown in Figure 40, 41 and 42, this cluster showed the best opportunities for
Global sourcing, with only negative case in Canada. The savings went up to 25% reduction on final piece
price, and with logistics included, reductions up to 19% were possible. The fact of this type of parts does
not pay customs, revealed a decrease on the impact of logistics. Also the packaging costs are not so high
compared with castings, once this parts are not so quality sensitive.
Although the results of this group were quite positive, an opposite result appeared when analyzing the
last parts of this cluster (Figure 43). Distance ring reveled results similar to C parts. The reason for this
result is the fact that this is a case of parts that, from the price and size perspective, would be considered
as a C part, however, it is included in a production cluster mostly composed by B class parts. These parts
have a unitary price quite low, and the size is also small. The impact on the final price would never be
high, and having longer distances to be shipped would create a worst case than the current local
sourcing.

Figure 43 - New Prices (Spindle OEM1)
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Forgings
Lastly, forgings cluster was analyzed. From a cost breakdown point of view, production revealed a higher
impact compared with all the other clusters, with a 49% impact on the final costs, however, labor only
13%, with this in mind; the perspective for better results are for countries with higher savings in energy,
for example EUA, India and Turkey.
However the current sourcing location for this parts is Slovenia, which is already a low cost country, and
with this, EUA are excluded from the scenario, since the overall costs are higher, leaving us with the only
country showed in the past as an alternative to Slovenia, Turkey, with a piece price reduction up to 3% for
OEM2 program, and for OEM1, no other country is a feasible choice (Figure 44 and 45).

Figure 44 - New Prices (Bracket OEM2)

Figure 45 - New Prices (Bracket OEM1)
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5.4-Limitations of the Study
When looking back at the application of the methodology and achieved results, we can identify some
major limitations, whether in the data used or in the methodology used itself.
One of the major data limitations is related to logistic costs. Since these costs have a high impact on the
final result, a more extensive study of these costs should have been done. However, since this
dissertation was made under the supervision and responsibility of the purchasing department, a more
comprehensive support from logistics was not possible. Another reason for this limitation was a lack of
another resource: Time. A logistic evaluation under a Global Sourcing perspective requires some efforts
regarding time since points like transportation costs, packaging costs considering longer transfer times,
impact on the warehouse costs due to longer lead times and increase of stock must be considered, and in
addition, evaluation of possible synergies due to aggregate shipping volumes. One of the big limitation of
the costs considered in this study are the not considered impact on the warehouse costs and transport
synergies.
Another data limitation is the PPC values. It was noticed during the analysis of the PPC reports that not
all the parts had the same level of input’s accuracy. This fact also limited our choice on the parts to be
analyzed.
Finally, the study under a cluster perspective also may lead to an over generalization of the results. A
specific analysis to each component could reinforce the results, and decreasing the impact of a possible
misleading result due to the cluster perspective.
Besides the data, it is possible to identify limitations on the methodology in two main points: Quality and
Risk.
When speaking about global sourcing, usually low wages countries are considered for these activities;
however these countries also might have increased risks, usually related to quality and logistics. Quality
since the parts quality might decrease with not so good developed production processes or quality
inspections and logistics, due to the increased distance between supplier and destination location.
If the idea is to keep the TCO approach, the company might have to develop a process to estimate the
risk in a quantitative way, so the direct impact on the cost can be evaluated.
The quality portion is also not considered in this methodology, and it is seen as a limitation. This study
was made under a cost reduction point of view, but with the increase of logistic costs, for not so
expensive parts, global sourcing loses its purposed, however an gain in quality might be found. This could
be a perspective that could have change the results for the C components.
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The methodology used shows to be effective when dealing with higher piece price components, since
piece price reduction was the main target, and due to that, the effectiveness on lower price parts was not
so evident.
5.5-Chapter Conclusions
The implementation of the methodology was divided into two distinct phases. The first phase to achieve
the first goal of the thesis, evaluate if the current company’s TCO tool can be used for Global sourcing
activities. The second phase has as its main goal to identify markets that might produce savings
compared with the current sourcing strategy.
In the first phase, to identify all the changes in the costs resulting from the change of the acquisition
process, an acquisition flow were designed (Figure 25) and with that the costs affected by the new
process were identified. In a second step, the current TCO tool was analyzed, identifying which costs are
considered.
From crossing the information gathered on the last two steps, we were able to conclude that the tool is
well prepared for global purchasing processes, covering most of the cost changes when changing from
local sourcing to global sourcing. As strong points identified, we see the fact that overheads increase due
to an evaluation of foreigner suppliers efforts considered and also the possibility to consider the Logistics
impacts. As majors pitfalls identified are the inexistence of calculation of the impact of reverse logistics in
the final price and not taking into consideration the impact of the risk of sourcing activities in low costs
countries in the final price.
As suggestion, additional efforts must be considered to fill the data into the tool, and a good teamwork
between departments is crucial for a good final assessment, since was evidenced that some departments
did not fill in the information necessary.
In the second phase, the main goal was to identify new markets, where some price reductions could be
found due to new wages and new energy prices. When analyzing the current sourcing map, was possible
to conclude that currently most of the sourced costs are locally sourced. To facilitate the application of the
methodology, a clustering approach was used, based on the production of the parts; being this clusters
suggested by the company’s commodity department. The reason a new evaluation was not made, was
the direct request from the company to fit their organization as best for them to be able to apply our
results directly.
Based on the ABC analysis, the clusters to be analyzed were chosen, Castings, Machining, Forgings and
Powder Metallurgy, two from class B and two from class C. With the results from the cost breakdown
structure, reductions were applied to each cost block under study, production and labor, achieving a new
piece purchasing price (Table 18). From this perspective, most of the parts showed potential for savings
in every studied market. However, TCO perspective suggests that the acquisition cost is much more than
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the piece price, it is an increment of costs resulting of all acquisition processes (Ellram, 1995) and from
that perspective, a logistic variant was included in each piece price and the results scenario changed
dramatically. Almost no part had possible savings when sourced in the countries under study, Only
Turkey responded well to the test, showing positive result in most of the situations. In addition, Machining
parts also showed good results, having good savings (up to 19%).
One severe limitation of this methodology was the fact that no deep evaluation of logistics were made,
possibly synergies in transport could be found decreasing the costs.
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6- Final Remarks and Future Work
ZF is a worldwide company, leading in automobile industry with headquarters located at Germany. The
present work is developed within one of ZF’s Business units dedicated to car chassis technology and
located also at Germany. This business unit is responsible for parts developed for light cars, including the
object of this study, AKC. AKC is a ZF’s new, innovative and exclusive part, based on mechatronic
concept that improves the car performance. Being ZF a global player, it is of its best interest to stay
competitive, and constantly seek this competitiveness not only with innovative products but also
improving their functions that produce value, specifically purchasing function. It is under this perspective
that ZF long for increase their global sourcing share.
Global sourcing was identified as a common action when industrial companies seek for competitiveness,
focusing in reducing cost and gain advantages from an expanded and innovative supply chain. So the
main goal is to identify global sourcing opportunities for AKC, with specific recommendations for part
groups and sourcing areas, highlighting possible cost savings and other possible advantages, and it is
under this context that the present work was developed.
The case study under analysis was presented, starting with a brief presentation of the company and
product under analysis. A more detailed description of the purchasing strategy endorsed by the
department responsible for the AKC parts purchasing was endorsed. However the main focus was the
purchasing strategy, it was impossible to separate the purchasing process from the supplier
management, being this function also presented.
In state of the art, topics such as Global sourcing, Supplier selection and the TCO approach were review
from existing literature, giving a strong foundation for future works, and was concluded that this approach
would fit the global sourcing study.
A methodology for the research was developed in the fourth chapter. For the research, a constructive
approach was used, and having that in mind, a proposal for TCO studies for outsourcing decisions were
adapted to the Global Sourcing goal of the company. The methodology was divided into two phases. The
first phase was used to evaluate the applicability of the current TCO tool existent in the company. In the
second phase, the goal to identify which markets could result into a price reduction.
In the first phase, we were able to identify that the tool currently used by the company is well prepared
when used with foreigner suppliers. However investigations of the impact of the low cost countries risk
should be done and represented in the final price. Also reverse logistics are not considered in the tool,
and even for local sourcing, this should be considered. As a final remark, all different departments should
place their inputs on the tool, otherwise the results are not 100% feasible and the tool loses its
functionality.
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In for implementing the second methodology, a deep data retrieving and treatment was implemented,
gathering information of the current sourcing situation, as well as, important information to proceed with
the study, such as, Labor costs per cluster, Production costs, energy and wages prices for each market.
The sourcing map helped to get an overview of the current sourcing strategy, showing that currently most
of the parts are sourced locally. To proceed with the study, the ABC analysis gave an important input on
which clusters should be evaluated. A class was not taken into account since it was mainly powerpack,
and the sourcing strategy for this part is a strategic decision, not being a price related, as the main goal of
the thesis. As a main focus, B class components were chosen, Castings and Machining. After
recalculating the price, both clusters showed a good reaction to a change of sourcing markets, both with
good chances for price reduction. However, when we included the variant Logistic, to assess the impact
on the final purchased value, most of the markets revealed no changes for price reduction, in the case of
Castings, and Machining with a good reaction. Part for this discrepancy in the results between both
clusters is the difference on logistics requirements. Castings have high quality concerns due to cleaning
requirements and contact, which results in high packaging costs. Also the size and weights of casting
parts re higher that Machining, increasing the transport rates.
In addition, two C class clusters were chosen to comparison, Forgings and Powder Metallurgy. Starting
with the worst case scenario, powder metallurgy revealed no chances for savings. For forgings, a similar
case happened, not showing good changes in global sourcing activities.
After the conclusion of the study, results were presented to ZF, showing which part groups reveals better
results for global sourcing identifying possible cost savings related with new purchasing strategy.
As a result of this study, the company retrieved information regarding which TCO’s functionalities must be
reviewed and which functionalities must be implemented in order to fit into global sourcing activities. In
addition, from the results out of the assessment on which markets possible savings might occur, the
company could take strategic information for future possible new supply strategy for specific part groups.
For further studies, we suggest that deep analysis of the logistics chain should be done, in order to try to
decrease the impact of these costs on the final price. Also a risk assessment should be done when
dealing with low cost countries, because usually quality issues and lack of professionalism can lead to
higher unplanned costs.
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