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applicable for remanufacturing? 

• What specific challenges does an industrial performance 

measurement system meet, if it is to be applied to a 

Remanufacturing? 

 

Purpose: Describe and analyze the performance measurement applied to 
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primary data, an interview with Volvo CE in Eskilstuna, and 
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measurement applicable for remanufacturing activities. The success 
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all challenges facing a remanufacturing process. Since the retrieval of 
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and efficient outcome of a Remanufacturing business‟s performance 
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1. Introduction 
 

 

This chapter aims to generate an understanding of the study project by presenting a 

background of the selected topic, the study problem, purpose, limitation of the report 

and the target audiences.  

 

1.1 Background 

 

Under the globalization in the economic environment as well as a changing product 

ownership over the value chain, enterprises and manufacturing are increasing their 

capabilities in term of reverse logistics. The potential impact from customers and the 

performance measuring in manufacturing are some factors to facilitate a firm to 

implement reverse logistic and developing reverse logistics- related information 

capabilities. “It is important that companies are competent to physically handle 

returns which including activities such as stock selection, transportation, centralized 

collection, data collection, sortation, refurbishing or remanufacturing, and 

disposition” (Tu. et al, 2010). Hence, the manufactures can implement effective 

reverse logistics in their operations to obtain a sustainable competitive advantage and 

upturn employee performance in the manufacturing. 

 

Meanwhile, performance measurement system represents a considerable challenge for 

the manufacturing industry over the world. Over the last decades, measurement tools 

play an increasingly important tactical role for organizations that strive to keep pace 

with market changes and performance integration (Meade and Sarkis, 1998). 

Nowadays, this trend is also spreading through system level, as testified by a number 

of companies where tactical tool has already been carried out in both upstream and 

downstream of the business and organization process. Due to the importance of 

performance all over the system, the reverse logistics has become an up to date topic 

for various organizations looking to improve their competitiveness and capacity for its 

employees, to improve eventually workforce morale and increase employee retention 

and customers satisfaction rates. 

 

Reverse logistics are a process whereby companies can become more environmentally 

efficient through recycling, reusing, and reducing the number of materials used. 

However, reverse logistics has the un-prediction characteristics in return time, 

quantity, quality and site. During the time of 1980s, the scope of reverse logistics was 

limited to the movement of material against the primary flow, from the customer 

toward the producer. As the focus of logistics is the movement of material from the 

point of origin toward the point of consumption, the focus of reverse logistics was the 

reverse movement of material from the point of consumption toward the point of 

origin. Since then, the interest has increased concerning the afterlife phase, where 
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parts and products are returned to refurbishing or remanufacturing. This phase is of 

specific interest for Volvo CE, with a specific focus on the performance measurement 

system for a remanufacturing activity. 

 

 

1.2 Problem statement 

 

There are still some issues in developing performance measurements for a 

remanufacturing process. To succeed in implementing a performance measurement 

system, the organizations have to be clear and understand the measurement system 

and reverse logistics focused on remanufacturing from an initial stage of development 

till the individual process level of the measurement system and logistic reversal. 

 

Hence, the strategic questions are 

 How is performance measurement for Remanufacturing defined and 

described? 

 What is the status (recent development and current state-of-art) on 

literature and research regarding performance measurement applicable 

for remanufacturing? 

 What specific challenges does an industrial performance measurement 

system meet, if it is to be applied to a Remanufacturing process? 

 

1.3 Purpose 

 

The purpose of this research is to define, describe, and analyze the performance 

measurement applied to a Remanufacturing process in an organization in order to find 

out the challenges of implementation and a framework of developing measuring 

system for Remanufacturing. The study can function as an initial role model of 

implementing performance measuring for the upcoming reverse logistic 

manufacturing especially for remanufacturing organizations. 

 

1.4 Delimitation 

 

The starting point for this study was to critically review the literature on Performance 

measurement applicable for reverse logistic processes with focus on remanufacturing. 

However, the models in performance measurement applied to remanufacturing are not 

well shown, as well as the research and data in the area is utterly limited.  

 

The study is based on gathering information by secondary sources from articles and 

other related research and by interviewing a Swedish organization which applies 

remanufacturing activity in their organization.  
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1.5 Target audience 

 

This study will be of interest to organizations that want to adopt a reverse logistics 

and remanufacturing scheme in their organization and organizations that already 

developed a reverse logistic system. This research might give general guidance to 

readers who study or are interested in technologies and systems for reverse logistic, 

performance measurement, and remanufacturing. 
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2. Methodology          

 
 

This section describes the research method applied in this study. The chapter includes 

the research approach, the research process, data collection, and analysis of 

information. These section dimensions are presented in accordance to the selected 

factors, theories, process of writing, data gaining and reliability and validity of 

information to show which and why they are used in this study. 

 

2.1 Research Approach 

 

Concepts of performance measurement in reverse logistics focused on 

remanufacturing were initially implemented in industry and integrated with 

manufacturing activities. However, there are not many developments initiatives and 

research result found in education institutes such as universities. The remanufacturing 

concept as a part of a reverse logistics process is still vague and new for many people 

and used by a small number of manufacturers. From the increasing interest and 

curiosity of the remanufacturing concept, both practitioners and academics, the 

performance measurement system applied to a remanufacturing process became the 

selected area of study.  

 

The study shows the applied knowledge in performance measurement, logistics, 

technology and remanufacturing including material introduced during the academic 

year such as supply chain concept, project management, knowledge management, 

performance measurement system and some new areas of technologies in reverse 

logistics area. To make an outcome of the problem statement, a number of researches, 

books and articles in remanufacturing and reverse logistics are applied in the review, 

discussion and analysis in this study. 

 

Therefore, the findings on performance measurement systems are used to present the 

various definitions of measuring the remanufacturing process. Benefits and barriers to 

apply performance measurement on a reverse logistic process support the use of 

performance measurement system for remanufacturing respectively. In addition, the 

development of performance measurement tools in various areas of reverse logistics 

illustrate the tools and approaches of developing and implementing performance 

measurement systems in reverse logistics manufacturing companies. 

 

2.2 Research Process 

 

The process of study in this research can be structured as the figure below. The 

research process begins with problem preparation which in this case is the status and 

challenges for performance measurement system applied on remanufacturing. The 
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second step is to conduct a critical literature review to create a theoretical framework 

and a study of performance measurement system for reverse logistics that will be 

useful in analyzing and formulating a remanufacturing performance measurement 

system framework. The empirical data obtained from a selected company having both 

manufacturing and remanufacturing concepts. Empirical data will be obtained through 

semi-structured interviews conducted with company representatives from related 

departments. The study is concluded by an analysis of information and data obtained 

through interviews and finally to prepare a conclusion of the study. 

 

 
 

Figure 1: The study process structure 

 

2.3 Data collection 

 

In the study, the needed data is collected in order to research and analyze strategic 

questions and conclusions. Fisher (2007) illustrated that “the research may involve the 

use of several research methods of data collection; interviews, panel, questionnaire, 

observation, and documentary.” In fact, the methods to collect the data may depend 

on the research approach. The figure below showed an overview of available data 

collection methods, according to Fisher (2007). 

 

 
Figure 2: The data collection method.  

Source: Fisher, et al (2004) 

 

The study can lead to results and conclusions by considering the collection of both 

qualitative as well as quantitative data. Fisher, et al, (2004) mentioned the data 

collection is important in order to analyzing the respective result in the conclusion. In 

addition, the data in qualitative material is generally based on words rather than 

numbers, and words may be represented or obtained by observations, interviews and 
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documents (Miles & Huberman, 1994). Thus, this study arranges the qualitative 

methods of data collection into two different types, which are primary data including 

interviews, and secondary data including information from literature, books, articles 

and research papers. Of these two, the secondary data sources are considered to be the 

main sources of information, playing the most important role in this study. 

 

 

2.3.1 Secondary data 

 

Since literature, research papers and articles yield a central role in this study, the 

secondary data was required to gather and accomplish an overview of the prior 

research work and the theories that were developed from several sources. By using 

secondary data, a wider variety of materials was available to evaluate and analyse, as 

the data collections is less time consuming (Smith, 1995). 

 

The secondary data comes from several sources such as textbooks and articles. The 

finding is based on browsing from the internet and library searches. Although the 

research topic was mainly focused on the performance measurement system for 

remanufacturing, several theories and data from different fields of study is included, 

including Production system and Reverse logistics processes.  Those topics are 

considered necessary since a Remanufacturing perspective is concerned with the 

linkage of Reverse logistics and Performance outcomes from production system. In 

order to describe the technique to manage and collect theoretical framework and other 

field of research articles for this study, the author divides the obtaining of secondary 

data in to literature frame of references and the articles and research papers review. 

 

Fisher, (2007) suggested that, to create the theoretical framework after deciding the 

research topic, the next stage is to review the literature to create an initial 

understanding of the research area. Therefore, the literature review section concerns 

variety of literature, including textbooks, journals, articles, magazines and electronics 

database searches. Textbooks provide a broad and reliable source of information. 

Meanwhile, the articles and journals present more precise and current data on the 

focused area. The attention has also given towards research papers to get an up to date 

and validity of information related to the study topic which was retrieved from the 

electronic databases, such as Elin@Malardalen (an online journals and articles 

database available from Mälardalen University), Emerald, JSTOR and Google 

Scholar. In addition, Internet was also used to search for mutually straight information 

and subsequent data about the selected organization. 

 

2.3.2 Primary Data 

 

Primary data are the information obtained first-hand by the researcher for specific 

purpose of the study (Sekaran, 2003). There are several ways of collecting the 

primary data. In this study, “semi-structured” interviews are used where the 
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interviewer is having main issues and topics to ask interviewees. However, the 

interviewee can also talk about their experience and incidents (Fisher, 2007). The 

interview provides the in-depth information from an organization which is 

decipherable for the research. The data collections from interview give a more clear 

view of how performance measurement system has been utilized and handled in the 

reverse logistic focus in manufacturing companies. By analyzing the information of 

data collected from interviews, the research can show not only the way performance 

measurement works for reverse logistic manufacturing, but the most of all data 

confers the view of how performance measurement system deals with the specifics in 

the remanufacturing concept.  

 

There are several companies that cloud be interesting for an interview in this study. 

Nevertheless, only one company was interviewed; “Volvo Construction Equipment 

(Volvo CE)”, a worldwide company within the automotive industry located at 

Eskilstuna, Sweden.  

 

At Volvo Construction Equipment, an interview was conducted with Mohammed 

Salloum, a controller at Volvo CE in Eskilstuna, Sweden on 22 November 2011. 

Mohammed Salloum has been working with Volvo Construction Equipment for 

several years as a controller of performance measurement and production system, and 

is also a researcher in the area of performance measurement for the company. In 2011 

he published the licentiate dissertation "Towards dynamic performance measurement 

system; a framework for manufacturing organizations." Mohammed Salloum, in the 

extensive interview, possesses a strong understanding of company‟s background, 

overall manufacturing structure and particularly the performance measurement system 

practices. The interview session lasted for approximately two hours. 

 

 

2.4 Validity and Reliability 

 

Validity determines whether the research measures what it is supposed to measure 

and to ensure that the results are reliable and useful. Validity can be increased by 

arranging interviews or use of research papers and case studies as a source of theory 

generalization in the academic community (Yin, 1994). Meanwhile, the reliability 

denotes that results from the study should be steady over time if similar research is 

conducted using same procedure (Yin, 2003). A research is considered having a high 

reliability if it gives the same result repeatedly, in contrast to a low reliability giving 

the different outcomes each time. Hence, the goal of reliability is to minimalize 

errors. 

 

In this research, the use of research papers and case studies as a theory generation is 

the most beneficial since the existing theory base is relatively limited.  Additionally, 

the primary data has been collected from the Volvo Construction Equipment (Volvo 
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CE) by the interview. The interview questions are derived from the theories and the 

author‟s conceptual model. The questions are comprehensively developed to ensure 

that the data collected will lead to the conclusion of this study.  
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3. Literature frame of reference 
 

 

 

This chapter describes the theoretical frame of reference used to guide the study. It 

divides in to two subtopics. The first section begins with a definition of performance 

measurement systems, reverse logistics, and the framework of remanufacturing. 

Whereon, the latter topic illustrates the current state-of-art in the remanufacturing 

process presented to lead the research for further empirical gathering, analysis and 

conclusion. 

 

3.1 Definition of Performance Measurement System 

 

“In a time of globalization and an increasingly competitive environment, measuring 

performance has become critical to business success (Song, and Hong, 2008).” 

Performance measurement is a part of management systems to measure performance. 

The performance measurement has been created by companies and organizations to 

evaluate and use as a means to improve their competitiveness.  

 

 

 

 

 

Salloum, (2011)  

 

The performance measurement can be simply described as the process that company 

use to integrates its objective and corporate strategies together with its performance. 

Song and Hong (2008) mentioned “the performance measurement systems can 

provide companies with relevant, appropriate, complete and accurate information. 

The companies have opportunities to monitor and reposition their management and 

operations to obtain highly competitive environment.” The companies need to make 

the roles and policies to implement the method of measuring the performance in order 

to perform the measuring system effectively.  In addition, “Performance 

Measurement System is a process to allocate responsibilities and decision making, set 

the targets of performance, and give out the result by analyzes the achievement of the 

target” (Lee and Yang. 2011: Cliville, et al 2006). There are a numbers of researches 

mentioning that an effective performance measurement system is simply required to 

develop and perform the effective result of performance. Lee and Yang (2011) 

illustrate in the research that “the simple approach of performance measurement 

system is called an inventive PMSs which include both finance and nonfinancial 

measurement factors in order to evaluate cause and effects of different performance.”  

“Performance measure: a measure accustomed to quantify 

effectiveness and efficiency of taken action 

Performance Measurement System: the set of metrics used to 

calculate effectiveness and efficiency of performed actions” 
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Table 1: The role of financial and non-financial measures 

Source: Tuomela (2005) 

 

Table 1 above shows the potential of non-financial and financial performance 

measures in summarize by the different force of strategic control. It is possible to 

describe that Financial measures are at ease with assess either the financial goals are 

achieved or the intended strategy does not lead to the attainment. Tuomela (2005) 

illustrates that “Financial measures can be used to enhance the momentum for 

shareholder value and to strengthen strategic boundaries that have been set with 

regard to financial risks.” In vague circumstances, financial perspectives are suited 

with interaction of discussion among different strategies and investigate the exit ways 

for strategies uncertainties. Tuomela (2005) has further illustrated on non-financial 

perspective that “In the other hand, Non-financial performance measures make it 

possible to follow progress in key strategic success factors. Interactive analysis and 

discussion of the most critical success factors in management meetings could be 

enhanced with this information.” Moreover, there is an importance aspect that non-

financial measures are well preserved to support core values and to highlight the 

strategic. Even though financial measures can be used to create value for possessors 

and keep a company away from financial risks, non financial measures are addressing 

the importance to accentuate a wide range of core competencies and strengthen of 

strategic boundaries.  

 

The inventive PMS is needed to develop and establish a causal link among 

measurement system, strategies and outcomes. Braz et al, (2011) mention that 

“Performance Measurement System captures the principle of management and 

operation in manufacturing companies in order to planning the production operation, 

motivate employees and create strategy.” Performance measurement system can be 

consider as the competitive factor that can give management a deeper understanding 

of combined strategy and production operation to reach a successful business 

(Hedman and Kalling, 2003). However, the recent performance measurement systems 

occurs presently do consider an aspect of measuring performance that can flexible and 

cascade throughout all department in the company.   
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The framework of Performance Measurement Systems is widely developed over a 

large number of researchers. Braz et al, (2011); Lee and Yang, (2011); and Cliville et 

al, (2006) illustrate through their overviews that the general framework of 

performance measurement system shows the essential elements used by the 

performance measurement system to set objectives, vision and strategy control, and 

planning for the operation. Figure 3 illustrate the common balanced scorecard 

framework as a performance measurement system for manufacturing enterprises. 

 

 

 
Figure 3: The general framework of Performance Measurement System  

Adopted from: (Balanced scorecard review, 2011) 

 

 

The four elements in the performance measures (Kaplan and Norton, 2001 in Braz et 

al, 2011; Kennerley and Neely, 2002) shown in figure 3 is the most frequently applied 

framework used by manufacturing enterprises to transfer strategic objectives and 

visions to a set of actions and performance measures. There are four elements needed 

to arrange the process of the performance measurement system.  

 

 

Financial Approach: 

 

In the financial element, the process purposed in which to efficient utilization of 

resources as required on the whole in an organization or manufacturing. There is an 

importance in financial perspective to reflect the financial return and activities to the 

management and owner.  The financial strategies choices are concerned to: 

 

I. Stewardship and fiduciary responsibility: to decrease the volume and amount 

of materials damages and consider other alternative uses of operation process.  

II. Cost effectiveness: focusing on cost reductions at the expense. 

Vision 

and 

Strategy 
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III. Revenue generation: to balance costs and liability associated with supply and 

demand.  

 

Internal Approach: 

 

The internal perspective is essential to optimize organization‟s internal structures and 

processes. This approach influences the overall goal from short term to long term as 

well as from operation to administrative level.  This perspective concerns the process 

for reviewing, developing, and modifying measures, in order for the firm to be 

conspicuous at providing the cost and quality expected by the customers.  The internal 

strategies choices are given as: 

 

I. Policy effectiveness: establishing good co-operation with employees, 

customers, and suppliers. 

II. Process efficiency: extending relations to improve the quality of products in 

the supply chain. 

III. Accountability: developing operation and methodology that effectively 

identifies manufacturing potential and capacity. 

IV. Future forestall: reducing waste as well as improving assets utilization and 

overall performance.  

 

Learning and growth Approach: 

 

The learning and growth perspective proposes in which to provide efficient advisory 

manufactured products and service at the customer level. This approach is also called 

the people approach to arrange advance professional training of performance at the 

administrative level. The learning and growth strategies choices are listed to. 

 

I. Employee satisfaction: improving human resource with skills, training, and 

knowledge as well as welfares. 

II. Skilled workforce: maintaining the liveliness and flexibility to get a prompt 

for business conditions change. 

III. Effective technology use: having presence higher technological standards and 

get use to with them 

IV. Continuous improvement: improving services and extending product line and 

function at the consumer phase in order to modify and improve core 

competitiveness.  

 

Customer approach: 

 

The final and fourth element is called Customer. This approach aims to focus on a 

business manufacturing and organization‟s strategic goals.  It is relating the enterprise 

to its external environment and makes the loyalty to products produced, where the 
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enterprise is willing to go through competition with other for a larger share in the 

market and suppliers. The customer perspective strategies choices are as follow:  

 

I. Availability of flexible information technology: developing and implementing 

a program or software that generates useful information and data that could 

easily be maintain to customers 

II. Analysis and reporting data to create customer satisfaction: evaluating the 

customer‟s need and expected in order to get reflect on how business can 

obtained satisfied by customers. 

III. Bring value to stakeholders: teaming up with stakeholders to optimize the 

business strategies and take advantage of opportunities.  

 

However, the performance measurement system is required to concern more than the 

complex perspectives illustrated above. The four major elements are needed to relate 

with other hierarchies and departments in the manufacturing enterprise such as 

tactical and operation level, decision making or management level, as well as to 

provide control over the lowest employee level in the business. 

 

Over the decades, the role of performance measurement system has increased its 

important in both scope of work and strategic of management.  The system of 

performance measurement shows a discrepancy between companies. However, as 

stated by Yang (2009), ” the most of performance measures used by companies today 

continue to be the traditional cost-based and financial statistics reported to 

shareholders in the form of annual report, balance sheet, and income statement data.” 

The statement shows that the information received from the measurement does not 

react to organization‟s production system and services. In contrast, the ability of 

production system can influence and turn competencies of company to be a successful 

organization. 

 

 

 
Figure 4: The balanced frame of Performance Measures.  

Source: Kaplan and Norton, (2001); and Braz et al, (2011) 

 

In addition, the production can be fulfilling a need of the whole system in a company 

by attempting to develop and maintain a distinctive competitive advantage. Yang 
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(2009) illustrated that “an effective performance measurement system should consist 

of the traditional financial information along with strategic-level, tactical-level and 

operational-level performance criteria used to assess the competitive capabilities and 

operations performance of the business.”  A performance measurement system can 

offer and deliver a value of engaged information to a company. The data collected 

from measurement derive from production, operation, supporting network, 

infrastructure and customers. The outcomes of collected data create an improvement 

of performance in term of competitiveness, enhanced higher product outcome and 

work environment. 

 

By the literature survey, it is shown that several researches and literatures recently 

define various frameworks and description of performance measurement system. 

Bourgault, et al, (2009) mention that “the performance measurement system that focus 

on end-users’ requirements has various supplementary elements to consider in order 

to balance of performance satisfaction.” The overall approach to consider is the 

metrics that represent valid measures for the end users which can be identified in 

particular distributed project. In several projects monitoring, Bourgault, et al, (2009) 

demonstrate that “the metric being use as a valid measure for the end user is called 

organisation-focused.” The organization focused metric can be used to create an 

effectively measure for network and individual level activity. Hence, the specific 

metric for individual project need to be toughly defined in order to build trustworthy 

indicator that reflects the performance outcome to satisfy end user‟s need. Kaplan and 

Norton, (2001) in Braz et al, (2011) illustrate three established tools that are the 

Balanced Scorecard (BSC), the European Foundation for Quality Management 

(EFQM) Excellence Model and the Retail Performance Management (RPM) System 

that are implemented to create a performance measurement system for industry sector 

and manufacturing companies.  

 

The implementation of performance measurement system is a significant process after 

developing. Figure 5 shows an outline of implementing process for performance 

measurement system. Bourgault, et al, (2009) illustrates 5 steps from one to five of 

the implementation process where contain tools and procedures for used to 

developing the top level set of business goals. These five steps have also different 

tools and procedures for designing performance measures for an individual business 

unit. This performance measures throughout the manufacturing enterprise cascades by 

the business objectives. The following is summarizing part one to five where the 

process comprises (Bourgault, et al, 2009):    

      

Part 1 Grouping product 

 Categorizing groups of products or markets where have discreet competitive 

requirements.  

 The grouping of different products or service markets causes the result of 

different customer needs. 
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Part 2 Agreeing business objectives  

 Performing business strategies and goals from customer and stakeholder 

 Creating a coherent set of top-level business objective 

 

Part 3 Agreeing performance measures 

 Designing distinct performance measures for each of business objective 

 

Part 4 Yield it out the top level performance measures 

 Reviewing the measures developed agreed in earlier part. 

 Testing measures for completeness and coherent before obtaining agreement for 

implementation. 

 

Part 5 drive in the top level performance measures 

 Providing advice on implementation and performance reviews 

 

 
 

Figure 5: An implementation process represents from part one to five 

Source: Bourgault, et al, (2003) 
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Based on this study, it is possible to conclude that the performance measurement 

system for the production and operation system need to consider the overall scenario 

and metrics to create effective performance measurement system and efficiency 

performance outcome for the particular production and manufacturing system. 

 

 

3.2 The Definition of Reverse Logistics 

 

Reverse Logistics spread during the 1980s; the progression defined by the movement 

of materials from customers back to producers Rogers & Tibben-Lembke (2001). The 

reverse logistics aim to extract tangible and intangible values from the processes of 

disposal, recycling, and reuse. For example, if a manufacturing has a resonance 

reverse logistics system, then the corporate image is more positive in term of 

intangible benefit. Moreover, Rogers & Tibben-Lembke (2001) mention that „the 

reverse logistics is including processes for the return of damaged goods, the disposal 

of out of date inventory, and the restocking or salvaging of these goods.” In addition, 

the reverse logistics is including several activities such as product returns, reuse of 

product and materials, materials substitution, recycling, repair, waste disposal and 

remanufacturing. The studies show a company that has an enhanced reverse logistics 

process will improve the performance of hazardous material control, obsolete 

equipment disposition, and asset recovery. 

 

 

 

 

 

 

 

Zhao, et al, (2008) 

 

Reverse logistics is including a wide range of activities. There are several enterprises 

that use processes of reverse logistics when the company deals with a product return 

process. Reverse Logistics Activities or RLA are the opposite direction of movement 

of the product or materials from consumer backward to manufacture and continues to 

supplier. The reverse logistics activities are concerning economic, environment, and 

overhaul service purposes which aiming to create or bring back value or proper 

discard the product. Huang et al (2010) define the reverse logistics activities as the 

actions of return products that concerns collection, transportation, reuse, resell, 

recycling, reducing, repair and maintenance service, as well as recapturing the value 

of properly disposed of materials. In addition, the studies show that the reverse 

logistics can also be defined as a product returns process. Rogers and Tibben- 

Lembke (2001) point that a product return process concerns number of activities and 

“A reverse logistics is described as a process of planning, 

implementing and controlling flows of raw materials, in process 

inventory, and finished goods, from a manufacturing, distribution 

or use point, to a point of recovery or point of proper disposal” 
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types of a reverse logistics in the supply chain, for example, manufacturing returns, 

wholesaler/retailer returns, and customer returns. Those categories and types are 

lately expending to cover market returns, asset returns, product recall, and 

environmental returns. According to Rogers and Tibben-Lembke (2001), they have 

further illustrated that “either a product return process or the reverse logistics 

activities are concerning two major categories that are production activities and 

package activities. The activities for products are including reselling, selling through 

outlets, salvaging, reconditioning, returning to suppliers, refurbishing, 

remanufacturing, recycling, and disposal. At the same time, the packaging type is 

concerning fewer activities, for example, reusing, salvaging, refurbishing, recycling, 

and disposal.”  Nevertheless, the reverse logistics processes are very depending on 

the situation and the intermediaries between suppliers and manufacturer. Obviously, 

the proper or efficient implementation of the reverse logistics process will 

dramatically reduce operations cost and higher profits.  The figure 6 shows the 

general categories and return operations in the reverse logistics process. 

 

 

 
Figure 6: Product return operations for reverse logistics process  

Adapted from:  Thierry et al. (1995) 

 

 

According to Thierry et al, (1995), the reverse logistics is mainly supposed to deal 

with the return products. The figure 6 illustrates six recovery processes in reverse 

logistics, aimed to evoking value from the return products as well as components. 

These six categories are recycling, cannibalization, reuse, refurbishing, repair, and 

remanufacturing. Thus, the reverse logistics recovery processes can be described in to 

particular six categories as the following. 

 

 

 

 

 

 

 



 18 

 

 

 

Recycling:  

 

 
Figure 7: The recycling recovery process 

Source: Umicore (2012) 

 

The recycling operations in reverse logistics is purposed to use materials again and 

again. Guo (2009) illustrates the recycling of reverse logistics recovery operations as 

“the recovering of products which can be made use of them again but no longer 

reserve in any structure of recovering components or goods for the sake of the 

recycling of material resources, for example, the leftover material from reborn metals 

and paper rebirth.” The materials might be obtained from used parts or product 

returns by various separation processes. The materials from returned products or 

components can also be reusing them in the production of the original returns or other 

products if applicable.   

 

 

Cannibalization: 

 

 
Figure 8: The cannibalization recovery process 

Source: Srinivasan, et al. (2005)  

 

The cannibalization process is an operation in the recovery process of reverse logistic. 

The definition of cannibalization is described by Lomax, et al (1997) that “the process 

in which a new product gains some benefits from an existing product.” In term of 

management, the cannibalization has also defined with more concerned on magnitude. 

The cannibalization defines as the extent of a one part or product which is at the 

expense of other products offered by the same manufacturer. The operation aims to 
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recover a moderately small number of reusable components and parts from the used 

products. The restricted set of components that recovered from the product returns can 

be used in any of the other operations in the reverse logistics recovery processes. 

 

Refurbishing: 

 

 
Figure 9: Refurbishing operations in reverse logistics recovery processes 

Source: BoardConnect (2012) 

 

In reverse logistics recovery process, the refurbishing operation is a process that 

aimed to bring the quality of used products up to a specified level. The product 

returns are passing through steps to upgrade it to a workable condition from 

disassembly to the normal level, and by inspection and replacement of unusable 

components. Furthermore, the refurbishing operations that involved in information 

technology and information system sectors can also be defined as the upgrading of 

technology by replacing out-of-date components or substitute parts with the higher 

technologically modules. 

 

Reuse: 

 

 
Figure 10: The demonstration of reuse process 

Source: Spurgeon (2009) 

 

The reuse operation is a process purposed to return products back to their working 

condition. Figure 10 above shows the demonstration of reuse category in the reverse 
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logistics recovery process. However, it is a simply act of finding a second or fifth or 

hundredth time to use the product in order to lengthen its life. Although the quality of 

the reuse products is not as good as that of the original products, there is an effective 

way to reduce the waste. 

 

Repair: 

 

 
Figure 11: The product repair process 

Source: Mareflex (2012) 

 

Repair process is one of another important approach in reverse logistics‟ product 

recovery processes. The method intents to be fix the return products up to working 

position. Product repair process consists of the fixing as well as replacement of 

damaged parts and components. In which, the rest parts of the product are ultimately 

not affected. Repair operation is usually required only limited approaches in 

manufacturing process, such as disassembly and reassembly. Additionally, repair 

process can be completed either at customer‟s place or at manufacturing and 

remanufacturing site. Theirry, et al, (1995) illustrate that “A large number of robust 

production manufacturers, for example IBM, DEC, and Philips, are engaged in 

product repairing process.” But, there is logically accepted that the quality of new 

products is much better than the repaired products one. 

 

Remanufacturing: 

 

The sixth category of the reverse logistics recovery process is remanufacturing. This 

process operates to bring up the return products to a quality standard one. The 

remanufactured products are purposed to which as proper as the new life products by 

passing through disassembly down to component level, inspection, replacement of 

components and parts with new ones. Approved parts and components are in testing 

stage and subsequently assembled into remanufacturing products. Moreover, 

remanufacturing can be combined itself with technological upgrading, customer 

satisfaction, human resources, and knowledge and innovation. Wherein, the latter will 

give remanufacturers a better performance outcome in remanufacturing process and 

remanufactured products. 
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Figure 12: The demonstration of a remanufacturing process 

Source: TRW Automotive (2009) 

 

Since the remanufacturing is a consideration topic in this study, the deeper definitions 

and descriptions can be found at the latter section.  

 

Although there are different categories and types in reverse logistics, the 

manufacturers that implement reverse logistics possibly obtain more benefits and 

profits if empowered from the normal logistics process. Several researchers, Antonio 

and Jesus, (2007), Krikke (1998), and Cohen et al. (2004) mention roughly four 

immense profits that company can obtain. First of all, the reverse logistics process can 

increase competitiveness and improve performance of the companies to embark on 

the challenge of the global world. The enterprise can optimize both management and 

logistics process for international and traditional trading. Moreover, the reverse 

logistics can create the company full of optimal coordination of all factors that 

influence in the purchase decision, such as; quality, trustworthiness, price, packing, 

protection, service, and distribution. Finally, the management vision toward reverse 

logistics process assists the company in its efforts of planning for internal and external 

logistics activities.  
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3.3 The process of Remanufacturing 

 

Remanufacturing is a process that differs from other reverse processes. The 

framework of remanufacturing concern the process where the product or equipment 

require the repair or replacement of worn out or outdated components or models. 

Hence, the production planning and control of remanufacturing system are mostly 

processed for fast moving and standard items (Tang, et al. 2006). 

 

 

 

 

 

 

 

    Source: Sundin (2004) 

 

The remanufacturing industry occurred during the Second World War (Sundin, 2004). 

The remanufacturing began with small independent companies providing cheap 

replacement parts for the automotive industry, but manufacturers ignored this 

opportunity at that time. Remanufacturing is an industrial activity whereby products 

referred as cores are restored to useful life. However, remanufacturing not only 

promotes the multiple reuse of materials, but it also allows for the steady upgrading of 

quality and functions of products, and does this without the need to manufacture 

completely new products and throw away used ones (Sundin, 2004). There are several 

descriptions existent for remanufacturing. However, the majority is variations of the 

same basic idea of product planning and control in term of rebuilding. The 

remanufacturers are mostly described themselves as service providers. Of them, there 

are many enterprises in the automobile component remanufacturing sector using the 

name of „rebuilding‟.  Likewise, the tires manufacturers identify themselves as 

„retreaders‟, whereas laser toner cartridge remanufacturers named themselves as 

„rechargers‟ (Sundin, 2004). The study shows that if the rebuilding of the product is 

too specified, such as when the few parts are to be replaced either one of the names 

refurbishing or reconditioning can be identified as more appropriated.  The name of 

reconditioning or refurbishing is often used when the product is in the process of the 

remanufacturing with specifically remanufactured back to its original specifications 

(Ljomah, et al, 1999). Hence, the remanufacturing can be recognize in general as the 

process of restoring discarded product to be able to use as the new life. 

 

The study of several researches shows the variation of definitions and process. Mähl 

and Östlin, (2007) demonstrate that “The remanufacturing is a process that used 

products need to return and pass through   a remanufacturing process where several 

typical steps of the remanufacturing process which the product is needed to return 

and passes through.” Meanwhile, Bras and Hammond (2001); Sundin (2004); and 

“Remanufacturing is an industrial process whereby products referred as 

cores are restored to useful life. During this process the core pass through a 

number of remanufacturing steps, e.g. inspection, disassembly, part 

replacement/refurbishment, cleaning, reassembly, and testing to ensure it 

meets the desired product standards” 
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Mähl and Östlin, (2007)  illustrate the aggregated categorization uses in 

remanufacturing in damage correction, cleaning, inspection and testing, quality 

assurance, and part interfacing in disassembly and reassembly. Of them, the 

approaches include disassembly, cleaning, inspection, reconditioning, reassembly, 

and testing. Sundin (2004) mentions that the typical steps can be put in different order 

depending on the product type, volume and quality which the enterprise has been 

selected. From the definition illustrated above, the remanufacturing process which 

depending the product type, remanufacturing quantity, and so on, can be figure out in 

order or steps.  

 

 

 
 

 
Figure 13: A generic remanufacturing process 

Source: Steinhilper (1998) 

  

 

Figure 13 shows the structure for the remanufacturing steps. According to Steinhilper 

(1998), it is possible to briefly describe a generic remanufacturing process as 

following. The pioneer role in the industry can be viewed in the disassembly and 

cleaning. Those early steps are seen as new technologies on the industrial level where 

the industry itself has set up a new standards and solutions for remanufacturing. In 

disassembly, the product will be disassembled and separated to single parts. The parts 

are identified and inspected, afterward decided whether each part can be reprocessed, 

reused at the current state, or if it is needed to be recycled as scrapped. In this stage, 

all parts that basically are not possible to be reconditioned will be separated from 

others. Mähl and Östlin (2007) point out that “a remanufacturing automation is rare 

even though some experiments with robots have been taking place in the recent 

years”. In the disassembly processes, the cores can also be cannibalized for parts. 

Component cannibalization occurs when parts or components are separated form the 

core and used to repair or rebuild another unit of the same product (Roger et al, 1998). 

Thereafter, the inspection approach is decided which parts should be repaired. The 

most time consumed operation is the cleaning approach (Mähl and Ostlin 2007). This 

stage is more than to remove dirty stuff, but it means as well clean the greasing, 

remove the oiling, take out the rusting, and free parts from paint. This complex 

cleaning method is including processes executed consequently or concomitantly, 

metal brushing, sand blasting, ovens heating, petrol cleaning, hot water washing, 

chemically abolishing, and et cetera.  The reprocessing approach is coming after the 

cleaning stage. The aim of reprocessing is to increase the quality of the product. Mähl 

and Ostlin (2007) demonstrate about the difficulty in the reprocess method that a 

geometrical change of the parts through metal cutting like grinding will change the 
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dimensions and sometimes after reprocessing a highly worn-out product will not 

match the standard tolerance, such as the diameter of a crankshaft, and has to be 

scrapped. At the reassembly, the parts that have been separated will be assembled, 

using components that can be taken from the reprocessed, reused, replaced, or 

cannibalized.  Moreover, the reassembly stage is normally done with power tools and 

assembly components as used in the new product assembly. From that on, testing is 

executed as the final process for remanufacturing product. Steinhilper (1998) points 

out (in Mähl and Östlin, 2007) that the testing assures the component‟s quality during 

the reprocessing and operations.  

 

In addition, there are several remanufacturing systems in different industries. In term 

of make-to-order remanufacturing environment, Tang, et al. (2006) point out that 

limited efforts appear to have been devoted in the make-to-order (MTO) 

remanufacturing process. The latter study shows in general the crucial coordination 

among disassembly, remanufacturing, reassembly, and testing process, in order to 

build success of material matching in remanufacturing requirements. Although the 

make-to-order (MTO) remanufacturing is a strategy that high cost for established, it is 

directly match remanufacturing process with the product characteristic. A make-to-

order (MTO) remanufacturing strategy is discovered to maximize the enterprise 

profit. Tang, et al, (2006) investigate that “the remanufacturing process assume that 

itself consumes less capacity than normal manufacturing, thus remanufacturing will 

be attractive when it has less profit margin.” However, the product recovery in a 

made-to-order remanufacturing makes an attempt for the reverse processes as much of 

the economically product. Simultaneously, Yao et al (2010) demonstrate that a 

flexible remanufacturing system is the process that takes information technology, 

remanufacturing technology and management information along with adaptive 

flexibility in production and control the optimization of the remanufacturing system to 

minimize remanufacturing production time, optimize logistics, improve the ability to 

response market, and ensure the quality of products. Moreover, Sundin (2004), Östlin 

(2006), and Mähl and Östlin (2007) present studies in the remanufacturing process 

showing that the key decision of if and how as well the operation phases of the 

remanufacturing of the product can be rearranges depend on the situation in the 

particular manufacturing progress. Consequently, the discussion above of several 

researchers and studies empower the figure 14 below which illustrates the generic 

remanufacturing process and the holistic remanufacturing system.  
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Figure 14: The Remanufacturing System.  

Source: Östlin (2006) 

 

 

Although remanufacturing can bring business on core production and marketing, the 

different definition and understanding of remanufacturing process in particular 

industrial sector can observed the different outcome of the remanufacturing 

performance. 

  

 

3.3.1 Disassembly 

 

In the remanufacturing process, the disassembly approach is one of the most six 

important stages. This disassembly is concerning the defective components which are 

scrapped or the core products that have been send to recycling. The operation of 

disassembling remanufacturing product require a sorting of the separated components 

into particular material holders, depending on the quality of products, dirt, and other. 

This sorting stage is occurred principally to keep track of all components. Östlin and 

Ekholm, (2007) pointed in their research that the cycle time for disassembly process 

can be highly flexible. The variation of cycle time limits the possibility to calculate an 

exact takt time and leveled workload, as well as, to establish a stable production 

process. 

 

In addition, the disassembly phase and its characteristic is highly influence the other 

steps in remanufacturing process. This practice might give the possibility to produce a 

good performance due to the need of batching parts along with them for storage and 

transportation. 
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3.3.2 Cleaning 

 

The cleaning operation is required for remanufacturing process since the products or 

cores and components will be restore in the next step.  “To be able to produce and 

then restore the component to like-new condition, a complete cleaning with special 

equipment is necessary” (Volvo CE, 2011). The processing in the cleaning operation 

is generally different depending on the quality and category of the materials 

manufacturing, and products. This stage can inbuilt the characteristic of uncertainty in 

materials recovered, variable of processing time and stochastic routings. These 

characteristics can be covered up of highly inspection and control of quality 

categorization which enhance the possibility of a stable production and a leveled 

work. In a cleaning step of remanufacturing operation, there are groups that share the 

cleaning stations generally like the other stages in the process. The two different 

methods of cleaning the products that are known and commonly used are cleaning in 

water washing machines and blasting (Mähl and Östlin, 2006). Östlin and Ekholm 

(2007) mention that “the operation with the largest cycle time will set the pace for the 

flow, thereby, causing waiting time in the cleaning operation flow. Hence, re-

arranging operators in the flow could balance this waste.” However, research has 

further showed that the variations in the materials recovering rate (MRR) is a main 

impact for this processes. The shortage of components for the reprocesses makes the 

MRR process instable and the leveled workload and other tasks hard to calculate.  

 

Additionally, the resulting cycle times of the cleaning operations are normally 

different depending on the quality and category of the product. In a remanufacturing 

production process, there are two characteristics that can make effect on this cleaning 

step; the variation in material recovered and the variations in processing lead-times 

(Östlin and Ekholm, 2007). Although the cleaning operation has effects in the process 

that yield risks for balancing loss, the risks are today possible to manage by using 

batch sizing that can make the flow more stable on an aggregated level. 

 

3.3.3 Inspection  

 

The inspection is a key step in the remanufacturing production process. In this step 

the operation is mainly inspecting the cores and components, and sorting them in to 

categories. The products will be separated differently and realized by the division 

based on the quality of product itself. Östlin and Ekholm (2007) illustrated that “The 

inspection and the sorting of products enables a capacity control, when there is 

available production capacity, remanufacture hard or time-consuming cores, and 

when capacity is scarce, remanufacture easy products.”  

 

Hence, the effects of highly inconsistent processing time and stochastic routings of 

the remanufacturing process can be resolved by the inspection and sorting of products 

http://www.volvoce.com/
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in to different qualities and categories. A well-managed inspection operation enables 

the implementation of an accurate leveled workload. 

 

 

3.3.4 Reconditioning 

 

The reconditioning phase can be identifies as the process of refurbishing components 

to functional products or reach the satisfactory state of components restoring. 

Amezquita (1996) in Östlin, J. (2008) demonstrated that the process of reconditioning 

can be performed under the original specification using such method as resurfacing, 

repainting, sleeking, et cetera.  In this stage, the operation is also reprocessing the 

cannibalized components under taken from previous stages or stations. If the 

component is lacking from the product or early process, the operator can continue 

right away by buildup buffers between operations. 

 

Reconditioning process is working to plats, replaces, and upgrades the products in 

order to ensure that the products are as good as new. Moreover, the reconditioning 

phase does not consume more energy to working on the process, as well as, does not 

contaminate the environment (pearl1, 2010). 

   

 

3.3.5 The stage of Reassembly 

 

The stage of reassembly is occurred after the products have been cleaned and 

reprocessed. The components are reassembled as a blend of reprocessed and newly 

purchased components. Östlin and Ekholm (2007) illustrated in the remanufacturing 

research that “in this reassembly phase, the setup times as well as the cycle times, are 

not as variable and fluctuating as in the reprocessing and the cleaning phase.” 

Hence, the material recovery rate (MRR) is used when the demands are known to 

estimate the components order quantity. There is a possibility of excess or shortage of 

components occurs in this reassembly operation depending on the estimated MRR. 

The uncertainty of a stable production process can be another result that affects the 

performance of the operation.  The customer pull system can be used in this stage, but 

the supplier purchasing contacts need to be variable and products need to be ordered 

according to estimates and forecast. 

 

When all components are available for reassembly, the remanufactured product can 

be reassembled right away as a normal procedure in the manufacturing production 

process. The difference is that a number of different products and versions are in the 

process to be handled (Östlin and Ekholm, 2007). 
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3.3.6 The character of Final Testing  

 

After the products pass all sub processes above, the remanufacturing products are 

needed to be final tested before sent to the customer. The products that show further 

the defects will be send back to reprocessing again. Goertzel, et al, (2008) 

demonstrated that when the pack is found to be defective at the station, it must be 

remanufactured by skilled technicians either at the same location or other site. 

Moreover, the testing phase can assured the quality of components that has been 

replaced to make the remanufacturing products called themselves as like-new 

products.    
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4. Results 

 

 

 

 

 

 

 

From the methodological to the literature frame of reference presented earlier in this 

study, it is time to introduce the results approach. Three research questions were 

posted in the introduction chapter in relation to performance measurement system for 

remanufacturing. Research question one was covered in chapter 3 in the literature 

frame of reference. The second question will be answered through a result on 

academic perspectives presented in this chapter. Meanwhile, results on an 

empirical data on a case of Volvo CE will the latter be use to analyze in the analysis 

part in order to answer research question three. 

 

 

This part presents results of literature applied to be a specific guideline for answer 

research question two and conducts for the latter analysis and conclusion. The part 

details the challenges that affects remanufacturing performance, risk factors of 

managing and analyzing remanufacturing activities, enabling techniques for 

improving performance in remanufacturing, and the current state-of-art on literature 

and research regarding performance measurement for reverse logistics.  

 

4.1.1 The Seven Challenges affecting Remanufacturing Performance 

 

In remanufacturing companies, there are several challenges to operate the production 

and run through the operation of remanufacturing. Those characteristics can create 

complexity and uncertainty in the remanufacturing. Moreover, Mähl and Östlin 

(2007) have observed the seven confronts of remanufacturing that separates it from 

traditional manufacturing and affects the measure and control of remanufacturing 

performance. 

 

 

 

4.1 Results on Academic perspectives on Performance 

measurement system for remanufacturing activates 
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Figure 15: The seven challenges in Remanufacturing System.  
Adapted from Mähl and Östlin (2007) 

 

 

Uncertain of quantity and timing of returns 

 

The quantity and timing of the returned products to the remanufacturing process leads 

to an uncertainty of the product‟s lifecycle and technological change which make the 

return process works uncertain. Steinhilper (1998) illustrate that “in the initial stage of 

a product‟s life cycle, there are few products available in the market since few goods 

are returned.” Thereafter, supply and demand becomes more balanced in the later 

phase. In the last phase of the decline in the product‟s life cycle, there will be an 

excessive supply of the materials and product which facilitate the amount of products 

be exceed the market demand. The uncertain timing and quantity of the products are 

suppressed by forecasting for operation and planning. The forecasts can be done by 

compared to demand forecast. Thus, the products deposit system which generate a 

core when a manufactured product is sold, is created as the performance control 

activities to repress these problems. However, this can be reduced and controlled only 

for the uncertainty of numbers of returned. The remanufacturers need to hold highs 

level of inventory in order to handle the variability of demand and variation of the 

supply materials (Qinshuang and Qiaolun, 2007). 

 

Balance the returns with demand 

 

The general aims for all remanufacturers are to generate higher profits and thus 

balancing the returns of the products to demand of remanufacturing goods. It is as 

well significant for remanufacturers to avoid over stock generated by exceeding 

returns, and decrease of service levels created by exceeding demand.  There are two 
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problems occurred in term of excessive and shortage of remanufacturing cores are 

mentioned by Guide (2000). A forecast or a real rate of demand can be calculated to 

balance returns products and forecasts final demand. The use of work-in-process 

inventory can be occurred to release buffers between lead time and demand 

uncertainty. It can be used only when the remanufacturer generates the real demand. 

Since the problems are reliant upon the condition of the remanufacturing products and 

the quantity of returns, Mähl and Östlin (2007) point that “balancing problems affects 

company with the resource planning, the lot sizing of the components purchased, 

production decisions and operation plan, as well as the material management.”  

 

Disassembly operations of returned products 

 

Disassembly operations are one important challenge in the remanufacturing since they 

influence materials management, production plan, and resource scheduling, as well as 

manufacture layout control. The disassembly operation needs to coordinate with other 

procedures to avoid high inventories and decrease of customer service.  Moreover, the 

purchase decisions require the information from the disassembly department to ensure 

the supply of new parts. Much literature shows several techniques to deal with the 

disassembly activities which are highly demanding of manual labour and few optional 

automated techniques.  Thus, the remanufacturing plant and the coordination of 

disassembly are significantly important. Mähl and Östlin (2007) illustrate the 

push/pull mechanisms that are used in this disassembly operations,  push is referred to 

production generated by forecasted demand, and pull function is concerning 

production generated by customer real time demand. Furthermore, the disassembly 

phase is required to have highly flexible operations time, as they vary from minutes to 

week. The prediction of production flow and lead times can be extremely difficult due 

to the uncertainty situation.   

 

Materials uncertainty recovered from returned products 

 

The products are called remanufacturing items when approximately one third of 

replacement parts are transformed. The Material Rate of Recovery is applied to 

measure the vagueness of material that is possible to used (Mähl and Östlin, 2007). A 

measurement tool like the material rate of recovery is applied once the batch sizes for 

purchasing and manufacturing are determined. The common form of using historical 

and statistical data, from procurers as well as estimation of planner‟s subjective data 

is important input variants to calculate the MRR.  Moreover, dynamic lot sizing 

techniques are extraordinary measurement tools that base information on historical 

and statistical utilization data, price, and service level for deciding the quantity of 

batch.  

 

Guide (2000) points out several problems discovered in the purchasing process.  The 

remanufacturer encounters problems which lead to unresponsive suppliers, such as 
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uncertainty in demand, solitary suppliers for components and pocket-size purchase 

quantity, as well as long lead times. 

 

A need of functional reverse logistics network 

 

The reverse logistics network is required for remanufacturing to collecting products 

from end user and returning them to the facility. This network is a key function for 

balancing demand and return. Mähl and Östlin (2007) point out that “Core acquisition 

ensures the adequate supply of products. Especially in the automotive industry, there 

is high motivation for a customer to return the products as a result of its high value 

items, for example an engine.” Hence, the automotive trade organization is well 

established whereas in other industries it is not. However, there are many titles and 

names occurring in this reverse logistics network which some of them can be 

identified as following (Guide, 2000). A trade-in is a customer who purchase a new 

remanufacturing product based on a kind of exchange system is occurred. The core 

brokers are persons who serve as middleman for product collectors. Third party 

agencies are arranging the exchange of products for reverse process. Lastly, leasing 

and seed stock are playing an essential role in the network in order to take products 

that originally failed specification at manufacturing plant direct to the 

remanufacturing process.  

 

The difficulties and restrictions of material matching 

 

There are numbers of customer that continuously use a product and wants the same 

remanufactured item back. This challenge happens when an item contains 

components which are marked with serial numbers and compel with the coordination 

of disassembly, assembly operations, and reprocessing. The observed challenge is 

also recognized for Make-to-Order based production (MTO), which operate with 

short horizontal scheduling and poor visibility concerning replacement components. 

Hence, the order release function is generally seen as a one-to-one system. The 

complicated requirements of operations can build up a lot sizing technique, based on 

lot-for-lot system. Mähl and Östlin (2007) demonstrate an example of this problem as 

“Xerox Company, which uses remanufacturing component as a part of their service 

program has directly meet the situation that  the matching restrictions of the ingoing 

parts complicate the materials management and production process.” 

 

This challenge in remanufacturing is possible to influence by an information system 

and scheduling for keeping track of the item. The small quantity and low visibility of 

demand and buffers makes it difficult to purchase orders, which are normally order of 

used for high volume replacement parts in remanufacturing operations.   
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Highly variable processing times and stochastic routings 

 

This characteristic is recognized as the most challenging factor in remanufacturing. 

The processing time and stochastic routings of operations causes a coordination of a 

returned unit, which are a significant factor of operation times and the uncertainty of 

production process at the operational level. It is complicated to plan and control 

human resources and machines, as well as estimate the flow times in operations 

(Gupta, 2004).  At the operation level, most of the component parts are going through 

some stations, but the parts can also suffer from a set of maximum operations to get 

fully refurbished.  The routings, which make processing time highly unpredictable, 

are unique in themselves. 

 

The machine matching and set up times can be more difficult to calculate, as the parts 

condition are vary. Although some operations are depending on the condition of the 

products, the other processes are working. This challenge makes remanufacturing 

more complicated when compared to traditional manufacturing production in several 

perspectives, such as capability and resource forecasting, planning, manufacture 

layout, and inventory control. Guide (2000) mentioned that “Bottlenecks are a 

common problem and they have a shifting nature in remanufacturing due to this 

characteristic, e.g. cleaning where parts might return to the cleaning station several 

times, and  the MRR.” 

 

In addition, this stochastic routings approach is as well recognized as the one most 

complicating for scheduling and lot sizes decisions. The one size for purchase is well 

used since there is not substantiation for a best proof regarding lot sizing method.  

 

4.1.2 Risk factors for management and analyze performance in 

remanufacturing  

 

Even though the increasing availability of performance measurement data, 

remanufacturing companies still face barriers and risk to their use. Several different 

measurement tools exist to provide a variety of data on remanufacturing performance 

and indicators to measure them. Meanwhile, these tools and data, while important to 

some remanufacturers, are either not useful or satisfied by others (Ginsberg and 

Sheridan, 2001). Since a remanufacturing defines as an activity in reverse logistics 

and observes as a process of inverse form, it is very worthwhile to protect 

environment, consider in financial and economy, and use the limited resources 

efficiency (Huizhe and Lihua, 2009). However, the risks are obviously characterized 

in an uncertainty in remanufacturing process performance evaluation. Besides, there 

is an importance to understand remanufacturing management and perform risk 

analysis. The result of management and risk analysis for remanufacturing is to be 

active to decrease economic losses, optimize resource allocation, and control of cost 

and expenses. It assists remanufacturing production management and marketing of 
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remanufactured products. But, some risk factors are directly related to decision 

making. Hence, the evaluation of risk factors in remanufacturing is a process which 

evaluates the level of risk in remanufacturing which can be classified as in table 1 

below.  

 

Target The major risk The minor risk 

Remanufacturing risk Macro-risk The social risk 

The technological risk 

The economic and environmental risk 

The political risk 

Business risk The cost risk 

The time risk 

The quality risk 

The information risk 

The operational standardization 

Marketing risk The market operation 

The market supervision 

The market demand 

Management risk The entrepreneurship 

The enterprise cognitive and culture 

The manager‟s quality and ability 

Table 2: The remanufacturing’s barriers and risk factors 

Adopt from: Yan, et al, (2011) 

 

The risk factors observed by risk analysis are various and complicated for 

remanufacturing management process, where table 1 includes only common risks. 

According to the character of a general remanufacturing operation process, the result 

of an evaluation can guide a remanufacturer to determine specific risk factors, as 

different industry and region show different appearance of risk (Yan et al, 2011). 

 

Moreover, Steinhilper (1995) illustrates that the risk factors and barriers are possibly 

linked to the remanufacturing product, since all products are not suitable for 

remanufacturing due to criteria on the product parts variability and suitability. There 

are some barriers in term of the uncertainty of returns, product‟s lifetime, and the 

technological change. In addition, should the value of the remanufacturing product be 

increased the cost of cores or returns should be low compared to the original market. 

Sundin (2004) demonstrates that products appropriate are such as motor parts, vehicle 

components, furniture, welding machines, and electrical devices. Consequently, there 

is an importance to perform a correct risk evaluation, in order to reduce probably 

failure in remanufacturing and improve the competitive power of remanufacturing 

process. 

 

4.1.3 Enabling Techniques for Improving Performance in 

Remanufacturing 

 

In the context of performance measurement system for remanufacturing processes, the 

interest in different response models within the performance measurement tools has 
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risen (Wilson, 2003). The differences of measuring models and tools are 

demonstrated in a particular data set in order to gain advantage of an individual, for 

example, the management system and assumption for performance measuring in 

remanufacturing (Poles and Cheong, 2011), Remanufacturing and Total Quality 

Management (Gimenez and Ventura, 2005; Salloum, 2011), and RFID in 

Remanufacturing for Performance evaluation (Trappey et al, 2010).  In the following, 

these three perspectives are illustrations on an altered basis for performance 

measurement in remanufacturing. 

 

A system and assumptions for performance measures in Remanufacturing  

 

The closed loop supply chain system demonstrated by Poles and Cheong (2011) focus 

on a single production and inventory system for remanufacturing. The system is 

focusing on the return product from customers and users at the end of their useful life. 

The process is including several operations, production, collection and inspection of 

returns, remanufacturing, and disposal.  Under the consideration of system and 

assumption, the study depicted out a model as shown in figure 9. The measuring is to 

begin when the returns or used products are collected, inspected, and marked as 

remanufacturing in inventory or disposed. “The serviceable inventory, used to fulfill 

external demands, is fed by the production of new or remanufactured products which 

are as good as new” (Poles and Cheong, 2011). 

 

 

 

 
 

Figure 16: System and assumption measuring model for remanufacturing  

Source: Poles and Cheong, (2011) 

 

 

In term of assumption, the approach will be made throughout the analysis of this 

measuring model in order to simplify the system and facilitate the measuring process. 

The assumption in measuring remanufacturing performance is focusing on the most 

important factors especially the capacity of the collection and inspection activities 

which is infinitely considered (Poles and Cheong, 2011). Besides, the production and 
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operation system for remanufacturing will be effective when the efficiency of the 

planning and control of several activities is created. The planning and control of 

activities such as production, remanufacturing operation, and optimal inventory order 

quantities can be exaggerated by a delimitation of system capacity. Therefore, 

capacity planning can be used as the measuring indicator for the system‟s 

performance measurement tools for companies to implement in the remanufacturing 

process   

 

 

Remanufacturing and Total Quality Management 

 

In 1970s the globalization started to change the rules of making business, Japanese 

manufacturers pressured by the acute competition from western manufacturers. The 

successful companies started to expand to international area because the trade barriers 

were lowed.  In order to improve their competitiveness, companies have supposed to 

give greater importance to Total Quality Management (Antonio and Jesus, 2007). 

TQM supposes a philosophy formed by, methods, tools and techniques, which are 

applied to measure levels of performance in manufacturing and organization (Samson 

and Terziovski, 1999). 

 

Remanufacturing is a process where the product or equipment that is required to be 

repaired, or have worn-out or outdated components or models replaced, is to be 

working as a new life item (Tang, et al. 2006). Meanwhile, the Total Quality 

Management build upon continuous improvement focused on the client, leading to 

implication to all members of the company. The successful remanufacturing is not 

only to repair or replace to make the new-like product. It is also need to build upon an 

ability to improve its internal and external integration. “TQM is one of the measures 

more used to obtain this integration, and by means of this integration it is able as well 

to increase the performance” (Gimenez and Ventura, 2005). In addition an increasing 

number of the remanufacturing companies have applied practices from system of 

quality and flexibility, cost to delivery precision, and lead time to remanufacturing 

process. New measures such as given by Total Quality Management are generated to 

reflect the concern of effectiveness, efficiency and philosophies.  

 

RFID in remanufacturing for Performance evaluation 

 

Radio frequency identification (RFID) technology is defined as the wireless and 

automatic identification use to capture of product identification data.  In recent years, 

several standards have been developed for RFID technology (Trappey et al, 2010). 

The electronic product code (EPC) network is a process used at first for automatic 

product identification in retail stores. The latter equally used in both industry and 

stores. “The EPC network consists of six components including the RFID tags, RFID 

readers, the savant, the EPC information service, the object naming service, and the 

EPC discovery service” (Trappey et al, 2010). For RFID technology, the EPC 
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network is required as a standard infrastructure that motivate the efficient information 

sharing and exchanges across the production and operation system. 

 

 
Figure 17: RFID Base information for Remanufacturing and Reverse logistics process  

Source: Trappey, Et al, (2010) 

 

In the progression of products that requires repair or replacement in remanufacturing; 

the performance can be measures by tracking and gathering data at real time in the 

operation process. The basic information for how RFID operates with 

remanufacturing and reverses logistics processes can be illustrated as in figure 10.  

Tags used by RFID are possibly automatically measured and the performance of both 

production and product itself evaluated by readers with scanning tools. The radio 

frequency acts as a tool to transfer data from tags to individual object for example 

products, components, and delivery status. Hence, RFID can be a new measuring tool 

to evaluate performance since the data related to objects can be investigated, traced, 

and monitored during the remanufacturing operation process as well as through the 

whole product life cycle 

 

 

4.1.4 Performance Measurement System applicable for Reverse 

Logistics focusing on Remanufacturing 

 

A performance measurement system (PMS) is an important part of management 

system in an organization. Remanufacturing processes have normally a performance 

measurement system supporting the production of quality remanufactured products to 

its customers. The remanufactured products are made by the remanufacturing process 

which is known as an industrial process where the products referred as cores are 

restored to useful life (Sundin, 2004). Hence, the cores or products are required to 

pass many steps during the remanufacturing process. The performance measurement 

system can be considered as tools and framework as a key component of competitive 

strategy to enhance manufacturer with productivity and profitability (Tu et al, 2010). 
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The remanufacturing performance measurement model is based on the concept of 

reverse logistics. The reverse logistics performance measurement model is generated 

with a set of beliefs about how manufacturing or business operates as well as how the 

overall performance in every department in the company interact with each other. The 

reverse logistics approach deals with how the performance should be expressed in the 

performance measurement system (PMS) design. However, this reverse logistics 

approach required a previous identification of the performance structure by 

illustrating the break-down of the overall objective considered in to different 

elements. Ni (2008) illustrates how the performance in a reverse logistic system 

includes several approaches which are a process planning, implementing, and 

controlling the efficient, cost effective flow of raw materials, in-process inventory, 

finished goods, and related information for the purpose of recapturing or creating 

values for the reverse process. Cliville et al, (2006) demonstrate how PMS of a 

reverse logistics system is generally made by experts and figured out in logical 

relationships between the involved variables as show in figure 18 below. 

 

 
 

Figure 18: Industrial PMS for Reverse Logistics 
Source: Cliville et al, (2006) 

 

The performance model of reverse logistics is defined as the action movement of 

products or materials in the opposite direction for economic, environment, and repair 

service purpose (Huang, et al, 2010). This model aims to create and recapture value, 

and measure performance of properly disposed of materials in order to create products 

back to market based on economic, environment, efficient of operation process, and 

customer satisfaction concerns (Haiyang and Min, 2010). However, the concept of 

creating these performance reverse logistics model has been adopted from Kaplan and 

Norton (2002); Bourne et al (2003), illustrated by the type of result generated by the 

performance measurement system approach (see Figure 19). The process of 

performance measuring for a reverse logistics model based on a business model 

(Hedman and Karling, 2002) involves the facilitating the manufacturing production 

experiences through a review of the business strategy. By looking at each level, the 

reverse logistics approach can be integrated with the performance measurement 

system to create a performance reverse logistics model. 
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Figure 19: Reverse Logistics Performance Measurement System  

Source: Bourne et al, 2003) 

 

Some of the existing research and literature does illustrate initial ideas and progress 

into broader reverse logistic performance measurement systems. These are needed to 

give attention particular to remanufacturing performance evaluation and study of 

appropriate measures (Tu et al, 2010). Although there are studies and developments 

that has been completed on performance measurement system and reverse logistics 

advancement on internal manufacturing operation, the emphasis on performance 

measurement on reverse logistics, especially the focus on measuring tools and 

challenges for measuring the remanufacturing performance has been relatively limited 

in both literature or research community (Gumasekaran et al, 2004). In addition, the 

remanufacturing performance measures concerns just one of many recovery options 

and is a system engineering activity which considers measuring performance of the 

restoring the life of the product, aimed at normal manufacturing product quality, high 

efficiency, energy and material saving, and to repair and refurbish the product by 

using the remanufacturing process (Jukun et al, 2008). Thus, most of these studies 

have focused on describing, and analyzing remanufacturing performance 

measurement system, especially challenges affecting the development of performance 

measures in remanufacturing.    

 

4.1.5 Concluding results on Academic perspectives 

 

This section in the study highlights the academic perspectives based on literatures and 

current state-of-art in the remanufacturing industry. This conclusion is in its essence 

focused on how to create remanufacturing performance measurement system in an 

effective ways. It is possible to illustrating the developing stage of remanufacturing 

performance measures before the implementation. Figure 20 gives briefly describe the 
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important five steps for implementing remanufacturing performance measures as the 

following: 

 

 
Figure 20: The important 5 steps   

 

Step 1 Identify remanufacturing objectives and remanufactured products 

 Categorizing groups of returns products.  

 Having a functional reverse logistics net work 

 

Step 2 Exploring remanufacturing seven challenges  

 Performing remanufacturing strategies and goals from customer and stakeholder 

 Creating a coherent set of understanding of remanufacturing challenges 

 

Step 3 Finding enabling techniques for performance measures 

 Designing performance measures techniques and indicators which suitable for 

remanufacturing unit  

 

Step 4 Yield it out the performance measures 

 Reviewing the measures developed with risk factors in remanufacturing. 

 Testing measures for completeness and coherent before obtaining agreement for 

implementation. 

 

Step 5 Driving in the remanufacturing performance measures 

 Providing advice on implementation and performance reviews 

   

 

 

  



 41 

 

 
The following data is completely based on the interview with an organization. This 

empirical data is obtained from interview with Mohammed Salloum, an industrial 

PhD and controller at Volvo CE. The chapter begins with the introduction of a 

company, and then proceeds to express how the performance measurement system 

used in their production was defined and described. 

 

 VOLVO CONSTRUCTION EQUIPMENT (Volvo CE) 
 

The company providing information to this study is located in the region of 

Mälardalen in Sweden and produces and assembles both manufacturing and 

remanufacturing components and products for the heavy automotive sector. 

  

4.2.1 Company background 

 

The Volvo Group Company is a leading manufacturer in the automotive industry 

sector including trucks, buses, drive system for marine, and components for 

aerospace.  Volvo Construction Equipment is one subsidiary in Volvo Group 

Company established since 1832 in Eskilstuna, Sweden. Table 3 below illustrates the 

company positioning in the industrial sector. 

 

Rank Company name Country Revenue 

1 Caterpillar US US$ 35,296  

2 Komatsu JP US$  21,750 

3 Volvo Construction Equipment SE US$ 10,013 

4 Hitachi Construction Machinery  JP US$ 9,997 

5 Linbherr DE US$ 7,930 

Table 3: The world’s top five construction equipment manufacturers 

Source: Sleight (2012) 

 

Volvo Construction Equipment is one of the oldest industrial companies in the world 

(Volvo Group, 2012). The development of the company has been lined with many 

mergers and acquisition up to the present day. Volvo CE offers numerous products 

and services through trademarks or independent dealership in more than 125 countries 

4.2 Results on Empirical perspectives on Performance 

Measurement System at Volvo CE 
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around the world. Table 4 as following gives the status of Volvo Construction 

equipment and some details. 

 

 

Company Name Organizational 

Size 

Manufacturing 

products 

Business 

Channel 

Volvo Construction Equipment Large Automotive Manufacturer, 

Service 

provider 

Table 4: The company status in manufacturing industry 

 

 

The company is divided in to three major departments along with supporting 

functions such as, Finance, Human Resource, Corporate Communication and so on 

(Gustavsson and Scott, 2010). Operation division is responsible for all production and 

operation. Technology department takes responsibility for Research and 

Development, and Production Planning. Lastly, Sales, Marketing, and Customer 

support who is in charge from the commercial edge to the markets, until the after 

sales service to the customers. The products that launched by Volvo CE are variety 

including scraper haulers, wheel loaders, pipe layers, demolition equipment, and 

waste handlers.  The company‟s customers are from various industries and sectors 

using Volvo heavy machines for their job, such as road construction, building, 

utilities, energy industry, forest related industries, industrial material handling, and 

reverse logistics industry. The Volvo CE sets the vision as an organization culture that 

“in work, as in life” (Volvo CE, 2012).  

  

In the recent year, Volvo CE have adopted the concept of reverse logistics by 

assembly machines with a remanufacturing process helping the customers purchase 

with a lower cost but still obtain an effective and efficient of machine. Table 5 

highlights the classification of company in remanufacturing industry. 

 

 

Company Name Remanufactured 

Products 

Firm Size Manufacture Type 

Volvo Construction 

Equipment 

Engines Large Original Equipment 

Manufacturer (OEM) 

Table 5: The classification of company in remanufacturing industry 

Source: Östlin, et al (2009) 
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4.2.2 VOLVO CE‟s Performance Measurement System 

 

In larger organizations with different hierarchical levels, a performance measurement 

system promotes administrative decision-making as well as stimulates organizational 

performance by acquiring, analyzing, and distributing data and knowledge about 

performance measurement system. Volvo CE operates its own performance 

measurement structure called “Volvo‟s Production System”. The Volvo Production 

System or VPS model uses a supportive management process linking top and bottom 

levels in Volvo‟s organization aimed at generating a creative strategy and achieving 

the organizational goals. Due to the vague management and continuous management 

and maintenance the performance measurement system, Volvo CE decided to set up 

their individual specific structures to operate and control their production process. 

The objective of VPS becomes accustomed from the key to Toyotas success. 

 

 

 

 

 

 

Source: Taiichi Ohno in Engdahl (2008) 

 

Volvo Production System includes three important dimensions which covered vision 

or assessment, five major principles, and modules with tools and techniques (Engdahl, 

2008). Based upon these figure 21 shows the framework of Volvo Production System   

To begin with the vision or assessment, the approach works on a holistic view of the 

association of all principles as well as tools and techniques together in order to 

aligning an implemented and operational system along the company value. The 

modules with tools and techniques is a method concerns with practical tools and 

techniques when focus and drive through the material and information flow, and 

driving improvement of activities and behaviors. The five principles is the last of 

three dimensions in VPS that determines five key elements forcing reliability of 

system thinking and performance. It uses to assist measure and support the 

implementation of this performance measurement system model and daily 

maintenance of production and operation system which related to objective of this 

study.  The latter is an enlightenment of the five principles that so-called as 

“SQDCH”. 

 

“All we are doing is to shorten the time line from the point where we 

receive the customer order to the point we get paid 

We shorten this time line by reducing the waste in form of activities that 

does not add value to our customers’ products” 
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Figure 21: The framework of Volvo’s performance measurement system  

Source: Engdahl,(2008) 

 

Safety 

 

At Volvo CE, the safety is one of the important elements set as a corporate value and 

the manufacturing core competence. Safety has been the main start regulatory at 

Volvo since 1900s (Salloum, 2011). In addition, “Safety is and must be the basic 

principle in all design work” (Volvo Group, 2011).  

 

According to Volvo Production System, the vision has been set and realized 

attentively to increasing better safety and protection for customer and employee in the 

case of accident. The Volvo research teams have developed and investigated a good 

insight environment to prevent the causes of accident and injuries, as well as, the way 

to protect and avoid them. The products that are producing are operated to minimize 

the consequences of accident (Salloum, 2011).   

 

 

 
Figure 22: The green cross scheme for zero accident strategy  

Adapted from: Salloum, (2011) 
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In recent years, Volvo CE has developed and launched an accident friendly system 

which has the potential to prevent accidents from occurring at the operation place, 

called “Zero accidents” by using a Green Cross based key performance indicator to 

measure safety, as illustrated in Figure 22. The indicator calculation can briefly be 

described as the new accident divided by the overall accidents. Hence, the goal of 

accident is ultimate at zero level within Volvo CE‟s operation process. The revelation 

of zero accident system is also applied to product development for Volvo Group.  The 

operators are obligated to work hard to get rid of accidents. In fact, most accidents 

involve factors that are out of control to them. The interview respondent points in 

addition out that the Zero accidents and safety system has contributed to making 

Volvo a world leader in automotive safety this latest year. Volvo has a firm ambition 

to maintain safety system which cooperates with employee, authorities, research 

scientists, and users. 

 

Quality 

 

Volvo CE observes the quality as a corporate value in order to express of goal to offer 

reliable products and service. At the operations level, Volvo CE concerns the quality 

from production, product development, to delivery and customer support. The 

company focuses on employee and customers‟ commitment and participation, 

combined with a process culture in the organization.  

 

Volvo Production System sets also it responsive of the quality to satisfy customer 

needs, Volvo has created the quality focus on customers‟ expectation and needs. The 

aim is to be number one to satisfy customer (Volvo Group, 2011). 

 

The interview respondent points out that quality management is described as an 

outstanding approach in the process called “Daily Quality Management”. This quality 

method is a decentralized tactic, handled in operation, product development, and 

production process in the manufacturing plan. PPM or Part per Million is a key 

performance indicator to reduce the debug down to one part out of a million in the 

manufacturing, as well as, in remanufacturing operation plan. However, PPM in 

remanufacturing operation is set after the reassembly section in order to control 

product quality before sending them to the next stage.  Furthermore, the quality 

management system, certified according to ISO 9000, are used to define and control 

responsibility and procedures of the machine life cycle which has been set up quality 

of working hours of longer than 10,000 hours. The breakdown of a machine under 

10,000 hours should not occur (Salloum, 2011). 
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Delivery 

 

Delivery is established as an element in Volvo performance measurement system at 

Volvo CE. “Right place, right time”  (Volvo Group, 2011) is a campaign set up to 

combine supply chain management, purchasing, and logistics in order to improve in 

time delivery products and services both in the operation plant and to the customer.   

 

The delivery strategy is announced both in the management and operation level. The 

task is set to ensure that the production can deliver the order in time to other 

departments. The undertaking of delivery strategy can be described as getting the 

right parts to the right places at the right time (Volvo Group, 2011). There is a need to 

have the right calculation of how much to be delivered and how much we have been 

delivered to make the balance of flowing in the production process. According to 

VPS, the delivery is pulled up to create a high level of delivery performance involving 

the sourcing and procurement of components in order to get the flow of production 

line. The collaboration with suppliers and service providers should lead the company 

to have the lowest total cost of delivery with higher accuracy and quality with in the 

delivery department and supply chain. 

 

Cost 

 

Cost plays the important role in the manufacturing, remanufacturing production, as 

well as operation process. The interview respondent mentions that the most important 

factor in cost and financial is the actual standard components cost. At Volvo CE, the 

cost principle from Volvo Production System has been developed by the financial and 

regulatory data to ensure that effective controls and planning mechanisms are in 

rheostat.  

 

The financial implications are analyzing and working with the various Volvo business 

departments focusing on the major change projects and produce management and 

financial report (Volvo Group, 2011). Furthermore, the budget of each department 

and cell control are taken in to the calculation of the total financial expense. The 

accounting specialist is working and providing reports required by the various 

regulatory. In accounting, all liabilities are taken in as the cost calculation including 

rent, employee salary, raw material, depreciation expense and others. But it excludes 

inventory. 

 

However, there are several points concerning the cost of operation in the 

remanufacturing activities (Beri and Dann, 2006). Once the manufacturing and 

remanufacturing are located at the same plant, the returned product for 

remanufacturing is usually not charged for using the components input. The reason is 

that normal manufacturing production bears the full cost of production, raw materials, 

components, and equipment. On the other hand, once the remanufacturing plant is 
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separated, as at Volvo CE, the complete remanufacturing department is charged. The 

entire cost of initial reassembly and other remanufacturing process is reflecting the 

view that the production is costly. Thus, the budget supporting the department need 

all around the remanufacturing process and therefore the cost is set to one important 

approach to measure the performance at Volvo CE as pointed out by the respondent.  

 

 

Human Resource (Environment and People) 

 

To put the right man into the right job is an objective principle of Human Resource 

Management at Volvo CE.  According to VPS, the Human Resource department is 

responsible for investigating and communicating the employee and process principle 

with the mission, vision, strategy, and business plan into a long term strategy for all 

employees and process (Volvo Group, 2011). The system of personal time 

information is used to handle the personal data system and process based on laws and 

local agreement. During the interview, the respondent illustrated the campaign called 

“Competence Plan” which has been set up to support managers and operators 

performance. It deploys and develops the higher quality of personal work time, 

calculates critical skills of particularly individual worker rated by others operators and 

manager. Figure 23 illustrates a competence plan used at Volvo CE. 

 

 
         Critical Skill 

 
 Each employee is rated per critical skill level 

 

 

 

 

 
        Rating 
 

Figure 23: Illustrating the competence Plan graph for HR department 

 

 

Moreover, the respondent points out another program that has a vital role to enhance 

all operators in both remanufacturing and manufacturing production line; it is known 

as “absenteeism” or “Sick leave”. The total of sick leave is calculated by the number 

and frequency of individual operator and managers for how many times they have 

been absent from work. This will create the awareness of working and work flow 

environment in the operation sector.  
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4.2.3 Concluding results on Empirical data perspectives 

 

This section in the study highlights the empirical data perspectives based on interview 

with a respondent from Volvo Construction Equipment. This conclusion is in its 

essence focused on the investigation of 5 categories in Volvo Production System with 

a generic performance measurement system and thereafter tries to facilitate this to the 

remanufacturing activities. It is possible to draw the table showing the relationship 

between s categories in Volvo Production System and the generic performance 

measurement system. Following this, Table 6 is presented. 

 

                 Volvo‟s 5  

               Categories 
 

 

Generic PMS 
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Financial 

Perspective 

Management and Manager responsible   X   X 

Cost and revenue     X  

Internal 

Perspective 

Policy and Process X X   X 

Accountability X X X X X 

Acquisition of the future  X  X X 

Learning & 

Growth 

Perspective 

Employee skilled and satisfaction X   X X 

Effective technology use X   X  

Continuous improvement  X X  X 

Customer 

Perspective 

Customer Satisfaction X X X   

Customer service relationship  X X  X 

Table 6: The relationship between Volvo’s 5 categories and the generic PMS 
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5. Analysis and Discussion 

 

 

 

 
 

This section reports an analysis and discussion of the conceptual framework model of 

the Remanufacturing PMS formed on the basis of the literature frame of reference and 

empirical study. In order to reach a better conclusion, the empirical findings obtained 

through the interviews with Volvo CE are evaluated and discussed using the seven 

challenges in Remanufacturing, as introduced in the theoretical framework.  

  

 

 

 

   

  

 

 

 

 

 

 

 

 

Figure 24: The overview of the analysis process  

 

The analysis of this study is based on two major parts. The first part is trying to 

analyze the remanufacturing performance measurement system given by the current 

status in literature and research. Since the paper is based upon the applied theory, the 

number of literatures and researches collected plays a very important role for this 

analysis chapter. The second part is based on the empirical data obtained from the 

respondent by the interview. The analysis in this part attempts to correlate the 

empirical data with the literature frame of reference. Thus, Figure 24 demonstrates the 

overview of how the analysis chapter performed. 

 

 

5.1 Performance Measurement System for Remanufacturing 

 

The performance measurement system model defines the action movement of 

products or materials, at the same time, creates the direction for economic, 

environment, and repair service purpose (Huang, et al, 2010).  The Remanufacturing 

Performance Measurement System presented in Figure 16 has adopted the concept of 

the performance system and reverse logistics model from Kaplan and Norton (2002) 

in Bourne, et al (2003) illustrates by apply seven challenges to four perspectives in the 

Literature Frame of 

Reference 

Result on Academic 

Perspectives 

Result on Empirical 

Data 

Analysis and 

Discussion 
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performance measurement system approach, as well as including it into the 

remanufacturing contextual illustrations by Östlin (2006) and Lundmark et al, (2009).  

This model creates a recapture value and measure the performance of properly 

disposed of materials in order to create products back to market based on economic, 

environment, efficient of operation process, and customer satisfaction concerns 

(Haiyang and Min, 2010). This model aims to build the awareness to the firm that 

involve in the remanufacturing production to excises with the seven applied 

challenges for the result of better performance outcome.  By looking at each level, the 

Remanufacturing Performance Measurement System can be categorized to four 

perspectives: Customer, Innovation & Learning, Internal, and Financial perspective 

respectively. The framework shows the essential elements of challenges which use of 

the remanufacturing performance measurement system to set objectives, strategic 

control, and planning for the operation. 

 

 
 

Figure 25: The Remanufacturing Performance Measurement System Framework  

 

 

The connection between the remanufacturing performance measures (Kaplan and 

Norton, 2001; Bourne, et al, 2003; Kennerley and Neely, 2002) shown in the figure 

25 above as is proposed as a framework for the remanufacturing enterprise to transfer 

the set of strategic control and planning for the operation to a set of action in 

measuring and evaluating performance in the remanufacturing process. The four 
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elements arranged in the framework of Remanufacturing Performance Measurement 

System are detailed in the following.  

  

Customer perspective, this approach concerns the availability of flexible information 

technology, analysis and reporting data (Kennerley and Neely, 2002). Hence, the 

challenge of a need of functional reverse logistic network is assigned in order to 

manage and measure the relationship and performance between remanufacturing 

company and customer and suppliers. In addition, Mähl and Östlin (2007) 

demonstrate that a need of functional reverse logistics network is required for 

remanufacturing to collecting products from end user and returning them to the 

facility. “A functional reverse logistics network for collecting products and returning 

them to the facility is a key function for balancing demand with return” as mentioned 

by Mähl and Östlin (2007). 

 

The Innovation and learning perspective is an approach concerning the measure of 

performance focus on the continuous improvement in order to reflect the modification 

and deployment of measurement indicators. Hence, the uncertainty of quantity and 

timing of returns, and the materials uncertainty recovered from return products are 

assigned as challenges in remanufacturing pre-operation to evaluate and measure the 

performance in the collection of returns. “The high level of inventory may be needed 

in order to handle the variability of demand and variation of the supply materials” 

(Sundin, 2004). Moreover, the materials uncertainty recovered from returned products 

is allocated to evaluate and measure the vagueness of material that is possible to be 

used (Mähl and Östlin, 2007). Those are challenges that dedicates to investigate and 

development innovation and learning skills for the management, operators, as well as 

remanufacturing production process.  

 

In term of the internal perspective, Kemerley and Neely (2012) stated that “the 

approach is involved existence of a process for reviewing, developing, and modifying 

measure”. The remanufacturing performance measurement system is assigned three 

encounters, as illustrated in Figure 16. The disassembly operations of returned 

products is applied to measure the remanufacturing process of materials management, 

production plan and resource scheduling, as well as, manufacture layout control. The 

highly variable processing time and stochastic routings is another challenge deal with 

remanufacturing process cycle time and operation time use in the process. This is a 

significant factor of operation times and the uncertainty of production process at the 

operational level (Sundin, 2004). The difficulties and restrictions of material matching 

are established to measure the performance of short horizontal scheduling and poor 

visibility for replacement components in the operation process. Those three 

challenges aims to create up the remanufacturing‟s performance with full of policy 

effectiveness, process efficiency, accountability, and future forestall.   

 

Finally, the fourth stage in the Remanufacturing Performance Measurement System is 

the Financial perspective. This is another outstanding approach applied in the 
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remanufacturing performance measurement system that ascribes the task of “Balance 

the returns with demand” (Sundin, 2004). Kennerley and Neely, (2002) illustrate that 

the approach concerns stewardship and fiduciary responsibility, cost effectiveness, 

and revenue generation. Hence, to balance the returns and demand is occurred to 

measure the performance of financial department in term of generate higher profit of 

remanufacturing products by avoiding over stock and inventory. There is as well 

significant to calculate, forecast, and balance the returns with a real final demand.  

 

To conclude that this presented remanufacturing performance measurement system is 

applicable, the analysis above has demonstrated the performance measures that can 

impact all of the remanufacturing system (i.e. customer, internal, learning and growth, 

and financial element). Table 7 below highlights the comparison of the generic 

manufacturing performance measurement system and the performance measurement 

system for remanufacturing activities. The reason is to address the deferent and 

specific measures that make the conceptual framework presented above be able to 

guide the remanufacturers up until their production and performance are well success.    

 

Organization 

Performance  

Measurement System 

 

Manufacturing 

 

Remanufacturing 

Financial Perspective  Management and 

Manager responsible  

 Cost and revenue  

 Balance the returns with 

demand 

Internal Perspective  Policy and Process 

 Accountability 

 Acquisition of the future 

 Disassembly operations 

of returned products 

 Highly variable 

processing times and 

stochastic routings 

 The difficulties and 

restrictions of material 

matching 

Learning & Growth 

Perspective 

 Employee skilled and 

satisfaction 

 Effective technology use 

 Continuous improvement 

 Uncertain of quantity and 

timing of returns 

 Materials uncertainty 

recovered from returned 

products 

Customer Perspective  Customer Satisfaction 

 Customer service 

relationship 

 A need of functional 

reverse logistics network 

Type General Specific 

Table 7: The comparison of manufacturing and remanufacturing challenges 
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5.2 The case of Volvo CE 

 

“Keep your machine runs reliably and efficiently with the Volvo Remanufacturing 

Equipment (Volvo CE, 2011)”.  Volvo CE has launched the remanufactured products 

and controlled their quality using a normal manufacturing concept called Volvo 

Production System (VPS). The performance measurement system at Volvo CE is 

using Volvo‟s individual specific SQDEP measurement system to operate and control 

their production process.  In an effort in synthesizing the four perspectives of the 

balanced scorecard by Kaplan and Norton (2002), the five perspectives of VPS and 

the seven challenges for remanufacturing, as stated by Sundin(2004); Mähl and Östlin 

(2007); and Östlin (2008). Table 2 is relating these aspects. The applied table shows 

the correlation of both Volvo measure and the custom remanufacturing performance 

measurement system, as well as, evaluates the outcome. 

 

 
Customer 

Perspective 

Innovation & Learning 

Perspective 

Internal Perspective Financial 

Perspective 

7 Challenges 
 

 

 

 

 

 

 

 

Volvo PMS 

A need of 

functional 

reverse 

logistics 

network 

Uncertain 

of 

quantity 

and timing 

of returns 

Materials 

uncertainty 

recovered 

from returned 

products 

Disassembly 

operations of 

returned 

products 

Highly 

variable 

processing 

times and 

stochastic 

routings 

The 

difficulties 

and 

restrictions 

of material 

matching 

Balance the 

returns with 

demand 

1. Safety X   X  X  

2. Delivery X  X    X 

3. Quality X  X X X   

4. Cost  X   X X X 

5. Human 

Resource 

(E P\ 

 X X   X  

Table 8: The evaluation of the VPS applied to the remanufacturing PMS 

Where X = the indicator applied to the remanufacturing challenge 

 

 

The analysis of implementing the Remanufacturing Performance Measurement 

System for Volvo CE is beginning with the customer perspective where a need of a 

functional reverse logistics network is assigned. The reverse logistics network is 

required for remanufacturing to collecting products from end user and returning them 

to the facility. Hence, the delivery tactic and quality approach are applied at Volvo 

CE to comprehend a high motivation for a customer to return the products. The 

delivery network can be ensuring to both facility and customer which corresponds to 

the statement of Mähl and Östlin (2007) who illustrate that the returns achievement 

process can ensures the adequate supply of new products. The functional network is a 

key function for balancing returns and demand (Sundin, 2004). The used products 

will be sent back to plants and be possible to go further to the next stage of 
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remanufacturing. The customer will receive the on time order with the quality 

approved from the remanufacturing fabrication. 

 

The next important approach is Innovation and learning perspective which arranges 

performance measures with consideration of the skilled workforce, effective 

technology use, and continuous improvement in order to reflect on the deployment 

and collection of product returns. From the table 2, the delivery, quality, cost, and 

human resource perspectives are used to measure performance in remanufacturing 

production process at Volvo CE. Uncertainty of quality and timing of returns is a 

challenge caused by the uncertainty of time amount of product‟s life and its 

technological change. The study shows that Volvo CE used cost and human resource 

indicators to deal with this challenge. The investment in technology and human 

resource knowledge make value increased in budget expenses, as well as, deploy and 

develop higher quality of production process. Materials uncertainty recovered from 

returned products is a challenge in the remanufacturing performance measurement 

system related to the uncertainty of the quality of returned product and components 

that can be recovered (Ostlin, 2008). Volvo CE implies the quality of components 

input and cost mechanism approach as simple methods to forecast and dispose of 

materials uncertainty by using historical, statistical, and estimation of planning‟s 

subjective data.   

 

When move to Internal perspective, the Volvo‟s performance measurement 

indicators such as safety, quality, cost and employee and policy or human resource are 

used to comply with three challenges. The three challenges that affects 

remanufacturing performance measurement system is handled by evaluating and 

measuring the remanufacturing process of materials management, production plan 

and resource scheduling, as well as, manufacture layout control. At Volvo CE, the 

safety is a main concern. The disassembly activities which are highly demanding of 

manual labor and optional automated techniques are possible safety risks for 

operators. The safety approach at Volvo CE is designed to prevent accidents which 

may occur to all operators by using e.g. the Green Cross; where the “green cross” will 

arise when an accident has not appeared over the whole monitored period (see Figure 

14). The safety policy is not to only prevent accidents to operators, but it is also to 

avoid the unpredicted problem to the remanufacture products from unmatched 

material. The quality approach is an approach applied by the “Daily Quality 

Management” program. This quality method at Volvo CE is a decentralized tactic 

using in operation and production process in the manufacturing plant in order to get 

rid of accidents when disassembling the returns.  The difficulties and restrictions of 

material matching is a challenge that happens when items contain components which 

are marked with serial numbers and operate with short horizontal scheduling and poor 

visibility for replacement components. The operators are required to work with skills 

and concentrate in order to avoid the accidents that may occur to products and 

customers. The study found that the safety, cost and human resource are measurement 

indicators at Volvo CE to deal with the difficulties and restrictions of the material 
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matching challenge for remanufacturing process. Those elements yield to reduce 

setup cost, offer rational lead time, excess capacity for significant raw materials and 

human resources, and build the safety work-environment to operation plant (Sundin, 

2004). Highly variable processing times and stochastic routings is a final and seventh 

challenge in the remanufacturing performance measurement system. Highly variable 

processing times are referred to as one of the most complicating factors for the 

process control in remanufacturing (Guide, 2000). Volvo CE deals this challenge with 

three key performance indicators which are human resource, quality and delivery. 

Although the estimation of flow time and to plan both machine and labor resources 

are therefore extremely complicated, the employees skills and delivery time 

restriction are forcing the remanufacturing production process at Volvo CE to work 

continuously.  The quality management system, certified according to ISO 9000, is 

used to control the production process and support procedure of the remanufacturing 

machine‟s life, even though the operation is running to complete with the time 

restriction, variety of the parts‟ condition, and the machine setup times. However, 

those three challenges applied with the practical performance indicators at Volvo CE 

create policy effective, process efficiency, and accessibility to data through the 

operators and operation process. 

 

Finally, the Financial perspective is the most important approach concerning the 

forecast and calculation task in order to draw out a full responsibility  of stewardship 

and fiduciary, effectiveness of cost, and highly revenue generation (Kennerley and 

Neely, 2002).  Thus, the challenge of balancing returns and demand is pointed out in 

the financial perspective of the remanufacturing performance measurement system. 

Volvo CE adjusts the cost category in their production system to control and evaluate 

financial and regulatory data in order to ensure that effective calculation and planning 

for balancing returns and demand mechanisms are in rheostat. In addition, the 

delivery policy plays an important role for financial expense since a campaign of 

“Right place, right time” (Volvo CE, 2011) is created to improve in-time delivery of 

products and services and reduce the cost of transportation. 

 

 
Figure 26: The VPS indicators enactment when applied to remanufacturing PMS 
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Since one of the objectives in this study proposes to find out how the performance 

measurement system of an industrial meets when applied to a remanufacturing 

process. Figure 26 shows how individual indicators at Volvo CE play an importance 

role in the remanufacturing activities‟ performance measures and challenges. This led 

to the decision of drawing the following chart in order to address how Volvo 

Production System works if it is to be applied to the conceptual frame of the 

performance measurement system for remanufacturing activities.   
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6. Conclusion and recommendation 

 

 

 

 

In this final chapter, the content highlights the conclusions made in the theoretical and 

empirical study. Moreover, the research questions are answered. The agenda of 

recommendation is also presented. 

 

 

6.1 Conclusion 

 

The intentions imposed in this study were to elaborate upon a performance 

measurement system applicable for remanufacturing. Based upon this, the literature 

reviews and academic findings are established for purposes. These are not only giving 

the readers a general understanding of what has been recently developed in the 

performance measurement system and remanufacturing era. But it is used also to 

answer the stated research questions 

 

Referring to the question number one, how performance measurement for 

remanufacturing is defined and described, the study has concluded three critical 

factors; the Performance measurement system, the Process of remanufacturing, and 

the Seven challenges affecting the remanufacturing performance. Based on the 

literature‟s frame of reference, the performance measurement system is generally 

supporting the principle of management and operation in a manufacturing company, 

while the process of remanufacturing defines a process of production planning and 

operation control where the products require a repair or replacement.  The seven 

challenges affecting remanufacturing performance that was identified signify the 

characteristic of challenges for production throughout the remanufacturing operation 

process. Therefore, the literature review described the academic findings in an 

appropriate context and generated the answer of the first question, and by this making 

out basis for the framework of Remanufacturing performance measurement system 

which later was defined and described in the analysis and discussion part.   

 

With regard to the second question, what the status on the literature and research is 

regarding performance measurement applicable for remanufacturing, the study has 

focused on the limited theories in the field of performance measurement system for 

remanufacturing activities. The academic findings in a literature frame of reference 

chapter (Chapter 3) shows the recent development and current state-of-art established 

during the period of the conducted study. The concept of seven challenges affecting 

remanufacturing performance and the risk factors for management and analysis of 

remanufacturing performance are outlined along with the enabling techniques for 

improving performance in remanufacturing, as well as performance measurement 

systems applicable for reverse logistics focused on remanufacturing to present. This 
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illustrates the current status of literature and researches regarding the performance 

measurement related to the remanufacturing approach. Thus, with reference to those 

different theories and literatures, the answer to the question number two can be 

reached. 

 

The final question is concerning “what specific challenges does an industrial 

performance measurement system meet, if it is to be applied to a Remanufacturing 

operation”.  This question was approached by relating the research frame of reference 

to a case company (Volvo CE), where information was gathered by an interview 

format. In order to find the specific challenges as well the critical aspects in the 

remanufacturing performance measurement system for Volvo CE, a detailed analysis 

was made since the Volvo‟s Production System do fit under the conceptual 

framework of the performance measurement system for remanufacturing activities. 

The discussion depicted by Table 2 illustrated how the challenges were evaluated. 

Even though the performance measurement system at Volvo CE is implemented at 

first for normal manufacturing operation, the challenges were fairly well applied with 

a remanufacturing operation. Nevertheless, the reason to keep investigating the 

specific challenges that affecting the remanufacturing operation is to give Volvo CE 

the opportunity to develop the specific indicators deemed to implement appropriate 

Volvo CE‟s production system for remanufacturing operation.  

 

To conclude this section, although the research in the field of the performance 

measurement system for remanufacturing activities is partial, an amount of literature 

and research has been performed regarding the performance measurement applicable 

for remanufacturing activities. The success of applying a performance measurement 

system to Remanufacturing is based on the relationship among all perspectives from 

customers to financial, the remanufacturing process, and all challenges facing a 

remanufacturing operation. Since the retrieval of used products is essential to the 

remanufacturers, the well-management of those relationships is contributing to the 

effectiveness and efficiency of a Remanufacturing business‟s performance outcome. 

 

 

6.2 Recommendation  

 

During the study of this report much time has been spent on mapping out the theory 

and contacting the related person with in the field for interview. The report is indeed 

based on the literature and research papers as the main source of information. The 

recommendation suggesting future work will focus on how to create a basic 

Remanufacturing performance measurement system applicable at Volvo‟s 

Remanufacturing Production System. Thereafter, the Volvo CE can be able to find the 

specific challenges for a Remanufacturing operation process.  
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Companies interested in introducing a Performance measurement system for a 

Remanufacturing process should possess a clear definition of the Remanufacturing 

process and how it will be described. The management must possess an understanding 

of knowledge and information, preferably based upon current state-of-art knowledge 

in the remanufacturing process and concept. The next step is to focus on the specific 

challenges for a Remanufacturing process in the organizations, where the seven 

challenges used in this thesis can be an inspiration. Finally, the remanufacturing 

performance measurement system can eventually support the effective performance of 

remanufacturing and promoting the remanufacturing products. 
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8 Appendix 

 

 

 

 

 

 

Interview Questions 
 

Performance Measurement in Remanufacturing Background 

 

1. How does your organization define “Performance Measurement System”? 

2. How does your organization define “Remanufacturing”? 

3. What are benefits of Remanufacturing in your organization? 

 

Remanufacturing Factors 

 

4. What challenges influence in adoption of Remanufacturing? 

5. How the rapid change in performance and operations impact remanufacturing 

in     your manufacturing? 

 

PMS in Remanufacturing 

 
6. What do the Performance measurement system at Volvo look like (the context for a 

remanufacturing PMS)? 

7. What processes are included in remanufacturing at Volvo? 

8. How is remanufacturing at Volvo measured today? 

9. What is the performance measurement Indicators used in the company?  

10. How is remanufacturing at your company calculate Cost estimates? 

11.  What challenges are there in terms of process, indicators, cost estimation, quality 

assurance etc for performance measurement for remanufacturing? 

12. What are specific challenges for remanufacturing in comparison with “normal” 

manufacturing? 
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