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RESEARCH Open Access

Strategic decision making method for sharing
resources among multiple manufacturing/
remanufacturing systems
Shinsuke Kondoh1*† and Timo Salmi2†

Abstract

Purpose: To reduce products’ environmental impact over their entire life cycle, adequate reuse and recycling of
products and their components are indispensable. In this context, it is important to establish efficient closed-loop
manufacturing systems (CMS), where products are made from post-use as well as new materials. However, the
establishment of economically and environmentally efficient CMS is difficult due to the uncertainty associated with
the return flows of post-use products. Since product usage conditions and lifetimes differ from user to user, there
are significant fluctuations in product flows’ quantity and quality. This results in insufficient utilization of
manufacturing/remanufacturing resources (e.g., labor and equipment) and high investment costs for CMSs, which
hinder proper reuse and recycling of post-use products.
The objective of this study is to propose a strategic decision-making method for sharing resources among multiple
CMSs to reduce the cost of product reuse and recycling.

Methods: We first discuss the benefits and difficulties of sharing production resources among multiple CMSs. Then,
a transferability benefit index (TBI) is introduced to help identify the most promising resources to be shared among
multiple systems.

Results: A simplified example calculation is provided as an illustration of the method. Two disassembly systems
with the similar structure are considered as a case study. As a result, we successfully applied the index to
determine the most promising resources in a case study.

Conclusions: We find that TBI is useful because it provides a simple and easily understandable decision criterion
for identifying the resources to be transferred and shared among multiple CMSs to reduce the cost for reuse and
recycling of used products. TBI also screens outs the promising resources which should be redesigned and
modified before sharing among multiple CMSs. Development of practical redesign methods and modification
guidelines for these resources will be included in our future work of this study.

Keywords: Closed-loop manufacturing system (CMS), cost for reuse and recycling, sharing resource, transferability
benefit index (TBI), design structure matrix (DSM)

1. Introduction
Due to growing concern about environmental problems,
it is becoming important for manufacturers to add more
value while causing less environmental impact. In order
to reduce the environmental impact of products over

their entire life cycle, adequate reuse and recycling of
products and their components are quite promising
[1,2]. In this context, it is quite important for manufac-
turing firms to establish efficient closed-loop manufac-
turing systems (CMS) [3] in which products are made
from used components and materials as well as new
ones. Some firms have successfully established quite effi-
cient CMS from both environmental and economical
viewpoints. CMSs for one-time-use cameras [4],
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photocopying machines [5], and automobile components
[6] are typical examples.
However, establishment of an environmentally and

economically efficient CMS is not easy, mainly due to
high uncertainty associated with the return flow of post-
use products. Since product usage conditions and life-
times differ from user to user and cannot, in general, be
controlled by manufacturers, there are significant fluc-
tuations in the quality and quantity of product return
flows [7,8]. In addition, the return flow of post-use pro-
ducts may contain different product models in different
conditions, each of which requires different remanufac-
turing operations (e.g., some may need cleaning and
inspection while others may need disassembly into their
components). Therefore, CMS should have higher flex-
ibility and redundancy than conventional production
systems to adapt these significant fluctuations.
Both of these requirements are quite expensive to

meet. Flexible machines and labours are generally more
expensive (sometimes less effective) than fixed purpose
ones. In addition, the differences in necessary operations
for each used product need frequent reprogramming
and set up for manufacturing equipment. This hinders
the automation of CMSs and results in higher operation
cost, especially in developed countries where labour cost
is expensive. The high redundancy in production
resources also leads to their less efficient utilization and
causes higher investment cost than conventional ones.
In order to solve these problems, many studies have

been conducted in recent years. Examples include,
Holonic Manufacturing Systems (HMS) [9], Biological
Manufacturing Systems (BMS) [10], cellular manufactur-
ing systems [11], and SOCRADES (Service Oriented
Cross-layer infRAstructures for Distributed smart
Embedded deviceS) [12] based on Service Oriented
Architectures (SOA) [13]. Some of these [9-11] focus on
the development of completely new conceptual (some-
times ideal) flexible manufacturing systems, while others
[12-14] concentrate on enabling technologies (e.g.,
XML-based communication protocols for embedded
devices and semantic webs for realizing SOA).
However, most of the studies assumed complete repla-

cement of existing systems, which might require prohi-
bitive investment at the beginning. There is a lack of
systematic and practical methods for improving the flex-
ibility of existing systems by gradually introducing these
concepts. This is a major reason for that many of these
concepts have not spread widely into industry.
The objective of this study is to propose a strategic

decision making method for designing environmentally
and economically efficient CMS while maintaining the
flexibility and the redundancy to adapt the significant
fluctuations in product return flows. Especially, this
paper deals with the investment reduction of a CMS

through effective sharing of its resources across multiple
production systems.
To this end, we introduce a transferability benefit

index (TBI), the ratio of the benefits to difficulties, to
identify the most promising resources for sharing
among multiple production systems. We also provide a
simplified example calculation to illustrate the method
and discuss its result and the future development needs
of the methods.

2. Transferability Benefit Index (TBI)
2.1 Benefits of sharing production resources
The wide fluctuations in the return flow of used pro-
ducts cause inefficient utilization of resources in a CMS.
Thus, sharing idle resources among multiple CMSs may
significantly reduce the initial investment over these
systems.
Generally speaking, utilization rate of each resource is

given by the ratio of actual working time to the whole
working hours (e.g., 8 hours or 24 hours etc.) of the sys-
tem. The resources with low utilization rate (long idle
time) have great possibility for sharing across multiple
CMSs to reduce the total number of the same kind of
resource over these systems. Theoretically, each resource
can be transferred to the other systems and utilized
until the summation of its utilization rate over different
systems reaches 1. Therefore, the benefit potential for
its sharing is evaluated by Equation 1, assuming that the
same (or similar) resources in different CMSs have the
same initial investment cost.

bj
i = (1 − uj

i) · ci (1)

where i, j, bj
i , uj

i , and ci, denote the index for each

resource, the index for each CMS, the benefit potential
for sharing the resource i in the CMS j with other sys-
tems, the utilization rate of resource i in the CMS j, and
initial investment cost for the resource i, respectively.
When the resource i is shared across ni production

systems, the actual benefit for the sharing bi is given as
follows;

bi = (ni − 1) · ci (2)

where

∑ni

j=1
uj

i < 1 (3)

2.2 Difficulty of sharing resources among multiple CMSs
Even if resources have high benefit potential when
shared among multiple systems, it is possible that some
of them are very difficult to transfer from one system to
the others. Thus, the difficulty of sharing should also be
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considered in determining which resources hold the
most promise for sharing.
Generally speaking, the difficulty of sharing a certain

resource among multiple systems that use similar
resources depends on the number of its interactions
with other elements in a set of production systems. For
example, in order to transfer one piece of equipment to
another CMS, adjustment and reprogramming of system
segments that are connected to that equipment will
likely be needed in addition to adjustment and repro-
gramming of the equipment itself. These additional
necessary operations can be regarded as the main source
of difficulty in sharing the equipment.
In order to represent the interdependence among

multiple resources in CMSs and formulate the difficulty
of resource sharing, we used a design structure matrix
(DSM) [15]. The DSM, which is sometimes called an
interdependency matrix, is a product or project repre-
sentation tool that is widely used for representing inter-
dependence among all constituent subsystems or
activities to improve the structure of a product or pro-
ject. Table 1 shows a typical DSM. It lists all constituent
activities along rows and columns and shows interde-
pendency with a digit number 1 in each cell where the
activity in the corresponding row of the matrix depends
on the activity in the cell’s column in some ways. For
example, the number 1 in the 2nd row and the 1st col-
umn of the matrix shows that the activity ‘b’ depends
on the activity ‘a’.
Since the necessary time or cost is different for each

task, it is necessary to weight the difficulty of each task
by introducing weighting factors into the DSM.
The difficulty weight assigned to each task is generally

evaluated as its necessary labour time or cost. However,
it sometimes happens that some of them need special
labour skills or conditions that are difficult to evaluate as
a function of labour time and cost. In such cases, diffi-
culty weights are determined on an empirical basis con-
sidering these factors other than labour time and cost.

First, all the necessary tasks for transferring a resource (i.
e., removal and reinstallation) from the CMS j are listed
across the rows and columns of interdependency matrix

Mj
kl
. Each element of the matrix takes a Boolean value of

0 or 1. If task k should be executed whenever task l takes

place, Mj
kl
is assigned to be 1. Otherwise its value is 0.

Then, by using a weighting factor wj
k
, the total diffi-

culty of task l in the CMS j is calculated as shown in
Equation 4.

dj
l =

∑
k
wj

kM
j
kl (4)

where dj
l
and wj

k
denote the difficulty of operation l in

the CMS j and the weighting factor for operation k in
the CMS j, respectively.
The total difficulty of transferring resource i in the

CMS j is calculated as the sum of the difficulties of neces-
sary tasks associated with it, as given by Equation 5.

dSj
i

=
∑

l∈Sj
i

dj
l (5)

where Sj
i denotes the set of tasks necessary to transfer

resource i in the CMS j.
The total difficulty of sharing a resource among a set

of CMSs is formulated as the sum of the difficulties
over these systems as follows:

dSi =
∑

j∈Si
dSj

i
(6)

where Si denotes a set of given CMSs among which
the resource i is to be shared.

2.3 Transferability benefit index formulation
All resources can be classified into three categories as
shown in regions I, II, and III in Figure 1, considering the
benefit of and the difficulty for their sharing, which are
represented by horizontal and vertical axes of the figure,
respectively. Manufacturers should consider the sharing of
resources located in region I because their sharing pro-
duces larger benefit with relatively smaller difficulty. In
addition, the resources located in region II also hold the
promise for the sharing, especially when it is possible to
reduce the difficulties for their sharing. They should be
redesigned and modified to reduce their interdependency
on the other resources in CMSs. In other words, these
resources should be replaced with more flexible and
reconfigurable resources to ease the sharing across multi-
ple CMSs. For the resources located in region III, there
are no immediate needs for the sharing.
In order to identify which resources are located in

region I, a Transferability Benefit Index (TBI) is

Table 1 Example of Design Structure Matrix

Element activity Row No.

a b c d e f g

Element activity a 1

b 1 1 1 2

c 1 3

d 1 1 4

e 5

f 1 1 6

g 1 1 7

Column No. 1 2 3 4 5 6 7
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introduced, which can be calculated using Equation 7.

TBI =
benefit of a resource sharing

difficulty for the sharing
(7)

A high TBI value means that sharing the correspond-
ing resource has a relatively large benefit compared to
its difficulty.
Using Equations 1 and 5, the TBI of the resource i in

the CMS j is given as follows;

TBIj
i =

(1 − uj
i) · ci

∑
l∈Sj

i
dj

l

(8)

As shown in Figure 1, two data points on the same
straight line passing by the origin have the same TBI
value and the region closer the horizontal axis has
higher TBI. Thus, TBI is an adequate index for identify-
ing the most promising resources.
When a set of CMSs Si among which the resource i to be

shared is given, TBI of sharing the resource i across ni sys-
tems from Si is given by using Equations 2 and 6 as follows:

TBISi
i =

(ni − 1) · ci∑
j∈Si

dSj
i

(9)

3. Strategic decision-making procedure for sharing
resources among multiple production systems
Step 1: Define a set of CMSs among which the resources
are to be transferred and shared
The designer should first define a set of CMSs among
which the constituent resources are to be transferred

and shared. Then the designer identifies the resources
to be considered for sharing taking into account their
applicability to their corresponding tasks in each CMS.
The cost reduction target by the sharing of the
resources is also defined in this step.

Step 2: Estimate sharing benefits
The investment cost and utilization rate are estimated for
each resource element identified in the previous step.
The designer can then calculate the benefit potential for
sharing each element in each CMS using Equation 1. The
actual benefit for sharing each element in a set of CMSs
given in previous step is also calculated by Equation 2.

Step 3: Estimate sharing difficulties
The tasks necessary to transfer each resource element to
each CMS (e.g., mechanical adjustments, reconfiguration
of software settings) are identified first. Then, the
designer weights each individual task, considering its
difficulty in terms of cost, lead-time, necessary tools,
and labour skills required. Interdependencies among
these tasks in each CMS are also identified and repre-

sented by Mj
kl
. Using interdependency matrix Mj

kl
and

weighting factors wj
k
for each task in each CMS, the dif-

ficulty of sharing each element in a given set of CMSs is
calculated using Equations 4, 5, and 6.

Step 4: Identify the most promising resources to be
shared and transferred
The TBI of each element is calculated using its sharing
benefit and difficulty. Then the resources with the high-
est TBI values are selected one by one until the total
benefit of their sharing satisfies the cost reduction target
defined in step 1.

Step 5: Evaluate the feasibility of the sharing
Finally, the feasibility of each element sharing is evalu-
ated by considering its summation of utilization rate
over a given set of CMSs. Each element sharing is feasi-
ble only if it satisfies Equation 3.
Some resources need to be redesigned and modified

before sharing across multiple CMSs. For these
resources, the feasibility and the possible cost for the
redesign and modification should also be evaluated.
If the estimated benefit does not satisfy the cost

reduction target defined in step 1, the designer moves
to step 4 and selects the resource with the next highest
TBI value until the target is satisfied.

4. Case study
In order to illustrate a strategic decision-making method
for sharing resources among multiple CMSs, a simplified
case study is provided in this section.

D
iff

ic
ul

ty
 o

f s
ha

rin
g

Benefit of sharing

I

IIIII

Tow data points on the 
same straight line 
passing the origin have 
a same TBI value.

Little need for 
sharing across 
multiple CMSs.

As the angle reaches 
0, TBI becomes 
greater.

Should be transferred  and 
shared among multiple CMSs

Redesign of the resource is 
needed to be shared.

Figure 1 Decision making diagram for resource sharing.
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4.1 Define a set of CMSs among which the resources are
to be transferred and shared
Figure 2 shows a set of two disassembly systems to be
considered; disassembly system 1 for used air condi-
tioners and disassembly system 2 for used refrigerators.
Each system is assumed to consist of four pieces of
equipment and three of them; namely, belt conveyor ‘b,
‘ refrigerant gas collector ‘c, ‘ and crushing machine ‘d’
can be applicable to both systems. The other equipment,
disassembly stations ‘a’ and ‘e’ are specialized equipment
for each system and cannot be applicable to the differ-
ent system. The cost reduction target is defined as 5%
in this case study.

4.2 Estimate sharing benefit
Initial investment for each piece of equipment and its
utilization rate are assumed as shown in Table 2. Since
the fluctuation in the volume of returned air condi-
tioners is larger than that of refrigerators, the utilization
rate of each piece of equipment in disassembly system 1
is smaller than that of corresponding one in system 2.
Substituting these values into Equation 1, the benefit
potential for sharing each piece of equipment is calcu-
lated as shown in the 4th row in the table. The benefits

for sharing resources ‘b’, ‘c, ‘ and ‘d’ among both sys-
tems are calculated by using Equation 2 as shown in the
5th row in Table 2. For example, the benefit potential
for sharing equipment ‘b’ is calculated as 1600 [euro] by
substituting its initial investment cost (i.e., 2000 [euro])
and utilization rate (i.e., 0.2) into Equation 1. Substitut-
ing 2 to n2 in Equation 2, the benefit for sharing equip-
ment ‘b’ is calculated as 2000 [euro].

4.3 Estimate sharing difficulty
Since each system contains different equipment from
each other, its interdependency pattern also differs from

each other. Thus, two interdependency matrix (M1
kl and

M2
kl ) are calculated as shown in the tables in Additional

Files 1 and 2, respectively.
Necessary tasks for transferring each piece of equip-

ment and their difficulties are first identified as shown
in the tables. Interdependence among these operations
is assumed as given in the 1st to 10th rows in the tables.
For example, three operations (i.e., physical adjustment,
software installation, and reprogramming) are required
to remove/install a disassembly station ‘a’ from/to the
disassembly system 1. Since the resource is not manually

c

b

b

Disassembly 
system1 
(for air 
conditioners)

Disassembly 
system 2 
(for refrigerators)

d

Disassembly 
station

Belt conveyor

d

c

Refrigerant 
gas collector

Manually 
controlled)

Crushing 
machine

a

e

Applicable to both of the systems
Figure 2 Case study: two disassembly systems with similar structure.
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controlled, its removing and installation also require the
physical adjustment and reprogramming of its con-
nected equipment, belt conveyor ‘b.’

Then, difficulty weight for each operation (wj
k
) is

assigned as shown in the shaded cells in these tables.
Among them, physical adjustment of resource ‘d’
assumed to be the most difficult task since it is too

large to transfer (i.e., w1
8 = 9 and w2

8 = 9).
Substituting these values into Equation 4, total diffi-

culty of each task is calculated as shown in the 11th row
in the tables. The difficulty of transferring each piece of
equipment is calculated by using Equation 5 as shown
in the 12th row in the tables. Overall difficulty for shar-
ing each resource among both systems is given by the
total of the difficulty for transferring each piece of
equipment over two systems. Using Equation 6, overall
difficulty of the sharing is calculated as shown in the 3rd

row in Table 3, which summarizes the calculation
results.
For example, focusing on ‘b’ in disassembly system 1,

the difficulty of operation physical adjustment (d1
4 ) is

calculated as follows by using Equation 4;

d1
4 = 1 × 1 + 1 × 0 + 3 × 1 + 3 × 1 + 1 × 0 + 3 × 0 + 3 × 1 + 9 × 1 + 1 × 0 + 1 × 1 (10)

Aggregating the difficulties of three operations (i.e.,

d1
5 , d1

5 , and d1
6 ), the difficulty of transferring ‘b’ from/to

disassembly system 1 (dS1
2
) is calculated as 35.

Overall difficulty for sharing ‘b’ across the two systems
is the total of transferring difficulty of ‘b’ for each

system (i.e., dS1
2
and dS2

2
), which is given as follows by

using Equation 6.

dS2 = 35 + 39 (11)

4.4 Identify the most promising resources to be shared
and transferred
Figure 3 and Table 4 summarizes the result of the TBI
calculation. As shown in the figure, crushing machine
‘d’ has the greatest potential to reduce initial investment
cost with relatively small effort compared to other
equipment items.
Since the benefit of sharing ‘d’ is calculated as 40, 000

[euro], which is larger than the target value 5, 500
[euro], 5% of the total investment cost (i.e., 110, 000
[euro]), the designer proceeds to the next step.

4.5 Evaluate the feasibility of the sharing
Although crushing machine ‘d’ has the highest TBI
value, it cannot be shared because the total of its utiliza-
tion rate over two systems is calculated as 1.3, which is
larger than 1. Thus, the equipment with next highest
TBI, refrigerant gas collector ‘c’ is chosen to be shared.
As the overall benefit of the sharing is calculated as 5,
500 [Euro], which satisfies the cost reduction target
defined in step 1, designer stops the calculation.

5. Discussion
We introduced TBI measure to determine the most
promising resources in a case study. Although the

Table 2 Benefit of sharing each piece of equipment

Equipment Disassembly system 1 Disassembly system 2 Total investment Row No.

a b c d e b c d 1

Initial investment [euro] 8000 2000 5500 40000 7000 2000 5500 40000 110000 2

Utilization rate 0.2 0.2 0.01 0.4 0.5 0.5 0.02 0.9 - 3

Benefit potential 6400 1600 5445 24000 3500 1000 5390 4000 - 4

Actual benefit for
the sharing

- 2000 5500 40000 - 2000 5500 40000 - 5

Resource No. i 1 2 3 4 1 2 3 4 - 6

Column No. 1 2 3 4 5 6 7 8 9 -

Table 3 Difficulty of sharing each piece of equipment

Equipment Row No.

b c d

Difficulty of transferring resources from/to disassembly system 1 35 3 21 1

Difficulty of transferring resources from/to disassembly system 2 39 3 21 2

Total difficulty for the sharing 74 6 42 3

Resource No. i 2 3 4
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example consists of a small number of resources, it is
also possible to apply this method to the systems con-
sisting of many resources with complicated interde-
pendency patterns. Thus, TBI can be a useful tool for
selecting resources to be shared among multiple
CMSs.
Although the method proposed here is simple and

useful for determining the most promising resources for
the sharing, the calculation procedure becomes more
complicated (and time consuming) when designers con-
template sharing resources among a large number of
CMSs with different interdependency patterns. Simplifi-
cation of the calculation procedure for production sys-
tems with different structures should be undertaken in
our future work.
Although in this paper we focus on the sharing of

resources with high TBI values, which are located in
region I of Figure 1, sharing those located in region II
also holds promise if they can be redesigned to reduce
the difficulty of necessary tasks to transfer them
among systems. Development of a redesign method to
improve resources’ transferability will also be part of
our future work. The DSM, which is used to estimate
the difficulty of sharing resources among multiple

CMSs in this paper, can also be used to determine
workable structures for such systems and resources.

6. Conclusion
This paper proposes a strategic decision-making method
for sharing resources among multiple CMSs, aiming at
reducing the cost of reuse and recycling of used pro-
ducts. We introduce a transferability benefit index (TBI)
in this paper, and the feasibility and validity of a method
for using it is demonstrated by a simplified case study of
two disassembly systems with four pieces of equipment.
Future work includes the following topics:
Development of a simpler method to calculate

resource-sharing difficulties among production systems
with different interdependency patterns.
Development of a redesign method to reduce the diffi-

culty of sharing resources among multiple production
systems.
More practical case studies to evaluate the effective-

ness and feasibility of the methods.

Additional material

Additional file 1: Weighting factors and interdependency among
transferring tasks in disassembly system 1.

Additional file 2: Weighting factors and interdependency among
transferring tasks in disassembly system 2.

List of abbreviations
CMS: closed-loop manufacturing system; DSM: design structure matrix; TBI:
transferability benefit index;

Acknowledgements
This study was supported by Tekes - the Finnish Funding Agency for
Technology and Innovation, VTT and Finnish Industry. The study has been
part of the project called LIIKU - Transferable and reconfigurable production
cells and a part of SISU2010 - Innovative Production research program.
The authors thank Dr. Nozomu Misihima, Dr. Mikael Haag, Dr. Markku
Hentula, and Dr. Otso Vaatainen for their fruitful suggestions and discussions.

Author details
1National Institute of Advanced Industrial Science and Technology (AIST), 1-
2-1 Namiki, Tsukuba, Ibaraki, Japan 2VTT Technical Research Centre of
Finland, Metallimiehenkuja 6, Espoo, Finland

Authors’ contributions
SK developed a strategic decision making method for sharing resources
among multiple manufacturing/remanufacturing system, carried out case
study, and drafted the paper. TS also participated in the development of the
method and helped to draft the paper. All authors read and approved the
final paper.

Authors’ information
SK has been a researcher in the National Institute of Advanced Industrial
Science and Technology, since 2005. He received his PhD in Precision
Machinery Engineering from the Graduate School of the University of Tokyo
in 1999. His research interest includes life-cycle engineering (eco-design and
life-cycle simulation) and manufacturing system design.
TS has been a researcher in the VTT Technical Research Centre of Finland
since 1988 after graduating as a M.Sc. in Tampere University of Technology.

TBI

Equipment

0 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1000 

b c d

Figure 3 TBI of each piece of equipment.

Table 4 TBI calculation results

Equipment Row No.

b c d

Overall benefit for the sharing 2000 5500 40000 1

Total difficulty for the sharing 74 6 42 2

TBI for the sharing 27 917 952 3

Resource No. i 2 3 4

Kondoh and Salmi Journal of Remanufacturing 2011, 1:5
http://www.journalofremanufacturing.com/content/1/1/5

Page 7 of 8

http://www.biomedcentral.com/content/supplementary/2210-4690-1-5-S1.PDF
http://www.biomedcentral.com/content/supplementary/2210-4690-1-5-S2.PDF


Now he is working as a senior research scientist and his research interests
include production systems design and robotics.

Competing interests
This study was supported by Tekes - the Finnish Funding Agency for
Technology and Innovation and VTT. The study has been part of the project
called LIIKU - Transferable and reconfigurable production cells and a part of
SISU2010 - Innovative Production research program.

Received: 31 January 2011 Accepted: 28 November 2011
Published: 28 November 2011

References
1. Tomiyama T: A Manufacturing Paradigm Toward 21st Century. Integrated

Computer Aided Engineering 1997, 4:159-178.
2. Ayres R, Ferrer G, van Leynselee T: Eco-efficiency, asset recovery and

remanufacturing. European Management Journal 1997, 15(5):557-574.
3. Steinhilper R: Recent Trends and Benefits of Remanufacturing: From

Closed Loop Businesses to Synegetic Network. In Proceedings of
EcoDesign 2001: 11-15 December 2001; Tokyo Edited by: Suga T 2001,
481-488.

4. Kamata M, Uchida S: Inverse Manufacturing System of One-time-use
Camera “QuickSnap”. FujiFilm Res & Dev 2000, 45:28-34, in Japanese.

5. Kerr W, Ryan C: Eco-efficiency gains from remanufacturing. A case study
of photocopier remanufacturing at Fuji Xerox Australia. Journal of Cleaner
Production 2001, 9:75-81.

6. Ferrer G, Whybark DC: Material planning for a remanufacturing facility.
Production and Operations Management 2001, 10(2):112-124.

7. Guide VDR Jr, Jayaraman V, Srivastava R: Production planning and control
for remanufacturing: a state-of-the-art survey. Robotics and Computer-
Integrated Manufacturing 1999, 15:221-230.

8. Kondoh S, Soma M, Umeda Y: Simulation of Closed-loop Manufacturing
Systems Focused on Material Balance of forward and inverse flows.
International Journal of Environmentally Conscious Design & Manufacturing
2007, 13(2):1-16.

9. Babiceanu RF, Chen FF: Development and applications of holonic
manufacturing systems: a survey. J of Intelligent Manufacturing 2006,
17:111-131.

10. Ueda K: Biological Manufacturing System Kogyo Chosakai Publishing; 1994,
(in Japanese).

11. Kondoh S, Umeda Y, Tomiyama T, Yoshikawa H: Self organization of the
cellular manufacturing system. Annals of the CIRP 2000, 49(1):347-350.

12. Taisch M, Colombo AW, Karnouskos S: Socreades Roadmap, The Future of
SOA-based Factory Automation.[http://www.socrades.eu/Documents/
objects/file1274836528.84], accessed 10.12.2010.

13. McGovem J, Sims O, Jain A, Little M: Enterprise Service Oriented
Architectures. Springer Netherlands; 2006.

14. Morioka M, Sakakibara S: A new cell production assembly system with
human-robot cooperation. Annals of the CIRP 2010, 59:9-12.

15. Browning TR, Co LMA, Worth F: Applying the design structure matrix to
system decomposition and integration problems: A review and new
directions. IEEE Transactions on Engineering Management 2001, 48(3):14.

doi:10.1186/2210-4690-1-5
Cite this article as: Kondoh and Salmi: Strategic decision making
method for sharing resources among multiple manufacturing/
remanufacturing systems. Journal of Remanufacturing 2011 1:5.

Submit your manuscript to a 
journal and benefi t from:

7 Convenient online submission

7 Rigorous peer review

7 Immediate publication on acceptance

7 Open access: articles freely available online

7 High visibility within the fi eld

7 Retaining the copyright to your article

    Submit your next manuscript at 7 springeropen.com

Kondoh and Salmi Journal of Remanufacturing 2011, 1:5
http://www.journalofremanufacturing.com/content/1/1/5

Page 8 of 8

http://www.socrades.eu/Documents/objects/file1274836528.84
http://www.socrades.eu/Documents/objects/file1274836528.84
http://www.springeropen.com/
http://www.springeropen.com/

	Abstract
	Purpose
	Methods
	Results
	Conclusions

	1. Introduction
	2. Transferability Benefit Index (TBI)
	2.1 Benefits of sharing production resources
	2.2 Difficulty of sharing resources among multiple CMSs
	2.3 Transferability benefit index formulation

	3. Strategic decision-making procedure for sharing resources among multiple production systems
	Step 1: Define a set of CMSs among which the resources are to be transferred and shared
	Step 2: Estimate sharing benefits
	Step 3: Estimate sharing difficulties
	Step 4: Identify the most promising resources to be shared and transferred
	Step 5: Evaluate the feasibility of the sharing

	4. Case study
	4.1 Define a set of CMSs among which the resources are to be transferred and shared
	4.2 Estimate sharing benefit
	4.3 Estimate sharing difficulty
	4.4 Identify the most promising resources to be shared and transferred
	4.5 Evaluate the feasibility of the sharing

	5. Discussion
	6. Conclusion
	Acknowledgements
	Author details
	Authors' contributions
	Authors' information
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


