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In order to satisfy customer requirements to comply with the control of hazardous substances (HS), most suppliers have developed
a twofold strategy comprising certified document review and online testing. Nevertheless, many suppliers remain far from complying,
collecting, and managing such data efficiently. They encounter significant challenges and risks in screening all the hazardous
substance contained in received components as part of the green part approval management (GPAM) process. The present study
developed a failure mode and effects analysis (FMEA) for component risk, based on component types. In addition, suppliers’ HS
control performance is further evaluated, based on FMEA and X-bar control chart. The results indicate the risk level for each supplier.
Finally, the proposed FMEA model is applied to a case study of an electronics supplier.

1. Introduction

The Europe Union (EU) issued the Restriction of the Use of Certain
Hazardous Substance (RoHS)' Directive and the Registration,
Evaluation and Authorization of Chemicals (REACH)* Regulation in
2003 and 2009, respectively. The purpose of these two pieces of
legislation is to ban or control hazardous substances (HS) used in
products. It could been seen as part of green manufacturing.>* In
response to RoHS and REACH, electrical and electronics enterprises
such as Dell, HP, IBM, Motorola, Sony, Panasonic, NEC, Toshiba, and
Samsung began to adopt green supply chain systems (GSCS). These
enterprises required their upstream suppliers to provide non-hazardous
parts/components for green procurement based on IECQ QC080000
HSPM.’ For example, Sony initiated Green Partner Activities and
required all of its suppliers to review and strengthen their
efforts.® It
certification to its business partners to ensure that all components

environmental management issued Green Partner
complied with its green procurement guide, SS-00259. The goal was to
ban or phase out the use of controlled substances in the design,
manufacture, and distribution of products. Meanwhile, Samsung
developed the ECO partner’ program for its suppliers. Samsung has
employed an Eco-partner policy since May 2004. In order to manage

hazardous substances in components, it provides an environmental
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quality management system of cooperating companies and performs
audits of its suppliers.

In order to satisfy the requirements of these original brand
manufacturers (OBMs) to comply with the control of HS, their
suppliers—most of which are original design manufacturers (ODMs)
and original equipment manufacturers (OEMs)—have developed a
twofold strategy: certified document review and online testing. The
first stage involves requiring suppliers to submit part/component testing
reports to improve risk control. The second stage is to screen the part/
component using analytical instruments such as X-ray fluorescence
(XRF) spectrometers during the incoming quality control (IQC) stage.
Thus, suppliers face the difficulty of obtaining detailed information for
thousands of parts from suppliers across the world. Generally, a product
will be dissembled according to the rule of ‘homogeneous material’ to
evaluate its HS based on the bill of materials (BOMs). For example, a
product with 500 parts, 72,000 (= 500 x 3 x 2 x 4 x 6) testing certificates
need to be checked and verified according to the European Information
and Communications Technology Industry Association® (Figure 1).
Furthermore, for every testing report, many checkpoints need to be
verified, such as the date, the testing portion, the testing chemical, the
tested thresholds, and so on. Despite committing significant resources
to such procedures, suppliers are still far from complying, collecting,

and managing such data efficiently.” They encounter significant
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Fig. 1 There will be 72,000 certificates for a product with 500 parts®

challenges and risks in screening all the hazardous substances

contained within received parts/components during the green part

approval management (GPAM) process.

Currently, some enterprises have already introduced an information
system to control and monitor their components in an attempt to
comply with the regulations; however, green supply chain managers are
still managing associated risks, for reasons summarized as follows:
(1)Product research and development (R&D) cycles are short;

component information therefore changes rapidly, reducing the

validity of static content.

(2) Vague Directives provide no clear insight on the depth of
information needed to acceptably mitigate risk.

(3)OBMs will ask their suppliers to respond to surveys on parts/
components content. However, due to short timeframes, suppliers’
responses are too frequently erroneous (and possibly fraudulent).

(4) The most critical reason is the inconsistent test requirements for the
job shop information and document verification. Most parts/
components are still contained HS even though their accompanying
testing report was passed and certified.

Most recent literatures!'®'?

on environmental management indicate
that risk management has a critical issue, especially in green supplier
selection. The present study develops a Failure mode and effects
analysis (FMEA) of components, based on the risks associated with
differing material types. In addition, suppliers’ HS control performance
is further evaluated based on the FMEA method and X-bar control
chart. The results indicate the level of risk for each supplier. Finally, the
model is used to examine a real supplier FMEA case.

The remainder of the paper is structured as follows: Section 2
reviews the relevant literature; Section 3 details the methodology;
Section 4 presents a description, evaluation, and analysis of the two
business models; and lastly, Section 5 offers a discussion on the

research findings.

2. Literature Review

2.1 Impacts of RoHS and REACH directives

The RoHS Directive mainly regulates six chemical substances in
electrical and electronic products: Pb, Cd, Hg, Cr+ 6, PBBS, and
PBDEs. The industries that may be impacted by RoHS include IC

(integrated circuit), PCB (printed circuit board), notebook computers,
desktop computer, LCD technologies, semiconductors, mobile phones,
communication devices, data exchangers, and medical appliance
industries. The EU REACH program regulates highly toxic or
hazardous chemical substances that are widely used. Among more than
30,000 chemical substances, 1,400 toxic or hazardous substances are
termed substances of very high concern (SVHC). SVHC refers to
substances that have been scientifically demonstrated to cause probable
serious damage to human health and the environment, and are
categorized as: CMR, PBT, and vPvB. Within the electronics industry,
15 kinds of chemical substances are regulated by REACH, within three
categories: halogen compounds, arsenic compounds, and non-used or

limited/prohibited chemical substances.

2.2 Hazardous substance control management

Recently, large electronics firms have pressured their suppliers to
achieve environmental performance targets, increasing the motivation
for cooperation between suppliers and customers to achieve
environmental objectives. To reduce the hazardous material risk, Evans
and Johnson emphasized that a testing plan should be developed, based
on the presence of high-risk components.”* Eveloy et al.'* also
mentioned that conducting chemical analysis of procured materials,
parts, and subassemblies may be necessary to ensure compliance with
legislative requirements for the upstream suppliers. They suggested that
portable XRF spectrometers may be used to analyze a wide variety of
product materials, and that XRF analysis is considered the best solution
for rapid, non-destructive screening of parts or components.'’

Ninagawa et al.'®

argued that quality assurance staff should check
components using an analytical instrument, but this process entails a
large number of person-hours in the analysis of all purchased
components. Gong and Chen!” also proposed several critical control
processes from a systematic point of view, to fulfill environmental
requirements at the product development stage. Wang and Kuo'®
proposed using AHP and FMEA to produce a selection hierarchy based
on risk analysis, for use in selecting green vendors. In their study, the
Disassembly Effort Index (DEI), Input Quality Control (IQC),
Logistics, and Vendor Management are represented as the risk utility
function. Hsu and Hu'" proposed an HSM-based supplier selection
model that used the ANP methodology to recognize the criteria.

In terms of cost and efficiency, original assembly manufacturers
may suffer from inspecting hundreds or thousands of green components
via an analytical instrument. Regardless of the importance of green
components in meeting growing worldwide environmental regulations
on the restriction of hazardous substances, it appears that there is an
urgent need for manufacturers to develop a risk assessment framework
in order to systematically manage suppliers of green components. In
this study, we propose an assessment framework to identify high-risk

green components.
2021

To our knowledge, most of the previous
literature™ " on supplier selection is limited to exploring the criteria of
cost, quality, and delivery time. Few previous studies have focused on
supplier selection and risk that considered the hazardous substance

(HS).

2.3 Failure mode and effects analysis
FMEA is an inductive procedure that moves from the specific to the
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Fig. 2 FMEA model for risk analysis of components and suppliers

general. Chin et al.”? defined a failure mode as the manner in which a
component, subsystem, system, process, etc. could potentially fail to
meet the design intent. Chin et al. also defined a failure effect as the
result of a failure mode on the function of the product or process, as

2 documented the detailed

perceived by the customer. Stamatis
procedures involved in an FMEA in various applications within
different industries. Liu et al?* reviewed evaluation approaches
employed in failure mode and effects analysis. In this paper, the author
collected and categorized many methods that are integrated with

FMEA.

3. Research Method

This study analyzed the risks of hazardous substances contained
within electronic components according to the material characteristics
and environmental protection performance of component suppliers, in
order to establish a material control and management system. The
model assessed supplier risk via FMEA, while material risk was
evaluated according to the characteristics of materials regulated by
RoHS and REACH. In Figure 2, the risk of component is evaluated
based on the test report of RoHS and REACH. Then the suppliers are
evaluated based on the FMEA method. And it comes out a supplier risk
management system.

3.1 Component risk analysis

Certain components may contain particular hazardous materials;
thus, enterprises may request their suppliers to provide samples and
conduct XRF testing when replenishing stock. Many studies have
demonstrated that XRF is an effective selection instrument; however,
due to hardware and technical limitations, only total chromium or total
bromine content can be tested, and this cannot replace traditional
chemical analysis. In consideration of time, labor, cost, confidence, and
convenience, XRF is an effective analysis instrument. In this study, a
twofold strategy is developed, based on analysis of HS and SVHC.

3.1.1 The HS evaluation in RoHS directive

In order to control the HS, some XRF results are collected and
analyzed. Since XRF includes a precision error, we used a threshold of
0.75 as the XRF prioritization criterion, and specified the criteria for
XRF testing, as shown in Table 1. The values were assigned to
categories A -D, according to RoHS thresholds, and prioritized

concentration risks measured by XRF instruments. For each material,

Table 1 XRF prioritization criterion'*

Pb, Hg, Cr + 6, PBBs,

ot Rk “f.’igh' €4 pBDEs, Br, CI
EU threshold & 00 1000
(g;fiv;%) Low 25 0~250

ove-gwy Melum s 2070
(7512:1@: (i) . High J 75~100 750~1000
oy ap oo

Table 2 Binominal distribution for testing XRF values (unit ppm)

Testing

o tem Pb Cd Hg Cr+6 ;);gé/s ]f;f:fi
mg/kg
MDL 2 5 2 2 2
1 Metal 279,669 Nd Nd Nd Nd Failed
2 Plastic Nd 14 Nd Nd 562 Failed
3 Metal 870 250 Nd Nd Nd Failed

i Plastic Nd Nd Nd Nd Nd Pass
*MDL: method detection limit
Nd.: not detected

the material/component potential risk is calculated as a potential risk
value (PRV).

PRV, = Zw,P(%)

where

i denotes the material/component

j  denotes level A-D

w; denotes the weighting for level j, 1,3,9,and 27

3.1.2 SVHC in REACH

REACH directive regulates 15 SVHCs, and determines whether the
final products contain levels of SVHC that exceed limits of 0.1%. If the
finished products contain SVHCs, the information should be disclosed.
If the SVHCs exceed the 0.1% limit, buyers should be notified, and the
products can be used after authorization. From industry experience, it
requires significant resources (financial and human resources) to test
the potential risk of materials/components based on the requirement of
REACH. Therefore, a survey form was developed and distributed to
suppliers.

3.2 Supplier management

In HS control flow, due to the numerous documents involved, many
manufacturers have established and modified their systems and
workflows to construct green databases and information platforms for
document control. Enterprises generally require their suppliers to
provide statements or declarations, testing reports, or material
certificates through the procurement system, in order to demonstrate
that their supplied components meet the required specifications.
Enterprises also conduct audit management and material tests to

confirm that their suppliers meet the specifications.
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As enterprises have established information systems and collected
large sets of supplier data, the binominal distribution is applied to test
the report data. In Table 2, it means once if anyone of the six HS
materials are contained than the threshold, it is failed. It is worth noting
that different components with different combinations of materials
should be disassembled to the level of homogeneous materials for the
testing report. The same method is also applied to the XRF analysis.

In addition, in order to make sure it is in control, the EU threshold
limit is used. This study used historical performance of suppliers and the
upper control limit (UCL) and lower control limit (LCL) of the control
diagram to find the undesirable upper control limit and average value of
the X-bar control diagram. Dynamic risk was calculated as follows:

ucL - p+3 [p4=p)
n

ucL =p-3 [pU=p)
n

where
p denotes average value of defect rate

n denotes testing number

The risk priority number (RPN) of the FMEA is then used to
indicate the documents and information supplied by the suppliers,
including occurrence probability, detection difficulty, and severity.

(1) Detection difficulty (D) is defined by the status in the testing report
of the manufacturer. According to the RoHS requirements,
manufacturers conduct overall investigation of product components,
materials, and process; and further demand upstream suppliers to
provide relevant documents, such as BOM, statement of non-use of
hazardous substances, material statement, testing report, and
material content declaration (MCD). The testing report is issued by
a third-party laboratory, which decomposes the product supplied by
the manufacturers into uniform materials; the cost is approximately
NTD (New Taiwan Dollars)1,500~4,000 per test. The cost for
testing the 15 items to REACH specifications is more than NTD
20,000. Thus, testing costs are the main concern for manufacturers.
This study summarized and classified the materials listed in RoHS
and REACH.

(2) Occurrence probability (O) is evaluated using the results from the
material risk laboratory. As mentioned previously, the XRF testing
results will be used for the evaluation.

(3) Severity (S) is defined as supplier audit documents; integrate. In
recent years, many international manufacturers have established
their own hazardous substances specifications, such as Sony’s SS-
00259, IBM-46G3772, Dell-6T198 and HP-00011-01. International
manufacturers request their suppliers not to supply products that
contain substances listed in the specifications. If the suppliers fail to
comply with the specifications, besides taking social responsibility,
they will receive a penalty, or may even have their supplier
qualification revoked. In contrast, if suppliers can meet customers’
needs and comply with the specifications by changing their
materials or processes according to the product requirements, they
will receive more orders, maintain market share, and enhance
customer meet the

loyalty. To ensure that the suppliers

Table 3 FMEA value

Risk level S, 0, D;

High >UCL 9
Medium LCL <=<=UCL 3
Low Threshold < LCL 1
Threshold < Threshold 0

specifications, many manufacturers regularly conduct site audits of
product quality of their suppliers. Manufacturers conduct audits in
order to evaluate the ability of suppliers to manage their operations,
to record deficiencies, and evaluate the performance of their
suppliers. The audit process involves financial and staffing costs,
but can significantly reduce supplier material risk.

Based on the three factors of Severity, Occurrence, and Detection,
the RPN of supplier is evaluated if it is over the risk threshold. The
RPN equation for each component/material is as follows. Table 3
shows the FMEA value.

RPN; = §;x O;xD;

where

S;: severity of component / material j

O;: occurrence probability of component/material j
D;: detection difficulty of component/material ;

4. Case study and analysis

In this study, a Taiwan electronic manufacturer is investigated. Due
to confidential problem, the name is omitted. For incoming quality
control, the company conducted sampling inspection and obtained 303
XREF tests. In addition, it collected data from 272 suppliers through the
information system, and checked 8893 RoHS data and 1996 REACH
data. The documents originate from (1) the chemical substance testing
report of a third-party laboratory that complies with ISO 17025; (2)
material content declarations; (3) substance safety data sheets; (4)
compliance statements or certificates. The information provided by the
suppliers was examined. The company used various relevant
specifications for different product materials, audited whether the
products met the specified limits, and rejected nonconforming products.

4.1 Component risk evaluation

In this research, 303 XRF reports across different material/
component categories are collected. For example, based on Table 2, Part
1 is made of metal, which tested a Pb value of 279,669 ppm, which is
therefore within level D. Part 2 is made of plastics, which showed 562
ppm PBBs/PBDEs (level B), and does not exceed the threshold. The Pb
and Cd contents of Part 3 are 870 and 250 ppm, respectively (level C).
The XRF data in Table 3 indicate that lead (Pb) is the metal that most
commonly exceeds the specified limit. Hence, lead is listed as the key
substance to be tested by suppliers during supplier evaluation.

Table 4 shows statistics for the XRF test values of the 303 parts.
The results show that items of different materials may contain highly
hazardous substances. For example, lead is the metal that may easily

exceed the limit as specified.
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Table 4 Potential HS within components according to XRF

Table 7 Risk threshold values

Category Cl Pb Cd Hg Cr Br Detection Severity Occurrence
Metal 1% 15% 1% 0% 2% 0% Threshold 0.3 680 0.1
Connector 0% 38% 25% 0% 13% 13% Average 61 566.78 31.45
Plastic 3% 0% 0% 0% 0% 44% UCL 64.74 600 34.97
Resistor/Capacitor 23% 0% 0% 0% 0% 23% LCL 58.21 500 27.93
Cable 38% 0% 13% 0% 0% 0%

PCB 36% 1% 1% 0% 0% 52%

100%
Table 5 Risk level for different components sox (8¢ ; 123 *

A B D
Categories  No. No. % )C PRV  Rank
PCB 114 3430) 1(1) &7) 7162) 177 1
Cable 106 24(23) 12(11) 8(8) 62(58) 17.04 2
Connector 8 1(13)  3(38) 0(0) 4(50) 14.75 3
Plastics 13 6(46) 18) 0(0) 6(46) 13.15 4
Resistor/
Capacitor 54 2444 9(17) 2(4) 19(35) 10.78 5
Metals 8 5(63) 0(0) 0(0) 338 1075 6
Table 6 Potential substances within components
REACH  Potential SVHC RoHS Potential HS
Metal Pb
Metal ~
et Connector  Pb, Cd, Cr, Br
DEHP (43%) }
DBP (14%), Plastic Cl, Br
Plastic BBP (13%)
PCB Cl, B
HBCDD (9%) "
Alkanes C10-13 (5%) Cable Cd, Cl
Glass Resistor Cl, Br
Ink and Diarsenic trioxide (16%)  Ink and Ph
painting painting

In Table 5, the highest PRV (17.7=1x0.3+3 x0.01 +9x
0.07 + 27 x 0.62) is the category of PCB, followed by 17.04 for Cables.
Thus, supplier risk must be controlled through audits and document
management when selecting a plastics manufacturer that tested higher
than RoHS values, or else the risk to the enterprise will be increased.

Based on the 1996 REACH survey forms, the present study found
that metal suppliers account for 24%, glass suppliers account for 66%,
plastic suppliers account for 9%, and ink suppliers account for 1% of
materials used by the case study company. The results showed that 101
test results (5%) indicated the presence of hazardous substances
regulated by REACH, and 1895 (95%) data indicated no hazardous
substances. The results were then compared with RoHS and REACH,
as shown in Table 6. The data show that plastic, ink, and paint are of
potential concern, as they contain HS and SVHC. Table 6 also shows
that most of the plastics that contained HS and SVHC were PVC.

4.2 The risk of presented by suppliers

Based on the historical performance of the suppliers, the case
company used test difficulty, occurrence probability, and severity to
conduct risk evaluation. In order to get the normal distribution result,
the threshold values used in detection, severity, and occurrence are
shown in Table 7. The thresholds of the three factors, detection,

severity, and occurrence, are 0.3, 680, and 0.1 respectively.

::: PO Y }.:‘Q‘Mo ..;
- ’. “0“0“ A
* bl VAN

a0%

0%

0%

Fig. 5 Control diagram of occurrence for each supplier

4.2.1 Detection

This study found risks associated with the document management
process. Figure 3 shows that the control diagram is concentrated on the
upper and lower control limits, namely high risk and low risk. In the
system preparation, the tested values of the substances are filled in
according to the hazardous substances specification of the client. If the
testing report cannot meet the specifications, a product qualification
certificate cannot be obtained, and the material numbers are not listed
in the BOM for purchase. For the enterprises, lower document
management risk leads to better document management.

To avoid noncompliance, the suppliers’ perception of the
specifications and judgment of the values in the testing report should be
enhanced, including testing methods, a limit on the detection values,

and concentration.
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Table 8 The highest risk supplier that RPN = 729

Component Category  Supplier Failed % D Audit score S Failed % (0] RPN
Connector 14 67% 9 406 9 50% 9 729
PCB 93 75% 9 420 9 45% 9 729
Plastic 116 75% 9 417 9 43% 9 729
PCB 220 67% 9 485 9 54% 9 729
PCB 23 67% 9 485 9 54% 9 729
Cable 66 67% 9 465 9 38% 9 729
Table 9 Risk evaluation of 272 suppliers
RPN Cable Connector IC Metal PCB Plastic Capacitor Total
no % no % no % no % no % no % no % no %
1 0 0% 0 0% 4 36% 1 9% 0 0% 1 3% 12 8% 18 7%
3 0 0% 0 0% 5 45% 1 9% 2 6% 1 3% 35 23% 44  16%
9 2 25% 2 10% 2 18% 2 18% 4 11% 5 16% 36 23% 53 19%
27 1 13% 7 33% 0 0% 1 9% 12 33% 6 19% 45 29% 72 26%
81 3 38% 9 43% 0 0% 2 18% 12 33% 12 39% 19 12% 57 21%
243 1 13% 2 10% 0 0% 4 36% 3 8% 5 16% 4 3% 19 7%
729 1 13% 1 5% 0 0% 0 0% 3 8% 1 3% 3 2% 9 3%
Total 8 21 11 11 36 31 154 272

4.2.2 Severity

Severity (S) is defined using supplier audit documents. Many
international manufacturers have released their own specifications and
standards, and use audit management as a means to encourage suppliers
to change their processes so that their products meet these
Thus,
management ability must be evaluated through process quality, process

requirements. in audit management, the manufacturers’
techniques, and international environmental standards. Higher quality
process derives from consistent management ability, and can reduce

supplier material risk.

4.2.3 Occurrence

This study compared the tested values submitted by the laboratory
of the case study company with those in the test report produced by the
manufacturer. This study examined 272 suppliers according to severity
and test difficulty to find the corresponding test values. Not all the
laboratory data are disclosed. The laboratory results submitted by the
company’s suppliers are highly consistent with the results of the test
reports. If all the materials can be managed from the source, then—as
long as the raw materials and manufacturing processes do not involve
hazardous substances—the products will not contain any hazardous
substances. No nonconforming product or repeated tests will occur
during the product forming or process stage, and no additional testing
costs will be incurred.

Due to the space problem, Table 8 only illustrates the highest risk
suppliers that RPN = 729. It means that suppliers 14, 93, 116, 220, 23,
66 would be highest risk suppliers. The enterprise should do onsite
audition often. The RPN statistics of the 272 supplier data for of
different components are shown in Table 9. For those suppliers whose
RPN are between 243 and 729 should be monitored regularly. Suppliers
that provide plastics must test for chloride (Cl) and bromine (Br)
contents, which are mainly contained in the PCB and plastic materials
of components. Lead (Pb) content must be tested when the components
contain solder or metal alloy. By establishing the study principle, the
suppliers must provide SVHCs prior to testing.

5. Conclusions

During evaluation of green suppliers, enterprises currently focus on
testing permissible thresholds and hazardous substances specified by
the

specifications. Based on the literature review and case analysis, this

international and

manufacturers, or any new directives
study suggests that different material categories should have different
SVHC:s for RoHS and REACH. The material risk is evaluated via XRF
data and interval concept, whereas supplier risk is evaluated through
FMEA. After the supplier risk RPN is determined using the three risk
factors (testing document management, audit sheet management, and
laboratory testing management), the green supplier evaluation system
can be completed. The UCL and LCL is used to determine the risk
suppliers in this method. It can serve as the reference for developing or
improving a green supply chain. Furthermore, the method can provide
the basis for the substances that different material suppliers must test,
enforce supplier compliance, and reduce the time and costs associated
with testing. Enterprises can use the method as a reference to introduce
and implement their future component testing mechanism. In addition,
the selection and discussion of green suppliers are introduced within
the ODM sector. The supplier risk and material risk are evaluated. The
enterprise can select competitive suppliers within the same material
category via scores for RPN of supplier risk, and RoHS and REACH
testing items corresponding to the material risk. The enterprise can
eliminate noncompliant suppliers, identify new suppliers, and evaluate
the potential risk of using individual suppliers.

This study also used three factors—document management, audit
management, and testing management, to evaluate supplier risk in
individual case analysis. If future data are available and operating
conditions permit, it is recommended that other factors may be
incorporated into risk evaluation, such as BOM, corporate payment
credit, etc., thereby extending the implementation of risk evaluation.
Finally, this study only focused on compliance with the RoHS
Directive and REACH regulations. However, ODMs will continue to

release new products according to the specifications of international
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manufacturers and EU Directives, and the factors for evaluation of
supplier risk and SVHCs corresponding to material risk should
therefore be modified accordingly. This is the future goal and direction
of the manufacturers. It also needs to be emphasized that the green
component may not yield to green final products since the quantity of
components in a product is various. The manufactures should further to
explore the total solution of green products.

ACKNOWLEDGEMENT

The author would like to thank the College of Electrical
Engineering and Computer Science at Chung Yuan Christian
University for partially supporting this research under Contract No.
CYCUEECS-10001.

REFERENCES

1. RoHS, “Directive on the restriction of the use of certain hazardous
substances in electrical and electronic equipment 2002/95/EC,” 2002.

2. REACH, Regulation (EC) No. 1907/2006 of the European
Parliament and of the council of 18 December 2006 concerning the
Registration, Evaluation, Authorisation and Restriction of Chemicals
(REACH), establishing a European Chemicals Agency, amending
Directive 1999/45/EC and repealing Council Regulation (EEC) No.
793/93 and Commission Regulation (EC) No. 1488/94 as well as
Council Directive 76/769/EEC and Commission Directives 91/155/
EEC, 93/67/EEC, 93/105/EC and 2000/21/EC

3. Linke, B., Huang, Y.-C., and Dornfeld, D., “Establishing greener
products and manufacturing processes,” Int. J. Precis. Eng. Manuf.,
Vol. 13, No. 7, pp. 1029-1036, 2012.

4. Jeong, M.-S,, Lee, S.-K., Sung, J. H., Kim, K.-E., Lee, S., Lee, K.-
W., and Choi, T.-H., “Green alternative processing technology for a
spring guide pin of stamping die set,” Int. J. Precis. Eng. Manuf,,
Vol. 13, No. 7, pp. 1239-1242, 2012.

5. 1IECQ, http://www.iecq.org/hazardous/solution.htm, 2012.

6. Sony, “Sony Green Partner Activities - Developments in the Green
Partner Environmental Quality Approval Program,” Sony Corporation,
2003.

7. Samsung, http:/www.samsung.com/eu/sustainability/ecopartner. html

8. EICTA, RoHS Compliance Process, http:/leadfree.ipc.org/files/
RoHS_07.pdf, 2006.

9. Karofsky, E., “RoHS—The Data Collection Problem,” AMR Research
Report, 2006.

10. Sarkis, J., Zhu, Q., and Lai, K., “An organizational theoretic review
of green supply chain management literature,” International Journal
of Production Economics, Vol. 130, No. 1, pp. 1-15, 2011.

11. Foerstl, K., Reuter, C., Hartmann, E., and Blome, C., “Managing
supplier sustainability risks in a dynamically changing environment—

12.

13.

14.

19.

20.

21.

22.

23.

24.

. Lomax, P,

Sustainable supplier management in the chemical industry,” Journal
of Purchasing and Supply Management, Vol. 16, No. 2, pp. 118-130,
2010.

Amy, H. and Lee, 1., “A fuzzy supplier selection model with the
consideration of benefits, opportunities, costs and risks,” Expert
Systems with Applications, Vol. 36, No. 2, pp. 2879-2893, 2009.

Evans, H. and Johnson, J., “10 Steps toward RoHS directive
compliance,” Circuits Assembly, Vol. 16, No. 2, pp. 68-70, 2006.

Eveloy, V., Ganesan, S., Fukuda, Y., Wu, J., and Pecht, M. G, “Are
you ready for lead-free electronics,” IEEE Transactions on Components
and Packaging Technologies, Vol. 28, No. 4, pp. 884-894, 2005.

“Getting ready for RoHS: X-ray fluorescence
measurement instruments aid EU Directive compliance efforts,”
Metal Finishing, Vol. 104, No. 1, pp. 28-31, 2006.

. Ninagawa, N., Yamamoto, N., Kumazawa, T., Ikuzawa, M., and

Hamatsuka, Y., “Chemical

evaluation method of chemical data contained in parts,” Proceedings

substance management for EEE

of Fourth International Symposium on Environmentally Conscious

Design and Inverse Manufacturing, pp. 828-833, 2005.

. Gong, D. C. and Chen, J. L., “Critical control processes to fulfill

environmental requirements at the product development stage,”
International Journal of Computer Integrated Manufacturing, Vol. 25,
No. 6, pp. 457-472, 2012.

. Wang, H.-F. and Kuo, W.-L., “Green Vendor selection with Risk

Analysis,” International Journal of Operations Research, Vol. 9, No. 2,
pp. 76-86, 2012.

Hsu, C. W. and Hu, A. H., “Applying hazardous substance
management to supplier selection using analytic network process,”
Journal of Cleaner Production, Vol. 17, No. 2, pp. 255-264, 2009.

Hu, A. H,, Hsu, C. W,, Kuo, T. C., and Wu, W. C., “Risk evaluation
of green components to hazardous substance using FMEA and
FAHP,” Expert Systems with Applications, Vol. 36, No. 3, pp. 7142-
7147, 20009.

Tseng, M. K., “The Study of Green supplier’s Risk Management —
an example of ODM industry,” M. Sc. Thesis, Ming Hsing
University of Science and Technology, 2009.

Chin, K. S., Wang, Y. M., Poon, G. K., and Yand, J. B., “Failure
mode and effects analysis by data envelopment analysis,” Decision
Support Systems, Vol. 48, No. 1, pp. 246-256, 2009.

Stamatis, D. H., “Failure mode and effect analysis—FMEA from
theory to execution,” New York: ASQC Quality Press, 1995.

Liu, H. C,, Liu, L., and Liu, N., “Risk evaluation approaches in
failure mode and effects analysis: A literature review,” Expert
Systems with Applications, Vol. 40, No. 2, pp. 828-838, 2013.




<<
  /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 false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


